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Alfa presents
HYDROCARBON 
SOLUBLE 
POLYAMINE- 
CHELATED N/ej,
ALKALI METAL - N0 N 
COMPOUNDS
Alfa is pleased to offer a variety of hydrocarbon soluble 
chelated inorganic and organometallic lithium and 
sodium compounds, based on technology developed 
at Exxon Research and Engineering Company1. Stable 
chelates are formed when certain lithium and sodium 
compounds react with polydentate tertiary amines such 
as N,N,N’,N' -tetramethylethylenediamine (TMED), 
N,N,N’,N',N”-pentamethyldiethylenetriamine (PMDT), 
tris ( /3-dimethylaminoethyl) amine (/-HMTT), or trans- 
N,N,N',N'-tetramethyl-1,2-cyclohexanediamine, 
(TMCHD). Chelated alkali metal compounds almost 
invariably exhibit higher reactivity in solution than do 
the corresponding unchelated compounds.
The hydrocarbon solubility, enhanced reactivity and 
unique properties imparted by chelation, promise to 
broaden the utility of alkali metal compounds in:

Organic and Inorganic Reductions 
Nucleophilic Substitutions,

Purifications,
Asymmetric Synthesis. "W  

Metalations,
Organic and Organometallic Synthesis 

Catalyst Preparations 
Polymer Synthesis

The following Polyamine-Chelated Alkali metal 
compounds are now available from Alfa:2
NaBPh • (PMDT) 
ÜAIH4 • (TMED) 
LiAIPU • (PMDT) 
UBH4 • (TMED)

LiBr • (PMDT) 
UNO3 • (PMDT) 
UCIO4 • (PMDT) 
LiCéHs • (TMED)

Additional chelated compounds soon to be available 
from Alfa include:

LiAIPU • (+) and (-) • (TMCHD) 
UOC4H9 • (PMDT) UN(CH3)2 • (TMED) 

LiCI • (PMDT) Lil • (PMDT)
For additional information and a copy of Alfa’s free 
brochure on Polyamine-Chelated Alkali Metal 
Compounds contact:

Robert D. LeBlanc
Program Manager 
Chemicals and Materials

1. General reference: "Polyamine-Chelated Alkali Metal 
Compounds,” A. W. Langer, Ed., Advances in Chemistry Series, 
No. 130, American Chemical Society, Washington, D.C. 1974,

2. "Manufactured under License from Exxon Research and 
Engineering Company”
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TRANSITION METAL ORGANOMETALLICS IN ORGANIC SYNTHESIS
Volume 1
edited by HOWARD ALPER
A Volume in the ORGANIC CHEMISTRY Series

The use of transition metal organometallics in organic syn
thesis is a field which has experienced vigorous growth in recent 
years. This two-volume work critically reviews the published 
literature in this area with particular emphasis on the most ef
fective synthetic transformations.

ART IN BIOSYNTHESIS
VOLUME 1: The Synthetic Chemist’s Challenge
by DARSHAN RANGANATHAN and SUBRAMANIA RANGANATHAN 

From the Preface:
“Art in Biosynthesis . . . pays tribute to the creativity asso

ciated with the construction of molecular frameworks. The style 
of presentation of this book is similar to that of Art in Organic 
Synthesis to enable a quick comparison of the specific synthetic 
strategies. Such a comparison cannot but profoundly influence 
us and lead the art to organic synthesis in a direction dictated 
by Nature. . . . Our book is intended to promote this highly de-

CONTENTS: A. J. Birch and I. D. Jenkins, Transition Metal 
Complexes of Olefinic Compounds. R. Noyori, Coupling Reac
tions via Transition Metal Complexes. C. P. Casey, Metal-Car- 
bene Complexes in Organic Synthesis.
1976, 256 pp„ $26.50/£ 16.15 ISBN: 0-12-053101-1

sirable transition. The largely pictorial illustrations are followed 
by, in addition to the author index and subject index, a glossary, 
and a-amino acid index, a reagent index and a reaction-type 
index to enable ready retrieval of information. In a large number 
of cases, biological reaction mechanisms are interpreted on the 
basis of in vitro experience.”

1976 252 pp„ $11.00/£6.05 ISBN: 0-12-580001-0

ORGANIC FUNCTIONAL GROUP ANALYSIS BY MEANS OF GAS 
CHROMATOGRAPHY
by T. S. MA and ATHANASIOS S. LADAS 

From the Preface:
“ ..  . Since the gas chromatographic apparatus was originally 

designed for the sole purpose of separating vapors, it is under
standable that most investigators have devoted their efforts to 
improve the instrument or study the optimal conditions for the 
separation of specific gaseous mixtures. In the present mono
graph I wish to discuss a different aspect of gas chromatography, 
being concerned with the application of existing instruments and 
known separation techniques to the quantitative analysis of 
organic compounds through the formation of suitable deriva
tives.

"This book is an offshoot of my comprehensive project on 
micrcmetiods of organic functional group analysis which was 
undertaken during the 1950s. When the said project was near 
completion the gas chromatograph became an accepted ana
lytical too l.. . .  I called attention to its two distinct advantages, 
namely (a) gas chromatography provides a simple way to isolate 
the measurable product and (b) the high sensitivity of the in
strument can be utilized to extend the lower limit of microde
termination of organic functional groups beyond the 0.1 millimole 
level.”
1976. 184 pp„ $16.75/£6.80 ISBN: 0-12-462850-8

THE DETERMINATION OF SULPHUR-CONTAINING GROUPS
VOLUME 2: Analytical Methods for Thiol Groups
by M. R. F. ASHWORTH

This volume, the second on the determination of sulphur- 
containing groups, presents analytical methods for compounds 
in which the thiol group is carried primarily by a carbon atom 
joined either to hydrogen or to another carbon atom. This com
prises alkane- and arenethiols and also includes compounds 
which contain other functional groups, such as mercaptocar- 
boxylic acid, mercaptoamines and mercaptoalcohols. Notable 
here are the amino acids cysteine and glutathione, as well as

penicillamine; as a general rule, analytical procedures for amino 
acids are given only when the thiol group, or at least the sulphur 
atom plays a part. Professor Ashworth’s aim has been to inform 
the reader of the wide range of methods which are available to 
detect, identify, separate, and determine such compounds 
quantitatively.

1976, 296 pp„ $24.25/£9.80 ISBN: 0-12-065002-9

S p e c ia l O f fe r . . .

ORGANIC FUNCTIONAL GROUP PREPARATIONS
by STANLEY R. SANDLER and WOLF KARO 
Volumes in the ORGANIC CHEMISTRY SERIES

These volumes are a convenient source of detailed modern 
laboratory procedures for the preparation of a given organic 
functional group utilizing various reaction types— condensation, 
elimination, oxidation, and reduction— and a variety of starting 
materials. The novel arrangement of chapters by functional 
groups will help the reader to rapidly and critically select the 
suitable preparative procedure to achieve a synthetic objective 
(particularly when the starting material of process limitations 
impose restrictions); and tables of data are included to indicate 
the scope of the reactions.

As a special offer, Organic Functional Group Preparations,

Volumes 1-3, may be purchased at the set discount price of 
$77.20. This price reflects a 20% savings over individually 
purchased volumes. This special offer— valid only on orders 
received for all three books— expires December 31, 1976.

Volume 1/1968, 
618550-6

578 PP; $29.50/£ 18.00 ISBN: 0-12-

Volume 2/1971, 
618552-2

508 PP; $32.50/£ 19.80 ISBN: 0-12-

Volume 3/1972, 
618553-0

520 PP; $34.50/£21.05 ISBN: 0-12-

Send payment with order and save postage plus 50c handling charge. 
Prices are subject to change without notice
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Synthetic
Methods

W . T h e ilh e im e r ° f  Organic Chemistry
Just published
the final volume of the sixth series Vol. 30 Yearbook 1976 793 pages, $212.28

Volume 30 of this well-known reference source of organic reactions again contains over 700 new 
abstracts. This brings the total material in the 30 volumes to

27,077 selected and coordinated key abstracts
kept up-to-date by more than
26,000 supplementary references.
This comprehensive reaction documentation in handy book form allows the searcher to browse 
and look up references in quick succession. The specially designed subject index, this time a
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Unlimited 
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Stereospecific reactions 
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There can hardly be anyone with modern graduate training in synthetic organic chemistry who has 
not browsed at one time or another through the library set o f ' 'Synthetic Methods of Organic Chem
istry," the continuing series masterfully edited by William Theilheimer.

J. Med. Chem. 18, 537 (1975)

The value of "Theilheimer" in saving man-hours of both library and laboratory work must surely be 
vastly greater than its cost for any active research group . . . .  Librarians will be interested to know 
that the entire series is now in print, by virtue of the appearance of second editions of many earlier 
volumes, beginning with Volume 1; these second editions are relatively modest in price.

J. Am. Chem. Soc. 98, 1062 (1976)

N ow  available Reprints of all previously out of print volumes.
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The Schmitz reaction of aldehydes with chloramine and methanolic ammonia leads to a mixture of two epimeric 
2,4,6-trisubstituted l,3,5-triazabicyclo[3.1.0]hexanes, each with exocyclic C-6 substituent; the major product (3a) 
and minor one (3b) have substituents at C-2, C-4 with trans and at C-2, C-4 with cis exocyclic stereochemistry, re
spectively. Isolation of Schmitz products under alkaline (kinetic) conditions yields a mixture of 3a,b and a small 
amount of an epimer (3c) with endocyclic C-6 substituent and C-2, C-4 cis exocyclic substituent stereochemistry. 
The acid-catalyzed equilibration of 3a-c generally yields a ca. 1:1 mixture of 3a and 3b (12 examples with alkyl, 
phenyl, and benzyl substituents); the equilibration mechanism is discussed. 1H and 13C NMR spectroscopy were 
employed in determination of product assay and stereochemistry. Oxidation of all equatorial 2,4,6-trialkyl-l,3,5- 
hexahydrotriazines (17) with feri-butyl hypochlorite in alkaline medium leads to a mixture of 3a (predominantly) 
and 3b,c; the reaction mechanism of this oxidation is discussed. It is concluded that a diaziridine intermediate, net 
a 2,4,6-trisubstituted 1,3,5-hexahydrotriazine, is involved in the Schmitz synthesis of 3.

The Schmitz diaziridine synthesis involves reaction of 
a ketone or aldehyde and ammonia with a chloramine or hy- 
droxylamine O-sulfonic acid.3 For example, to prepare 3,3- 
disubstituted diaziridines (1) a ketone is added to cold

NH 2C1,NH3
RR'CO ---------------

CH,OH, -35°

1 (R ,R '=  alkyl, aryl)
methanolic ammonia containing chloramine (conveniently 
generated from feri-butyl hypochlorite4). The reaction was 
discovered independently by Abendroth and Henrich5 and 
by Paulsen.6 Many substituted diaziridines have been syn
thesized from ¡mines including 1,3-disubstituted and 1,2,3- 
and 1,3,3-trisubstituted types.7-10 Diaziridine formation is 
described as an intramolecular displacement of chloride ion 
from an N-chloroaminal intermediate.3

The Schmitz reaction of aldehydes with ammonia and 
chloramine leads to 2,4,6-trisubstituted 1,3,5-triazabi- 
cyclo[3.1.0]hexanes (3), rather than monocyclic diaziridines 
as the isolated products (eq l).7e>g4i 3-Substituted diaziridines
(2) are proposed to be intermediates which give 3 by further 
reaction with ammonia and aldehyde;11 this suggestion has 
been confirmed in the present work. It has not been possible 
to prepare 2 directly by use of an excess of ammonia over al
dehyde, nor from 3 by direct fractional hydrolysis.70 Indirect 
methods are required to prepare 2.7e’g The present work is 
concerned principally with the stereochemistry and mecha
nism of formation of 3.

Synthesis. 2,4,6-Trisubstituted 1,3,5-triazabicyclo[3.1.0]- 
hexanes (3) were synthesized by two methods. The principal 
procedure, that of Schmitz, was employed with slight modi-

n h 2c i, m ,
RCHO — --------- *

CHjOH, -35 °C

R. -NH
HX i „

2

R

3 (R =  alkyl, aryl)

fications.7®’11«12 tert-Butyl hypochlorite was added to 10 M 
methanolic ammonia followed by addition of the aldehyde; 
reaction proceeded at ca. -35  °C for 1 h followed by warming 
to ambient temperature. Workup gave mixtures of epimers 
in high yields (60-90%) from which the less soluble, predom
inant isomer (trans) could be readily isolated in pure form by 
crystallization from hexane (25-50% yield). Thirteen of these 
compounds (4a-16a) were prepared (Table I). Pure cis ep
imers were isolated with difficulty from the mother liquors 
by fractional crystallization.

In a second route to the title compounds, 2,4,6-trialkyl-
1,3,5-triazacyclohexanes (17) were oxidized with teri-butyl 
hypochlorite in methanol containing 1 molar equv of sodium 
carbonate (-35  °C), eq 2. The reactant monocyclic hexahy- 
drotriazines (17) were prepared by reaction of aldehydes with 
ammonia at 0 °C.12-13 Yields of 3 by this alternate procedure 
are poor (2-20%). Mixtures of epimers are produced despite 
the steric homogeneity of the reactant, 17.12-13

The bicyclic triazines (Table I) are stable, white, crystalline

3221
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Table I. 2,4,6-Trialkyl-l,3,5-triazabicyclo[3.1.0]hexanes

Molec-

Compd R
Prepn

method“
Yield
%b Mp, °Cc

ular
formula d

4a c h 3 A 75 113-114“ c 6h 13n 3
4c c h 3 B (6) 133-134 CeHi3N3
5a c 2h 5 A (B) 90 (9) 98-100^ c 9h 19n 3
6a n-C3H7 A (B) 90 (20) 82-84« Ci2H25N3
7a ¿-c 3h 7 A (B) 58 (16) 140-143 Ci2H25N3
8a «-C4H9 A (B) 82 (6) 68-69 Ci5H31N3
9a 1-C4H9 A (B) 89 (6) 134-139 Ci5H3iN3

10a i-C 4H9 A 27 93-95* Ci5H31N3
11a rc-CgHn A (B) 90 (6) 51-55 La8R 37.N3
lib n-CsHu A 101 50-54 Ci8H37N3
12a (C2H5)2CH A 65 145-147 Ci8H37N3
13a c6h 5 A 42 162-164J C2iHi9N3
14a n-C6H13 A (B) 86 (8) 65-67 C2iH43N3
15a c6h 5c h 2 A (B) 94 (4) 172-175*'' c 24h 25n 3
16a C6H5(CH3)- A (B) 3(2) 161-165* L27H3iN3

CH
“ Method A: from alkanal and chloramine in methano’ ic am

monia. Method B: from 2,4,6-trialkyl-l,3,5-hexahydrotriazines 
by tert-butyl hypochlorite oxidation. b Yields of crystalline 
product mixtures by method A. Values in parentheses are yields 
of recrystallized products prepared by method B. c Capillary 
metling point of analytically pure sample crystallized from hex
ane, heptane, or ether; recovery yields are 30-50%. d Satisfactory 
analytical data (±0.3% for C, H, and N) and molecular weight data 
(±4%, by vapor osmometry in chloroform} for all compounds were 
submitted for review. e Lit.11 mp 114-115 °C. f Lit.11 mp 104-
104.5 °C. « Lit. mp 84-86 °C. h Lit.7g mp 92-93 °C. 1 Prepared 
by fractional crystallization of product mixture. 1 Lit.11 mp
160-162 °C. k Data reported in ref 12. 1 A material, mp 133-145 
°C, isolated by fractional crystallization of the Schmitz reaction 
product was found to contain 73% of cis isomer 15b (13C NMR 
assay).

solids which may be stored indefinitely in air at ambient 
temperature, in contrast to the derived 3-substituted dia- 
ziridines (2) which decompose rapidly under such condi
tions.

(2)

Results and Discussion
Stereochemistry o f the Schmitz Reaction. The stereo

chemistry of 2,4,6-trisubstituted l,3,5-triazabicyclo[3.1.0]- 
hexanes has not been studied by others.1 Schmitz assumed 
that the ethyl groups in 5a, obtained from propanal by his 
procedure, were all pseudoequatorial.71 No evidence was of
fered for this assignment, however. It has now been estab
lished that the predominant isomer formed (and isolated) in 
the Schmitz reaction is 3a, with trans C-2 and C-4 substituents 
and an exocyclic C-6 substituent.14 Previously reported bi- 
cyclotriazines have now been shown to exist in this configu
ration. A second isomer formed in smaller amounts is the 
cis-exo form (3b), having all pseudoecuatorial substituents. 
Virtually none of the cis-endo isomer (3c) is produced under 
the reported conditions of the Schmitz reaction.

Although spectroscopic evidence suggests that the parent 
hydrocarbon, bicyclo[3.1.0]hexane,15 and its diaziridine an
alogue, l,5-diazabicyclo[3.1.0]hexane,16 exist in boat or

3a (trans-exo) 3b (cis-exo)

3c (cis-endo)
twist-boat forms, the actual departure from planarity of the 
five-membered ring is not great and would doubtless be 
strongly influenced by the orientation of substituents. We 
have, accordingly, treated the five-membered ring in 1,3,5- 
triazabicyclo[3.1.0]hexane as nearly planar.

The assignment of stereochemistry in the title compounds 
rests on XH and 13C NMR spectral data as well as equilibration 
studies. 1H NMR data are summarized in Table II and 13C 
data in Table III. The trans compounds (3a) are each char
acterized by separate 13C signals for the C-2 and C-4 ring 
carbons. In trans compounds having simple ring methine 
proton spectra (e.g., 4a, 7a, 10a, 13a) separate signals are 
readily observed for the C-2 and C-4 ring methine protons. In 
the cis compounds (3b,c) only one signal is seen for the C-2, 
C-4 carbons and ring methine protons. The differentiation of 
cis-exo (3b) and cis-endo (3c) forms rests on 13C NMR, ki
netic, and equilibration data.

The most striking chemical shift differences in the car- 
bon-13 spectra of the three epimers are seen at C-6, the dia
ziridine carbon (Table III). For typical alkyl substituents the 
shielding is greatest for the cis-exo form, 5 ppm less for the 
trans-exo, and 12 ppm less for the cis-endo. A possible ex
planation is the change in dihedral angle between the two rings 
caused by steric repulsion between endo substituents. Thus, 
in the cis-exo epimer with no endo substituents, the angle 
should approach the value of 116 ±  5° found for the parent 
hydrocarbon.15 The trans-exo epimer with the endocyclic C-4 
substituent would show some steric repulsion and an increased 
angle. The cis-endo epimer with the C-6 substituent in the 
position of greatest steric interaction would have the largest 
dihedral angle. Apparently, as the molecule becomes more 
planar due to steric repulsion, the change in bond character 
at C-6 results in progressively greater deshielding. This effect 
is even more noticeable with bulky substituents. In the 
trans-exo epimer of the tert-butyl derivative (10b) the 
shielding at C-6 is reduced 8.5 ppm; little or no cis-endo form 
is found to be present. In the diethylmethyl derivative (12b) 
trans-exo substitution leads to a 6.5 ppm deshielding, and 
cis-endo substitution (12c) gives a 15.8 ppm reduction of the 
shielding value, the largest change observed.

The kinetic composition of epimer mixtures produced in 
the Schmitz reaction has been established (Table IV). A ki
netic preference for the trans isomer is observed. Substantial 
amounts of the cis-exo and cis-endo forms are also present. 
Products were obtained by adding excess sodium hydroxide 
to the ammoniacal reaction mixture prior to workup; ammo
nium chloride, an equilibration catalyst, was thereby removed 
from the isolated products.

The transition state leading to the bicyclic triazine favors 
a repulsion of bulky groups in a monocyclic precursor at or 
removed from the bond-forming site (e.g., 18a favored over 
18b). Aldol cyclization stereochemistry (formation of a C-C 
bond) exhibits a similar transition state.17 The presence of an
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Table IL 'H NMR Spectra of 2,4,6-Trisubstituted 1,3,5-Triazabicyclo[3.1.0]hexanes a

Chemical shift, ppm

Compd R Ring CH at C-2; C-4 Ring CH at C-6 R-Substituted protons6

4a c h 3 4.25 (q, 6.0); 4.14 (q, 6.0)c 2.20 (q, 4.8) 1.38 (d. 5.9, CH3 at C-2); 1.27 (d, 4.9, CH3 at C-6); 
1.26 (d, 6.5, CH3 at C-4)

4b c h 3 4.39 (q, 6.0) 2.31 (q, 5.0) 1.36 (d. 5.8, CH3 at C-2,4); 1.27 (d, 4.9, CH3 at C-6)
4e c h 3 4.42 (q, 6.5) 2.13 (q, 5.0) 1.26 (d, 6.4, CH3 at C-2,4); 1.15 (d, 5.0, CH3 at C-6)
5a c 2h 5 4.07 (t, 5.5); 3.99 (t,5.0)c 2.09 (dd, 4.5, 6.5) 1.3-1.9 (m, CH2); 1.15 (t, 6.5, CH3); 0.98 (t, 6.5, CH3)
5b c 2h 5 4.05 (t, 7.0) 2.02 (t, 5.5) 1.2-1.8 (m, CH2); 1.00 (t, 7.0, CH3)
6a u-C3H7 4.13 (t, 5.5); 4.06 (t, 5.5) 2.11 (t, 4.5) 1.2-1.8 (m, CH2CH2); 0.9-1.1 (m, CH3)
7a î'-C3H7 3.75 (d, 7.0); 3.70 (d, 7.0)c 2.04 (d, 7.5) 1.2-1.7 (m, CH); 1.12 (d, 6.0, CH3); 1.01 (d, 6.0, CH3): 

0.92 (d, 6.0, CH3)
7b ¿-c 3h 7 3.60 (d, 8.5) 1.90 (d, 7.5)* 1.2-1.7 (m, CH); 0.98 (d, 6.0, CH3); 0.90 (d, 6.0, CH3)
8a n-C4H9 3.9-4.2 (m) 2.10 (m) 1.2-1.7 (m, CH2); 0.8-1.2 (m, CH3)
9a ¿-C4H9 4.13 (t, 7.0)c 2.12 (t, 5.5) 1.2-1.8 (m, CH2CH); 0.8-1.2 (m, CH3)

10a Í-C4H9 3.92 (s); 3.60 (s)c 1.93 (s) 1.07 (s, CH3); 0.96 (s, CH3); 0.94 (s, CH3)
10b Í-C4H9 3.70 (s)d 2.34 (s) 1.09 (s, CH3); 0.95 (s, CH3)
10c Í-C4H9 3.52 (s) 2.32 (s) 1.03 (s, CH3); 0.85 (s, CH3)
11a n-C5H „ 3.9-4.2 (m) 1.9-2.1 (m) 1.2-1.8 (m, CH2); 0.9-1.2 (m, CH3)
lib ra-CsHn 3.9-4.2 (m) 1.9-2.1 (m) 1.2-1.8 (m, CH2); 0.9-1.2 (m, CH3)
12a (C2H5)2CH 3.92 (dd, 7.2, 5.5d); 

3.84 (dd, 8.5, 9.5d)
1.92 (d, 6.7)* 1.2-1.8 (m, CH, CH2); 0.7-1.2 (m, CH3)

12b (C2H5)2CH 3.86 (d, 8.5) 2.12 (d, 7.0) 1.2-1.8 (m, CH, CH2); 0.7-1.2 (m, CH3)
13a c6h 5 5.60 (d, 6.0d); 5.22 (d, 9.5d) 3.20 (s) 7.2-7.9 (m, CeHs); 3.05 (broad t, NH)
13b c6h 5 5.51 (d, 10.5d) 3.17 (s) 7.2-7.9 (m, C6H5)
14a n-CßHi3 4.0-4.3 (m) 2.1-2.3 (m) 1.2-1.8 (m, CH2); 0.8-1.2 (m, CH3)
15a c6h 5c h 2 4.26 (t, 4.2); 4.18 (t, 5.5) 2.20 (t, 5.5) 7.0-7.5 (m, C6H5); 2.6-3.2 (m, CH2)
15b c6h 5c h 2 4.27 (t, 5.5) 2.08 (t, 6.0) 7.0-7.5 (m, C6H5); 2.5-3.1 (m, CH2)
16a C6Hs(CH3)-

CH
4.20 (d, ~ 8); 4.10 (d, ~ 8) 2.30 (d, ~ 8) 7.3 (m, C6H5); 2.0-3.0 (m, CH); 1.0-1.6 (m, CH3)

° All measurements at 60 or 100 MHz, CDCI3 solvent (+1% MeiSi) ca. 27 °C. Multiplicity of signal and coupling constant (Hz) in 
parentheses. 6 A broad NH signal (~20 Hz) appears near S 2.0-2.5 in all spectra except where noted otherwise. * Broadened signal 
(~2 Hz) which sharpens on addition of D20, apparently due to unresolved NH proton coupling. d Indicated splitting due to NH proton, 
collapses on addition of D20.

acyclic imine precursor related to 18 [i.e., ¿-C3H7CH=N- 
CH(i-C3H7)NHCH(i-C3H7)NH2], derived from the very labile 
monocyclic triazine 17d (R = i-C3H7), is seen in the 13C NMR 
spectrum (Table V, footnote b).13

18a 18b

Equilibration of the bicyclic triazines is observed in 
methanolic ammonium chloride or hydrogen chloride at am
bient temperature; recovery of epimerized products is quan
titative. No observed epimerization occurs in basic media. In 
neutral protic solvents such as methanol a slow epimerization 
is sometimes observed. At equilibrium the cis-endo isomer 
virtually disappears leaving trans-exo and cis-exo epimers 
(3a,b) in a nearly 1:1 ratio (Table IV). A preference for the 
trans-exo form at equilibrium is observed for compounds with 
substituents methyl, tert-butyl, and phenyl.

The rate of acid-catalyzed equilibration of the bicyclic 
triazines depends on reaction conditions, structure, and 
stereochemistry of reactants. In 1% methanolic ammonium 
chloride solution at 25 °C equilibration is complete within 2-6 
h in all cases examined except the cis- and trans-exo methyl 
and phenyl compounds 4 and 13, which were unaffected after 
48 h. However, these substances and all others are equilibrated 
in methanolic hydrogen chloride (pH 1-2, 25 °C) very rapidly 
(less than 10 min). Prolonged exposure of the bicyclic triazines

to such strongly acidic conditions causes degradation (for
mation of aldehydes, hydrazine, and diaziridines).7

The rate of acid-catalyzed epimerization of cis-endo ep
imers (3c) is much more rapid than that of the exo isomers 
3a,b. For example, although methanolic ammonium chloride 
will not equilibrate trans- or cis-exo methyl isomers (4a,b, R 
= CH3) the cis-endo form (4c) is converted quantitatively into 
the trans-exo form in this medium within 10 min. Similar re
sults are observed with other cis-endo isomers. Mixtures 
containing three isomers (3a-c) in methanolic ammonium 
chloride are converted into mixtures containing only two 
isomers (3a,b) within 10 min. In each instance during this 
short reaction period the cis-endo form (3c) is converted ex
clusively into the trans-exo form; the amount of cis-exo form 
(3b) remains unchanged. Only on more extended exposure 
(2-6 h) is equilibrium attained involved interconversion of 
cis-exo and trans-exo forms. In methanol a slow, uncatalyzed 
cis-endo — trans-exo conversion is observed. This epimeri
zation is most rapid with the methyl compound (1-2 days), 
but very slow with others (several weeks).

Epimerization of bicyclic triazines was found to involve no 
incorporation of deuterium at the C-2 or C-4 positions when 
the reaction was conducted in methanol-O-d containing am
monium chloride (3, R = C2H5, i-C3H7) or hydrogen chloride 
(3, R = CH3).

A mechanism for the acid-catalyzed equilibrations and 
epimerizations is suggested by the above observations 
(Scheme I). A.cid-catalyzed ring opening of cis-endo 3c at 
N-l,C-2 would lead to iminium ion 19a. Diaziridine nitrogen 
inversion would provide invertomer 19b; ring closure would 
then give trans-exo 3a only. The other possible epimer derived 
by ring closure of 19b would be an unobserved, disfavored cis 
isomer (3d), having two endocyclic substituents (at C-2, C-4).
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Table III. 1SC NMR Spectra of 2,4,6-Trisubstituted 1,3,5-Triazabieyclo[3.1.0]hexanes a

Chemical shift, ppm

R Compd

Ring carbons6 Substituent a carbon b

C-2 C-4 C-6 C-2 C-4 C-6

c h 3 4a 75.3 72.4 46.2 15.2 17.0 21.4
4b 74.9 41.0 15.3 17.1
4c 75.7 53.2 24.9 23.0

C2H5 5a 81.1 78.2 52.1 24.1 24.3 28.1
5b 80.2 47.0 24.1 24.2
5c 81.9 59.2 31.2 24.6

72-C3H7 6a 79.5 76.8 50.9 33.4 33.6 37.4
6b 78.8 45.8 33.4 33.4
6c 80.4 58.2 40.6 33.6

l'-C3H7 7a 84.2 86.1 58.2 32.0 33.1 30.4
7b 84.9 52.3 31.5 30.1
7c 87.7 66.4 35.0 30.8

PI-C4H9 8a 79.6 77.0 50.9 30.8 31.0 34.8
8b 78.8 45.9 30.9 31.0
8c 80.3 57.9 38.0 31.2

¿-C4H9 9a 78.0 75.4 49.7 40.4 40.4 44.0
9b 77.5 44.5 40.4 40.4
9c 78.8 57.1 47.2 40.4

Í-C4H9 10a 87.4 89.9 62.7 32.8 31.3 36.5
10b 86.2 54.2 32.8 32.8

rc-C5H „ 11a 79.7 77.0 50.9 31.5 31.2 35.2
lib 78.9 45.8 32.0 31.7
11c 80.4 58.1 38.3 30.9

(C2H5)2CH 12a 82.4 80.4 55.5 43.3 42.7 44.4
12b 81.4 49.0 43.2 42.0
12c 83.5 64.8 46.1 44.0

c6h 5 13a 81.4 80.5 51.9 136.2 136.1 140.4
13b 82.3 48.1 136.2 140.4

n-CsHi3 14a 79.9 77.2 51.3 31.7 31.5 35.4
14b 79.1 46.1 31.8 31.8
14c 80.6 58.4 38.4 32.0

c 6h 5c h 2 15a 81.1 72.1 53.0 36.5 38.3 41.6
15b 78.8 48.3 36.5 41.4

C6H5(CH3)CH 16ac 84.7 81.4 58.3 44.4 42.9 41.0
16a' 85.3 82.8 58.6 45.1 43.4 41.6

0 Fourier transform mode (proton decoupled) 25.14 MHz, CDCI3 solvent with tetramethylsilane internal reference. 6 Substituent 
at C-2 is assumed to be exocyclic in the trans compounds. c Mixture of four diastereoisomers. Spectrum of recrystallized sample consists 
of the two sets of relatively strong lines shown and two sets of weaker lines that have not been assigned.

Table IV. Composition of Epimeric Mixtures of 2,4,6-Trisubstituted 1,3,5-Triazabicyclo[3.1.0]hexanes (±2%) 13C NMR
Assay

Kinetic mixture Equilibrium mixture Schmitz reaction

Compd R

(base catalysis) (acid catalysis) product mixture

Trans-
exo
a

Cis-
exo
b

Cis-
endo

c

Trans-
exo
a

Cis-
exo“

b
Cata
lyst6

Trans-
exo
a

Cis-
exoa

b

4 c h 3 53 38 9 65 35 c B 61 38c
5 C2H5 61 31 8 55 45 A 69 31
6 n-C3H7 57 32 12 55 45 A 69 32
7 ¿-c 3h 7 71 20 9 45 55c A 80 20 c
8 rc-C4H9 55 33 12 45 55 A 67 33
9 ¿-c 4h 9 49 35 16 47 53 A 65 35

10 í -C4H9 85 15 a,c 80 20 A, B 85 15
11 rr-CsHn 56 31 13 50 50 A, B 69 31
12 (C2H5)2CH 81 13 6 53 47 A 87 13
13 C6Hs 70 30 a,c 70 30c B 70 30c
14 n-C6H 13 61 29 10 55 45 A 71 29
15 C6H5CH2 43 47 10 50 50 A 53 47

a Cis-endo (c) concentration <3%. b Catalyst: (A) ammonium chloride, (B) hydrogen chloride. c Assay by 1H NM R gave the same 
results, ± 2%.
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Table V. 13C NMR Spectra of 2,4,6-Trisubstituted 1,3,5-Triazacyclohexanes a

Chemical shift, ppm

Compd R
Ring

carbons Substituent carbons

17a c h 3 66.2 22.8 (CH,)
17b CH2CH3 71.6 29.8 (CH2); 9.3 (CH3)
17c c h 2c h ,c h 3 75.4 43.2, 21.3 (CH2); 16.8 (CH3)
17d CH(CH3)26 75.9 33.7 (CH); 18.2 (CH3)
17e c6h 5c h 2 73.2 139.1,131.8, 130.8, 128.9 (C6H5); 45.1 (CH2)
17f C6H5(CH:ì)CH' 77.8, 77.6, 76.9 144.9,130.6,130.3,129.9,129.8,128.8, (C6H5); 47.8, 47.7, 

47.2 (CH); 19.6,19.0,18.7 (CH3)
a Fourier transform mode, 25.14 MHz, CDCI3 solvent with internal tetramethylsilane reference. fa On standing in CBCI3 solution

at 25 °C for 12 h, peaks appear which are attributed to the acyclic dissociation product, ¿-C3H7CH=NCH(i-C3H7)NHCH(f-C3H7)NH2: 
168.4 (C=N); 96.8, 91.8 (NCHN); 34.1, 33.5 [(CH3)2CHJ; 19.5, 17.4 (CH3). c A statistical 1:3 mixture of two diastereoisomers. One 
component shows a single line of unit intensity. The other shows two lines with intensities in the ratio 1:2.

Scheme I

To achieve the slower cis-exo, trans-exo (3a,b) equilibration 
would involve iminium ion intermediate 20.

The epimer composition of reaction products obtained 
under normal Schmitz reaction conditions is different from 
that observed under kinetic conditions (alkaline workup) or 
at equilibrium (Table IV). Schmitz reaction products contain 
a higher percentage of trans isomer (3a) than either kinetic 
or equilibrium conditions, and very little cis-endo isomer (3c). 
The results are understandable in light of the equilibration 
and stereochemical studies. The normal workup procedure 
involves removal of excess ammonia and methanol by con
centration of the reaction mixture to dryness at temperatures 
near 25 °C. During the final stages of concentration the 
methanolic solution changes from basic (excess ammonia) to 
weakly acidic (excess ammonium chloride). Under these 
conditions the cis-endo isomer (3c) is rapidly epimerized to 
the trans-exo form 3a. The product contact time with am
monia-free methanolic ammonium chloride during workup 
is sufficiently short so that the relatively slower cis-exo to 
trans-exo (3b,a) equilibration occurs only slightly. These 
conclusions were confirmed by 13C NMR assay of Schmitz

reaction product mixtures. Also treatment of kinetic product 
mixtures (containing large amounts of cis-endo isomer) with 
ammonium chloride in 10 M methanolic ammonia followed 
by concentration to dryness (simulated Schmitz workup) gave 
reaction mixtures having compositions corresponding closely 
to those of Schmitz reaction products obtained by normal 
workup procedures.

Alternate structures with two or three endocyclic substit
uents could be written for the bicyclic triazines (e.g., 3d-f).

There is evidence against such sterically unfavorable config
urations, however. For example, in the related simple mono- 
substituted 2-methyl-l,3-diazabicyclo[3.1.0]hexane the exo 
methyl structure (21a) is favored 3:1 over the endo (21b) . 18

2,4-Diethyl-6,6-pentamethylene-l,3,5-triazabicyclo-
[3.1.0]hexane (23) was prepared by reaction of 6,6-penta- 
methylenediaziridine (22) with propanai under Schmitz re-

action conditions. The crude reaction product contained only 
one isomer with cis stereochemistry of the C-2, C-4 substitu
ents. The structure is supported by XH and 13C NMR spectra. 
The 1H NMR spectrum of 23 reveals a single triplet at 8 4.12 
for the triazolidine ring protons. The 13C NMR spectrum re
veals the expected cis isomer signals. The ring C-6 signal ap
pears in the region corresponding to those found for other 
cis-endo compounds (Table III). A line at 8 38.0 is assigned to 
the endocylic «-methylene carbon of the pemamethylene
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group owing to its position 13 ppm downfield from the other 
carbons of this ring. A similar deshielded «-carbon signal is 
observed in the methyl cis-endo compound 4c, presumably 
arising from interaction with the triazolidine ring hydrogens. 
Such an interaction of the endocyclic methylene at C-6  dis
favors a trans diethyl C-2, C-4 23 epimer with two endocyclic 
substituents.

Stereochemistry o f 2,4,6-Trialkyl-1,3,5-hexafaydro- 
triazine Oxidations. Despite the steric homogeneity of 
reactant 2,4,6-trialkyl-l,3,5-hexahydrotriazines (17) their 
oxidation with te r t-butyl hypochlorite in basic medium leads 
to epimeric mixtures of 2,4,6-trialkyl-l,3,5-triazabicyclo-
[3.1.0]hexanes (3, eq 2 ). No equilibration of products occurs 
under the reaction conditions. The all equatorial stereo
chemistry of the parent 2,4,6-trialkyl-l,3,5-hexahydrotriazines
(17) is indicated by their simple NMR spectra. The proton 
spectra of these materials have been discussed.12,13 Their 13C 
NMR spectra have now been determined and support the 
structure assignments. For example, the spectrum of 2,4,6- 
trimethyl-l,3,5-hexahydrotriazine (17a) reveals two lines, one 
each for the three ring carbons and three methyl substituents 
(Table V).

The stereochemistry and mechanism of 2,4,6-trialkyl-
1.3.5- hexahydrotriazine oxidation was examined with the aid 
of 13C NMR spectroscopy. Oxidation of anhydrous 2,4,6-tri- 
methyl-l,3,5-hexahydrotriazine (17a) in methanol containing 
1 equiv of sodium carbonate with 1 molar equiv of te r t-butyl 
hypochlorite at —35 °C gave a crude reaction product con
taining only trans-exo and cis-endo bicyclic triazines (4a and 
4c, respectively). The reaction mixture is alkaline throughout; 
no epimerization occurs during the reaction period. The pure 
cis-endo form (4c) is readily isolated from the reaction mixture 
by extraction with hexane.

When the crude original product mixture was dissolved in 
deuteriochloroform the cis-exo compound 4b, which was ab
sent initially, was observed to appear slowly on standing (13C 
NMR). After 3 days a nearly 1:1 equilibrium mixture of trans 
and cis-exo forms (4a,b) appeared; the cis-endo form (4c) had 
disappeared. The equilibration catalyst is believed to be hy
drogen chloride formed from /V-chloro-2,4,6-trimethyl-
1.3.5- hexahydrotriazine (24a, R = CH3, Scheme II) present

Scheme II
i-C,H9OCl 

17 ------ ------*
Na,CO,

opening. The rate-limiting ring closure reactions in 25 lead to 
3a and 3c by intramolecular chloride ion displacements (paths 
a and b, respectively); path a predominates.

With other triazines (17, R = alkyl) similar results are ob
served: the predominant reaction products are the trans-exo 
isomers (3a). However, in addition to the cis-endo form (3c), 
cis-exo form (3b) is also observed. The latter isomer could 
form by ring closure in 24 which may be favored to some ex
tent over 25 when R is larger than methyl. Thus, depending 
on structure and method of workup, bicyclic triazines derived 
by oxidation of monocyclic triazines could have various epimer 
compositions. However, the predominant product isomer 
obtained is trans (3a). Our original report1 describing the 
hexahydrotriazine oxidation products as only cis-exo (3b) and 
trans-exo (3a) was incorrect. The present findings permit a 
distinction between cis-endo and cis-exo products, and the 
rather surprising conclusion that despite the all-equatorial 
configuration of reactant 17, the oxidation initially yields 
products having little or none of this stereochemistry.

NH Stereochemistry. The ]H NMR data of Table II 
provide evidence ef two different orientations of the NH 
proton in rigid bicyclic triazines (CDCI3 solvent). Line 
broadening of one of the ring proton signals (H-2,4) which is 
observed in some trans-exo compounds (group 1—4a, 5a, 7a; 
R = CH3, C2H5, ¿-C3H7, respectively) is absent in the corre
sponding cis-exo and/or cis-endo epimers. This broadening, 
presumably arising from a weak unresolved spin coupling to 
the NH proton, disappears on addition of deuterium oxide. 
In a second group of compounds (group 2) characterized by 
bulky substituents, line broadening or an observable strong 
NH spin coupling is observed for H-2 or H-4 of the trans-exo 
compounds [10a, 12a, 13a; R = LC4H9, (CyLhCH, and C6H5, 
respectively] and for both H-2 and H-4 in the cis-exo forms. 
In the phenyl-substituted trans compound 13a, -NH  spin
coupling values of 6.0 and 9.5 Hz were observed for H-2 and 
H-4, while the cis compound 13b showed only one splitting 
of 10.5 Hz for the two ring protons. In the remaining com
pounds studied the NMR spectra were not sufficiently re
solved to reveal NH coupling information.

The above observations suggest an endocyclic NH in the 
group 1 compounds (4, 5, 6 ) and an exocyclic NH in group 2 
compounds (10,12,13) (Scheme III).

Scheme III
Group 1 (endo NH)
(R =  CHrl, C>Hr,, C:iH7)

in the crude reaction mixture. This ¿V-chloro compound is 
characterized by I3C lines at 5 90.1 and 145.3. After 3 days 
these lines had disappeared and a spectrum appeared corre
sponding only to trans-exo and cis-exo bicyclotriazines (4a,b). 
Oxidation of 2,4,6-trimethyl-l,3,5-hexahydrotriazine-2J4,6-d:! 
in methanol-O-d gave no CH deuterium incorporation into 
the bicyclic triazine products.

The above observations may be explained by the steps 
shown in Scheme II. The initially formed all-equatorial N -  
chloro compound 24a (R = CH3) rapidly epimerizes to yield 
a sterically favored 2-axial methyl isomer 25a (R = CH3) via 
an acyclic iminium intermediate formed by acid-catalyzed ring

Group 2 (exo NH)
[R =i-C 4H9,(C2H5)2CH,C6H5]

H
3a (exo NH)
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In group 1 the endocyclic NH proton of 3a nearly eclipses 
H-2 and a weak coupling would be predicted, while it is almost 
trans to H-4 and should couple strongly with it. In 3b both H-2 
and H-4 eclipse the endocyclic NH proton and only weak 
coupling is expected. In group 2 the spectra of 3a and 3b both 
show at least one strong coupling of H-2 and H-4 to the NH 
proton. Since the R groups should be exocyclic because of their 
bulk, it follows that the NH proton must also be exocyclic to 
permit the observed spin coupling. In the trans compounds 
of group 1 the ring proton signal at highest field represents 
exocyclic H-4, while in the group 2 compounds it is the en
docyclic H-2. In flexible heterocycles with 1,3-heteroatom 
substitution there is a preference for an axial NH.19’20 How
ever, configurations in these and other heterocycles are known 
to depend on substituent bulk.21-22

Mechanism o f the Schmitz Reaction. Two mechanisms 
may be considered for formation of 2,4,6-trisubstituted
1.3.5- triazabicyclo[3.1.0]hexanes: (1) the Schmitz mecha
nism11 involving reaction of a 3-substituted diaziridine (2) 
with aldehyde and ammonia to yield 3 (eq 1), and (2) oxidation 
of initially formed 2,4,6-trisubstituted 1,3,5-hexahydrotriazine
(17) to yield 3 (eq 2).

Evidence obtained previously favoring the Schmitz mech
anism includes trapping of a 3-substituted diaziridine inter
mediate with chloral to form l -(2-trichloromethyl-l-hy- 
droxyethyl)-3-propyldiaziridine (26) in low yield (8%).7e The 
possibility that 26 had formed by cleavage of the bicyclic tri- 
azine 6 has been discounted. In the present study treatment

n-CIE  .NH

If ^ N (  HOIK Cl 
26

of bicyclic triazine 6a (trans-exo, R = n-C3H7) in methanol 
with chloral at 25 °C gave quantitative recovery of reactants 
after 20 h.

Other evidence favors the Schmitz mechanism. Certain 
bicyclic triazines are formed in the Schmitz reaction which 
form no monocyclic triazines (17) under the reaction condi
tions [e.g., 10a, R = Í-C4H9, 12a, R = CH (C2H 5)2, 13a, R = 
C6H5].13 Also, the rate of bicyclic triazine formation in the 
Schmitz reaction (1-2 h) is more rapid than formation of 
comparable yields of most monocyclic triazines (17) under the 
same conditions (several days except for those derived from 
acetaldehyde and propanal).13

Finally, the stereochemistry of the Schmitz reaction leading 
to 3 is somewhat different from that found for 2,4,6-trialkyl-
1.3.5- hexahydrotriazine oxidation under comparable condi
tions (basic medium, —35 °C). The Schmitz reaction gives a 
mixture of three epimers (3a-c) under kinetic conditions 
(Table IV). The oxidation of 2,4,6-trimethyl-l,3,5-hexahy- 
drotriazine, on the other hand, can yield trans-exo and cis- 
endo isomers (4a,c) only. All evidence of this study favors the 
originally proposed Schmitz mechanism involving a diaziri
dine intermediate (eq 1).

Experimental Section23
Aldehydes. All aldehydes were commercial samples, reagent grade, 

distilled immediately before use.
2,4,6-Trimethyl- 1,3,5-hexahydrotriazine-1,3,5 -d ¡ was prepared 

by dissolving a 2.5-g sample of the anhydrous protiotriazine13 in 25 
ml of deuterium oxide and concentrating the solution to dryness under 
reduced pressure at 25 °C; the process was repeated. Final drying in 
a vacuum desiccator over calcium chloride gave 2.25 g of trideu- 
teriotriazine showing no NH or H2O in its 'H NMR spectrum.

Preparation of 2,4,6-Trialkyl-l,3,5-triazabicyclo[3.1.0]hex- 
anes. A. General Schmitz Procedure. The procedure of Schmitz 
was employed with slight modifications and is illustrated with prep
aration of cis- and trans-2,4,6-tris(n-pentyl)-l,3,5-triazabicy- 
clo[3.1.0]hexanes (lib and 11a, respectively). A solution of tert-

butyl hypochlorite (2.71 g, 0.026 mol) in 3 ml of tert-butyl alcohol was 
added dropwise, stirring magnetically during 5 min, to 25 ml of 10 M 
methanolic ammonia contained in a 125-ml Erlenmeyer flask (reac
tion temperature maintained at ca. —35 °C by immersing the flask 
in an ethylene dichloride/dry ice bath). Hexanal (5.0 g, 0.05 mol) was 
added dropwise with stirring during 5 min and stirring continued 
(calcium chloride tube attached) for 1 h, maintaining the reaction 
temperature near -35  °C. The flask was removed from the cold bath 
and allowed to stand at ambient temperature (no stirring) for 2.5 h. 
The mixture was concentrated to dryness under reduced pressure and 
the residue extracted thoroughly with boiling hexane; concentration 
of the extracts gave 4.26 g (87%) of a mixture of cis-exo and trans-exo 
triazines lib (33%) and 11a (67%), respectively; assay by 13C NMR. 
Fractional crystallization from heptane gave pure samples of the less 
soluble trans-exo 11a, 0.67 g, mp 51-55 °C, and more soluble cis-exo 
lib, mp 50-54 CC.

The above procedure was employed to prepare the trans triazines 
listed in Table I, procedure A. Pure trans products were obtained by 
recrystallization from hexane, ethanol, or ether to constant melting 
point (assay by 3H and 13C NMR). Fractional crystallization of mother 
liquors gave material enriched in the cis-exo isomers. NMR data of 
these products are summarized in Tables II (*H) and III (13C).

To a 0.10-g (0.50 mmol) sample of trans-exo-2,4,6-tri-n-propyl-
l,3,5-triazabicyclo[3.1.0]hexane (6a) dissolved in 1.0 ml of methanol 
was added 0.080 g (0.50 mmol) of chloral hydrate. After standing at 
25 °C for 20 h the solution was concentrated to dryness and the resi
due fractionally crystallized from hexane to yield 0.095 g (95%) of 
unreacted 6a in successive crops, mp 79-84 °C; chloral was also re
covered.

B. The general kinetic procedure is illustrated by preparation 
of 2,4,6-triisobutyl-l,3,5-triazabicyclo[3.1.0]hexane isomer mixture 
(9a-c). The general Schmitz procedure above was followed (using 0.05 
mol of isovaleraldehyde and 0.025 mol of tert-butyl hypochlorite) 
except that prior to concentration of the reaction mixture excess 
aqueous sodium hydroxide solution was added (2.5 mol of 50% solu
tion, 1.9 g, 0.04^ mol, of sodium hydroxide) to assure conversion of 
the ammonium chloride to sodium chloride. The alkaline reaction 
mixture was concentrated to dryness at 25 °C and the residue ex
tracted thoroughly with methylene chloride. Concentration of the 
extracts gave 3.75 g (89%) of crude product: small prisms, mp 124-131 
°C [mixture of 48% trans-exo (9a), 35% cis-exo (9b), and 16%cis-endo 
(9c) by 13C NMR assay]. Total yields of crude triazine mixtures by 
the above procedure were essentially the same as obtained by the 
general Schmitz procedure (A). Data are summarized in Table IV.

2,4,6-Trimethyl-l,3,5-triazabicyclo[3.1.0]hexane (4c, Cis- 
Endo). Oxidation of 2,4,6-Trimethyl-l,3,5-hexahydrotriazine 
(17a). A solution of anhydrous 2,4,6-trimethyl-l,3,5-hexahydrotri- 
azine (17a, 2.58 g, 0.02 mol)13 in methanol (100 ml) mixed with sodium 
carbonate (1.06 g, 0.01 mol) was chilled to —35 °C (ethylene dichlo
ride/dry ice bath). While stirring, teri-butyl hypochlorite (2.2 g, 0.02 
mol)' was added dropwise during 2 min. A calcium chloride tube was 
attached and st:rring continued at ca. —35 °C for 1 h. The cold bath 
was removed and the mixture allowed to warm to 25 °C during 1 h and 
then filtered. The filtrate was concentrated to dryness at 25 °C and 
the residue extracted several times with hot hexane. The extracts were 
immediately concentrated under reduced pressure to ca. 20 ml and 
chilled at -15 °C to deposit a solid which was fractionally crystallized 
from hexane to yield 0.15 g (6%) of 4c as long needles, mp 133-134 °C. 
A solution of 4c dissolved in methanol was concentrated after standing 
at 25 °C for 48 h to yield trans-exo 4a, mp 111-114 °C.

In a parallel run employing 6.36 g (0.05 mol) of anhydrous 2,4,6- 
trimethyl-l,3,5-hexahydrotriazine the resulting hexane extracts were 
concentrated to dryness to yield 3.9 g of a solid mixture of products. 
The I3C NMR spectrum (in CDCI3) of this material showed the bi
cyclic triazine component to be a mixture of 66% trans-exo 4a and 34% 
cis-endo 4c. Additional strong peaks were observed in the 13C spec
trum at 8 90.1 and 58.1 (intensity ratio 2:1) attributed to C-2, C-4, and 
C-6 ring carbons, respectively, of all-equatorial l-chloro-2,4,6-tri- 
methyl-l,3,5-hexahydrotriazine (24a, R = CH3); peaks for the cor
responding C-2, C-4, and C-6 methyl carbons appeared at 8 23.5 and 
15.3, respectively, also in a 2:1 intensity ratio. On standing in deut- 
eriochloroform the intensities of these A-chloro peaks diminished 
and after 72 h had completely disappeared. After 14 h the bicyclic 
triazine composition had changed to 80% 4a, 15% 4b, and 5% 4c; after 
72 h there was present 53% 4a, 47% 4b, and 0% 4c. The A-chloro- 
triazine 24a (R = CH:J) was also prepared in deuteriochloroform (3.5 
ml) by reaction of anhydrous triazine 17a (R = CH3) (0.42 g) with 
tert-butyl hypochlorite (0.37 g) at —35 °C; examination of the 13C 
NMR spectrum of the solution at 30 °C revealed the presence of all- 
equatorial iV-chlorotriazine; no bicyclic triazine formation was ob



served in 1 h, and only the trans form (4a) was evident after 16 h. The 
reaction of triazine 17a (R = CH3) (0.42 g) and sodium carbonate (0.18 
g) in methanol (3 ml) with tert-butyl hypochlorite (0.37 g) at —35 °C 
was followed by 13C NMR; no IV-chlorotriazine peaks were evident 
and after 1 h only the trans bicyclotriazine (4a) spectrum ap
peared.

2,4,6-Trimethyl-l,3,5-hexahydrotriazine-l,3,5-d3 (1.30 g, 0.01 mol) 
was oxidized in the same manner as the protio compound 17a in 
methanol-O-d to yield a crude product (0.62 g) showing a ratio of 
CH3/CH of 3:1 by ’ H NMR. Crystallization from hexane gave crude 
cis-endo triazine ic-N-d, 0.05 g, mp 90-106 °C, showing no deuterium 
incorporation at ring CH positions.

Oxidation o f 2,4,6-Trialkyl-1,3,5-hexahydrotriazines. The 
procedure employed with the trimethyltriazine 17a (R = CH3) was 
used with other anhydrous triazines, prepared as described pre
viously.13 2,4,6-Triisopropyl-l,3,5-hexahydrotriazine (17d, ¿-C3H7) 
gave a crude product, mp 131-134 °C (16% yield), of a mixture con
taining 77% 7a, 16% 7b, and 6% 7c by 13C NMR; recrystallization from 
hexane gave trans-exo 7a, mp 140-143 °C.

The crude product obtained from 2,4,6-triethyl-l,3,5-hexahydro- 
triazine (17b, R = C2H5) contained 70% 5a, 30% 5b, and only traces 
of 5c; recrystallization from ether gave a 9% yield of crystalline trans 
5a, mp 99-102 °C. The crude product from the anhydrous tri-n-propyl 
compound (17c, R = n-C3H7) contained 90% trans 6a and 10% 6b; one 
recrystallization from hexane gave trans 6a, mp 78-82 °C. Other
2,4,6-trialkyl-l,3,5-hexahydrotriazines were oxidized to yield trans 
bicyclotriazines after recrystallization from hexane. Yields are listed 
in Table I.

Epimerization Experiments. Procedure A. Methanolic Am
monium Chloride. A sample of 2,4,6-tri-n-propyl-l,3,5-triazabicy- 
clo[3.1.0]hexane (6a, 0.30 g) was added to a solution of ammonium 
chloride (300 mg) in 30 ml of methanol. After standing at ambient 
temperature (25 °C) for 30 h the solution was concentrated to dryness 
and the mixture extracted with methylene chloride. Concentration 
of the extracts gave 0.30 g of recovered triazine which was assayed by 
13C NMR revealing a mixture of 51% trans 6a and 49% 6b, and only 
trace amounts of 6c. The same procedure was employed with other 
triazines (pure cis or trans or mixtures of two or three epimers; reac
tion times 6-74 h). No epimerization was observed with the pure trans 
phenyl compound 13a during 68 h nor with the trans methyl com
pound 4a during 16 h (reactants recovered). Data are summarized in 
Table IV.

The rate of epimerization of the tri-n-pentylbicyclotriazine 11a was 
evaluated using the same procedure. Starting with a mixture of 70% 
trans-exo 11a and 30% cis-exo lib , samples were removed at intervals, 
quenched with excess sodium hydroxide, and assayed by 13C NMR; 
observed time in hours followed by percent trans-exo 1 la in paren
theses were as follows: 0 (70), 0.1 (68), 0.35 (60), 2.5 (54), 6 (50), 30 
(50).

The ammonium chloride catalyzed epimerization of mixtures 
containing appreciable amounts of cis-endo isomer was examined 
using short reaction times. The equilibration reaction was stopped 
by addition of 50% aqueous sodium hydroxide to adjust the pH to ca. 
10. A tri-n-propylbicyclotriazine mixture (57% 6a, 32% 6b, 12% 6c) 
gave after 5 min 64% 6a, 32% 6b, 4% 6c. A tris-isobutylbicyclotriazine 
mixture (49% 9a, 35% 9b, 16% 9c) gave after 5 min 67% 9a, 33% 9b, and 
0% 9c.

Pure cis-endo trimethylbicyclotriazine (4c, mp 133-134 °C) in 1% 
methanolic ammonium chloride for 30 min gave the trans epimer only 
(4a, mp 111-114 °C, 13C NMR assay).

A modified ammonium chloride catalyzed epimerization procedure 
was employed which approximates the workup procedure employed 
in the Schmitz reaction. A mixture of 0.36 g of n -pentylbicyclotriazine 
(containing 56% 11a, 31% lib , and 13% 11c), 0.36 g of ammonium 
chloride, and 36 ml of 10 M methanolic ammonium chloride was 
concentrated to dryness under reduced pressure during ca. 12 min. 
The residue was extracted with methylene chloride and the extracts 
concentrated to dryness to yield a product (0.36 g) containing 64% 11a, 
31% lib , and 5% 11c (the crude product isolated from a 0.05-mol 
Schmitz reaction run requiring ca. 1 h concentration time during 
workup gave a mixture of 67% 11a, 33% lib , and less than 2% 11c). 
In a parallel experiment with a tri-n-propylbicyclotriazine sample 
containing 57% 6a, 32% 6b, and 12% 6c there was obtained after ca. 
12 min concentration time a mixture of 64% 6a, 32% 6b, and 4% 6c.

Procedure B. Methanolic Hydrogen Chloride. A 0.30-g sample 
of 2,4,6-tri-n-pentyl-l,3,5-triazabicyclo[3.1.0]hexane (70% trans-exo, 
11a, and 30% cis exo, l ib )  was dissolved in methanol (30 ml). Hy
drochloric acid (12 N) was added dropwise (5 drops) to adjust to pH 
ca. 2. After 10 min aqueous sodium hydroxide solution (50%) was 
added dropwise to adjust the pH to ca. 9. The solution was concen
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trated to dryness and the residue extracted with methylene chloride. 
Concentration of the extracts gave 0.30 g of epimerized product (48% 
trans, 11a; 49%; cis-exo, lib ; and 3% cis-endo, 11c). Samples of certain 
other triazines were epimerized using the same conditions for 10 min. 
Product equilibrium mixture compositions agreed (±2%) with values 
obtained using methanolic ammonium chloride (procedure A). Data 
are summarized in Table IV.

Procedure C. Epimerizations in Methanol-O-d. A 0.20-g sample 
of trimethylbicyclotriazine (67% trans 4a, 33% cis 4b) was dissolved 
in 20 ml of methanol-O-d. Hydrochloric acid was added dropwise to 
adjust to pH 1. After standing for 2 h the solution was made alkaline 
(pH 8) by addition of 50% aqueous sodium hydroxide solution. The 
mixture was concentrated to dryness and the residue extracted with 
deuteriochloroform. The CH proton NMR spectrum was identical 
with that of the reactant mixture; the ratio of integrals for the C-2, 
C-4, C-6 ring CH and methyl protons remaining unchanged at 1:3.

A 0.10-g sample of triethylbicyclotriazine (55% trans 5a, 45% cis 
5b) was exchanged with D20  several times to prepare the A-deuterio 
compound. This material and deuterioammonium chloride (0.10 g) 
in 15 ml of methanol-O-d after standing at 25 °C for 16 h was con
centrated to dryness and the residue extracted with deuteriochloro
form. Except for the absence of an NH signal, the XH NMR spectrum 
of the product was identical with that of the reactant (no CH deute
rium incorporation).

2,4-Diethyl-6,6-pentamethylene-l,3,5-triazabicyclo[3.1.0]- 
hexane (23). 3,3-Pentamethylenediaziridine4 (2.0 g, 0.018 mol) was 
dissolved in 100 ml of dry methanol and cooled to —35 °C. To the 
stirred solution was added methanolic ammonia (4.46 ml of 8 N so
lution, 0.036 mol) in one portion. Propanal (2.32 g, 0.040 mol) was 
added in one portion to the stirred solution. The solution was stirred 
for 1 h at -3 0  °C and an additional 1 h at 25 °C. Removal of solvent 
gave 3.55 g of clear mobile oil. The oil was taken up in 40 ml of iso
pentane and dried over Drierite; its 13C NMR spectrum shows 23 in 
one configuration only. Filtration and concentration gave 3.1 g (82%) 
of white solid: mp 37-41 °C; ir 3320 cm“ 1 (NH); 3H NMR (CDC13) 5 
4.18 (t, 2 H, ring CH), 2.52 [s (broad), 1 H, NH], 1.87 [s (broad), 14 H, 
CH2], 1.17 (t, J = 7.5 Hz, 6 H, CH3); the :H NMR spectrum in pyri- 
dine-ds showed one exchangeable proton upon addition of D20 ; 13C 
NMR (CDCI3) <5 77.3 (ring C-2, C-4), 64.6 (ring C-6), 38.0 [endocyclic 
a-C of (CH2)5], 31.3 (CH2CH3), 25.9, 25.4, 24.8, 24.1 [(CH2)5 carbons 
except endocyclic a-C], 10.7 (CH3).

Anal. Calcd for C12H23N3: C, 68.85; H, 11.08; N, 20.08; mol wt, 
209.33. Found: C, 68.66; H, 11.04; N, 19.95; mol wt, 212 (osmometry, 
CHCI3).

Registry No.—4a, 41807-88-9; 4b, 41807-89-0; 4c, 59829-85-5; 
4c-N-d (R = CH3), 59812-99-6; 5a, 41807-90-3; 5b, 41807-91-4; 5c, 
59829-86-6; 6a, 41807-92-5; 6b, 41807-93-6; 6c, 59829-87-7; 7a, 
41807-94-7; 7b, 41807-95-8; 7c, 59829-88-8; 8a, 41807-96-9; 8b, 
49829-89-9; 8c, 59829-90-2; 9a, 41807-97-0; 9b, 59829-91-3; 9c, 
59829-92-4; 10a, 41807-98-1; 10b, 59829-93-5; 10c, 59829-94-6; 11a,
41807- 99-2; lib , 59829-95-7; 11c, 59829-96-8; 12a, 41808-00-8; 12b,
59829- 97-9; 12c, 59829-98-0; 13a, 41808-01-9; 13b, 59830-03-4; 13c,
59830- 04-5; 14a, 41808-02-0; 14b, 59829-99-1; 14c, 59830-00-1; 15a, 
51003-11-3; 15b, 59830-01-2; 15c, 59830-02-3; 16a [R = Ph(CH3)CH], 
51003-93-1; 17a, 41808-03-1; 17b, 41808-70-9; 17c, 41808-04-2; 17d,
41808- 05-3; 17e, 59830-05-6; 17f, 51003-91-9; 23,59813-00-2; 24a (R 
= Me), 59813-01-3; 2,4,6-trimethyl-l,3,5-hexahydrotriazine-7,3,5-d3, 
59813-02-4; 3,3-pentamethylenediaziridine, 185-79-5.
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T h e  d i a z i r i d i n e  4 ' , 9 , - d i h y d r o s p i r o [ c y c l o h e x a n e - l , l , ( l H ) - d i a z i r i n o [ l , 2 - c ] [ 3 , 4 ] b e n z o d i a z o c i n e ] - 3 , , 1 0 , - d io n e  (7 )  

i s o m e r i z e s  in  r e f l u x i n g  b e n z e n e  i n t o  3 - ( c y c l o h e x y l i d e n e a m i n o ) - l H - 3 - b e n z a z e p i n e - 2 , 4 ( 3 H , 5 i f ) - d i o n e  (8 ) a n d  r e a r 

r a n g e s  in  r e f l u x i n g  b e n z e n e  c o n t a i n i n g  t r i e t h y l a m i n e  h y d r o c h l o r i d e  i n t o  3 - ( l - c y c l o h e x - l - y l ) - l , 3 , 4 , 6 - t e t r a h y d r c -

3 ,4 - b e n z o d i a z o c i n e - 2 ,5 - d i o n e  ( 9 ) . l - p - N i t r o b e n z o y l - 2 , 3 , 3 - t r i a l k y l d i a z i r i d i n e s  i s o m e r iz e  in  c h lo r o f o r m  o r  a c e t o n i 

t r i l e  a t  a m b i e n t  t e m p e r a t u r e s  i n t o  l a b i l e  2 - a r y l - 4 , 5 , 5 - t r i a l k y l - A 2 - l , 3 , 4 - o x a d i a z o l i n e s  (lla-c). T h e  l a t t e r  c o m p o u n d s  

r e a c t  w i t h  b o t h  e l e c t r o p h i l e s  a n d  n u c l e o p h i l e s  s u c h  a s  a r o m a t i c  a l d e h y d e s  a n d  y n a m i n e s  t o  g i v e  2 , 5 - d i a r y l - 4 - a l k y l -  

A 2 - l , 3 , 4 - o x a d i a z o l i n e s  a n d  p y r a z o l i n e  d e r i v a t i v e s ,  r e s p e c t i v e l y .

Several studies on 1 ,2 -diaroyldiaziridines have appeared 
recently. Schmitz and co-workers1 reported the rearrangement 
of several 1 ,2 -diaroyldiaziridines ( 1 ) to d/i-diaroylhydrazones
(2 ) (Scheme I) and we2 ’3 described the reactions of 1 ,1 - 
dialkyl-l/i-diazirino[l,2-5]phthalazine-3,8-diones (3). The 
latter compounds isomerize to 2-(l-alken-l-yl)-4-hydroxy- 
l(2H)-phthalazinones (4) in refluxing toluene and react with 
ynamines and enamines to give compounds 5 and 6 , respec
tively (Scheme I).

Scheme I

PhCON-'y - A  (PhCO)2NN

PhCON
1  2

The difference in thermal behavior of 1 and 3 prompted us 
to undertake the preparation and thermolysis of a N , N ' - d i -  
acyldiaziridine similar to 3 but less constrained, namely the 
benzodiazocine derivative 7. For purposes of comparison with

O

7

N,jV'-diaroyldiaziridines we also prepared several 1 -aroyl-
2.3.3- trialkyldiaziridines. These substances isomerize in 
chloroform or acetonitrile to labile 2-aryl-4,5,5-trialkyl-A2-
1.3.4- oxadiazolines which react readily with both electrophilic 
and nucleophilic substrates such as aromatic aldehydes and 
ynamines.

Results
Compound 7 was synthesized in 41% yield by reacting o- 

phenylenediacetyl chloride with excess 3,3-pentamethyl- 
enediaziridine. The NMR spectrum of 7 is consistent with the 
structure proposed (see Experimental Section). When heated 
in benzene 7 isomerizes into the benzazepine 8  (Scheme II). 
The structure of 8  was elucidated by NMR spectroscopy, mass 
spectroscopy, and elemental analysis. The NMR spectrum 
taken in CDCI3 consists of two singlets at ô 7.25 and 4.12 for 
the aromatic and methylene protons, respectively, and two 
broad multiplets centered at 5 2.50 and 1.70. The two multi
plets are characteristic of the cyclohexylidine moiety when 
bonded to nitrogen and they are observed in the NMR spectra 
of hydrazone derivatives of cyclohexanone4 and cyclohexa
none oxime. Compound 7 when refluxed in benzene containing
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a catalytic amount of triethylamine hydrochloride isomerizes 
into the benzodiazocine 9 (Scheme II).

Scheme II

9

The NMR spectrum of 9 is quite similar to that of 4. For 
example, the spectrum shows the presence of a vinylic proton 
at 5 5.74, an amido proton at 5 8 .8 8 , and two broad absorption 
peaks at 5 2.27 and 1.64 for the aliphatic protons of the cy- 
clohexenyl group. In addition the two nonequivalent meth
ylene groups of the benzodiazocine ring and the aromatic 
protons appear as multiplets at S 4.17, 3.47, and 7.18, respec
tively.

Solutions of l-aroyl-2,3,3-trialkyldiaziridines lOa-c in dry 
methylene chloride, chloroform, or acetonitrile at ambient 
temperatures gradually change color from pale yellow to red 
within a few hours. In carbon tetrachloride at 80 °C the change 
takes place within 10 min. The color change parallels the 
disappearance of the nuclear magnetic absorption bands of 
the diaziridines and the appearance of new bands assigned to 
the 2-aryl-4,5,5-trialkyl-A2 -l,3,4-oxadiazolines lla-c (Scheme
III). Evaporation of the solvent under anhydrous conditions 
gives solid lla -c  but exposure of these substnces (or even 
solutions of these substances) to the atmosphere brings about 
their immediate hydrolysis to hydrazides 16 and ketones 
(Scheme III). In only the case of 1 la was it possible to obtain 
a sample that was stable enough to obtain elemental analyses

Scheme III

R'RA--------- N R 3

V
R ' R 2 i-------- N R 3

1 1 H £  
— *■ O v ^ N

R ! R 2C O

+

1 A r C O N H N H R 3

C O A r
A r 1 6 a - c

l O a - c l l a - c

MeC = C N E ty /  ' \ A j-CHO 1 6 c  +  ArCHO

/ h ,o

R 3R 2

M e

|-------- N R 3

W/NCOAr

N E t 2 

1 2 a ,  b

A r IjJR3 
C k ^ N

A r  

1 4 a .  c

+  R ‘ R 2C O

R[R2

Me

, h 2oi H+’ :
|--------N R 3

V ^ N C O A r

0

1 3 a

Ar
M e V

j M e O s

I j JR 3

N C O A r

CNEt,

N E t j

1 5 a

a ,  R 1 =  R 3 =  M e ;  R 2 =  P h C H ,

b , R 1 =  R 2 =  H C H 2)5- : R 3 =  M e

c ,  R 1 =  R 2 =  M e ;  R 3 =  r - P r  

A r  =  p - 0 2N C 6H 4

although mass spectra for lla -c were determined. The hy
drolysis of the 2,5-diaryl-4-alkyl-A2 -l,3,4-oxadiazolines 14a,c 
also occurs rapidly but not as fast as that of the 4,5,5-trialkyl 
analogues. The hydrolysis of 2,4,5-triaryl-A2-oxadiazolines 
has been reported to yield hydrazides and aldehydes. 5 The 
infrared spectra of lla -c and 14a,c and the known 2,4,5-tri- 
phenyl-A2 -l,3,4-oxadiazolines are quite similar. Significantly 
there is present an absorption band at 1600 cm - 1  (Nujol) for 
the -C = N - moiety and there are no bands attributable to 
carbonyl absorption.

Addition of l-(lV,./V-diethylammo)propyne to chloroform 
solutions of 10a,b either at the outset of the dissolution of 
10a,b in chloroform or after NMR spectroscopy had revealed 
the formation of lla,b resulted in the formation of the pyra- 
zolines 12a,b (Scheme III). Analytical and spectral data of 
12a,b together with the hydrolysis of 12a to the pyrazolone 
13a confirmed their structure. The hydrolysis of 3-diethyl - 
amino-3-pyrazolines to pyrazolones is a known reaction.2 The
2,5-diaryl-A2 -l,3,4-oxadiazoline 14a also reacts with 1- 
(!V,lV-diethylamino)propyne to give the pyrazoline 15a.

Treatment of acetonitrile solutions of lOa-c or lla -c with 
p-nitrobenzaldehyde at room temperature gives 2,5-di(p- 
nitrophenyl)-4-alkyl-A2 -l,3,4-oxadiazolines 14a,c and a ke
tone (Scheme III). Compounds 14a,c were also prepared by 
condensing p-nitrobenzaldehyde with the appropriate 1 -p- 
nitrobenzoyl-2-alkylhydrazine. As mentioned previously 14a,c 
hydrolyze to hydrazides 16a,c and p-nitrobenzaldehyde.

Discussion
One mechanistic scheme to account for the thermal con

versions of 3 to 4 and of 7 to 8  involves the intermediacy of the 
azomethine imides 17 and 18, respectively. The amido anion 
of 18 is less encumbered by ring constraint than the corre
sponding group of 17 and is thus able (unlike 17) to add to the 
carbonyl carbon of the other amido group and thereby form 
8  (Scheme IV). That this pathway is preferred to the elimi
nation of a proton from the positively charged cyclohexyl 
group (as is the case with 17) is borne out by the facile isom
erization of the strain-free 1  to 2  via the intermediate 
PhCON+N-(COPh)C6H „.

We attribute the conversion of 7 to 9 to the protonation of 
the amido group, subsequent opening of the diaziridine ring 
to 19, followed by an elimination of a proton from 19 (Scheme 
l y ).

The isolation of the labile l la -c  when the diaziridines
Scheme IV
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lOa-c were dissolved in acetonitrile or chloroform suggests 
that 1 0  ring opened to the azomethine imide 2 0  which 
undergoes cyclization to 11 (Scheme V). A 1,3-dipolar species 
analogous to 2 0  has been proposed recently to rationalize the 
isomerization of l-(anilinoformyl)-2 -cyclohexyl-3 -phenyl-
3-methyldiaziridine to 1-cyclohexyl-4,5-diphenyl-5-methyl-
l,2,4-triazolid-3-one. 6 The rearrangement of 10 to 11 bears 
a close resemblance to the thermal isomerizations of 2 -

r v
A r C O N O C ^ A r C = N 0 C 0 7

/ \
( 1 )

acyloxaziridines to 1,3,4-dioxazole derivatives and of 1 - 
acylaziridines to Az-oxazolines.8a>b 

Two mechanisms may be suggested for the formation of the 
pyrazoline derivatives 1 2 a,b when lla ,b  reacts with 1 - 
(A^,7V-diethylamino)propyne. One pathway involves an 
equilibrium between 1 1  and the azomethine imide 20. Once 
formed 2 0  could undergo a cycloaddition with the ynamine 
(Scheme V). Such an equilibrium between the A 2-l,3,4-ox- 
adiazoline 2 1  and the azomethine imide 2 2  has been proposed9 

to explain the rearrangement of 21 to 23 (Scheme V). An al
ternate reaction scheme for producing 1 2  is a nucleophilic 
attack of the ynamine on C-5 to 11 severing the carbon-oxygen 
bond to give a dipolar intermediate which then cyclizes to
1 2 .

lOa-c

COR1
NN

CO,R2

23

The reactions of A2 -l,3,4-oxadiazolines with aldehydes and 
other electrophilic reagents are currently under investigation 
in our laboratories and will be reported at a later date.

It seems likely that the alternate synthesis of 14a involving 
the reaction of p-nitrobenzaldehyde with a 1 -p-nitroben- 
zoyl-2 -alkylhydrazine also proceeds through the intermediacy 
of 20. Thus Dorn and Otto10  have isolated stable cyclic azo
methine imides in 80-90% yields by condensing 3-pyrazoli- 
dones and carbonyl compounds and Oppolzer1 1  has even 
isolated the precursor to an azomethine imide, namely, N -  
hydroxymethyl-iV-methyl-iV'-phenacetylhydrazine, when he 
treated iV-methyl-A"-phenacetylhydrazine with formalde
hyde.

Experimental Section
Materials. l , 3 - D i m e t h y l - 3 - b e n z y l d i a z i r i d i n e , 1 2  l - i s o p r o p y l - 3 , 3 -  

d i m e t h y l d i a z i r i d i n e , 1 3  a n d  3 ,3 - p e n t a m e t h y l e n e -  a n d  l - m e t h y l - 3 , 3 -

p e n t a m e t h y l e n e d i a z i r i d i n e s 1 4  w e r e  p r e p a r e d  a c c o r d i n g  t o  k n o w n  

p r o c e d u r e s .

Synthesis of 4',9'-Dihydrospiro[eyclohexane-l,l'(lH)-dia- 
zirino[l,2-c][3,4]benzodiazocine]-3',10'-dione ( 7 ) .  A  s o l u t i o n  o f  

4 .6 2  g  ( 2 0  m m o l)  o f  o - b e n z e n e d ia c e t y l  c h lo r id e 1 5  in  5 0 0  m l  o f  d r y  E t 2 0  

a n d  a  s o l u t i o n  o f  6 .7 3  g  ( 6 0  m m o l)  o f  3 , 3 - p e n t a m e t h y l e n e d i a z i r i d i n e  

in  5 0 0  m l  o f  d r y  E t 2 0  w e r e  s i m u l t a n e o u s l y  a d d e d  d r o p w i s e  o v e r  7 .5  

h  t o  a  s t i r r e d  m i x t u r e  o f  1 0  g  o f  a n h y d r o u s  M g S 0 4 in  2 . 5 1 .  o f  d r y  E t 20  

a t  5  ° C .  T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  f o r  a n  a d d i t i o n a l  1 9  h  a n d  

t h e n  f i l t e r e d .  R e m o v a l  o f  t h e  s o l v e n t  l e f t  c r u d e  7  w h i c h  w a s  r e c r y s 

t a l l i z e d  f r o m  a n h y d r o u s  h e x a n e  ( 2 .2 0  g , 4 1 % ) ,  m p  1 0 8 - 1 0 9  ° C .  A n  

a n a l y t i c a l  s a m p l e  o f  7  m e l t e d  a t  1 1 2 - 1 1 4  ° C :  N M R  ( C D C I 3 ) <5 7 .2 5  ( s , 

4 ) ,  3 .9 8  ( s ,  4 ) ,  1 . 7 0  ( b r o a d  s ,  1 0  H ) .

A n a l .  C a l c d  f o r  C 1 6 H 1 8 N 2 0 2 : C ,  7 1 . 0 9 ;  H ,  6 . 7 1 ;  N ,  1 0 . 3 6 .  F o u n d :  C ,  
7 1 . 0 7 ;  H ,  6 .7 3 ;  N ,  1 0 .5 4 .

Synthesis of 3-(Cyclohexylideneamino)-l//-.3-benzazepine- 
2,4(3jff,5ii)-dione ( 8 ) . A s o l u t i o n  o f  1 3 2  m g  o f  7 in  1 0  m l  o f  d r y  C8H6 
w a s  r e f l u x e d  f o r  2 .5  h . E v a p o r a t i o n  o f  t h e  s o l v e n t  l e f t  1 3 0  m g  (9 8 .5 % )  

o f  8 , m p  1 4 0 - 1 4 7  ° C .  8  t h r i c e  r e c r y s t a l l i z e d  f r o m  p e t r o l e u m  e t h e r  ( b p  

1 1 0 - 1 1 5  ° C )  m e l t e d  a t  1 5 3 - 1 5 7  ° C ,  m o l e c u l a r  io n  m /e  2 7 0 .

A n a l .  C a l c d  f o r  C i 6H i 8N 2 0 2: C ,  7 1 . 0 9 ;  H ,  6 . 7 1 ;  N ,  1 0 . 3 6 .  F o u n d :  C ,  

7 1 . 4 2 ;  H ,  6 .9 7 ;  N ,  1 0 .3 6 .

Synthesis of 3-(l-cyclohexen-l-yl)-l,3,4,6-tetrahydro-3,4- 
benzodiazocine-2,5-dione (9). A m i x t u r e  o f  5 0 0  m g  o f  7'a n d  3 6  m g  

o f  t r i e t h y l a m i n e  h y d r o c h l o r i d e  in  2 5  m l  o f  d r y  C 6H 6 w a s  r e f l u x e d  fo r  

3  h . T h e  m i x t u r e  w a s  f i l t e r e d  a n d  t h e  s o l v e n t  e v a p o r a t e d .  T h e  c r u d e  

9 ( 4 9 3  m g , 9 8 % ) w a s  r e c r y s t a l l iz e d  f r o m  b e n z e n e - p e t r o l e u m  e t h e r  ( b p  

6 5 - 1 1 0  ° C )  a n d  t h e n  f r o m  9 5 %  e t h a n o l ,  m p  2 1 2 . 5 - 2 1 4  ° C .

A n a l .  C a l c d  f o r  C i 6H 1 8 N 2 0 2 : C ,  7 1 . 0 9 ;  H ,  6 . 7 1 ;  N ,  1 0 . 3 6 .  F o u n d :  C ,  
7 1 . 1 1 ;  H ,  6 .9 0 ;  N ,  1 0 . 2 7 .

Syntheses of lOa-c. T o  a  s t i r r e d  m i x t u r e  o f  5 . 5  m m o l  o f  t r i e t h y l 

a m i n e  a n d  5  m m o l  o f  t h e  a p p r o p r i a t e  d i a z i r i d i n e  ( l , 3 - d i m e t h y l - 3 -  

b e n z y l - l - i s o p r o p y l - 3 , 3 - d i m e t h y l -  a n d  l - m e t h y l - 3 , 3 - p e n t a m e t h y -  

l e n e d i a z i r i d i n e )  in  2 5 0  m l  o f  d r y  E t 20  w a s  a d d e d  d r o p w i s e  o v e r  a  

p e r i o d  o f  1 5  m in  a  s o l u t i o n  o f  4 .9  m m o l  o f  p - n i t r o b e n z o y l  c h lo r i d e  in  

5 0  m l  o f  E t 2 0 .  T h e  m i x t u r e  w a s  s t i r r e d  f o r  1  h  a n d  t h e  t r i e t h y l a m i n e  

h y d r o c h l o r i d e  f i l t e r e d .  T h e  s o l v e n t  w a s  c o n c e n t r a t e d  t o  a p p r o x i 

m a t e l y  5  m l .  T h e  c r u d e  10 w a s  f i l t e r e d  a n d  r e c r y s t a l l i z e d .  I n  t h i s  

m a n n e r  w e r e  o b t a i n e d  10a ( 8 5 % ) ,  m p  1 0 2 - 1 0 4  ° C ;  10b ( 9 0 % ) , m p  

7 8 - 8 1  ° C ;  10c (6 9 % ), m p  9 0 - 9 1  ° C .  E t h e r  w a s  u s e d  t o  r e c r y s t a l l iz e  10a 
a n d  10c a n d  c y c l o h e x a n e  w a s  u s e d  t o  r e c r y s t a l l i z e  10b.

10a. A n a l .  C a l c d  f o r  C 1 7 H 1 7 N 3 O 3 ;  C ,  6 5 .5 9 ;  H , 5 .5 0 ;  N  1 3 .4 9 .  F o u n d :  

C ,  6 5 . 3 5 ;  H ,  5 .6 8 ;  N ,  1 3 . 4 5 .

1 0 b .  A n a l .  C a lc d  f o r  C 1 4 H 1 7 N 3O 3 : C ,  6 1 .0 6 ;  H ,  6 .2 2 ;  N .  1 5 . 2 7 .  F o u n d :  

C ,  6 1 . 0 8 ;  H ,  6 .2 5 ;  N ,  1 5 .6 0 .

1 0 c .  A n a l .  C a l c d  f o r  C 1 3 H 1 7 N 3O 3 : C ,  5 9 .2 9 ;  H ,  6 . 5 1 ;  N .  1 5 .9 6 .  F o u n d :  

C ,  5 9 . 1 7 ;  H ,  6 .5 3 ;  N ,  1 6 .0 4 .

Isomerization of lOa-c to lla-c. A  s o l u t i o n  o f  9 3 3  m g  o f  10a in

2 5  m l  o f  d r y  a c e t o n i t r i l e  w a s  s t o r e d  in  a  d e s i c c a t o r  f o r  2 4  h . T h e  d i a 

z i r i d i n e  d i s s o l v e d  v e r y  s lo w l y .  A f t e r  s e v e r a l  h o u r s  r e d  c r y s t a l s  o f  1 la 
p r e c i p i t a t e d  a n d  w e r e  f i l t e r e d  u n d e r  d r y  n i t r o g e n  (1 1 a h y d r o l y z e s  

r a p i d l y  in  a i r ) .  T h e  m e l t i n g  p o i n t  ( s e a le d  m e l t i n g  p o i n t  t u b e )  w a s  

1 2 0 - 1 2 2  ° C .  N o  y i e l d  w a s  r e c o r d e d ;  i r  ( N u jo l )  1 6 0 0 , 1 5 0 0 , 1 3 0 0 , 1 3 5 0 ,  

8 5 4 ,  8 4 8  c m “ 1 ; N M R  ( C D C I 3 ) 6 1 . 4 2  ( s ,  3 ,  C C H 3 ) , 2 . 8 1  ( s ,  3 ,  N C H 3 ) , 

3 . 1 3  ( s ,  2 ,  C H 2) , 7 . 1 8  ( s ,  5 ,  C 6H 5 ) 7 .9 0  ( A B  q ,  4 ,  p - 0 2 N C 6H 4- ) .

A n a l .  C a l c d  f o r  .C 1 7 H i 7N 30 3 : C ,  6 5 .5 9 ;  H ,  5 .5 0 ;  N ,  1 3 . 4 9 .  F o u n d :  C ,  

6 5 .6 9 ;  H ,  5 .6 5 ;  N ,  1 3 . 1 3 .

I n  a  s i m i l a r  f a s h i o n  a  s o l u t i o n  o f  8 2 5  m g  o f  10b in  1 0  m l  o f  C H 3 C N  

i s o m e r i z e d  t o  lib in  a l m o s t  q u a n t i t a t i v e  y i e l d .  T h e  c r y s t a l s  o f  lib  
w e r e  r e d  a n d  t h e y  m e l t e d  f r o m  8 5  t o  9 7  ° C .  C o m p o u n d  lib c o u ld  o n ly  

b e  o b t a i n e d  b y  t h e  c o m p le t e  e v a p o r a t i o n  o f  t h e  s o l v e n t  u n d e r  a  s t r e a m  

o f  d r y  n it r o g e n ,  lib w a s  e x t r e m e l y  s e n s i t iv e  t o  a t m o s p h e r ic  m o is t u r e .  

T h e  N M R  s p e c t r a  r e v e a l e d  t h a t  a l l  o f  10b h a d  i s o m e r i z e d  t o  lib: 
m o l e c u l a r  io n  m /e  2 7 5 ;  i r  ( N u jo l )  1 6 0 0 ,  1 5 0 0 ,  8 4 8 ,  8 5 0  c m - 1 ; N M R  

( C D C I 3 ) S 1 . 7 4  ( b r o a d  s , 1 0 ,  C SH 10 ) , 2 . 8 1  ( s ,  3  N C H 3 ) , 7 .9 6  ( A B  q ,  4 , 

p - 0 2N C 6H 4- ) .
Compound 11c w a s  p r e p a r e d  in  a  s i m i l a r  m a n n e r  t o  lib  e x c e p t  

t h a t  C C 1 4 w a s  e m p lo y e d  a s  t h e  s o l v e n t  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  

h e a t e d  f o r  3 0  m in .  1 1 c  w a s  a l s o  v e r y  r a p i d l y  h y d r o ly z e d  w h e n  e x p o s e d  

t o  t h e  a t m o s p h e r e .  I t  m e l t e d  a t  8 3 - 8 5  ° C :  m o l e c u l a r  io n  m /e  2 6 3 ;  i r  

( N u jo l )  1 6 0 0 ,  1 5 0 0 ,  1 3 6 0 ,  1 3 2 0 ,  1 2 2 5 ,  1 1 0 0 ,  1 0 4 0 ,  1 0 2 5  c m “ 1 ; N M R  

( C D C I 3 ) S 1 . 2 8  [d , 6 , C H ( C H 3 ) 2] , 1 . 5 5  [s , 6 , C ( C H 3 ) 2] , 3 . 2  ( m , 1 , C H ) ,  

7 .9 0  ( A B  q ,  4 ,  p - 0 2 N 6H 4- ) .

Preparation of 12a. T o  a  s o l u t i o n  o f  1 . 2 4  g  (4  m m o l)  o f  1 la in  2 0  

m l  o f  d r y  C H C 1 3 w a s  a d d e d  0 .4 4  g  (4  m m o l)  o f  l - t N . N - d i e t h y l -  

a m i n o ) p r o p y n e .  T h e  m i x t u r e  w a s  k e p t  in  a  d e s i c c a t o r  f o r  2 4  h  a n d  

t h e n  t h e  s o lv e n t  w a s  e v a p o r a t e d .  T h e  r e s i d u e  w a s  s lu r r i e d  w i t h  a  s m a l l  

q u a n t i t y  o f  9 5 %  e t h a n o l  a n d  f i l t e r e d .  T h e  c r u d e  12a i 9 6 0  m g , 5 7 % )  

w a s  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  9 5 %  e t h a n o l .  T h e  y e l lo w  c r y s t a l s  

o f  12a m e l t e d  a t  1 1 7 - 1 1 9  ° C ,  m o l e c u l a r  io n  m /e  4 2 2 .
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A n a l .  C a l c d  for C 24 H 30N 4 O 3 : C, 6 8 .2 2 ;  H ,  7 . 1 5 ;  N ,  1 3 . 2 6 .  F o u n d :  C ,  

6 8 .4 5 ;  H ,  7 .0 6 ;  N ,  1 3 . 0 6 .

Preparation of 12b. T o  a  s o lu t io n  o f  5 5 0  m g  (2  m m o l)  o f  10b in  1 0  

m l  o f  d r y  C H C I 3  w h i c h  h a d  b e e n  s t o r e d  in  a  d e s i c c a t o r  f o r  3  h  w a s  

a d d e d  2 2 0  m g  o f  l - ( i V , l V - d i e t h y l a m i n o ) p r o p y n e .  A f t e r  t h e  r e a c t i o n  

m i x t u r e  h a d  s t o o d  f o r  a n  a d d i t i o n a l  1 2  h  t h e  c h lo r o f o r m  w a s  r e m o v e d  

b y  m e a n s  o f  a  s t r e a m  o f  d r y  n i t r o g e n .  T h e  c r u d e  12b w a s  w a s h e d  w i t h

1  m l  o f  c o ld  e t h a n o l  a n d  f i l t e r e d  t o  g i v e  4 0 0  m g  ( 5 2 % )  o f  c r u d e  12b, 
m p  8 5 - 9 1  ° C .  R e c r y s t a l l i z a t i o n  f r o m  9 5 %  e t h a n o l  g a v e  3 1 0  m g  o f  12b, 
m p  1 0 7 . 5 - 1 0 9  ° C .

A n a l .  C a l c d  f o r  C 2 1 H 30N 4 O 3 : C ,  6 5 .2 5 ;  H ,  7 .8 5 ;  N ,  1 4 . 4 9 .  F o u n d :  C ,  

6 5 .6 2 ;  H ,  7 .7 7 ;  N ,  1 4 . 5 2 .

Conversion of 12a to 13a. T o  a  s o l u t i o n  o f  3 5 0  m g  ( 0 .8 3  m m o l)  o f  

12a in  5 0  m l  o f  m e t h a n o l  w a s  a d d e d  1 0  m l  o f  3  N  h y d r o c h l o r i c  a c id .  

T h e  r e a c t io n  m i x t u r e  w a s  h e a t e d  f o r  1 5  m in  a n d  t h e n  n e u t r a l iz e d  w i t h  

s o d i u m  h y d r o x id e .  T h e  s o lv e n t  w a s  e v a p o r a t e d  a n d  t h e  c r u d e  13a ( 2 3 0  

m g , 0 .6 3  m m o l ,  7 6 % )  w a s  f i l t e r e d .  R e c r y s t a l l i z a t i o n  f r o m  a c e t o n e  g a v e  

13a, m p  2 3 4 . 5 - 2 3 7  ° C ,  m o l e c u l a r  io n  m /e  3 6 7 .

A n a l .  C a l c d  f o r  C 20H 2 1 N 3 O 4 : C ,  6 5 .3 9 ;  H, 5 .7 6 .  F o u n d :  C ,  6 5 .4 7 ;  H, 
5 .4 7 .

Conversion of 1 la to 14a. A s o lu t io n  o f  9 3 3  m g  ( 3  m m o l)  o f  10a in  

3 0  m l  o f  d r y  a c e t o n i t r i l e  w a s  s t o r e d  in  a  d e s i c c a t o r  o v e r n i g h t .  D u r i n g  

t h i s  t i m e  10a s lo w l y  d i s s o l v e d  a n d  11a g r a d u a l l y  p r e c i p i t a t e d .  T h e  

s o lu t io n  w a s  h e a t e d  f o r  5  m i n  t o  d i s s o l v e  11a a n d  4 5 0  m g  ( 3  m m o l)  o f  

p - n i t r o b e n z a l d e h y d e  a d d e d .  T h e  r e a c t i o n  m i x t u r e  w a s  k e p t  in  a  

d e s i c c a t o r  o v e r n i g h t  a n d  t h e n  f i l t e r e d .  T h e  c r u d e  14a ( 4 9 0  m g ,  5 0 % )  

w a s  r e c r y s t a l l i z e d  f r o m  b e n z e n e  a n d  m e l t e d  a t  1 7 9 - 1 8 1  ° C .

A n a l .  C a l c d  f o r  C 1 5 H 1 2 N 4O 5 : C ,  5 4 .8 5 ;  H ,  3 .6 8 ;  N ,  1 7 . 0 6 .  F o u n d :  C ,  

5 4 .8 5 ;  H ,  3 .6 9 ;  N ,  1 6 . 8 1 .

Alternate Preparation of 14a. I n  a  5 0 - m l  r o u n d - b o t t o m e d  f l a s k  

e q u i p p e d  w i t h  a  r e f l u x  c o n d e n s e r  a n d  a  D e a n - S t a r k  a p p a r a t u s  w a s  

p la c e d  a  m i x t u r e  o f  3 9 0  m g  ( 2 .6  m m o l)  o f  p - n i t r o b e n z a l d e h y d e ,  5 1 0  

m g  o f  l - p - n i t r o b e n z o y l - 2 - m e t h y l h y d r a z i n e ,  a n d  1 5  m l  o f  b e n z e n e . T h e  

r e a c t io n  m i x t u r e  w a s  r e f l u x e d  f o r  3  h  a n d  t h e n  c o o le d . T h e  c r u d e  14a 
( 7 5 0  m g , 8 8 % ) w a s  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  b e n z e n e .  I t  m e l t e d  

a t  1 7 7 - 1 8 0  ° C  a n d  w a s  i d e n t i c a l  in  a l l  r e s p e c t s  w i t h  14a p r e p a r e d  b y  

t h e  r e a c t i o n  o f  1 la w i t h  p - n i t r o b e n z a l d e h y d e .

Conversion of lie to 1 4 c .  A  t i g h t l y  s t o p p e r e d  f l a s k  c o n t a in in g  2 6 2  

m g  ( 1  m m o l)  o f  1 0 c  in  5  m l  o f  a c e t o n i t r i l e  w a s  k e p t  in  a  d e s i c c a t o r  f o r

2  d a y s .  T o  t h i s  s o l u t i o n  w a s  a d d e d  1 5 1  m g  ( 1  m m o l)  o f  p - n i t r o b e n -  

z a ld e h y d e  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  a l l o w e d  t o  s t a n d  f o r  a n  a d 

d i t i o n a l  2 4  h . T h e  c r u d e  1 4 e  t h a t  p r e c i p i t a t e d  d u r i n g  t h i s  t i m e  w a s  

f i l t e r e d  a n d  t h e  v o lu m e  o f  t h e  f i l t r a t e  w a s  c o n c e n t r a t e d  t o  2 .5  m l  a n d  

f i l t e r e d  a g a i n .  T h e  c r u d e  1 4 c  w e i g h e d  1 6 0  m g  (4 5 % )  a n d  m e l t e d  a t  

1 4 6 - 1 4 8  ° C .  I t  w a s  p u r i f i e d  b y  p a r t i a l l y  e v a p o r a t i n g  t h e  s o l v e n t  u n d e r  

a  s t r e a m  o f  d r y  n i t r o g e n  a n d  f i l t e r i n g .  T h e  1 4 a  s o  o b t a i n e d  m e l t e d  a t  

1 5 4 - 1 5 6  ° C ,  m o l e c u l a r  io n  m /e  3 5 6 .

Alternate Preparation of 1 4 c .  A  m i x t u r e  o f  2 2 3  m g  ( 1  m m o l)  o f  

l - p - n i t r o b e n z o y l - 2 - i s o p r o p y l h y d r a z i n e ,  1 5 1  m g  ( 1  m m o l)  o f  p - n i 

t r o b e n z a ld e h y d e ,  a n d  1 0  m l  o f  d r y  c h lo r o f o r m  w a s  r e f l u x e d  o v e r n i g h t .  

T h e  s o l v e n t  w a s  e v a p o r a t e d  a n d  t h e  r e s i d u e  w a s  s l u r r i e d  w i t h  2  m l 

o f  d r y  e t h e r  a n d  w a s  f i l t e r e d .  T h e  1 4 c  w a s  p u r i f i e d  a s  d e s c r i b e d  

a b o v e .

Conversion of 14a to 15a. A m ix t u r e  o f  3 .2 8  g  ( 1 0  m m o l)  o f  14a a n d  

1 . 1 1  g  ( 1 0  m m o l)  o f  l - ( A f , ,Z V - d ie t h y la m in o ) p r o p y n e  in  5 0  m l  o f  d r y  
C H C I 3  w a s  s t o r e d  in  a  d e s ic c a t o r  f o r  1 2  h . T h e  s o lv e n t  w a s  e v a p o r a t e d  

u n d e r  a  s t r e a m  o f  d r y  n i t r o g e n  a n d  t h e  c r u d e  15a ( 4 .2 4  g , 9 7 % )  w a s  

r e c r y s t a l l i z e d  t h r i c e  f r o m  a b s o l u t e  e t h a n o l  t o  g i v e  15a, m p  1 6 3 - 1 6 4  
° C .

A n a l .  C a l c d  f o r  C 2 2 H 2 5 N 5 O 5 : C ,  6 0 . 1 1 ;  H ,  5 . 7 3 ;  N ,  1 5 . 9 3 .  F o u n d :  C ,  

5 9 .6 9 ;  H ,  5 .2 6 ;  N ,  1 6 . 1 5 .

Hydrolysis of lie to 16c. A  m i x t u r e  o f  2 4 3  m g  o f  10c in  1 0  m l  o f

b e n z e n e  w a s  r e f l u x e d  f o r  4 0  m i n  d u r i n g  w h i c h  t i m e  i t  w a s  c o n v e r t e d  

t o  lie. E v a p o r a t i o n  o f  t h e  s o l v e n t  in  t h e  a t m o s p h e r e  g a v e  2 0 4  m g  

( 0 . 9 1 5  m m o l ,  9 8 % ) o f  16c. R e c r y s t a l l i z a t i o n  o f  16c f r o m  b e n z e n e  g a v e  

c r y s t a l s  m e l t i n g  a t  1 4 0 - 1 4 1  ° C .

A n a l .  C a l c d  f o r  C 1 0 I R 3 N 3 O 3 : C ,  5 3 .8 0 ;  H, 5 .8 5 ;  N ,  1 8 . 8 2 .  F o u n d :  C ,  

5 3 . 5 5 ;  H, 5 .9 5 ;  N ,  18 . 6 0 .

Alternate Synthesis of 16c. A  m i x t u r e  o f  3  g  ( 1 7  m m o l)  o f  p - n i -  

t r o b e n z o y l h y d r a z i d e  a n d  2 .7  g  ( 1 6  m m o l)  o f  2 - i o d o p r o p a n e  in  2 0  m l  

o f  M e 2S O  w a s  k e p t  in  t h e  d a r k  f o r  4 8  h . A f t e r  t h e  a d d i t i o n  o f  w a t e r  

( 5 0  m l)  t h e  r e a c t io n  m i x t u r e  w a s  s a t u r a t e d  w i t h  s o d i u m  c h lo r id e  a n d  

a l l o w e d  t o  s t a n d  o v e r n i g h t .  T h e  p r e c i p i t a t e d  h y d r i o d i d e  o f  16c w a s  

f i l t e r e d  a n d  s l u r r i e d  w i t h  5 0  m l  o f  c o ld  w a t e r  a n d  f i l t e r e d  a g a i n .  T h e  

h y d r io d id e  o f  16c w e ig h e d  2 .9  g  ( 5 1 % )  a n d  d e c o m p o s e d  a t  2 5 0  ° C .  T h e

2 .9  g  o f  16c w a s  d i s s o l v e d  in  4 0  m l  o f  a b s o l u t e  m e t h a n o l  t o  w h i c h  8 0 0  

m g  o f  t r i e t h y l a m i n e  h a d  b e e n  a d d e d .  T h e  m i x t u r e  w a s  s t i r r e d  f o r  1 5  

m in  a n d  t h e  m e t h a n o l  w a s  e v a p o r a t e d .  T h e  r e s i d u e  w a s  h e a t e d  in  

b e n z e n e  a n d  t h e  u n d i s s o l v e d  t r i e t h y l a m i n e  h y d r i o d i d e  w a s  f i l t e r e d .  

E v a p o r a t i o n  o f  t h e  b e n z e n e  g a v e  1 . 7  h  (4 8 % )  o f  16c, m p  1 3 8 - 1 4 0  

°C.
Synthesis of 16a. A  s o lu t io n  o f  2 0 2  m g  ( 0 .6 5  m m o l)  o f  10a in  1 5  m l  

o f  b e n z e n e  w a s  r e f l u x e d  f o r  1  h . E v a p o r a t i o n  o f  t h e  s o l v e n t  in  t h e  a t 

m o s p h e r e  c a u s e d  r a p i d  h y d r o ly s i s  o f  11a t o  16a ( 1 2 6  m g , 10 0 % ) .  C r u d e  

16a m e l t e d  a t  1 4 0 - 1 4 1  ° C  b u t  16a r e c r y s t a l l i z e d  f r o m  c h lo r o f o r m  

m e l t e d  a t  1 4 8 . 5 - 1 5 2  ° C .

A n a l .  C a l c d  f o r  C 8 H 9N 30 3: C ,  4 9 . 2 2 ;  H ,  4 .6 4 ;  N ,  2 1 . 5 3 .  F o u n d :  C ,  

4 9 . 1 0 ;  H, 4 .8 5 ;  N ,  2 1 . 5 1 .
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A T - E t h o x y c a r b o n y l t h i o a m i d e s  r e a c t  w i t h  h y d r a z i n e  o r  m o n o s u b s t i t u t e d  h y d r a z i n e s  t o  f o r m  2 , 4 - d i h y d r o - 3 . f i -

l , 2 , 4 - t r i a z o l - 3 - o n e s  ( 4 - 7 ) ,  a n d  w i t h  1 , 2 - d i m e t h y l h y d r a z i n e  t o  f o r m  l , 2 - d i m e t h y l - l , 2 - d i h y d r o - 3 / f - l , 2 , 4 - t r i a z o l - 3 -  

o n e s  (8 ) . A n a l o g o u s  r e a c t i o n s  w i t h  h y d r o x y l a m i n e  o r  N - m e t h y l h y d r o x y l a m i n e  y i e l d  l , 2 , 4 - o x a d i a z o l - 5 ( 4 f f  ) - o n e s  

(9 ) o r  2 - m e t h y l - l , 2 , 4 - o x a d i a z o l - 5 ( 2 / f ) - o n e s  ( 1 0 ) ,  r e s p e c t i v e l y .

Through their condensation-cyclization reactions, al- 
koxycarbonyl isothiocyanates have proved valuable synthetic 
tools in heterocyclic chemistry. 1 The carbamates resulting 
from addition of alcohols or amines to ethoxycarbonyl iso
thiocyanate2 and their S-methyl derivatives3 have been found 
to undergo cyclization reactions with difunctional nucleophilic 
reagents. However, analogous reactions of the somewhat less 
easily accessible IV-ethoxycarbonylthioamides ( 1 ) have not 
attracted attention. Treatment of 1 with primary or secondary 
amines results in elimination of H2 S and formation of N ' -  
ethoxycarbonylamidines (2).4 These compounds may be ex
pected to undergo cyclization with loss of EtOH, if the amine 
used as reagent contains a suitably located, second nucleo
philic group YH. The present paper describes such reactions 
of 1 leading to heterocycles 3 with 1,2,4-triazole and 1,2,4- 
oxadiazole ring systems.

S  0

R —  C — N H — C O E t  

1

H;N------YH
—H £  ’ r — c :

¡.N — C O O E t

'N H — Y H  

2

-EtO H
N

R - Y  Y = °
N H - Y

3

be drawn on the basis of the carbonyl band (1670-1690 cm-1). 
However, the proposed structure is consistent with the close 
similarity between the uv spectra of 4 (maximum at 265-270 
nm) and 5 (maximum at 270-275 nm) and their significant 
difference from those of the corresponding 8  (maximum at 
235-260, shoulder at 275-280 nm). The possibility that de
rivatives 5 are l-methyl-l,2-dihydro-3//-l,2,4-triazol-3-ones 
may be excluded, since compounds of such structure are 
known to exist in the enol form as 3-hydroxy-l,2,4-triazoles. 
Furthermore, the melting point (216.5-218.5 °C) of the 
product of the reaction of IV-ethoxycarbonylthiobenzamide 
with methylhydrazine agrees well with that of 2-methyl-5- 
phenyl-2,4-dihydro-3ii-l,2,4-triazol-3-one (218-219 °C ) 6 but 
differs considerably from that of 3-hydroxy-l-methyl-5- 
phenyl-l,2,4-triazole (195-196 °C)5, both of which have been 
prepared by unambiguous routes. In the case of compounds 
6  and 7, the wavenumber of the carbonyl band (1685-1715 and 
1700-1760 cm-1, respectively) is again compatible with a 
structure containing an unconjugated carbonyl. These con
clusions concerning the position of the C,N double bond in 
compounds 4-7 are in complete agreement with the findings 
of a recent, systematic study of the structure of 5-phenyl- 
dihydro-l,2,4-triazol-3-ones. 5

/V'-Ethoxycarbonylthioamides (1) react similarly with hy
droxylamine and Al-methylhydroxylamine to form 1,2,4- 
oxadiazol-5(4H)-ones (9), in excellent yield, and 2-methyl-

Treatment of an Af-ethoxycarbonylthioamide (1) with hy
drazine or a monosubstituted hydrazine causes evolution of 
H2S and formation of a 2,4-dihydro-3if-l,2,4-triazol-3-one 
(4-7) in good to excellent yield (Tables I—IV). An analogous 
reaction with 1 ,2 -dimethylhydrazine yields 1 ,2 -dimethyl- 
1,2-dihydro-3/f -1,2,4-triazol-3-ones (8 ) in moderate to good 
yields (Table V). Aqueous sodium hydroxide hydrolyzes 
carbamoyl derivatives 7 readily to the corresponding 4.

4 ,  R '  =  H

5 , R '  =  M e

6 ,  R '  =  P h

7 , R '  =  N H 2C O

MeNHNHMe N -

A f
. 0

M e

M e

8

There is considerable confusion in the literature concerning 
the location of the double bond in the dihydrotriazolone ring 
of compounds 4-6. Some authors place it between positions 
1 and 5, others between positions 4 and 5. 5 Structure 4 for the 
dihydro-1 ,2 ,4-triazolones obtained in this study is supported 
by appearance of the carbonyl band in their ir spectra at a 
considerably higher wavenumber (1700-1760 cm-1) than for 
dimethyl derivatives 8  (1655-1660 cm-1), in which the car
bonyl group has to be conjugated with the double bond. With 
regard to monomethyl derivatives 5, no firm conclusion can

NH---- if''

o A N

„ R
n r 2o h MeNHOH

l,2,4-oxadiazol-5(2fi)-ones (10), in moderate yield, respec
tively (Tables VI, VII). Comparison of the ir spectra of 9 with 
those of the corresponding 1 0 , in which there is conjugation 
between carbonyl and C,N double bond, shows that the car
bonyl bands of the former appear at a higher wavenumber 
than those of the latter. Although the difference (10-45 cm-1) 
is not always large, it is nonetheless consistent with lack of 
conjugation in 9. There are no characteristic differences be
tween the uv spectra of 9 and 10.

The NMR spectra of the compounds prepared in this study 
are consistent with the proposed structures and exhibit signals 
in the ranges of 5 10-13 and 3-4 for NH and NCH3 protons, 
respectively.

In all cases, the progress of the reaction is followed easily 
by testing for evolution of H2S with lead acetate paper. Be
cause of their simplicity, good yield, and straightforward 
product isolation, the investigated reactions provide a method 
of preparation of compounds 4-10 which compares favorably 
with other approaches to these heterocycles.7

With regard to the reaction pathway, it undoubtedly in
volves initial interaction of the thiocarbonyl of 1  with an amino 
group of the reagent similar to the earlier mentioned reactions
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Table I.a 5-R-2,4-Dihydro-3//-l,2,4-triazol-3-ones

R e g i s t r y  n o . R

Y i e l d  ,b
% M p ,  ° C

I r ,  c m - 1

c = o

9 3 9 - 0 7 - 1 c 6 h 5 8 7 3 2 3 - 3 2 4  ( d e c ) " . " * 1 7 5 0

3 2 1 4 - 0 2 - 6 4 - M e C 6 H 4 9 7 3 8 4 - 3 8 6  ( d e c ) " . " 1 7 3 0

5 9 8 1 2 - 1 4 - 5 4 - E t C 6 H „ 9 4 3 5 7 - 3 5 9  ( d e c ) " 1 7 0 0

5 9 8 1 2 - 1 5 - 6 4 - i - P r C 6 H 4 9 8 3 6 7 - 3 6 9  ( d e c ) " 1 7 0 0

5 9 8 1 2 - 1 6 - 7 4 - f - B u C 6 H „ 9 9 3 9 7 - 3 9 9  ( d e c ) " 1 7 0 0

3 3 1 9 9 - 4 3 - 8 4 - M e O C 6H 4 9 6 3 3 4 - 3 3 5  ( d e c ) " . / 1 7 4 0

5 9 8 1 2 - 1 7 - 8 4 - E t O C 6H 4 9 1 3 7 1 - 3 7 3  ( d e c ) " 1 7 2 0

3 3 1 9 9 - 4 0 - 5 4 - C l C 6 H 4 9 3 > 4 0 0 " . « 1 7 6 0 , 1 7 3 0

5 9 8 1 2 - 1 8 - 9 2 - P y r r o l y l 9 0 3 3 3 - 3 3 5  ( d e c ) * 1 7 2 0

2 7 0 5 0 - 4 9 - 3 2 - T h i e n y l 9 5 3 3 6 - 3 3 7  ( d e c ) " . ' 1 7 3 0

5 9 8 1 2 - 1 9 - 0 3 - I n d o l y l 8 7 3 7 5 - 3 8 5  ( d e c ) " 1 7 4 0

9 3 1 - 3 7 - 3 E t 9 7 2 0 6 - 2 0 8  ( d e c ) / . * 1 7 4 0

a S a t i s f a c t o r y  a n a l y t i c a l  d a t a  (±  0 . 3 %  f o r  C ,  H ,  N )  w e r e  r e p o r t e d  f o r  a l l  n e w  c o m p o u n d s  l i s t e d  i n  t h i s  t a b l e .  b C r u d e  o r  p a r 

t i a l l y  p u r i f i e d  p r o d u c t  w i t h  m e l t i n g  p o i n t  l o w e r  t h a n  t h a t  o f  t h e  a n a l y t i c a l  s a m p l e  b y  2 - 5  ° C .  "  R e c r y s t a l l i z e d  f r o m  n - B u O H  

d  L i t .  m p  3 2 1 —3 2 2  ° C :  G .  Y o u n g  a n d  E .  W i t h a m ,  J. C h e m . S o c .,  2 2 4  ( 1 9 0 0 ) .  "  L i t .  m p 3 7 2 ° C : B . - G .  B a c c a r  a n d  F .  M a t h i s ,

C .  R . A c a d . S ei., 2 6 1 ,  1 7 4  ( 1 9 6 5 ) . / L i t .  m p  3 3 4  ° C :  r e f  7 a .  « L i t .  m p  4 1 0 —4 1 2  ° C :  r e f  7 c .  *  R e c r y s t a l l i z e d  f r o m  w a t e r .  ' L i t .  

m p  3 3 7  ° C  ( d e c ) :  H .  G e h l e n ,  P .  D e m i n ,  a n d  K .  H .  U t e g ,  A r c h . P harm . (W ein h eim  G er .) , 3 0 3 ,  3 1 0  ( 1 9 7 0 ) . / S u b l i m e d .  f c L i t .  

m p  2 0 4  ° C  ( d e c ) :  C . - F .  K r o g e r ,  L .  H u m m e l ,  M .  M u t s c h e r ,  a n d  H .  B e y e r ,  C h e m . B er .,  9 8 ,  3 0 2 5  ( 1 9 6 5 ) .

T a b l e  I L "  5 - R - 2 - M e t h y l - 2 , 4 - d i h y d r o - 3 7 / - 1 , 2 , 4 - t r i a / . o l - 3 - o n e s

5

R e g i s t r y  n o . R

Y i e l d , *

% s y
0 0

I r ,  c m - 1

c=o
5 4 0 3 4 - 3 8 - 7 c 6 h 5 7 1 2 1 6 . 5 — 2 1 8 . 5 " . d 1 6 7 5

5 9 8 1 2 - 2 0 - 3 4 - M e C 6 H 4 7 4 2 5 1 — 2 5 2 . 5 " 1 6 8 0

5 9 8 1 2 - 2 1 - 4 4 - E t C „ H 4 7 0 1 9 6 — 1 9 7 " 1 6 8 0

5 9 8 1 2 - 2 2 - 5 4 - i - P r C „ H 4 6 9 2 0 4 - 2 0 6 / 1 6 8 0

5 9 8 1 2 - 2 3 - 6 4 - f - B u C 6 H 4 7 7 2 4 4 - 2 4 6 / 1 6 9 0

5 9 8 1 2 - 2 4 - 7 4 - M e O C 6 H 4 6 3 2 1 8 - 2 1 9 . 5 " 1 6 8 0

5 9 8 1 2 - 2 5 - 8 4 - E t O C 6 H 4 6 9 2 1 7 - 2 1 9 " 1 6 8 0

5 9 8 1 2 - 2 6 - 9 2 - P y r r o l y l 6 3 2 6 3 - 2 6 4 " 1 6 7 0

5 9 8 1 2 - 2 7 - 0 2 - T h i e n y l 6 0 2 5 1 - 2 5 2 " 1 6 7 5

4 1 1 4 - 2 2 - 1 E t 8 6 1 0 8 - 1 0 9 " . « - 1 6 9 0

a S a t i s f a c t o r y  a n a l y t i c a l  d a t a  (± 0 . 3 %  f o r  C ,  H ,  N ) w e r e  r e p o r t e d  f o r  a l l n e w  c o m p o u n d s  l i s t e d  i n t h i s  t a b l e .  6  C r u d e  o r

p a r t i a l l y  p u r i f i e d  p r o d u c t  w i t h  m e l t i n g  p o i n t  l o w e r  t h a n  t h a t  o f  t h e  a n a l y t i c a l  s a m p l e  b y  3 —1 0  ° C .  "  R e c r y s t a l l i z e d  f r o m  

E t O A c .  d  L i t .  m p  2 1 8 —2 1 9  ° C :  r e f  6 . e R e c r y s t a l l i z e d  f r o m  E t O H .  / R e c r y s t a l l i z e d  f r o m  E t  O H — H . , 0 .  «  L i t .  m p  1 0 8 — 1 0 9  ° C :  

C . - F  K r o g e r ,  L .  H u m m e l ,  M .  M u t s c h e r ,  a n d  H .  B e y e r ,  C h e m . B er .,  9 8 ,  3 0 2 5  ( 1 9 6 5 ) .

of 1 with simple amines.4 This is supported by isolation of the 
expected intermediate 1 1  from the reaction of iV-ethoxycar-

PhNHNH;,EtOH 

room temperature
R = 4-C1CÄ

JN— COOEt
R—

N H — N H P h

11

175 "C

0
N H

M Ph

bonyl-4-chlorothiobenzamide with phenylhydrazine when an 
ethanolic solution of the reagents is allowed to stand at room 
temperature. The presence of the carbonyl band at 1670 cm- 1  

in the ir spectrum of 1 1  is indicative of an «,/3-unsat.urated 
carbonyl group. When this compound is heated at its melting 
point, ethanol is eliminated to form the corresponding dihy
dro-1,2,4-triazolone (6 , R = 4-chlorophenyl).

Experimental Section8

JV-Ethoxycarbonylthioamides (1). A. Aromatic. T h e y  w e r e  

p r e p a r e d  b y  A l C R - c a t a l y z e d  t h i o a c y l a t i o n  o f  a r o m a t i c  c o m p o u n d s  

w i t h  e t h o x y c a r b o n y l  i s o t h i o c y a n a t e . 9

B. Heteroaromatic. T h e  2 - p y r r o l y l  a n d  2 - t h i e n y l  d e r i v a t i v e s  a r e  

k n o w n  c o m p o u n d s .4 iV-Ethoxycarbonyl-3-indolythioamide.10 A  

m i x t u r e  o f  1 1 . 7  g  ( 0 . 1 0  m o l)  o f  i n d o l e  a n d  1 3 . 1  g  ( 0 . 1 0  m o l)  o f  e t h 

o x y c a r b o n y l  i s o t h io c y a n a t e  w a s  a l lo w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  

f o r  4 8  h . T h e  r e s u l t i n g  d a r k - c o l o r e d  s o l i d  w a s  c r u s h e d  i n t o  a  p o w d e r  

a n d  w a s h e d  w i t h  i c e - c o l d  e t h y l  a c e t a t e  t o  g i v e  1 4 . 3  g  ( 5 9 % )  o f  c r u d e  

p r o d u c t ,  m p  1 6 2 - 1 6 3  ° C .  R e c r y s t a l l i z a t i o n  f r o m  e t h y l  a c e t a t e  g a v e  

t h e  p u r e  c o m p o u n d  in  t h e  f o r m  o f  y e l lo w  c r y s t a l s :  m p  1 6 3 - 1 6 4  ° C ;  i r  

3 2 5 0  ( N H ) ,  1 7 2 0  c m “ 1  ( C = 0 ) ;  N M R  <5 1 . 3  ( t ,  3 ) ,  4 . 2  ( q ,  2 ) ,  7 . 1 - 7 . 7  ( m ,

3 ) ,  8 . 2 - 8 . 3  ( m , 1 ) ,  8 . 4 - 8 . 7  ( m , 1 ) ,  1 1 . 1  ( s ,  1 ) ,  1 2 . 1  ( s ,  1 ) .

A n a l .  C a l c d  f o r  C 1 2 H 1 2 N 2O 2 S :  C ,  5 8 .0 5 ;  H ,  4 . 8 7 ;  N ,  1 1 . 2 8 .  F o u n d :  

C ,  5 8 . 1 0 ;  H ,  4 . 9 1 ;  N ,  1 1 . 3 6 .

C .  Aliphatic. IV-Ethoxycarbonylthiopropanamide. A  s o l u t i o n  

o f  e t h y l m a g n e s i u m  b r o m i d e  w a s  p r e p a r e d  u n d e r  n i t r o g e n  b y  s lo w  

a d d i t i o n  ( 1  h )  o f  2 4 .0  g  ( 0 .2 2  m o l)  o f  e t h y l  b r o m i d e  d i s s o l v e d  in  1 0 0  

m l  o f  e t h y l  e t h e r  t o  4 .8 0  g  ( 0 .2 0  m o l)  o f  m a g n e s i u m  t u r n i n g s  c o v e r e d  

b y  5 0  m l  o f  e t h y l  e t h e r .
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T a b l e  III.« 5-R-2-Phenyl-2,4-dihydro-3//-l,2,4-triazol-3-ones

NH-

R '

. u

~ I f
Ph

R e g i s t r y  n o . R

Y i e l d , *

% M p ,  ° C

I r ,  c m - 1  

C = 0

3 3 4 6 - 4 4 - 9 c 6 h s 9 4 2 3 2 . 5 —2 3 3 . 5 « . 1 7 0 0
3 2 1 4 - 0 5 - 9 4 - M e C 6 H 4 8 8 2 6 7 - 2 6 8 « « 1 7 1 5

5 9 8 1 2 - 2 8 - 1 4 - E t C a H 4 9 8 2 4 9 - 2 5 0 « 1 7 0 5
5 9 8 1 2 - 2 9 - 2 4 - i - P r C 6 H 4 9 7 2 3 6 . 5 - 2 3 8 « 1 7 0 0
5 9 8 1 2 - 3 0 - 5 4 - f - B u C 6 H 4 9 3 2 8 7 - 2 8 8 « 1 6 8 5
5 9 8 1 2 - 3 1 - 6 4 - M e O C 6 H 4 9 6 2 3 5 - 2 3 7 « 1 7 0 0
5 9 8 1 2 - 3 2 - 7 4 - E t O C 6 H 4 9 3 2 3 9 - 2 4 0 . 5 « 1 7 0 5
2 7 4 2 3 - 5 4 - 7 4 - C l C 6 H 4 7 3 2 8 3 - 2 8 4 « 1 7 0 0
5 9 8 1 2 - 3 3 - 8 2 - P y r r o l y l 9 1 2 3 7 - 2 3 8 / 1 7 0 0
1 9 3 8 2 - 1 6 - 2 2 - T h i e n y l 9 6 2 6 0 - 2 6 1 1 6 8 0
5 9 8 1 1 - 9 2 - 6 3 - I n d o l y l 8 6 3 4 9 - 3 5 0  ( d e c ) ? 1 7 1 0
2 8 6 6 9 - 2 7 - 4 E t 6 0 1 2 1 - 1 2 2 / * 1 7 0 0

« S a t i s f a c t o r y  a n a l y t i c a l  d a t a  (±  0 . 3 %  f o r  C ,  H ,  N )  w e r e  r e p o r t e d  f o r  a l l  n e w  c o m p o u n d s  l i s t e d  i n  t h i s  t a b l e .  *  C r u d e  o r  p a r 

t i a l l y  p u r i f i e d  p r o d u c t  w i t h  m e l t i n g  p o i n t  l o w e r  t h a n  t h a t  o f  t h e  a n a l y t i c a l  s a m p l e  b y  2 —5  ° C .  « R e c r y s t a l l i z e d  f r o m  E t O H .  

d L i t .  m p  2 2 9  ° C :  R .  F u s c o  a n d  C .  M u s a n t e ,  G a zz. C h im . Ital., 6 8 , 1 4 7  ( 1 9 3 8 ) .  « L i t .  m p  2 6 4  ° C :  C .  G a s t a l d i  a n d  E .  P r i n c i -  

v a l l e ,  ibid ., 5 6 ,  5 5 7  ( 1 9 2 6 ) . / R e c r y s t a l l i z e d  f r o m  E t O H —H 2 0 .  8  R e c r y s t a l l i z e d  f r o m  n - B u Q H .  * L i t .  m p  1 2 2 — 1 2 3  ° C :  r e f  7 b .

R e g i s t r y  n o .

T a b l e  I V . «  5 - R - 2 - C a r b a m o y l - 2 , 4 - d i h y d r o - 3 i f - l , 2 , 4 - t r i a z o l - 3 - o n e s

0
7

I r ,  c m - 1

c=oR

Y i e l d , *

Mp, °C

5 9 8 1 1 - 9 3 - 7  4 - M e C 6 H 4 9 8  3 2 9 - 3 3 0  ( d e c ) «  1 7 4 0

1 7 0 0

5 9 8 1 1 - 9 4 - 8  2 - P y r r o l y l  9 5  3 2 5 - 3 2 7  ( d e c ) « *  1 7 6 0 , 1 7 3 0 , 1 7 1 5

«  S a t i s f a c t o r y  a n a l y t i c a l  d a t a  ( ± 0 . 3 %  f o r  C ,  H ,  N )  w e r e  r e p o r t e d  f o r  t h e  c o m p o u n d s  l i s t e d  i n  t h i s  t a b l e .  *  C r u d e  o r  p a r 

t i a l l y  p u r i f i e d  p r o d u c t  w i t h  m e l t i n g  p o i n t  l o w e r  t h a n  t h a t  o f  t h e  a n a l y t i c a l  s a m p l e  b y  2 —5  ° C .  « R e c r y s t a l l i z e d  f r o m  E t O H — 

H 2 0 .  d R e c r y s t a l l i z e d  f r o m  H 2 0 .

T a b l e  V . «  5 - R - l , 2 - D i m e t h y l - l  , 2 - d i h y d r o - 3 / / - l , 2 , 4 - t r i a z o l - 3 - o n e s

R'

N-

A r
N ' N \

M e

M e

8

R e g i s t r y  n o . R

Y i e l d , *
% M p ,  ° C

I r .  c m " 1

c=o
5 0 3 6 9 - 4 6 - 5 c 6 h s 4 2 2 4 1 —2 4 3 « . d 1 6 6 0

5 9 8 1 1 - 9 5 - 9 4 - M e C 6 H 4 6 0 2 1 4 - 2 1 5 . 5 « 1 6 6 0

5 9 8 1 1 - 9 6 - 0 4 - E t C 6 H 4 6 5 2 2 6 - 2 2 7 « 1 6 6 0

5 9 8 1 1 - 9 7 - 1 4 - i - P r C 6 H 4 6 1 2 2 5 - 2 2 7 « 1 6 6 0

5 9 8 1 1 - 9 8 - 2 4 - f - B u C 6 H 4 5 7 2 1 3 - 2 1 4 « 1 6 6 0

5 9 8 1 1 - 9 9 - 3 4 - M e O C 6 H 4 6 4 2 3 5 - 2 3 6 . 5 « 1 6 5 5

5 9 8 1 2 - 0 0 - 9 4 - E t O C 6 H 4 6 0 2 1 0 . 5 - 2 1 2 . 5 « 1 6 5 5

« S a t i s f a c t o r y  a n a l y t i c a l  d a t a  ( ± 0 . 3 %  f o r  C ,  H ,  N )  w e r e  r e p o r t e d  f o r  a l l  n e w  c o m p o u n d s  l i s t e d  i n  t h i s  t a b l e .  *  C r u d e  o r  

p a r t i a l l y  p u r i f i e d  p r o d u c t  w i t h  m e l t i n g  p o i n t  l o w e r  t h a n  t h a t  o f  t h e  a n a l y t i c a l  s a m p l e  b y  2 —5  ° C .  « R e c r y s t a l l i z e d  f r o m  

E t O H .  d  L i t .  m p  2 5 5 — 2 5 6  ° C :  r e f  5 .  « R e c r y s t a l l i z e d  f r o m  E t O A c .

A f t e r  t h e  s t i r r e d  s o l u t i o n  h a d  b e e n  c o o le d  t o  —3 5  t o  —4 5  ° C  ( d r y  

i c e - C H C l 3  b a t h ) ,  2 3 .6  g  ( 0 . 1 8  m o l)  o f  e t h o x y c a r b o n y l  i s o t h i o c y a n a t e  

in  2 0 0  m l  o f  e t h y l  e t h e r  w a s  a d d e d  s lo w l y  ( 1  h )  w h i le  t h e  t e m p e r a t u r e  

w a s  k e p t  a t  —3 5  t o  —4 5  ° C .  T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  f o r  a n  

a d d i t i o n a l  3  h  a t  t h e  s a m e  lo w  t e m p e r a t u r e  a n d  t h e n  w a s  a l l o w e d  t o

w a r m  u p  t o  r o o m  t e m p e r a t u r e .  T h e  p r e c i p i t a t e d  s a l t  w a s  c o l l e c t e d  

b y  f i l t r a t i o n  a n d  w a s h e d  w i t h  f o u r  5 0 - m l  p o r t i o n s  o f  e t h y l  e t h e r .  I t  

w a s  t h e n  m i x e d  w i t h  2 0 0  m l  o f  e t h e r  a n d  h y d r o l y z e d  w i t h  2 0 0  m l  o f  

s a t u r a t e d  a q u e o u s  a m m o n i u m  c h lo r i d e .  F o l l o w i n g  s e p a r a t i o n  o f  

l a y e r s ,  t h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i t h  t w o  5 0 - m l  p o r t i o n s  o f
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T a b l e  V I . a 3 - R - l , 2 , 4 - O x a d i a z o l - 5 ( 4 / / ) - o n e s

„ R
N H —

.A-«
9

R e g i s t r y  n o .

Y i e l d , 6  

R  % M p ,  ° C

I r ,  c r r r 1 

C = 0

1 4 5 6 - 2 2 - 0 c 6 h 5 9 6 2 0 2 — 2 0 3 « . ^ 1 7 5 5

3 1 8 2 7 - 2 8 - 8 4 - M e C 6 H „ 9 8 2 2 1 — 2 2 2 . 5 « . « 1 7 6 0

5 9 8 1 2 - 0 1 - 0 4 - E t C 6 H 4 8 5 1 9 0 . 5 — 1 9 2 c 1 7 7 0 ,

1 7 3 0

5 9 8 1 2 - 0 2 - 1 4 - ! - P r C 6 H 4 9 8 1 9 7 — 1 9 8 « 1 7 7 5 ,

1 7 3 5

5 9 8 1 2 - 0 3 - 2 4 - f - B u C 6 H 4 9 8 2 3 4 — 2 3 6  « 1 7 7 5 ,

1 7 3 5

5 9 8 1 2 - 0 4 - 3 4 - M e O C 6 H 4 9 7 2 1 1 - 2 1 2 / 1 7 9 5

1 7 3 0

5 9 8 1 2 - 0 5 - 4 4 - E t O C 6 H 4 9 3 2 2 2 . 5 - 2 2 4 / 1 7 4 5

5 9 8 1 2 - 0 6 - 5 2 - P y r r o l y l 8 9 2 1 5 - 2 1 7

( d e c ) ?

1 7 6 0

3 5 6 3 7 - 0 9 - 3 2 - T h i e n y l 8 3 2 0 2 — 2 0 5 . 5 ? 1 7 9 0

1 7 2 5

5 9 8 1 2 - 0 7 - 6 3 - I n d o l y l 9 0 2 3 3 - 2 3 4

( d e c ) 6

1 8 0 0

1 7 2 0

5 7 6 8 9 - 6 3 - 1 E t 5 0 6 9 - 7 0 . 5 ' . / 1 7 7 0

a S a t i s f a c t o r y  a n a l y t i c a l  d a t a  ( ± 0 . 3 %  f o r  C ,  H ,  N )  w e r e  r e 

p o r t e d  f o r  a l l  n e w  c o m p o u n d s  l i s t e d  in  t h i s  t a b l e .  6  C r u d e  

o r  p a r t i a l l y  p u r i f i e d  w i t h  m e l t i n g  p o i n t  l o w e r  t h a n  t h a t  o f  

t h e  a n a l y t i c a l  s a m p l e  b y  2 — 5  ° C .  c R e c r y s t a l l i z e d  f r o m  

E t O H .  d L i t .  m p  1 9 8  ° C :  C .  M u s a n t e ,  G a zz. C h im . ltal., 6 8 , 

3 3 1  ( 1 9 3 8 ) .  e L i t .  m p  2 2 0 ° C :  L .  H .  S c h u b a r t ,  B er .,  2 2 ,  

2 4 3 3  ( 1 8 8 9 ) .  / R e c r y s t a l l i z e d  f r o m  E t O H —H 2 C > .. ? R e c r y s t a l 

l i z e d  f r o m  H 2 0 .  6  R e c r y s t a l l i z e d  f r o m  r c - B u O H .  ' F o l l o w i n g  

r e m o v a l  o f  E t O H  f r o m  t h e  r e a c t i o n  m i x t u r e ,  t h e  r e s i d u e  

w a s  e x t r a c t e d  w i t h  E t 2 0  a n d  t h e  d r i e d  ( M g S 0 4 ) e x t r a c t  
w a s  e v a p o r a t e d  t o  a  n e w  r e s i d u e  w h i c h  w a s  d i s t i l l e d  u n d e r  

r e d u c e d  p r e s s u r e  ( b p  1 5 4 — 1 5 6  ° C ,  3  T o r r ) .  i  R e c r y s t a l l i z e d  

f r o m  b e n z e n e —p e t r o l e u m  e t h e r  ( b p  3 0 — 6 0  ° C ) .

ethyl ether and the combined ethereal solutions were dried over an
hydrous magnesium sulfate. After removal of ether, the product was 
distilled at 3 Torr and the fraction boiling between 82 and 85 °C was 
collected. There was obtained 15.4 g (54%) of product as a yellow oil: 
ir 3400, 3300, 3200 (NH), 1760 cm" 1 (O -O I; NMR 6 1.0-1.4 (m, 6 ),
2.9 (q, 2), 4.1 (q, 2), 11.4  (s, 1).

Anal. Calcd for CgHnNOsS: C, 44.70; H, 6 .8 8 ; N, 8.69. Found: C, 
44.54; H, 7 .11; N, 8.64.

IV-Ethoxycarbonylphenylthioacetamide. This was obtained 
in 50% yield following the procedure used for preparation of the 
previous compound. Thus, benzylmagnesium chloride from 6.30 g 
(0.050 mol) of benzyl chloride and 1.20 g (0.050 mol) of magnesium 
was allowed to react with 5.90 g (0.045 mol) of ethoxycarbonyl iso
thiocyanate in a total of 1 0 0  ml of ether at —45 to —35 °C. The crude 
product (5.0 g, mp 39^42 °C) was recrystallized from petroleum ether 
(bp 35-60 °C) to give the pure compound as yellow crystals: mp 45-47 
°C; ir 3400,3300, 3180 (NH), 1760 cm“ 1 (C =0); NMR <5 1 . 2  (t, 3), 4.1 
(q, 2), 4.2 (s, 2), 7.1 (s, 5), 11.8  (s, 1).

Anal. Calcd for Cn H13N0 2 S: C, 59.17; H, 5.87; N, 6.27. Found: C, 
59.32; H, 5.82; N, 6.32.

5-Substituted 2,4-Dihydro-3H-l,2,4-triazol-3-ones (4). To a
solution of 0 .0 1 0  mol of W-ethoxycarbonylthioamide in 20  ml of eth
anol was added 0.020 mol of 95% hydrazine in 5 ml of ethanol. The 
reaction mixture was heated on a steam bath until evolution of hy
drogen sulfide had ceased (10-30 min), then it was cooled and filtered 
to yield the product.

5-Substituted 2-Methyl-2,4-dihydro-3H-l,2,4-triazol-3-ones
(5) . Methylhydrazine (1 .0  ml) was added to 0.0050 mol of V-eth- 
oxycarbonylthioamide dissolved in 5 ml of tetrahydrofuran and the 
solution was refluxed for 15 min, then cooled and poured into icewater. 
The resulting mixture was neutralized with acetic acid and the pre
cipitated solid was collected by filtration. (In the case of the 5-ethyl 
derivative, which is water soluble, equimolar amounts of reagents were 
used and the product was isolated by evaporation to dryness.)

5-Substituted 2-Phenyl-2,4-dihydro-3U-l,2,4-triazol-3-ones
(6) . To 0.010 mol of V-ethoxycarbonylthioamide dissolved in 20 ml

Table VII.a 3-R-2-Methyl-l,2,4-oxadiazol-5(2Pf)-ones

10
R e g i s t r y

n o . R

Y i e l d , 6

% M p ,  ° C

I r ,  c m  1 

C = 0

5 9 8 1 2 - 0 8 - 7 4 - M e C 6 H 4 3 4 c , d 1 2 1 . 5 - 1 2 2 . 5 « 1 7 5 0

5 9 8 1 2 - 0 9 - 8 4 - M e O C 6 H 4 5 0 d 1 4 6 - 1 4 8 « 1 7 5 0

5 2 5 3 1 - 6 1 - 0 4 - C l C 6 H 4 5 1 d 1 6 8 - 1 7 0 / . ? 1 7 5 0

5 9 8 1 2 - 1 0 - 1 2 - P y r r o l y l 5 0  « 2 1 4 - 2 1 5 « 1 7 4 5

a S a t i s f a c t o r y  a n a l y t i c a l  d a t a  ( ± 0 . 3 %  f o r  C ,  H ,  N )  w e r e  r e 

p o r t e d  f o r  a l l  n e w  c o m p o u n d s  l i s t e d  i n  t h i s  t a b l e .  6  C r u d e  o r  

p a r t i a l l y  p u r i f i e d  p r o d u c t  w i t h  m e l t i n g  p o i n t  l o w e r  t h a n  

t h a t  o f  t h e  a n a l y t i c a l  s a m p l e  b y  2 — 5  ° C .  c N a O A c  u s e d  t o  

f r e e  M e N H O H  f r o m  i t s  s a l t .  d N a O M e  u s e d  t o  f r e e  M e N H O H  

f r o m  i t s  s a l t .  e R e c r y s t a l l i z e d  f r o m  H 2 O . / R e c r y s t a l l i z e d  

f r o m  ¿ - P r O H .  ?  L i t .  m p  1 6 8 . 5 - 1 7 0  ° C : r e f  7 d .

of ethanol was added 0.020 mol of phenylhydrazine in 5 ml of ethanol 
and the solution was refluxed until evolution of hydrogen sulfide had 
ceased (2-6 h). After the mixture had been cooled, any solid product 
was collected by filtration. The filtrate was concentrated to a small 
volume and chilled or mixed with ice to yield a new precipitate which 
was combined with the first one.

jV'-Ethoxycarbonyl-/V-phenylammo-4-chlorobenzamidine 
(11). A mixture of 1 .1  g (0.0050 mol) of lV-ethoxycarbonyl-4-chlo- 
rothiobenzamide, 25 ml of 95% ethanol, and 1.1  g (0.010 mol) of 
phenylhydrazine was let stand at room temperature for 12  h. The 
precipitated material was collected by filtration and washed with 
ice-cold ethanol to yield 1.0 g (63%) of pure 1 1  as white crystals: mp 
17 1 °C (partial melting followed by solidification and further melting 
at 283-284 °C; recrystallization from ethanol did not change the 
melting behavior); ir 3340,3280 (NH), 1670 cm- 1  (C =0 ); NMR 6 1.2 
(t, 3), 4.0 (q, 2), 6.5-7.5 (m, 9), 8 .8  (s, 1), 9.4 (s, 1).

Anal. Calcd for C16H16N30 2C1: C, 60.47; H, 5.08; N, 13.22. Found: 
C, 60.67; H, 5.15; N, 13.22.

Conversion of 11 into 2-Phenyl-5-(4-chlorophenyl)-2,4-di- 
hydro-3//-l,2,4-triazol-3-one. Compound 11 (0.20 g) was heated 
in an oil bath at 170-180 °C for 5 min. After it had been cooled and 
recrystallized from ethanol, the product was identified as 2 -phenyl- 
5-(4-chlorophenyl)-2,4-dihydro-3if-l,2,4-triazol-3-one on the basis 
of its melting point, as well as its ir and NMR spectra.

5-Substituted 2-Carbamoyl-2,4-dihydro-3Ff-l,2,4-triazol-3- 
ones (7). To 0.010 mol of iV-ethoxycarbonylthioamide dissolved in 
15 ml of ethanol was added a solution of 0.020 mol of semicarbazide 
hydrochloride and 0 .0 2 0  mol of sodium acetate in 10  ml of aqueous 
ethanol and the resulting mixture was stirred magnetically until 
completion of hydrogen sulfide evolution (15-24 h). The precipitated 
product was collected by filtration and combined with a new precip
itate formed when the filtrate had been concentrated to a small vol
ume and mixed with ice.

Hydrolysis of 7 into 4. A mixture of 0.40 g of 7 and 10 ml of 10% 
aqueous sodium hydroxide was boiled for 10  min and the resulting 
solution was neutralized with dilute hydrochloric acid to yield a 
precipitate which was collected by filtration and washed with cold 
water. The products, obtained in 75% yield, were identified by their 
melting points, as well as their ir and NMR spectra.

5-Substituted l,2-Dimethyl-l,2-dihydro-3JH-l,2,4-triazol-3- 
ones (8 ). A mixture of 0.0050 mol of 1,2-dimethylhydrazine dihy
drochloride, 0.010 mol of sodium methoxide, 0.0050 mol of N -  
ethoxycarbonylthioamide, and 5 ml of methanol was refluxed for 1 
h. The resulting mixture was cooled and treated with a slight excess 
of 1 0% aqueous sodium hydroxide to yield a solid product which was 
collected by filtration and washed with a little ice-cold water.

3-Substituted 1 ,2,4-Oxadiazol-5(4//)-ones (9). A mixture of
0 .0 1 0  mol of V-ethoxycarbonylthioamide, 0 .0 2 0  mol of hydroxylamine 
hydrochloride, 0 .0 2 0  mol of sodium acetate trihydrate, and 2 0  ml of 
aqueous ethanol was refluxed until evolution of hydrogen sulfide had 
ceased (2-3 h). The resulting solution was concentrated to a small 
volume and mixed with ice to form a precipitate which was collected 
by filtration.

3-Substituted 2-Methyl-l,2,4-oxadiazoI-5(2H)-ones (10). To
a solution of 0 .0 1 0  mol of V-ethoxycarbonylthioamide in 10  ml of 
ethanol was added 0 .0 1 0  mol of IV-methylhydroxylamine hydro-



c h lo r id e  a n d  0 . 0 1 0  m o l  o f  s o d i u m  a c e t a t e  d i s s o lv e d  in  a q u e o u s  e t h a n o l.  

T h e  r e s u l t in g  s o lu t io n  w a s  r e f l u x e d  u n t i l  e v o lu t io n  o f  h y d r o g e n  s u l f id e  

h a d  c e a s e d  ( 1 - 2  h ) .  I n  s o m e  c a s e s  ( i n d i c a t e d  in  T a b l e  V I I ) ,  s o d i u m  

m e t h o x id e  w a s  u s e d  in s t e a d  o f  s o d i u m  a c e t a t e .  T h e n  t h e  r e a c t io n  w a s  
c a r r i e d  o u t  in  1 0  m l  o f  m e t h a n o l  a n d  t h e  m i x t u r e  w a s  s t i r r e d  m a g 

n e t i c a l l y  ( 2 2 - 2 4  h ) .
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Registry N o .— 1  ( R  =  3 - i n d o l y l ) ,  5 9 8 1 2 - 1 1 - 2 ;  1 ( R  =  E t ) ,  5 9 8 1 2 -  

1 2 - 3 ;  1  (r , p h ) ,  5 4 9 9 - 3 1 - 0 ;  1 1  ( R  = 4 - C l C 6H 4), 5 9 8 1 2 - 1 3 - 4 ;  i n d o l e ,  

1 2 0 - 7 2 - 9 ;  e t h o x y c a r b o n y l  i s o t h i o c y a n a t e ,  1 6 1 8 2 - 0 4 - 0 ;  e t h y l  b r o m id e ,  

7 4 - 9 6 - 4 ;  b e n z y l  c h lo r i d e ,  1 0 0 - 4 4 - 7 ;  m e t h y l h y d r a z i n e ,  6 0 - 3 4 - 4 ;  p h e n -  

y l h y d r a z i n e ,  1 0 0 - 6 3 - 0 ;  N - e t h o x y c a r b o n y l - 4 - c h l o r o t h i o b e n z a m i d e ,  

5 7 7 7 4 - 7 4 - 0 ;  s e m i c a r b a z i d e  H C 1 ,  5 6 3 - 4 1 - 7 ;  1 , 2 - d i m e t h y l h y d r a z i n e  

2 H C 1 ,  3 0 6 - 3 7 - 6 ;  h y d r o x y l a m i n e  H C 1 ,  7 8 0 3 - 4 9 - 8 ;  I V - m e t h y l h y d r o x -  

y l a m i n e  H C 1 ,  4 2 2 9 - 4 4 - 1 .
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A  n e w  s y n t h e t i c  r o u t e  t o  s e v e r a l  d o x y ]  n i t r o x i d e s  14 a n d  t w o  t e t r a h y d r o - l , 3 - o x a z i n e  n i t r o x i d e s  26 a n d  27 is  d e 

s c r i b e d .  O x i d a t i o n  o f  t h e  r e p r e s e n t a t i v e  o x a z o l i n e  1 w i t h  1  e q u i v  o f  M C P A  g a v e  o x a z i r i d i n e  2. E x c e s s  M C P A  le d  

t o  n i t r o  e s t e r  4 a n d  n i t r o s o  e s t e r  6. I s o m e r i z a t i o n  o f  2 o n  s i l i c a  g e l  a f f o r d e d  n i t r o n e  3, r e a c t i o n  o f  w h i c h  w i t h  m o i s 

t u r e  p r o d u c e d  e s t e r  5. A n a l o g o u s  r e a c t i o n s  a p p l i e d  t o  d i h y d r o o x a z i n e  7 l e d  t o  o x a z i r i d i n e  8, n i t r o s o  e s t e r  10, n i t r o  

e s t e r  1 1 , n i t r o n e  9, a n d  e s t e r  12. T r e a t m e n t  o f  3 w i t h  a  s e r i e s  o f  o r g a n o m e t a l l i c  r e a g e n t s  f o l l o w e d  b y  C u 2 + - c a t a l y z e d  

a i r  o x i d a t i o n  o f  t h e  i n t e r m e d i a t e  13 l e d  t o  d o x y l  n i t r o x i d e s .  I n  c o n t r a s t ,  r e a c t i o n  o f  3 w i t h  v i n y l m a g n e s i u m  b r o m i d e  

o r  v i n y l l i t h i u m  a t  2 5  ° C  g a v e  d i e n e s  19 a n d  2 1 . W i t h  e x c e s s  1 - l i t h i o - l - h e x y n e  a t  — 1 5  ° C ,  n i t r o n e  3 g a v e  o p e n - c h a i n  

n i t r o n e  22. A l l y l m a g n e s i u m  b r o m i d e  a n d  3 a t  2 5  ° C  f o l l o w e d  b y  o x i d a t i o n  g a v e  n i t r o x i d e  23. A n a l o g o u s  r e a c t i o n s  

a t  2 5  ° C  o f  n i t r o n e  9 w i t h  m e t h y l l i t h i u m  a n d  b u t y l l i t h i u m  a f f o r d e d  t h e  n i t r o x i d e s  26 a n d  27.

Doxyl (4,4-dimethyloxazolidine-N-oxyl) nitroxide spin 
labels3  have played an important role in studies of biological 
systems using the spin labeling technique.4 Alternative, 
flexible synthetic entries to new stable nitroxides are central 
to continued progress in the spin labeling field. We recently 
communicated a new procedure for assembling doxyl ni
troxides which bypasses the usual ketone precursors and 
which permits the synthesis of doxyl nitroxides having un
saturation in the doxyl chains (1 —» 3 —► 14).1 This procedure 
takes advantage of the wide variety of oxazolines made 
available through the elegant work of Meyers. 5 ’6-7 We now 
present experimental details relating to our new doxyl syn
thesis, starting with the representative oxazoline 1 . We also 
describe for the first time analogous reactions of dihydroox
azine 7 and its conversion into a second series of stable ni
troxide free radicals. 1 7

Results and Discussion
The addition of an organometallic reagent to the requisite 

nitrone constitutes the key step in the new doxyl synthesis. 8 

Since the nitrones are derived from the corresponding oxa
zoline or dihydrooxazine, we have investigated the oxidation 
of these latter substances in some detail. 9 Thus, oxidation of 
oxazoline 1  with 1  equiv of m  -chloroperoxybenzoic acid 
(MCPA) in ether at —10 °C produced oxaziridine 2 (~95%) 
(Chart I). Small amounts of blue nitroso ester 6  could be ob
served visually and by NMR in samples of crude 2, although

Chart I

5 6

reaction of 1 with 2 equiv of MCPA still gave mostly 2 with 
minor amounts of 6  and nitro ester 4, Prolonged reaction of 
1 with 3 equiv of MCPA gave a good yield of nitro ester 4. In 
order to confirm the identity of compounds 4 and 6 , nitro ester 
4 was synthesized by acylation of the corresponding alcohol 
with hexanoic acid and then reduced with zinc and NH4C1 to 
/V-hydroxy ester 5. Reaction of 5 with 1 equiv of MCPA gave 
blue nitroso ester 6  in good yield. Structure assignments 
throughout this paper are based on the highly characteristic 
NMR spectra together with other analytical data found in the 
Experimental Section.
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Initial attempts to prepare nitrone 3 were patterned after 
Padwa’s isomerization of certain oxaziridines into nitrones 
in acetonitrile at 80 °C . 10  Under these conditions, oxaziridine 
2 afforded a mixture which was shown by its NMR spectrum 
to consist of nitrone 3 (8 %), nitro ester 6  (31%), nitro ester 4 
(11%), oxazoline 1 (48%), and N-hydroxy ester 5 (3%). For
tunately, during an attempted purification of oxaziridine 2 , 
it was discovered that chromatography over silica gel effected 
smooth isomerization of 2 to the desired nitrone 3.

The oxidation of dihydrooxazine 7 (Chart II) with 1  equiv 
of MCPA in ether afforded oxaziridine 8  in good yield. When 
2 equiv of MCPA was used, nitroso ester 10 was the major

Chart II

10 12

product while 3 equiv of MCPA led in good yield to nitro ester
11. Oxaziridine 8 , like its five-membered ring counterpart 2 , 
also underwent smooth isomerization to its corresponding 
nitrone 9.

Nitrones 3 and 9 were quite hygroscopic. Nitrone 9 was 
obtained from the silica gel column as a white, crystalline solid 
which quickly melted on exposure to air. The NMR spectrum 
invariably contained peaks attributed to IV-hydroxy ester 1 2 . 
When samples were carefully protected from moisture, ni
trones 3 and 9 could be isolated with only trace amounts of the 
corresponding W-hydroxy ester derivatives 5 and 1 2 . Oxa
ziridines 2  and 8 , however, may be conveniently stored at — 2 0  

°C for months without evidence of decomposition. Thus, the 
starting nitrones for the reactions described below were always 
freshly prepared from the oxaziridine immediately prior to 
use.

The reaction of nitrone 3 with a two- to threefold excess of 
organometallic reagent in ether solution at reduced temper
atures afforded, after cold aqueous workup, the corresponding 
,'V - h y d r o x y ox a z o 1 i d i n e 13 (eq 1). The crude mixture was im
mediately taken up in methanol containing a trace of 
CulOAcL-I^O 1 1  and stirred under air in order to form the 
corresponding doxyl nitroxides 14. Several doxyl nitroxides

prepared in this way are summarized in Table I. In those in
stances where the doxyl nitroxide may also be prepared from 
the requisite ketone utilizing our earlier method (eq 2 ) , 3 the 
yields by this present nitrone procedure are comparable. The 
nitrone procedure can afford at times two major advantages, 
however: (a) the synthesis does not depend on the availability 
of the requisite ketone and (b) addition to the nitrone pro
duces the easily oxidized ,'V-hydroxy amine intermediate.

Table I. Doxyl Nitroxides Prepared from Nitrone 3

Doxyl
derivative 14

Organometallic
reagent

Temp,
°C

Rxn
time

Yield,c
%

R = C IV CH3Li 25 lh 43
R = CHgClV CH3CH2MgBr -15 5 min 2 1 d
R = CH3 (CH2)6i CH3 (CH2)6MgBr -15 5 min 2 7 ’d
R = CH2=CH CH2=CHLi - 7 8 2  h 29 d

a Identical by ir with a sample prepared by our earlier method.3 

6 All doxyl derivatives showed the expected mass spectral frag
mentation patterns12  and each showed the typical three-line ni
troxide ESR spectrum. e Isolated yield, based on starting nitrone. 
d Analytical sample obtained by preparative VPC on a 2-ft 5% 
SE-30/Firebrick column.

Thus doxyls may be prepared which contain functional groups 
sensitive to MCPA (e.g., entry 4, Table I).

Interestingly, the course of the reaction between the ni
trones and the organometallic reagents depended markedly 
on the reaction temperature and on the structure of the or
ganometallic reagent. In general, when the organometallic 
reagent was added to the nitrone at —78 °C and then the 
mixture was allowed to warm to 25 °C, workup afforded sig
nificant quantities of recovered nitrone and its hydrolysis 
product. Thus, at lower temperatures the organometallic re
agents tended to act as bases, generating the inert (to addition) 
anion of the nitrone. Quite possibly, this side reaction could 
be used to advantage through alkylation reactions, for ex
ample.

A second pronounced effect of temperature was observed 
in reactions between nitrone 3 and organometallic reagents 
containing unsaturation near the metal atom. With temper
atures in excess of —15 °C, the intermediate IV-hydroxyoxa- 
zolidine (as the metal salt) apparently was capable of under
going a ring-opening isomerization reaction in the reaction 
medium to give the corresponding open-chain nitrone (15 —►
17). This latter substance in certain instances suffered addi
tion of a second equivalent of organometallic reagent, leading 
to a new branched chain nitroxide after oxidation (3 —► 23). 
These reactions are illustrated by the following examples.

Reaction (Chart III) of nitrone 3 with vinyllithium at —78 
°C followed by a cold aqueous workup afforded ¿V-hydroxy- 
oxazolidine 16, uncontaminated by its ring-opened isomer 18 
(by NMR). While a quite pure sample of 16 could be obtained 
by rapid chromatography over alumina, chromatography over 
silica gel invariably afforded a mixture of 16 and 18, in which 
the latter predominated. It was also not possible to prepare 
a sample of 18, free of 16.

The addition of vinyllithium or vinylmagnesium bromide 
to 3 at 25 °C gave two stable products which were isolated by 
column chromatography and were tentatively assigned the 
interesting structures 19 and 21 based on their spectral 
properties and the observation that the predominant product 
19 afforded an 0 , N -  diacetyl derivative 20 upon treatment 
with acetic anhydride in pyridine. Alcohols 19 and 2 1  were 
likely formed by the route outlined in Chart III.

The reaction of two other unsaturated organometallic re
agents with nitrone 3 with briefly investigated. Treatment of 
nitrone 3 with excess 1-lithio-l-hexyne at —15 °C gave open- 
chain nitrone 22 in 13% yield, while at —78 °C, starting 3 was 
recovered unchanged. The reaction of excess allylmagnesium
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15, M= metal
16, M = H

Chart III

17 18
C H ,= C H L i

or

CH2= C H M g B r

,. a t 25 °C

jp a th a

19, R = H
20, R = Ac

bromide with 3 at 25 °C followed by air oxidation gave ni- 
troxide 23 in 20% yield.

In general, the N-hydroxyoxazolidines produced by the 
addition (> —15 °C) of saturated alkyl groups to nitrone 2 
showed much less tendency toward isomerization to the cor
responding open-chain nitrones. Indeed, the best yield (43%) 
of 14 (R = CH3) was obtained when the reaction was done at 
25 °C. The product resulting from the addition of 2 mol of 
methyllithium was not detected. Even so, with the higher 
homologues, minor absorptions attributed to the open-chain 
nitrones could be observed in the NMR spectra of the crude 
N-hydroxyoxazolidines obtained from reactions done at 25 
°C.

Several reactions of the six-membered ring nitrone 9 with 
organometallic reagents have also been examined. Reactions 
involving Grignard reagents gave complex mixtures of prod
ucts. The reaction (Chart IV) of 9 with methyllithium at 25

Chart IV

24, R = CH, 26, R = CH3 28, R = OH
25, R = (CH,)3CH3 27, R=(CH3)3CH3 29, R = 0

°C for 1 h followed by CuiOAc^-hEO-catalyzed air oxidation 
gave, in addition to nitroxide 26, some nitroxide 29 resulting 
from the addition of 2  mol of methyllithium. Comparison of 
the NMR spectrum of the crude product mixture after workup 
of the methyllithium addition with the NMR spectra of N -  
hydroxy compounds 24 and 28 obtained via reduction of the 
corresponding nitroxides with phenylhydrazine1 3  indicated 
a relatively clean mixture of 24 and 28. Much 26 was lost 
during isolation owing to its volatility. Nitroxide 27 was sim
ilarly prepared in 18% yield using butyllithium. As in earlier 
experiments, the objective was the preparation of the ni
troxide and while several minor products were formed they 
were not isolated or characterized. None of the nitroxide re
sulting from the addition of 2  mol of the reagent was detected 
in the butyllithium reaction.

Nitroxides 26 and 27 are members of a recently described17  

class of stable nitroxides which possess a tetrahvdrooxazine 
ring system. Such nitroxides may prove useful in spin labeling 
studies though at present their overall synthesis starting from 
dihydrooxazine 7 is not as convenient as the five-membered 
ring doxyl synthesis herein described, and the presence of the 
ring methyl group leads to pesky isomer possibilities.

Experimental Section14
2-Pentyl-4,4-dimethyloxazoline 2,3-Oxide ( 2 ) .  T o  a  s o l u t i o n  o f  

1 . 6 9  g  ( 1 0 . 0  m m o l i  o f  o x a z o l in e  l 1 5  in  2 0  m l  o f  d r y  e t h e r  a t  — 1 0  ° C  w a s  

a d d e d  d r o p w is e  w i t h  s t i r r i n g  u n d e r  N 2  a  s o lu t io n  o f  2 .0 3  g  ( 1 0 .0  m m o l)  

o f  8 5 %  M C P A  d i s s o l v e d  in  3 0  m l  o f  e t h e r .  A f t e r  s t a n d i n g  a t  8  ° C  f o r  

4 8  h  t h e  s o lu t io n  w a s  w a s h e d  w e l l  w it h  a q u e o u s  1 0 %  N a 2C C >3 a n d  d r ie d  

o v e r  K 2C O 3 . E v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  1 . 6 7  g  (9 9 % )  o f  c r u d e  

(9 4 %  b y  N M R )  o x a z i r i d i n e  2 a s  a  p a l e  b l u e  o i l :  N M R  0 1 . 1 3  ( 3  H , s , 

g e m - M e ) ,  1 . 3 6  ( 3  H ,  s , g e m -M e ) ,  2 . 1  ( 2  H ,  m , a - C H 2 ), 3 .4 6  [ 1  H ,  d  (J  
=  8 H z ) ,  C H 2 O ], 3 . 6 1  [ 1  H ,  d  (J  =  8 H z ) ,  C H 2 O J ; m a s s  s p e c t r u m  m /e  
( r e l  i n t e n s i t y )  1 8 5  ( 3 ) ,  1 8 4  ( 7 ) ,  1 7 0  ( 3 ) ,  1 5 6  ( 1 1 ) ,  1 4 2  ( 3 1 ) ,  1 2 9  ( 1 0 0 ) ,  

1 1 4  ( 1 0 ) ,  9 9  (2 0 ) , 7 1  ( 1 2 ) ,  5 6  ( 3 6 ) ,  4 3  ( 3 8 ) ,  4 1  ( 1 8 ) .  C r u d e  2  w a s  u s e d  

f o r  s u b s e q u e n t  r e a c t i o n s .

2-Nitro-2-methylpropyl Hexanoate (4). A. From 1. T o  a  s o lu t io n  

o f  1 6 9  m g  ( 1 .0 0  m m o l)  o f  1  in  5  m l  o f  e t h e r  a t  0  ° C  w a s  a d d e d  a  s o lu t io n  

o f  6 0 8  m g  ( 3 .0 0  m m o l)  o f  8 5 %  M C P A  d i s s o l v e d  in  3  m l  o f  e t h e r .  A f t e r  

s t a n d i n g  fo r  6  d a y s  a t  8  ° C  t h e  c o lo r le s s  s o lu t io n  w a s  w a s h e d  w e l l  w i t h  

a q u e o u s  1 0 %  N a 2 C 0 3  a n d  b r i n e  a n d  t h e n  d r i e d  o v e r  K2CO:j. E v a p o 

r a t io n  o f  t h e  s o lv e n t  g a v e  2 0 6  m g  (9 5 % )  o f  a  y e l lo w  o il w h ic h  w a s  ~ 78%  
n i t r o  e s t e r  4 b y  N M R .  T h e  a n a l y t i c a l  s p e c i m e n  w a s  o b t a i n e d  a s  a n  

o i l  b y  p r e p a r a t i v e  V P C :  N M R  5 1 . 6 1  ( 6  H ,  s ,g e m -M e ),  2 . 3 3  [2  H ,  t  (J 
=  7  H z ) ,  o : - C H 2] ,  4 . 4 1  ( 2  H ,  s ,  C H 2 0 ) ;  i r  1 7 4 5 , 1 5 5 0  c m - 1 . A n a l .  C a l c d  

f o r  C 10 H 1 9 N O 4: C ,  5 5 .2 8 ;  H ,  8 . 8 1 :  N ,  6 .4 5 .  F o u n d :  C ,  5 5 .5 6 ;  H ,  8 .8 2 ; N ,  

6 . 1 8 .

B. From 2-Nitro-2-methylpropanol. A  m i x t u r e  o f  2 .3 8  g  ( 2 0  

m m o l)  o f  2 - n i t r o - 2 - m e t h y l p r o p a n o l ,  1 . 1 6 2  g  ( 1 0  m m o l)  o f  h e x a n o i c  

a c i d ,  a n d  5 0  m g  o f  T s O H - H 20  in  5 0  m l  o f  b e n z e n e  w a s  b r o u g h t  t o  r e 

f l u x  f o r  2 4  h , w a t e r  b e i n g  c o l l e c t e d  in  a  D e a n - S t a r k  t r a p  c o n t a i n i n g  

K 2 C O 3 . T h e  b e n z e n e  s o l u t i o n  w a s  w a s h e d  w i t h  w a t e r ,  a q u e o u s  s a t u 

r a t e d  N a H C C > 3 , a n d  b r i n e  a n d  t h e n  d r i e d  o v e r  K 2C O 3 . E v a p o r a t i o n  

o f  t h e  s o l v e n t  a n d  d i s t i l l a t i o n  o f  t h e  y e l lo w  r e s i d u e  g a v e  1 . 2 1 5  g  ( 6 1% )  

o f  4 ,  b p  8 5 - 8 7  ° C  (0 .0 6  m m ) .

2-(Hydroxyamino)-2-methylpropyl Hexanoate (5). A  s o lu t io n  

o f  4 6 4  m g  ( 2 . 1 4  m m o l)  o f  4  a n d  1 1 4  m g  ( 2 . 1 4  m m o l)  o f  N H 4C 1  in  2 0  m l 

o f  H 20  w a s  c o o le d  t o  < 1 0  ° C  in  a n  ic e  b a t h .  T o  t h e  s t i r r e d  s o l u t i o n  

w a s  a d d e d  6 8 8  m g  ( 1 0 . 7  m m o l)  o f  p o w d e r e d  z in c . A f t e r  s t i r r i n g  f o r  4  

h  a t  < 1 5  ° C ,  t h e  m i x t u r e  w a s  f i l t e r e d  a n d  t h e  z in c  c a k e  w a s  w a s h e d  

w i t h  m e t h a n o l .  T h e  s o l u t i o n  w a s  c o n c e n t r a t e d  a n d  e x t r a c t e d  w i t h  

s e v e r a l  p o r t i o n s  o :  e t h e r .  T h e  e t h e r  s o l u t i o n  w a s  d r i e d  o v e r  K 2 C O 3 

a n d  e v a p o r a t e d  t o  y i e l d  a  b lu e  o i l ,  c h r o m a t o g r a p h y  o f  w h ic h  g a v e  1 2 0  

m g  ( 2 8 % )  o f  I V - h y d r o x y  e s t e r  5 a s  a  c o l o r l e s s  o i l :  N M R  5 1 . 1 0  ( 6  H ,  s , 

gem  - M e ) ,  2 . 3 7  [ 2  H ,  t  (J  =  7  H z ) ,  a - C H 2] ,  4 .0 7  ( 2  H ,  s ,  C H 20 ) ;  ir  3 2 8 0  

( O H ) ,  1 7 3 5  c m - 1  ( e s t e r ) ;  m a s s  s p e c t r u m  m /e  ( r e l  i n t e n s i t y )  2 0 3 . 1 5 3  

(2 )  ’( c a lc d  f o r  C 1 0 H 7 1 N O 3 , 2 0 3 . 1 5 2 ) ,  1 7 2  ’( 2 7 ) ,  9 9  ( 2 6 ) ,  7 4  ( 1 0 0 ) ,  7 1  ( 1 9 ) ,  

5 8  ( 3 9 ) ,  5 6  ( 2 6 ) ,  5 5  ( 1 2 ) ,  4 3  ( 2 2 ) ,  4 2  ( 1 8 ) ,  4 1  ( 1 6 ) .

2-Nitroso-2-methylpropyl Hexanoate (6). T o  a  s o l u t i o n  o f  1 7 . 2  

m g  ( 0 .0 8 5  m m o l)  o f  N - h y d r o x y  e s t e r  5  in  3  m l  o f  e t h e r  a t  0  ° C  w a s  

a d d e d  d r o p w i s e  w i t h  s t i r r i n g  u n d e r  N 2 a  s o l u t i o n  o f  1 7 . 2  m g  ( 0 .0 8 5  

m m o l)  o f  8 5 %  M C P A  d i s s o l v e d  in  1 . 0  m l  o f  e t h e r .  A f t e r  1 0  m in ,  t h e  

s o lu t io n  w a s  d i lu t e d  w it h  e t h e r  a n d  w a s h e d  s e v e r a l  t im e s  w i t h  a q u e o u s  

1 0 %  N a 2 C 0 3  a n d  b r i n e .  E v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  a  b lu e  o i l  

w h i c h  w a s  c h r o m a t o g r a p h e d  o n  a  s i l i c a  g e l  c o l u m n  t o  y i e l d  1 3 . 1  m g  

( 7 7 % )  o f  p u r i f i e d  6 . A n  a n a l y t i c a l  s a m p l e  o f  6  a s  a  d a r k  b lu e  o i l  w a s
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p r e p a r e d  b y  p r e p a r a t i v e  V P C :  N M R  5 1 . 1 3  ( 6  H ,  s ,  g e m -M e ) ,  2 . 2 2  [2

H ,  t  ( J  =  7  H z ) ,  a - C H 2] , 4 .8 0  ( 2  H ,  s ,  C H 20 ) :  i r  1 7 4 5  ( e s t e r ) ,  1 5 6 7  c m - 1 

( N - O ) .  A n a l .  C a l c d  f o r  C 1 0 H 1 9 N O 3 : C ,  5 9 .6 8 ; H ,  9 .5 2 ;  N ,  6 .9 6 . F o u n d :  

C ,  5 9 . 8 5 ;  H ,  9 .6 6 ; N ,  6 .6 9 .

2.4.4.6- Tetramethyl-5,6-dihydro-l,3-oxazine 2,3-Oxide ( 8 ) , T o  

a  s o lu t io n  o f  8 2 1  m g  ( 5 .8 2  m m o l)  o f  7 1 6  in  2C  m l  o f  d r y  e t h e r  a t  —2 3  ° C  

u n d e r  N 2  w a s  a d d e d  w i t h  s t i r r i n g  d r o p w i s e  o v e r  2 0  m i n  a  s o l u t i o n  o f

I .  1 8  g  ( 5 .8 2  m m o l)  o f  8 5 %  M C P A  d i s s o lv e d  in  2 0  m l  o f  e t h e r .  T h e  b a t h  

w a s  a l l o w e d  t o  w a r m  t o  — 1 0  ° C  a n d  t h e n  a q u e o u s  1 0 %  N a 2 C 0 3  w a s  

a d d e d .  T h e  e t h e r  l a y e r  w a s  s e p a r a t e d ,  w a s h e d  w i t h  c h i l l e d  a q u e o u s  

1 0 %  N a 2C 0 3 , a n d  d r i e d  o v e r  K 2C 0 3. E v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  

5 7 0  m g  (6 4 % )  o f  t h e  c r u d e  ( 8 4 %  b y  N M R )  o x a z i r i d i n e  8  a s  a  b l u e  o i l  

( s o m e  lo s s  d u e  t o  v o la t i l i t y ) :  N M R  <5 1 . 2 6  ( 6  H ,  s ,  g e m -M e ) ,  1 . 1 7  [3  H ,  

d  (J =  6  H z ) ,  M e  a t  C g ] ,  1 - 6 5  ( 3  H ,  s , M e  a t  C 2), 4 .0 5  ( 1 H ,  m , H  a t  C 6). 

C r u d e  8  w a s  u s e d  f o r  s u b s e q u e n t  r e a c t i o n s .

2-Nitroso-2-methyl-4-acetoxypentane (10) and Dimer. T o  a  

s o l u t i o n  o f  1 1 9  m g  ( 0 .8 4  m m o l)  o f  7  in  2  m l  o f  d r y  e t h e r  a t  0  ° C  w a s  

a d d e d  d r o p w is e  o v e r  1 5  m i n  w i t h  s t i r r i n g  u n d e r  N 2  a  s o l u t i o n  o f  3 4 1 . 2  

m g  ( 1 .6 8  m m o l)  o f  8 5 %  M C P A  d i s s o lv e d  in  3  m l  o f  e t h e r .  T h e  s o lu t io n  

w a s  a l l o w e d  t o  w a r m  t o  2 5  ° C  a n d  w a s  s t i r r e d  f o r  5  h ,  a f t e r  w h i c h  t h e  

e t h e r  s o lu t io n  w a s  w a s h e d  w i t h  f o u r  p o r t io n s  o f  a q u e o u s  1 0 %  N a 2C 0 3 

a n d  t h e n  w i t h  b r i n e .  E v a p o r a t i o n  o f  t h e  s o l v e n t  a n d  c h r o m a t o g r a p h y  

o n  s i l i c a  g e l  y ie l d e d  1 1 5  m g  (7 9 % )  o f  n i t r o s c  e s t e r  10 a s  a  d a r k  b lu e  o i l.  

U p o n  s t a n d i n g  a t  - 2 0  ° C ,  c o l o r l e s s  c r y s t a l s  o f  t h e  d i m e r  s e p a r a t e d  

o u t .  T h e s e  w e r e  w a s h e d  w i t h  c o l d  C C R  a n d  s u b l i m e d  ( 5 0  ° C ,  0 .0 2 5  

n jm )  t o  o b t a i n  t h e  a n a l y t i c a l  s p e c i m e n :  m p  6 5 - 6 7  ° C ;  N M R  5 1 . 5 7  ( 6  

H ,  s ,  g e m - M e ) ,  1 . 2 2  [ 3  H ,  d  (J =  6  H z ) ] ,  2 . 0 2  ( 3  H ,  s ,  a c e t y l ) ,  4 .9 5  ( 1

H ,  m , m e t h i n e  H ) .  A n a l .  C a l c d  f o r  C i 6H 3o N 2 O e: C ,  5 5 .4 7 ;  H ,  8 .7 3 ;  N ,

8 .0 9 . F o u n d :  5 5 .2 6 ;  H ,  8 .7 6 ;  N ,  7 .9 3 .

C o m p l e t e  d i s s o c i a t i o n  t o  t h e  b l u e  m o n c m e r  o c c u r r e d  in  C D C 1 3  in

1  h : N M R  ( m o n o m e r )  6 1 . 0 6  ( 3  H ,  s , g e m -M e),  1 . 1 3  ( 3  H ,  s , g e r a - M e ) ,

I .  2 1  [3  H ,  d  (J =  6  H z ) ] ,  1 . 8 7  ( 3  H ,  s ,  a c e t y l ) ,  4 .9 4  ( 1  H ,  m , m e t h in e  H ) ;  

i r  (CCI4) 1 7 4 5  ( e s t e r ) ,  1 5 6 5  c m - 1  ( N - O ) .

2-Nitro-2-methyl-4-acetoxypentane (1 1 ). T o  a  s o l u t i o n  o f  2 3 8  

m g  ( 1 . 6 8  m m o l)  o f  7  in  1 0  m l  o f  e t h e r  w a s  a d d e d  a t  2 5  ° C  a  s o l u t i o n  

o f  1 . 0 1  m g  ( 5 .0 0  In m o l)  o f  8 5 %  M C P A  d i s s o lv e d  in  1 0  m l  o f  e t h e r .  A f t e r  

s t a n d in g  f o r  1 2  h  t h e  e t h e r  s o lu t io n  w a s  w a s h e d  w e l l  w i t h  a q u e o u s  1 0 %  

N a 2 C 0 3  a n d  d r i e d  o v e r  K 2 C 0 3. E v a p o r a t i o n  g a v e  2 0 0  m g  (6 4 % )  o f  11 
a s  a  p a l e  .y e l lo w  o i l .  T h e  a n a l y t i c a l  s p e c i m e n  w a s  o b t a i n e d  b y  p r e 

p a r a t i v e  V P C :  N M R  S 1 . 5 8  ( 6  H ,  s ,  g e m - M e ) ,  1 . 2 3  [3  H ,  d  ( J  =  6  H z ) ] ,  

1 . 9 6  ( 3  H ,  s ,  a c e t y l ) ,  5 .0 9  ( 1  H ,  m , m e t h i n e  H ) ;  i r  (CCI4) 1 7 5 0  ( e s t e r ) ,  

1 5 5 5  c m - 1  ( n i t r o ) ;  m a s s  s p e c t r u m  ( 3 0  e V )  m / e  ( r e l  in t e n s i t y )  1 8 9 . 1 0 2  

( 0 .0 2 )  ( c a lc d  f o r  C 8H i SN 0 4, 1 8 9 . 1 0 0 ) ,  1 7 4  ( 1 ) , 1 4 3  ( 3 ) ,  1 2 9  ( 4 ) ,  1 1 8  ( 4 ) ,  

9 9  ( 5 ) ,  8 3  ( 5 3 ) ;  5 6  ( 1 1 ) ,  5 5  ( 2 4 ) ,  4 3  ( 1 0 0 ) ,  4 1  ( 2 9 ) .

General Procedure for Isomerization of Oxaziridines 2 and
8 . A  s o l u t i o n  o f  ~ 1 5 0  m g  o f  ¿ r u d e  o x a z i r i d i n e  in  2  m l  o f  C H C 1 3  w a s  

p la c e d  o n  t o p  o f  a  d r y  s i l i c a  g e l  c o lu m n  ( 1 . 5  X  1 0  c ih ) .  A f t e r  s t a n d i n g  

f o r  3 0  m in ,  t h e  c o lu m n  w a s  s u c c e s s i v e l y  e l u t e d  w i t h  2 0  m l  o f  C H C 1 3, 

2 0  m l  o f  a c e t o n e ,  a n d  f i n a l l y  1 5  m l  o f  m e t h a n o l .  E v a p o r a t i o n  o f  t h e  

m e t h a n o l  a t  2 0  ° C  a f f o r d e d  t h e  n i t r o n e  ( > 8 5 % ) .

2 - P e n t y l - 4 ,4 - d i m e t h y l o x a z o l i n e  i V - o x i d e  ( 3 )  w a s  o b t a i n e d  a s  a  p a l e  

y e l lo w  o i l :  N M R  S 1 . 5 0  ( 6  H ,  s ,  g e m - M e ) ,  2 .6 2  [2  H ,  t  (J  =  7  H z ) ,  a- 
C H 2], 4 .2 9  ( 1 H ,  s , C H 2 0 ) ;  u v  ( E t O H )  2 4 4  n m  (e 4 5 4 0 ) ;  m a s s  s p e c t r u m  

m /e  ( r e l  i n t e n s i t y )  1 8 5 . 1 3 9  ( 3 )  ( c a l c d  f o r  C i o H i g N 0 2, 1 8 5 . 1 4 2 ) ,  1 7 2  

( 9 ) , 1 5 4  ( 2 5 ) ,  1 2 6  ( 2 9 ) ,  1 1 3  ( 1 0 0 ) ,  9 9  ( 3 5 ) ,  7 4  ( 4 5 ) ,  5 8  ( 6 2 ) ,  4 3  ( 4 3 ) .

2 .4 .4 .6 -  T e t r a m e t h y l - 5 , 6 - d i h y d r o - l , 3 - o x a z i n e  i V - o x i d e  (9) w a s  o b 

t a i n e d  a s  lo w - m e l t i n g  w h i t e  c r y s t a l s :  N M R  S 1 . 5 1  ( 6  H ,  s ,  g e m - M e ) ,  

1 . 3 8  [3  H ,  d  (J  =  6  H z ) ] ,  2 . 2 5  ( 3  H ,  s ,  M e  a t  C 2) , 4 .6 3  ( 1  H ,  m , m e t h in e  

H ) ;  m a s s  s p e c t r u m  m / e  ( r e l  i n t e n s i t y )  1 5 7 . 1 1 1  ( 1 3 )  ( c a l c d  f o r  

C 8H i 5 N 0 2, 1 5 7 . 1 1 0 ) ,  1 4 1  ( 9 ) , 1 1 5  ( 4 0 ) , 1 0 0  ( 8 1 ) ,  8 3  ( 5 3 ) ,  7 4  ( 5 2 ) ,  7 3  

( 3 4 ) ,  5 8  ( 2 3 ) ,  5 6  ( 2 0 ) ,  5 5  ( 1 6 ) ,  4 3  ( 1 0 0 ) .

U s u a l l y  e v i d e n t  in  s a m p l e s  o f  9 b y  N M R  w a s  a  s m a l l  c o n t a m i n a n t  

o f  N - h y d r o x y  e s t e r  1 2 : N M l t  <S 1 . 0 9  ( 6  H , s , g e m - M e ) ,  1 . 2 5  (3  H ,  d  ( J  

=  6  H z ) ] ,  2 .0 3  ( 3  H ,  s ,  M e  a t  C 2) , 5 . 1 2  ( 1  H ,  m , m e t h i n e  H ) ;  i r  ( C C 1 4) 

3 2 8 0  ( O H ) ,  1 7 4 0  c m - 1  ( e s t e r ) .

2-Pentyl-2,4,4-triniethyloxazolidine-lV-oxyl (14, R =  C H 3 ) . T o  

a  s o l u t i o n  o f  1 5 0  m g  ( 0 .8 0 0  m m o l)  o f  f r e s h l y  p r e p a r e d  n i t r o n e  3  in  5  

m l  o f  d r y  e t h e r  a t  2 5  ° C  w i t h  s t i r r i n g  u n d e r  N 2  w a s  a d d e d  3  e q u i v  o f

2  M  m e t h y lm a g n e s i u m  i o d i d e  in  e t h e r .  A f t e r  1  h , a q u e o u s  s a t u r a t e d  

N H 4C I  w a s  a d d e d ,  t h e  e t h e r  l a y e r  w a s  s e p a r a t e d ,  a n d  t h e  r e s i d u e  w a s  

w a s h e d  t h o r o u g h l y  w i t h  f r e s h  e t h e r .  E v a p o r a t i o n  o f  t h e  c o m b i n e d  

e t h e r  s o l u t i o n s  a f f o r d e d  c r u d e  I V - h y d r o x y o x a z o l i d i n e  1 3  ( R  =  C H 3 ), 

w h i c h  w a s  t a k e n  u p  in  1 0  m l  o f  m e t h a n o l  c o n t a i n i n g  ~ 2  m g  o f  

C u ( 0 A c )2 - H 20  a n d  s t i r r e d  u n d e r  a i r  f o r  3 0  m i n  a t  2 5  ° C .  E v a p o r a t i o n  

o f  t h e  s o l v e n t  a n d  c o lu m n  c h r o m a t o g r a p h y  o n  s i l i c a  g e l  a f f o r d e d  t h e  

n i t r o x i d e  ( 1 4  R  =  C H 3). T h e  p u r e  s p e c i m e n  w a s  o b t a i n e d  b y  p r e 

p a r a t i v e  V P C  a n d  i t s  i n f r a r e d  s p e c t r u m  w a s  i d e n t i c a l  w i t h  t h a t  o f  1 4  

( R  =  C H 3) p r e p a r e d  b y  o u r  e a r l i e r  m e t h o d . 3

2-Pentyl-2-ethyl-4,4-dimethyloxazolidine-JV-oxyl (14, R = 
C H 2 C H 3 ) . S i m i l a r ly  p r e p a r e d  u s in g  e t h y lm a g n e s iu m  b r o m id e  a t  - 1 5  

° C  w a s  14 ( R  =  C H 2 C H 3): m a s s  s p e c t r u m  m /e  ( r e l  i n t e n s i t y )  2 1 4  ( 7 ) ,

1 8 6  ( 5 ) ,  1 5 8  ( 1 6 ) ,  1 4 3  (2 1 ) , 1 2 9  ( 1 0 0 ) ,  7 2  ( 2 2 ) ,  5 6  ( 3 3 ) .  A n a l .  C a l c d  f o r  

C 1 2 H 24N 0 2: C ,  6 7 .2 5 ;  H ,  1 1 . 2 9 ;  N ,  6 .5 4 .  F o u n d :  C ,  6 7 . 3 8 ;  H ,  1 1 . 6 9 ;  N ,  

6 .3 4 .
2-Penty 1-2-heptyl-4,4-dimethyloxazolidine-,\T-oxyI [14, R = 

( C H 2 ) 6C H 3 ] .  S i m i l a r l y  p r e p a r e d  u s i n g  h e p t y l m a g n e s i u m  i o d i d e  a t  

— 1 5  ° C  w a s  14 [ R  =  ( C H o ) 6C H 3] : m a s s  s p e c t r u m  m /e  ( r e l  i n t e n s i t y )  

2 8 4  ( 3 ) ,  2 2 8  ( 1 1 ) ,  2 1 0  ( 4 1 ) ,  1 9 9  ( 8 1 ) ,  1 9 8  ( 6 2 ) ,  1 8 6  ( 4 5 ) ,  1 7 0  (4 6 ) , 9 9  ( 4 0 ) , 

8 5  ( 3 2 ) ,  7 1  ( 7 3 ) ,  5 7  ( 1 0 0 ) ,  4 3  (9 0 ) . A n a l .  C a l c d  f o r  C i 7H 34N 0 2: C ,  7 1 . 7 8 ;  

H ,  1 2 . 0 5 ;  N ,  4 .9 2 .  F o u n d :  C ,  7 1 . 9 9 ;  H ,  1 2 . 5 4 ;  N ,  4 .6 9 .
2- Pentyl-2-vinyl-4,4-dimethyloxazolidine-JV-oxyl (14, R = 

Vinyl). T o  a  s o l u t i o n  o f  1 0 0  m g  ( 0 .5 4 0  m m o l)  o f  f r e s h l y  p r e p a r e d  3  

in  1 0  m l  o f  d r y  e t h e r  a t  —7 8  ° C  w a s  a d d e d  w i t h  s t i r r i n g  d r o p w is e  u n d e r  

N 2  a  t w o f o l d  e x c e s s  o f  v i n y l l i t h i u m  ( 2  M  in  T H F ) .  A f t e r  2  h ,  s o m e  

e t h e r  s a t u r a t e d  w i t h  w a t e r  w a s  a d d e d  a n d  t h e n  t h e  m i x t u r e  w a s  a l 

lo w e d  t o  w a r m  t o  2 5  ° C .  W a t e r  w a s  a d d e d  a n d  t h e  e t h e r  p h a s e  s e p a 

r a t e d .  T h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d  w i t h  e t h e r  a n d  t h e  c o m b in e d  

e t h e r  s o l u t i o n s  w e r e  d r i e d  ( K 2 C 0 3) a n d  e v a p o r a t e d ,  a f f o r d i n g  c r u d e  

N - h y d r o x y o x a z o l i d i n e  13 ( R  =  v in y l )  a lo n g  w i t h  s o m e  m in e r a l  o i l  f r o m  

t h e  v i n y l l i t h i u m  r e a g e n t .  T h e  c r u d e  p r o d u c t  w a s  d i s s o l v e d  in  1 0  m l  

o f  M e O H  c o n t a i n i n g  ~ 2  m g  o f  ( C u ( 0 A c ) 2 - H 20  a n d  s t i r r e d  u n d e r  a i r  

a t  2 5  ° C  f o r  2  h .  T h e  s o l v e n t  w a s  e v a p o r a t e d  t o  y i e l d  a  y e l lo w  o i l .  

C o l u m n  c h r o m a t o g r a p h y  o v e r  s i l i c a  g e l  f o l lo w e d  b y  p r e p a r a t i v e  T L C  

o v e r  s i l i c a  g e l  a f f o r d e d  3 3  m g  ( 2 9 % )  o f  p u r e  t i t l e  n i t r o x i d e .  T h e  a n a 

l y t i c a l  s p e c i m e n  w a s  o b t a i n e d  a s  a n  o r a n g e  o i l  b y  p r e p a r a t i v e  V P C :  

m a s s  s p e c t r u m  m /e  ( r e l  in t e n s i t y )  2 1 2  (8 ) , 1 5 6  ( 1 2 ) ,  1 4 2  ( 1 6 ) ,  1 2 7  ( 1 0 0 ) ,  

7 0  ( 1 7 ) ,  5 6  ( 3 6 ) ,  5 5  ( 3 2 ) .  A n a l .  C a l c d  f o r  C i 2H 22 N 0 2: C ,  6 7 .8 9 ; H ,  10 .4 4 ;  

N ,  6 .6 0 . F o u n d :  C ,  6 7 . 3 3 ;  H ,  1 0 . 8 1 ;  N ,  6 . 4 1 .

Reaction of Nitrone 3 with Vinylmagnesium Bromide at 25 °C. 
T o  a  s o l u t i o n  o f  8 5  m g  o f  f r e s h l y  p r e p a r e d  3 in  1 0  m l  o f  d r y  e t h e r  a t  

0  ° C  w a s  a d d e d  w i t h  s t i r r i n g  u n d e r  N 2  2  e q u i v  o f  v i n y l m a g n e s i u m  

b r o m i d e  ( 2  M  in  T H F ) .  A f t e r  t h e  m i x t u r e  w a s  a l l o w e d  t o  w a r m  t o  2 5  

° C ,  t h e  u s u a l  w o r k u p  w i t h  a q u e o u s  s a t u r a t e d  N H 4C 1  g a v e  a  y e l lo w  

o i l  w h i c h  c o n s i s t e d  o f  t w o  m a j o r  c o m p o n e n t s  b y  T L C .  C h r o m a t o g 

r a p h y  o v e r  s i l i c a  g e l  u s i n g  C H C 1 3 a s  t h e  e l u e n t  g a v e  4 1  m g  ( 3 7 % )  o f  

d i e n e  19 a s  a  c o lo r le s s  o i l  w h ic h  c r y s t a l l i z e d  u p o n  s t a n d i n g  a t  —2 0  ° C :  

m p  3 0 - 3 1  ° C ;  N M R  5 1 . 0 4  ( 6  H ,  s , g e m - M e ) ,  2 .2 5  ( 2  H ,  m , a l l y l i c s ) ,  3 .4 6  

( 2  H ,  s ,  C H 2 0 ) ,  4 . 3 3  [2  H ,  d  ( J  =  7  H z ) ,  C = C - C H 2 0 ] ,  5 .6 0  [ 1  H ,  t  

( J t r a n s  =  1 8  H z ) ,  t e r m i n a l  v i n y l ] ,  6 .3 0  ( 1  H ,  d d ,  t e r m i n a l  v i n y l ) ;  m a s s  

s p e c t r u m  m /e  ( r e l  i n t e n s i t y )  2 4 1 . 2 0 1  (4 )  ( c a l c d  f o r  C 1 4 H 2 7 N C U , 

2 4 1 . 2 0 4 ) ,  2 1 0  ( 2 ) ,  1 3 7  ( 3 5 ) ,  9 5  ( 3 8 ) ,  8 1  ( 7 1 ) ,  7 4  ( 3 7 ) ,  6 7  ( 1 0 0 ) ,  5 5  ( 1 7 ) ,  

4 1  ( 1 8 ) ;  i r  ( C H C 1 3 ) 3 3 0 0 - 3 6 0 0  ( N H  a n d  O H ) ,  1 6 0 0  c m “ 1 ( C = C ) ;  u v  

( E t O H )  2 3 2  n m  (c 1 8  2 0 0 ) .

F u r t h e r  e l u t i o n  w i t h  e t h e r  g a v e  1 4  m g  ( 1 2 % )  o f  d i e n e  2 1  a s  a  c o l 

o r l e s s  o i l :  N M R  6  1 . 2 0  ( 6  H ,  s ,  g e m - M e ) ,  2 . 2 7  ( 2  H ,  m , a l l y l i c s ) ,  3 . 5 4  

(2  H ,  s , C H 20 ) ,  3 .4 4  [2  H ,  d  (J =  7  H z ) ,  C H 2N ] ,  5 .6 4  ( 1  H ,  t  (J =  7  H z ) ,  

v i n y l ] ,  5 .0 2  [ 1  H ,  d  ( J cis =  1 1  H z ) ,  t e r m i n a l  v i n y l ] ,  5 . 2 1  ¡ 1  H ,  d  ( J trans 

=  1 8  H z ) ,  t e r m i n f  1 v i n y l ] ,  6 .3 2  ( d d ,  t e r m i n a l  v i n y l ) ;  m a s s  s p e c t r u m  

m / e  ( r e l  i n t e n s i t y )  2 4 1 . 2 0 2  ( 1 )  ( c a lc d  f o r  C i 4 H 27 N 0 2 , 2 4 1 . 2 0 4 ) ,  2 1 0  

( 3 2 ) ,  1 9 4  ( 1 3 ) ,  1 3 7  ( 1 8 ) ,  9 5  ( 3 8 ) ,  8 1  ( 6 7 ) ,  6 7  ( 1 0 0 ) ,  5 5  ( 4 3 ) ,  4 1  ( 4 0 ) .

W h e n  t h e  r e a c t io n  a n d  w o r k u p  f o r  t h e  v i n y l  G r i g n a r d  a d d i t io n  w e r e  

d o n e  a t  0  ° C  r a t h e r  t h a n  2 5  ° C ,  t h e  m a j o r  c o m p o n e n t  b y  N M R  w a s  

t h e  o p e n - c h a i n  n i t r o n e  1 8 :  N M R  5 1 . 6 0  ( 6  H ,  s ,  g e m - M e ), 2 .6 5  ( 2  H ,  

m , N = C - C H 2) , 3 . 7 3  ( 2  H ,  s ,  C H 2 0 ,  5 .5 4  [ 1  H ,  d  ( J C1S =  1 1  H z ) ,  t e r 

m i n a l  v i n y l ] ,  5 . 5 2  [ 1  H ,  d  ( J trans =  1 7  H z ) ,  t e r m i n a l  v i n y l ] ,  5 .9 9  ( 1  H ,  

d d ,  t e r m i n a l  v i n y l ) .  I t  w a s  n o t  p o s s i b le  t o  o b t a i n  a  s a m p l e  o f  1 8  f r e e  

f r o m  1 6 .

Acetylatidn of Diene 19. T o  a  s o l u t i o n  o f  8 .5  m g  ( 0 .0 3 6  m m o l)  o f  

19 in  1  m l  o f  a c e t i c  a n h y d r i d e  w a s  a d d e d  1  d r o p  o f  p y r i d i n e .  T h e  s o 

l u t i o n  w a s  l e f t  s t a n d i n g  a t  2 5  ° C  f o r  5  d a y s  a n d  t h e n  t h e  s o l v e n t  w a s  

e v a p o r a t e d .  P r e p a r a t i v e  T L C  o n  s i l i c a  g e l  g a v e  5 .0  m g  (4 4 % )  o f  d i 

a c e t a t e  20 a s  a  l i g h t  y e l lo w  o i l :  N M R  <5 1 . 4 4  ( 6  H ,  s ,  g e m - M e ) ,  2 .0 6  ( 3  

H ,  s ,  a c e t y l ) ,  2 . 1 6  ( 3  H ,  s ,  a c e t y l ) ,  4 .4 7  (2  H ,  s ,  O C H 2) , 4 . 5 1  (2  H ,  m , 

C = C - C H 2 0 ) ,  5 . 1 6  [ 1  H ,  d  ( J cis =  1 1  H z ) ,  t e r m i n a l  v i n y l ] ,  5 . 3 2  [ 1  H ,  

d  (J trans =  1 8  H z ) ,  t e r m i n a l  v i n y l ] ,  5 .5 6  ( 1  H ,  t  ( J  =  7  H z ) ,  v i n y l ] ,  6 .3 2  

( 1  H ,  d d ,  t e r m i n a l  v i n y l ) ;  i r  1 7 4 5  ( e s t e r ) ,  1 6 7 0  c m - 1  ( a m id e ) .

Reaction of Nitrone 3 with 1-Lithio-l-hexyne. T o  a  s o l u t i o n  

o f  4 1  m g  ( 0 .5 0  m m o l)  o f  1 - h e x y n e  in  5  m l  o f  d r y  e t h e r  a t  0  ° C  u n d e r  

N 2  w a s  a d d e d  1  e q u i v  o f  m e t h y l l i t h i u m  ( 1 . 7  M  in  e t h e r ) .  A f t e r  3 0  m in  

a t  2 5  ° C ,  t h e  s o l u t i o n  w a s  c o o le d  t o  - 1 5  ° C  a n d  t r e a t e d  w i t h  6 5  m g  

( 0 .3 5  m m o l)  o f  f r e s h l y  p r e p a r e d  n it r o n e  3 in  2  m l  o f  e t h e r .  A f t e r  5  m in ,  

t h e  r e a c t i o n  m i x t u r e  w a s  w o r k e d  u p  in  t h e  u s u a l  m a n n e r .  C o l u m n  

c h r o m a t o g r a p h y  o f  t h e  c r u d e  p r o d u c t  f o l l o w e d  b y  p r e p a r a t i v e  T L C  

p r o d u c e d  1 2  m g  ( 1 3 % )  o f  o i ly  n it r o n e  22: N M R  S 1 . 6 9  ( 6  H ,  s ,  g e m - M e ) ,  

2 . 5 2  [4  H ,  t  ( J  =  7  H z ) ,  a - C H 2] , 3 . 7 3  ( 2  H ,  s ,  C H 2 0 ) ;  i r  ( C C 1 4) 3 3 5 0  

( O H ) ,  1 5 8 0  c m - 1  ( N - O ) ;  m a s s  s p e c t r u m  m /e  ( r e l  i n t e n s i t y )  2 6 7 . 2 2 0  

(8 ) ( c a lc d  f o r  C i 6H 29N 0 2 , 2 6 7 .2 2 0 ) ,  2 2 0  ( 3 4 ) ,  1 9 6  ( 4 1 ) ,  1 8 0  (6 6 ) , 1 3 9

( 2 6 ) ,  9 9  ( 1 0 0 ) ,  8 7  ( 3 2 ) ,  7 9  ( 9 0 ) , 7 4  ( 5 0 ) ,  5 9  ( 9 5 ) ,  5 8  (6 6 ) , 4 3  ( 6 3 ) .
3- Aza-4,4-diallyl-2,2-dimethyl-l -hydroxynonane-N-oxyl (23). 

T o  a  s o l u t i o n  o f  5 0  m g  ( 0 .2 7  m m o l)  o f  n i t r o n e  3 in  4  m l  o f  e t h e r  a t  2 5  

° C  w i t h  s t i r r i n g  u n d e r  N 2 w a s  a d d e d  3  e q u i v  o f  1  M  a l l y l m a g n e s i u m  

b r o m id e  in  e t h e r .  A f t e r  3 0  m in ,  a q u e o u s  s a t u r a t e d  N H 4C 1 w a s  a d d e d ,
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t h e  e t h e r  l a y e r  w a s  s e p a r a t e d ,  a n d  t h e  r e s i d u e  w a s  w a s h e d  t h o r o u g h ly  

w i t h  f r e s h  e t h e r .  E v a p o r a t i o n  o f  t h e  c o m b i n e d  e t h e r  p o r t i o n s  g a v e  

a  y e l lo w  o i l  w h ic h  a f t e r  C u 2 + - c a t a ly z e d  a i r  o x id a t io n  a n d  T L C  o n  s i l ic a  

g e l  g a v e  1 5  m g  (2 0 % )  o f  2 3 :  i r  3 3 6 0  ( O H ) ,  1 6 4 0  c m ' 1 ( C = C ) ;  m a s s  

s p e c t r u m  m /e  ( r e l  i n t e n s i t y )  2 6 8 .2 2 9  (6 ) ( c a ic d  f o r  C 16 H 3o N 0 2, 

2 6 8 .2 2 8 ) ,  2 2 8  ( 1 8 ) ,  2 1 2  ( 1 9 ) ,  1 9 6  ( 2 7 ) ,  1 8 0  ( 3 0 ) ,  1 6 4  ( 4 1 ) ,  1 5 6  ( 4 3 ) ,  1 2 3

( 4 2 ) ,  1 0 9  ( 5 6 ) ,  9 5  ( 8 5 ) ,  9 3  ( 8 4 ) , 8 1  ( 1 0 0 ) ,  6 7  ( 8 4 ) , 5 5  ( 7 4 ) ,  4 1  ( 7 3 ) .

2,2,4,4,6-Pentamethyltetrahydrooxazine-lV-oxyl (26) and 3- 
Aza-6-hydroxy-2,2,4,4-tetramethylheptane-lV-oxyl (29). T o  a  

s o l u t i o n  o f  7 6  m g  ( 0 .4 8  m m o l)  o f  9 in  5  m l  o f  d r y  e t h e r  w i t h  s t i r r i n g  

a t  2 5  °C w a s  a d d e d  4  e q u i v  o f  2  M  m e t h y l l i t h i u m  in  e t h e r .  A f t e r  1  h , 

a q u e o u s  2 0 %  K 2C O 3  w a s  a d d e d  a n d  t h e  e t h e r  p h a s e  w a s  s e p a r a t e d  

a n d  c o m b in e d  w i t h  s e v e r a l  e t h e r  w a s h i n g s  o f  t h e  a q u e o u s  r e s i d u e .  

E v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  a  n e a r l y  c o lo r le s s  o i l  ( 7 9 .5  m g )  w h ic h  

w a s  t a k e n  u p  in  5  m l  o f  C H 3 O H  a n d  s t i r r e d  u n d e r  a i r  w i t h  2  m g  o f  

C u ( 0 A c ) 2-H 20  f o r  3 0  m in . E v a p o r a t i o n  o f  t h e  s o lv e n t  a n d  p r e p a r a t i v e  

t ic  o n  s i l i c a  g e l g a v e  1 5  m g  ( 18 % )  o f  n i t r o x i d e  26 ( c o n s id e r a b le  lo s s  d u e  

t o  v o la t i l i t y ) ,  m a s s  s p e c t r u m  m / e  ( r e l  i n t e n s i t y )  1 7 2 . 1 3 3  ( 5 )  ( c a ic d  f o r  

C 9 H 1 8 N 0 2, 1 7 2 . 1 3 4 ) ,  1 5 7  ( 5 ) ,  1 4 2  ( 5 ) ,  1 1 4  ( 2 0 ) ,  8 4  ( 4 9 ) , 6 9  ( 1 0 0 ) ,  5 9  

( 3 5 ) ,  4 3  ( 5 5 ) ,  4 1  ( 4 7 ) ;  a n d  2 2  m g  ( 2 4 % )  o f  n i t r o x i d e  29, i r  3 4 3 0  c m - 1  

( O H ) ,  m a s s  s p e c t r u m  1 8 8 . 1 6 3  ( 1 2 )  ( c a i c d  f o r  CioH22N02, 1 8 8 . 1 6 5 ) ,  

1 5 8  (6 ) , 1 3 2  ( 1 3 ) ,  1 1 4  ( 2 3 ) ,  8 8  ( 4 0 ) ,  8 4  ( 3 0 ) ,  8 3  ( 3 6 ) ,  7 4  ( 3 3 ) ,  5 6  ( 2 2 ) ,  5 7  

( 1 0 0 ) ,  4 5  ( 4 1 ) ,  4 3  ( 2 0 ) ,  4 1  ( 3 8 ) .

T r e a t m e n t  o f  26 w it h  p h e n y l h y d r a z i n e  in  C D C I 3 1 3  g a v e  t h e  c o r r e 

s p o n d i n g  i V - h y d r o x y l a m i n e  24: N M R  5 1 . 1 8  [3  H ,  d  (J  =  6  H z ) ] ,  1 . 2 8  

( 6  H ,  s , g e m -M e ) ,  2 .4 5  ( 3  H ,  s , g e m - M e ) ,  2 .4 7  ( 3  H ,  s , g e m -M e),  5 .0 4  

( 1  H ,  m , C H O ) .

T r e a t m e n t  o f  29 w i t h  p h e n y l h y d r a z i n e  in  CDCI3 g a v e  t h e  c o r r e 

s p o n d i n g  I V - h y d r o x y l a m i n e  28: N M R  5 1 . 2 8  [3  H ,  d  ( J  =  6  H z ) ] ,  1 . 3 0  

( 3  H ,  s ,  g e m - M e ) ,  1 . 3 4  (9  H ,  s ,  t e r f - b u t y l ) ,  4 . 2 0  ( 1  H ,  m , C H O ) .

2-Butyl-2,4,4,6-tetramethyltetrahydrooxazine-AT-oxyl (27). 
S i m i l a r ly  p r e p a r e d  b y  t h e  m e t h o d  a b o v e  w a s  n i t r o x i d e  27 in  1 8 %  y ie ld :  

m a s s  s p e c t r u m  m /e  ( r e l  i n t e n s i t y )  2 1 4 . 1 8 3  ( 1 2 )  ( c a ic d  f o r  C 1 2 H 24N 0 2, 

2 1 4 . 1 8 1 ) ,  1 9 9  ( 3 ) ,  1 5 7  ( 2 5 ) ,  1 1 4  ( 4 3 ) ,  1 0 1  ( 3 2 ) ,  8 4  ( 8 4 ) , 6 9  ( 8 3 ) ,  5 5  ( 2 9 ) ,  

4 3  ( 9 3 ) ,  4 1  ( 1 0 0 ) .
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Mobile Activated Allyl Systems. 19.1 Reactions of Amines 
with a-(Bromomethyl)cinnamonitrile
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T h e  r e a c t i o n s  o f  a  v a r i e t y  o f  a m i n e s  w i t h  a - ( b r o m o m e t h y l ) c i n n a m o n i t r i l e  ( 1 )  in  s o l v e n t s  o f  d i f f e r e n t  p o l a r i t i e s  

a r e  r e p o r t e d .  T h e  r a t i o  o f  t h e  t w o  p r o d u c t s  f o r m e d ,  n a m e l y  t h e  s u b s t i t u t i o n - r e a r r a n g e m e n t  ( S - R )  p r o d u c t  2  a n d  

t h e  s u b s t i t u t i o n  p r o d u c t  3, w a s  f o u n d  t o  v a r y  w i t h  t h e  p o l a r i t y  o f  t h e  s o l v e n t  a s  w e l l  a s  w i t h  t h e  b a s i c i t y  a n d  t h e  s t e -  

r i c  e f f e c t i v e n e s s  o f  t h e  a m i n e  u s e d .  E x c e p t  f o r  t h e  t e r i - b u t y l a m i n e  r e a c t i o n  p r o d u c t  2a a n d  t h e  d i i s o p r o p y l a m i n e  

r e a c t i o n  p r o d u c t  2e, a l l  S - R  p r o d u c t s  2 i s o m e r i z e d  t o  t h e  t h e r m o d y n a m i c a l l y  m o r e  s t a b l e  s u b s t i t u t i o n  p r o d u c t s  

3 in  a  p o l a r  s o l v e n t .  P r o d u c t  2a w a s  f o u n d  t o  b e  s u s c e p t i b l e  t o  t h e  a t t a c k  o f  f r e e  a m i n e s  t o  g i v e  t h e  a p p r o p r i a t e  

a m i n e  e x c h a n g e  p r o d u c t  3. P r o d u c t  2e, h o w e v e r ,  w a s  i n e r t  e v e n  t o  t h e  h i g h l y  r e a c t i v e  n u c l e o p h i l e  p i p e r i d i n e .

Although primary allyl halides react with amines to give 
normal substitutions, Cromwell and Rebman2 observed 
substitution-rearrangement (S-R) products upon treatment 
of irons-a-(bromomethyl)chalcone (la) with teri-butylamine 
and piperidine in hydrocarbon solvents. The amine reaction 
has been extended to other mobile allyl systems, namely, a -  
(bromomethyl)benzalacetone (lb ) 3  and methyl a-(bromo-

methyl)cinnamate (Ic) .4 In hydrocarbon solvents, morpholine 
and piperidine react with the above-mentioned mobile allyl 
systems to give both substitution and S-R products. With 
ter t  -butylamine, only the S-R products were isolated. It has 
been shown that the amine molecule attacks the mobile keto 
allyl system in an Sn 2 ' manner, giving initially the S-R 
product (II). The substitution product (III) is a result of either



3242 J. Org. Chem., Vol. 41, No. 20,1976 Cromwell and Leung

Table I. 60-HMz Proton Magnetic Resonance Data“

Compd Aromatic b c 6h 5ch c= c h 2 CH2N Amine group

2a 7.26 4.45 5.82, 6.04 1.08 (s), t e r t -butyl
3a 7.05-7.80 3.43 1 . 1 2  (s), t e r t -butyl
2b 7.10-7.90 3.80 5.77, 5.88 2.17-2.50 (m), -H 2CNCHo- 

1.50 (m), -CH2CH2CH2-
3b 7.00-7.90 3.18 2.20-2.60 (m), -CH2NCH2-  

1.50 (m),-(CH2)3-
2c 7.12-7.90 5.87, 6.01 3.53-3.85 (m),c -CH 2OCH2-  

2.26-2.62 (m) -CH2NCH2-
3c 7.00-7.90 3.21 3.56-3.78 (m) -CH 2OCH2 

2.35-2.60 (m) -CH2 NCH2-
2d 7.05-8.00 4.34 5.84, 5.92 2.60 (q), CH2CH3 

0.98 (t), -CH2 CH3

3d 7.00-7.90 3.30 2.57,d -CH,CH3 , 1.00,e -CH 2CH3

2e 7.15-7.90 4.80 5.97, 6.02 3.07 (h), -CH(CH3 ) 2 

0.90 (d), 1.12 (d), 
Nonequivalent -CH 3

3e 7.16-7.92 3.38 3.07 (h), -CH(CH3 ) 2 

1.02 (d), -CH(CH3 ) 2

° Chemical shift in 5 units from internal MeiSi. b Benzal proton hidden in this region also. c Benzyl proton hidden in this region. 
d Overlap of 2  quartet. e Overlap of 2  triplet, believed to be attributable to the existence of two geometrical isomers of 3d.

the autocatalytic rearrangement of the S-R product in a more 
polar solvent like chloroform, or the attack of a second mole 
of the appropriate amine on the S-R product in a second re
arrangement-substitution. The processes are summarized in 
Scheme I.

Scheme I
C6H5C H =C — COR'

CH2Br
I

R,NH
CJLCH— C— COR'

R,NH
C6H5C H =C — COR'

R,N CH2 

II
J  ch ,n r 2 

m
a, R '= C 6H5

b, R' =  CH3

c, R' =  OCH3

In the case of (1-keto secondary allyl halides, the Sn2' 
mechanism is by no means the only way an amine can attack 
the mobile allyl system. Previously it has been reported that 
the direct attack of an amine at the allylie position proceeded 
parallel with the expected Sn 2' reaction for the reaction of 
terf-butylamine with 2-(a-bromobenzyl)-4,4-dimethyl-l,4- 
dihydro-l-ketonaphthalene. 5 It occurred to us that studies 
of the reaction of amines with a-(bromomethyl)cinnamoni- 
trile, where the /3-carbonyl group has been replaced by a nitrile 
group, might provide further insight into the nature of the 
competitive reaction pathways available to these mobile allyl 
systems.

Results
Preparation of the starting material a-(bromomethyl)cin- 

namonitrile ( 1 ) was performed by modifying the procedure 
reported by Wasserman et al. 6 The base-catalyzed conden
sation of benzaldehyde and acrylonitrile yielded four products 
(Scheme II), three of which can be converted to 1. Instead of 
isolating the useful compounds one by one, 4, 6 , and 7 were 
separated from the resulting crude oil by vacuum distillation 
as a mixture. The mixture was then refluxed with 48% aqueous 
hydrobromic acid in glacial acetic acid. Compound 1 precip
itated when the reaction mixture was poured into ice water.

Scheme II

C6H5C H =C — CN C(jH5C H =C — CN C6H5C H =C — CN

ch 2 CH,Br ch 2

1
0

1

y
'  HBr

1 1
0

1
■ch 2 ch 2

6
CbH5C H =C — CN

7

Recrystallization from hot hexane gave white, scaly crys
tals.

The reactions of 1 with 2 molar equiv of amines were carried 
out in a number of solvents. The amine hydrobromide formed 
during the reaction precipitated upon replacement of the 
solvent with ether and was removed by filtration. Evaporation 
of the solvent in vacuo yielded the product(s), which was an
alyzed immediately by XH NMR spectroscopy.

The two substitution products are readily distinguished 
from each other by !H NMR spectroscopy (Table I). Com
pound 2  exhibits three singlets (slightly broadened due to 
geminal and allylie coupling), assigned to the benzylic and 
vinylic protons. For 3, the vinyl and methylene proton bands 
are characteristic (Table I).

Except in the cases when acetonitrile was used as solvent, 
2 was found to be the exclusive or major product. A summary 
of the results is listed in Table II.

The S-R products 2b, 2c, and 2d were observed to rearrange 
to their thermodynamically more stable isomers, i.e., the 
substitution products 3b, 3c, and 3d, on standing in a polar
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Table II. Amine Reaction with 1

Amount of Amount of % amine Solvent Reaction
substrate, mol Amine amine, mol hydrobromide (ml) time, h Product

0.018 tert -Butylamine 0.071 90 n-Hexane (350) 48 2 a (1 0 0 )
0.0045 t e r t -Butylamine 0.009 92 Benzene (50) 48 2a:3a (>95:<5)
0.0045 t e r t -Butylamine 0.009 95 Chloroform (50) 48 2a:3a (70:30)
0.0045 tert-Butylamine 0.009 1 0 0 Acetonitrile (50) 8 2a:3a (30:70)
0.0045 Piperidine 0.009 98 n-Hexane (150) 0.25 2b:3b (>95:<5)
0.0045 Piperidine 0.009 1 0 0 Chloroform (50) 0.25 2b:3b (80:20)
0.0045 Morpholine 0.009 92 n-Hexane (150) 5.5 2c:3c (>95:<5)
0.0045 Morpholine 0.009 95 Chloroform (50) 3 2c:3c (>95:<5)
0.0045 Diethylamine 0.009 1 0 0 n-Hexane (150) 5.5 2 d (1 0 0 )
0.0045 Diethylamine 0.009 98 Chloroform (50) 3 2d:3d (70:30)
0.0045 Diisopropylamine 0.015 0 Benzene (100) 13 No reaction
0.0045 Diisopropylamine 0.015 78 Benzene (reflux) (100) 60 2e:3e (30:70)
0.0045 Diisopropylamine 0.015 53 n-Hexane (reflux) (300) 1 1  days 2 e (1 0 0 )
0.0045 Diisopropylamine 0.015 1 0 0 Acetonitrile (100) 3 days 3e (100)

Table III. Elemental Analysis and Infrared Data

Calcd Found

Comp C H N C H N Mp, °C

2 a ° 67.06 7.50 11.17 67.00 7.73 11.40 2240 • 169
3a a 67.06 7.50 11.17 67.02 7.79 11.30 2 2 2 0 244
3ba 68.57 7.20 10.67 68.58 7.39 10.77 2 2 2 0 218
3c* 52.52 4.16 15.31 52.57 4.29 15.34 2 2 2 0 237
3d6 54.18 4.70 15.80 54.13 4.83 15.78 2230 118
3e6 56.05 5.31 14.86 55.96 5.07 14.82 2 2 2 2 197

a Hydrochloride. 6 Picrate.

C6H5CH =C— CN 

CH2Br
1

^N H
C6H5CH— C— CN

N CHZ
/ \
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CH2 

N
/ \

solvent (CDCI3 ), in the absence of additional appropriate free 
amine. The rate of conversion was fastest for 2b —* 3b, while 
that of 2d — 3d was found to be the slowest among the three. 
However, 2a and 2e were found not to convert to their other 
isomers autocatalytically.

The reaction of 2a with amines at room temperature in 
carbon tetrachloride was followed by 'H NMR spectroscopy. 
The results are listed in Table IV. S-R product 2a reacted with 
piperidine and morpholine to produce 3b and 3c, quantita
tively. However, treatment of 2a with the sterically bulky 
diethylamine and tert -butylamine did not effect such a change 
under these conditions. Substitution product 3a was suc
cessfully prepared by the reaction of a large excess of t e r t -  
butylamine with 2a in acetonitrile over a period of 50 days.

On standing in a polar solvent with or without the presence 
of excess free amine, the sterically restricted 2e was observed 
not to convert to 3e which might be expected to be the ther
modynamically more stable isomer. Compound 3e was inert 
even to piperidine.

Discussion
Attack of amines on 1 can occur in two ways, namely, the 

amine molecule may attack the benzal carbon in a Sn2'

Table IV. Amine Exchange Reaction with 2a

Amine used
[Amine]/

[precursor]
Time necessary for 
>90% conversion

tert -Butylamine >3 No significant reaction
Piperidine ~3 1 1  h
Morpholine ~2.5 48 h
Diethylamine -3 No significant reaction

manner, yielding 2 (Scheme III, path a), or the amine may 
attack the allylic position directly, yielding 3 (Scheme III, path
d). The former route, which is the normal case in most of the 
mobile ketoallyl systems being studied, is shown by the re
action of various amines with 1 in nonpolar solvents. Com
pound 2  was observed to be the exclusive or major product in 
all cases. The latter route, although rare in other studies of 
similar systems, appears to occur with the mobile cyanoallyl 
system. Here when 1 is treated with t e r t -butylamine or di-

Scheme III

(path b)

^NH  I ^
CbH-,CHi= C — CN —---- » C6HSCH>— Ç— (CN C6HjCH|=Ci— CN

< path a)

CH.Br
1

A  CH*

A H

^ N H  

{path c)

ch 2

I
A x
3J

(path d)
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isopropylamine in a solvent more polar than a saturated hy
drocarbon, both 2 and 3 were observed to form in parallel re
actions. The rate for 2a to convert to 3a was negligible in the 
absence of free amine, and was slow compared to the forma
tion of 3a when the reaction of amine with 1 was run in a polar 
solvent. Also, under no circumstances could 2e be converted 
to 3e. Evidently, both pathways (path a and path d) occur in 
a parallel manner in the reaction of tert-butylamine and di
isopropylamine with 1  in polar solvents.

Product 3, arising from a second Sn2' reaction, was also 
observed in the mobile cyano system (Scheme III, path c). 
Such a mechanistic pathway for 2 —* 3 conversion was estab
lished previously with /3-ketoallylamines.7 ’8 Results of the 
amine exchange reaction of different amines with 2a are 
summarized in Table III. The rate of conversion was found 
to be a function of the basicity of the amine used. The reaction 
of 1  with piperidine is much faster than the reaction of I with 
other amines with lower basicity. However, basicity is not the 
only factor that has to be taken into account in understanding 
these reactions. Steric size of the free amine used plays an 
important role also. Diethylamine is more basic than mor
pholine, but diethylamine is resistant to displacing the t e r t -  
butylamine from 2a, while morpholine is able to accomplish 
this, though slowly. Also, the fact that 2a converts to 3a with 
difficulty (in large excess of free amine and after a period of 
50 days) and 2e does not convert to 3e (even in the presence 
of free amine) is believed to be attributable to the steric ef
fectiveness of the alkyl group of the two amino groupings. This 
point is further illustrated by 2e being inert even to piperi
dine.

Isomer 3 can also arise from autorearrangement of 210 
(Scheme III, path b, no excess amine present). Compounds 
2b, 2c, and 2d were observed to isomerize in this fashion to 3b, 
3c, and 3d, respectively, the thermodynamically more stable 
isomers. The fact that 2a and 2e do not isomerize, respectively, 
to 3a and 3e is attributed again to the steric requirements of 
the alkyl group of the amino function.

The formation of S-R products from the reaction of amines 
with /3-carboallyl halides has been considered to be a variant 
of an Sn2' mechanism, in which carbon-nitrogen bond for
mation proceeds ahead of carbon-halogen bond breakage,3 ’4 ’9 

Scheme IV. The oxygen atom of the j3-carbo group accepts
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much of the developing negative charge which is ultimately 
carried away by the leaving halide ion.

Owing to the noninterconvertibility of 2a and 2e, respec
tively, to 3a and 3e, autocatalytically, we suggest another 
mode of amine attack on the activated allyl halide in the re
action of ferf-butylamine and diisopropylamine with the 
mobile cyano allyl bromide 1. It is possible that in the more 
polar solvents, the carbon-bromine bond lengthens at a rate 
so fast that direct attack of the amine at the allylic carbon 
becomes a competitive pathway to the well-established Sn 2' 
pathway as described before; see Scheme V.

S c h e m e  V

\ /
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Experimental Section

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  f r o m  a  M e l - T e m p  a p p a r a t u s ,  a n d  

w e r e  u n c o r r e c t e d .  T h e  i n f r a r e d  s p e c t r a  w e r e  r e c o r d e d  o n  a  P e r k i n -  

E l m e r  M o d e l  6 2 1  s p e c t r o p h o t o m e t e r .  T h e  p r o t o n  m a g n e t i c  r e s o n a n c e  

s p e c t r a  w e r e  d e t e r m i n e d  f r o m  a  V a r i a n  M o d e l  A - 6 0  s p e c t r o m e t e r ,  

u t i l i z i n g  t e t r a m e t h y l s i l a n e  a s  a n  i n t e r n a l  s t a n d a r d .  E l e m e n t a l  a n a l 

y s e s  w e r e  p e r f o r m e d  b y  M i c r o - T e c h  L a b o r a t o r i e s ,  S k o k i e ,  1 1 1 . ,  o r  b y  

C h e m a l y t i c s ,  I n c . ,  T e m p e ,  A r i z .  * H  N M R  d a t a  o b t a i n e d  in  d e u t e r -  

i o c h l o r o f o r m  a r e  l i s t e d  in  T a b l e  I.

P r e p a r a t i o n  o f  c n - ( B r o m o m e t h y l ) c i n n a m o n i t r i l e  ( 1 ) .  T o  a  

m i x t u r e  o f  1 0 6  g  ( 1  m o l)  o f  b e n z a ld e h y d e  a n d  5  m l  o f  3 0 %  K O H /  

M e O H  s o l u t i o n  in  1 0 0  g  o f  tert - b u t y l  a lc o h o l  a t  t h e  t e m p e r a t u r e  o f  

ic e  w a s  a d d e d  1 0 6  g  ( 2  m o l)  o f  a c r y l o n i t r i l e  o v e r  a  p e r i o d  o f  1 . 5  h . T h e  

m i x t u r e  w a s  t h e n  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  8  h . T h e  v i s c o u s  

s o lu t io n  w a s  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  t o  p H  2 - 3 .  T h e  s o lu t io n  

w a s  d i lu t e d  w i t h  5 0 0  m l  o f  d i e t h y l  e t h e r ,  a n d  w a s  w a s h e d  r e p e a t e d l y  

w i t h  w a t e r .  T h e  e t h e r e a l  s o l u t i o n  w a s  w a s h e d  w i t h  s a t u r a t e d  b r i n e  

a n d  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l f a t e .  R e m o v a l  o f  t h e  s o l v e n t  in  

v a c u o  y i e l d e d  a  y e l lo w ,  v i s c o u s  o i l ,  w h i c h  w a s  t h e n  s u b j e c t e d  t o  v a c 

u u m  d i s t i l l a t i o n  ( 0 . 3 - 1  m m H g ) .  A t  1 2 0  ° C ,  a  c o l o r l e s s  o i l ,  w h i c h  s o 

l i d i f i e d  o n  c o o l in g ,  w a s  d i s t i l l e d ,  i r  v c = o  1 7 0 0  c m - 1 . B e t w e e n  1 3 4  a n d  

2 2 0  ° C ,  1 4 8  g  o f  y e l lo w  o i l  w a s  d i s t i l l e d  o v e r ,  i r  vc-o  1 1 1 5  c m - 1 .

A  s a m p le  o f  2 5 .6  g  o f  t h e  y e l lo w  o i l  o b t a i n e d  in  t h e  p r e v io u s  r e a c t io n  

w a s  r e f l u x e d  w i t h  1 4 0  m l  o f  4 8 %  h y d r o b r o m i c  a c i d  a n d  2 0 0  m l  o f  

g l a c i a l  a c e t i c  a c i d  f o r  2  h . T h e  c o o le d  y e l lo w  s o lu t io n  w a s  p o u r e d  in t o  

ic e  w a t e r  w i t h  v i g o r o u s  s t i r r i n g .  T h e  p r e c i p i t a t e  t h u s  f o r m e d  w a s  

f i l t e r e d  o f f ,  a n d  w a s  w a s h e d  w i t h  a  l a r g e  q u a n t i t y  o f  w a t e r  t o  r e m o v e  

t h e  a c i d .  R e c r y s t a l l i z a t i o n  f r o m  l i g h t  p e t r o l e u m  y i e l d e d  1 9 . 3 9  g  o f  1  

a s  w h it e  c r y s t a l s :  m p  4 4 - 4 9  ° C  ( li t . 5 4 - 5 5  ° C ) ;  i r  ( K B r )  » ( N u jo l )  2 2 2 5 ,  

5 4 0  c m " 1 ; : H  N M R  ( C C 1 4) 4 . 1 8  ( s ,  2  H ,  - C H 2 B r ) ,  7 . 1 7  ( s , 1  H ,  b e n z a l  

p r o t o n ) ,  7 . 2 5 - 7 . 9 0  p p m  ( m , 5  H ,  a r o m a t i c  p r o t o n s ) .  A  t o t a l  o f  1 0 6  g  

( 4 8 % , w i t h  r e s p e c t  t o  t h e  b e n z a ld e h y d e  u s e d )  o f  1  w a s  o b t a i n e d  f o r  

a  n u m b e r  o f  t r i a l s  u n d e r  s i m i l a r  c o n d i t i o n s .

G e n e r a l  P r o c e d u r e  f o r  t h e  R e a c t i o n  o f  A m i n e s  w i t h  1 .  A  

m e a s u r e d  q u a n t i t y  o f  1  d i s s o l v e d  in  a  s p e c i f i e d  q u a n t i t y  o f  s o l v e n t  

w a s  t r e a t e d  w i t h  2  m o l a r  e q u i v  o f  t h e  a p p r o p r i a t e  a m in e .  A f t e r  t h e  

r e a c t i o n  w a s  c o m p l e t e  t h e  m i x t u r e  w a s  f i l t e r e d  t o  r e m o v e  t h e  a m i n e  

h y d r o b r o m i d e ,  t h e  w e i g h t  o f  w h ic h  w a s  d e t e r m i n e d  t o  e s t i m a t e  t h e  

p e r c e n t  y i e l d  o f  t h e  r e a c t i o n .  I n  c a s e  a  p o l a r  s o l v e n t ,  l i k e  c h lo r o f o r m  

o r  a c e t o n i t r i l e ,  w a s  u s e d ,  t h e  s o l v e n t  w a s  r e p la c e d  b y  a n  a p o l a r  s o lv e n t  

t o  p r e c i p i t a t e  t h e  i n o r g a n i c  s a l t .  T h e  p r o d u c t  o i l  w a s  a n a l y z e d  b y  : H  

N M R  s p e c t r o s c o p y .  U p o n  s t a n d in g  in  c h lo r o f o r m  f o r  s e v e r a l  d a y s  t h e  

s t a b l e  p r o d u c t  f o r m e d  a n d  w a s  f u l l y  c h a r a c t e r i z e d .  S e e  T a b l e s  I —I I I  

f o r  r e s u l t s  a n d  d a t a .

R e a c t i o n  o f  D i i s o p r o p y l a m i n e  w i t h  1  i n  H e x a n e  a n d  T h e n  i n  

A c e t o n i t r i l e .  T o  a  s o l u t i o n  o f  1  g  ( 4 .5 0  X  1 0 - 3  m o l)  o f  1  in  3 0 0  m l  o f  

n - h e x a n e  w a s  a d d e d  1 . 5  g  ( 1 . 4 3  X  1 0 - 2  m o l)  o f  d i i s o p r o p y l a m i n e .  T h e  

s o l u t i o n  w a s  s t o p p e r e d  a n d  s t i r r e d  f o r  1 2  h . N o  in o r g a n i c  s a l t  p r e 

c i p i t a t e d ,  i m p l y i n g  t h a t  n o  r e a c t i o n  w a s  t a k i n g  p la c e .  T h e  s o l u t i o n  

w a s  t h e n  r e f l u x e d  f o r  1 1  d a y s  a n d  4 4 0  m g  ( 5 3 % )  o f  t h e  a m i n e  h y d r o 

b r o m i d e  s a l t  w a s  r e m o v e d  b y  f i l t r a t i o n .  R e m o v a l  o f  t h e  s o l v e n t  in  

v a c u o  y i e l d e d  a  y e l lo w  o i l ,  w h i c h  w a s  i m m e d i a t e l y  i d e n t i f i e d  t o  b e  a  

m i x t u r e  o f  2 e  a n d  s t a r t i n g  m a t e r i a l .

T h e  a c e t o n i t r i l e  s o l u t i o n  o f  t h e  a b o v e  m i x t u r e  w a s  t r e a t e d  w i t h  

a n o t h e r  1 . 5  g  o f  d i i s o p r o p y l a m i n e .  T h e  s o l u t i o n  w a s  s t o p p e r e d  a n d  

s t i r r e d  f o r  4  d a y s .  T h e  s o l v e n t  w a s  r e m o v e d  in  v a c u o .  T r e a t m e n t  o f  

t h e  r e s i d u e  w i t h  d i e t h y l  e t h e r  y i e l d e d  a n o t h e r  3 8 0  m g  (4 7 % )  o f  a m in e  

h y d r o b r o m id e  s a l t .  R e m o v a l  o f  t h e  e t h e r  in  v a c u o  y ie l d e d  a  y e l lo w  o il, 

w h ic h  w a s  id e n t i f ie d  t o  b e  a  m i x t u r e  o f  2 e  a n d  3 e .  I t  w a s  o b s e r v e d  t h a t



Amines with a-(Bromomethyl)cinnamonitrile J. Org. Chem., Voi 41, No. 20,1976 3245

t h e  a b s o r p t i o n  in  t h e  ' H  N M R  s p e c t r u m  c o r r e s p o n d i n g  t o  t h e  v i n y l  

p r o t o n s  o f  2 e  d i d  n o t  c h a n g e  in  i n t e n s i t y  a f t e r  t r e a t m e n t  w i t h  d i i s o 

p r o p y l a m i n e  t h e  s e c o n d  t im e .

A t t e m p t e d  C o n v e r s i o n  o f  2 a  t o  3 a .  A  7 0 : 3 0  m i x t u r e  o f  2 a : 3 a  w a s

a l lo w e d  t o  s t a n d  in  d e u t e r i o c h lo r o f o r m  f o r  s e v e r a l  d a y s .  N o  s i g n i f i c a n t  

c h a n g e  w a s  o b s e r v e d  i n  t h e  1 H  N M R  s p e c t r u m  o f  t h e  p r o d u c t  m ix t u r e .  

T h e  m i x t u r e  w a s  t h e n  r e f l u x e d  in  c h lo r o f o r m  ( 1 5  h )  a n d  t h e n  in  a c e 

t o n i t r i l e  ( 7  h ) .  I n  n e i t h e r  c a s e  c o u ld  s i g n i f i c a n t  c h a n g e s  b e  o b s e r v e d  

in  t h e  ' H  N M R  s p e c t r u m .

G e n e r a l  P r o c e d u r e  f o r  t h e  A m i n e  E x c h a n g e  R e a c t i o n .  T o  a

s o l u t i o n  o f  1 6 4  m g  ( 0 .0 0 0 7 3 8  m o l)  o f  2 a  in  1 . 5  m l  o f  c a r b o n  t e t r a 

c h lo r i d e  w a s  a d d e d  q u i c k l y  a p p r o x i m a t e l y  2 - 3  m o l a r  e q u i v  o f  t h e  

a p p r o p r i a t e  a m in e .  T h e  s o l u t i o n  w a s  f i l t e r e d  i n t o  a  1 H  N M R  t u b e .  

T h e  c o n c e n t r a t i o n  o f  t h e  a m i n e  c o u l d  b e  e s t i m a t e d  b y  t h e  i n t e n s i t y  

o f  t h e  ' H  N M R  s i g n a l  r e l a t i v e  t o  t h a t  o f  2 a .  T h e  r e a c t i o n  w a s  m o n i 

t o r e d  b y  t h e  r e l a t i v e  i n t e n s i t y  o f  t h e  s i g n a l s  c o r r e s p o n d i n g  t o  r e 

s p e c t i v e l y  t h e  v i n y l i c  p r o t o n s  o f  t h e  p r e c u r s o r  a n d  t h e  a l l y l i c  p r o t o n s  

o f  t h e  p r o d u c t .  A n o t h e r  t u b e  h o ld in g  o n l y  2 a  i n  c a r b o n  t e t r a c h l o r i d e  

w a s  u s e d  a s  a  c o n t r o l  t o  t h e  e x p e r i m e n t .  S e e  T a b l e  I V  f o r  r e s u l t s  a n d  

d a t a .

A t t e m p t e d  R e a c t i o n  o f  2 e  w i t h  D i i s o p r o p y l a m i n e .  T o  a  s o lu t io n  

o f  1 6 0  m g  ( 0 .0 0 0 6 1  m o l)  o f  a  3 0 : 7 0  m i x t u r e  o f  2 e  a n d  3 e  in  3 0  m l  o f  

a c e t o n i t r i l e  w a s  a d d e d  2 8 7  m g  ( 0 .0 0 2 8  m o l)  o f  d i i s o p r o p y l a m i n e .  T h e  

s o l u t i o n  w a s  s t o p p e r e d  a n d  s t i r r e d  f o r  1 3  h . R e m o v a l  o f  t h e  s o l v e n t  

a n d  u n r e a c t e d  a m in e  y ie l d e d  a  y e l lo w i s h  o i l  ( q u a n t i t a t i v e ) ,  w h ic h  w a s  

s p e c t r a l l y  e q u i v a l e n t  t o  t h e  u n r e a c t e d  p r e c u r s o r .

A t t e m p t e d  R e a c t i o n  o f  2 e  w i t h  P i p e r i d i n e .  T o  a  s o lu t io n  o f  1 0 0  

m g  ( 0 .0 0 0 4 5  m o l)  o f  a  3 0 : 7 0  m i x t u r e  o f  2 e  a n d  3 e  in  1 0  m l  o f  b e n z e n e  

w a s  a d d e d  3 6 0  m g  ( 0 .0 0 4 2  m o l)  o f  p i p e r i d i n e .  T h e  s o l u t i o n  w a s  

s t o p p e r e d  a n d  s t i r r e d  f o r  1 3  h . R e m o v a l  o f  t h e  s o l v e n t  a n d  t h e  u n 

r e a c t e d  a m in e  y i e l d e d  a  y e l lo w i s h  o i l  ( q u a n t i t a t i v e )  w h i c h  w a s  s p e c 

t r a l l y  e q u i v a l e n t  t o  t h e  u n r e a c t e d  p r e c u r s o r .

R e a c t i o n  o f  t e r t - B u t y l a m i n e  w i t h  a  M i x t u r e  o f  2 a  a n d  3 a  i n  

A c e t o n i t r i l e .  T o  a  s o l u t i o n  o f  2 2 0  m g  ( 0 .0 0 1  m o l)  o f  a  m i x t u r e  o f  2 a  

a n d  3 a  ( 2 a : 3 a ,  7 0 :3 0 )  in  3 0  m l  o f  a c e t o n i t r i l e  w a s  a d d e d  6 9 0  m g  ( 0 .0 0 9 4  

m o l)  o f  tert - b u t y l a m i n e .  T h e  s o l u t i o n  w a s  s t o p p e r e d  a n d  s t i r r e d  f o r  

5 3  h . S i g n i f i c a n t  c h a n g e s  in  th e  r a t i o  o f  t h e  t w o  is o m e r s  w e r e  o b s e r v e d  

in  t h e  * H  N M R  s p e c t r u m  o f  t h e  w o r k e d  u p  m a t e r i a l .  U n d e r  s i m i l a r  

c o n d i t i o n s ,  t h e  s o l u t i o n  w a s  s t i r r e d  f o r  a n o t h e r  5 0  d a y s .  R e m o v a l  o f  

t h e  s o l v e n t  a n d  e x c e s s  a m i n e  y i e l d e d  3 a  a s  a  y e l lo w  o i l  ( 2 0 0  m g ,  

9 1 % ) .

A  h e x a n e  s o l u t i o n  o f  t h e  p r o d u c t  w a s  e x p o s e d  t o  a  s t r e a m  o f  h y 

d r o g e n  c h lo r i d e  g a s .  A  w h i t e  s o l i d  w a s  i s o l a t e d ,  w h i c h  o n  r e c r y s t a l l i 

z a t i o n  f r o m  m e t h a n o l - e t h e r  m i x t u r e  y i e l d e d  t h e  c r y s t a l l i n e  a m i n e  

h y d r o c h l o r i d e  s a l t  o f  3 a .
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R e g i s t r y  N o . — 1 , 5 9 7 2 8 - 9 4 - 8 ;  2 a ,  5 9 7 2 8 - 9 5 - 9 ;  2 a  H C 1 ,  5 9 7 2 8 - 9 6 - 0 ;  

2 b ,  5 9 7 2 8 - 9 7 - 1 ;  2 c ,  5 9 7 2 8 - 9 8 - 2 ;  2 d ,  5 9 7 2 8 - 9 9 - 3 ;  2 e ,  5 9 7 2 9 - 0 0 - 9 ;  3 a ,  

5 9 7 2 9 - 0 1 - 0 ;  3 a  H C 1 ,  5 9 7 2 9 - 0 2 - 0 ;  3 b ,  4 9 3 3 - 3 7 - 3 ;  3 b  H C 1 ,  5 9 7 2 9 - 0 3 - 2 ;  

3 c ,  5 9 7 2 9 - 0 4 - 3 ;  3 c  p i c r a t e ,  5 9 7 2 9 - 0 5 - 4 ;  3 d ,  5 9 7 2 9 - 0 6 - 5 ;  3 d  p i c r a t e ,  

5 9 7 2 9 - 0 7 - 6 ;  3 e ,  5 9 7 2 9 - 0 8 - 7 ;  3 e  p i c r a t e ,  5 9 7 2 9 - 0 9 - 8 ;  b e n z a l d e h y d e ,  

1 0 0 - 5 2 - 7 ;  a c r y lo n i t r i l e ,  1 0 7 - 1 3 - 1 ;  tert - b u t y la m in e ,  7 5 - 6 4 - 9 ;  p ip e r id in e ,  

1 1 0 - 8 9 - 4 ;  m o r p h o l i n e ,  1 1 0 - 9 1 - 8 ;  d i e t h y l a m i n e ,  1 0 9 - 8 9 - 7 ;  d i i s o p r o 

p y la m i n e ,  1 0 8 - 1 8 - 9 .
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T h e  k i n e t i c s  o f  t h e  s i m u l t a n e o u s  a d d i t i o n  o f  e t h y l  [2 H ] a l c o h o l  t o  i r a n s - c i n n a m o n i t r i l e  a n d  t h e  H - D  e x c h a n g e  a t  

C „  c a t a l y z e d  b y  s o d i u m  e t h o x i d e  h a v e  b e e n  s t u d i e d .  T h e  o b s e r v e d  r a t e  e q u a t i o n  f o r  t h e  a d d i t i o n  is  R  =  A ftra n s -  
c i n n a m o n i t r i l e ]  +  B ,  w h e r e  A  a n d  B  a r e  c o n s t a n t s  w h i c h  d e p e n d  o n  t h e  i n i t i a l  c o n c e n t r a t i o n s  o f  o l e f i n  a n d  b a s e .  

T h e  f o r w a r d  ( fe i)  a n d  t h e  b a c k w a r d  ( f c - i )  r a t e  c o n s t a n t s  o f  t h e  n u c l e o p h i l i c  a d d i t i o n  s t e p  a r e  ( 3 . 7 2  ±  0 . 5 1 )  X  1 0 - 4  

1. m o l - 1  s - 1  a n d  ( 9 .5 8  ±  1 . 2 0 )  X  1 0 4 s - 1 , r e s p e c t i v e l y .  T h e  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  o v e r a l l  a d d i t i o n  r e a c t i o n  is  

K  =  ( 3 .9  ±  0 .2 )  X  1 0 ~ 2 1. m o l - 1 . T h e  H - D  e x c h a n g e  is  f a s t e r  t h a n  t h e  a d d i t i o n  r e a c t i o n  a n d  t a k e s  p la c e  v i a  t h e  v i n y l  

c a r b a n i o n  d e r i v e d  f r o m  t h e  o l e f i n .  C i s  t o  t r a n s  i s o m e r i z a t i o n  o c c u r s  d u r i n g  t h e  a d d i t i o n  o f  e t h y l  [2 H ]  a l c o h o l  t o  cis- 
c i n n a m o n i t r i l e .  B a s e d  o n  k i n e t i c  d a t a ,  i t  i s  s u g g e s t e d  t h a t  t h i s  i s o m e r i z a t i o n  t a k e s  p la c e  b y  a n  a d d i t i o n - e l i m i n a t i o n  

m e c h a n i s m .

Kinetic studies of the addition of alcohols to activated 
olefins catalyzed by the derived sodium alkoxides have es
tablished that the rate-determining step is a nucleophilic at
tack of the alkoxide ion on the double bond followed by a fast 
protonation1 - 4  as follows:

I -
R C T  +  / C = < X  ^  R O — C — C H  (1 )

A

R O — C — C H  +  R O H  R O — C — C H ,  +  R O "  (2 )

A  A

A  =  e l e c t r o n e g a t i v e  g r o u p

Equilibrium is established if the rate of decomposition of 
the intermediate carbanion is comparable with the rate of its 
protonation. This is the case in the addition of alcohols to vinyl 
sulfones,5 to alkyl vinyl ketones,6 -9  and to /3-nitrostyrene. 10

Rate constants of the rate-limiting step (k „)  only and overall 
equilibrium constants were obtained from kinetic studies of 
the above-mentioned and some other Michael addition sys
tems. 1 1  An appropriate treatment of the kinetic data in the 
case of the ethoxide-catalyzed addition of ethanol to ¡3-ni- 
trostyrene10 made it possible to obtain the values of both k „  
and k _ a  as well as the overall equilibrium constant. This ap
proach is being also used in the present work.

An acid-base type reaction may occur in Michael addition 
reaction systems in which an active olefin having an a-vinyl 
hydrogen is involved (eq 3). Recent kinetic and stereochemical

a , H  \

.^C=C\ +  B =5=̂  / C = C \  + BH (3)
^ A  ^  X A

studies with /3,/3-d ¡substituted olefins have confirmed that 
vinyl carbanions are intermediates in the base-catalyzed hy
drogen-deuterium exchange of 2,2,4,6,6-pentamethylcyclo- 
hexylineneacetonitrile, 1 2  of the corresponding ketone, 1 3  and 
of fluorene-9-ylideneacetonitrile. 14  Active olefins which are 
not sterically hindered at Cp are subjected to nucleophilic 
attacks at this position, but vinyl carbanions are also involved 
in competing base-catalyzed reactions of such olefins. This 
has been suggested to be the case in the dimerization of 
acrylic1 5  and crotonic16  esters to yield such dimers as 
CH2=C(COOR)CH 2 CH2COOR and CH3 CH=C(COOR) 
CH(CH3)CH2COOR, respectively. A vinyl carbanion is also 
involved in a chain transfer reaction to monomer in the anionic 
polymerization of acrylonitrile. 1 7

The acid-base type equilibrium (eq 3) has not been taken 
into account in any of the previous kinetic studies of Michael 
addition reactions. It was the purpose of the present work to 
study kinetically both the hydrogen-deuterium exchange at 
C„ and the nucleophilic addition reaction with such an olefin 
where these two may occur simultaneously.

Results and Discussion
The addition of ethyl pHjalcohol to t r a n s -cinnamonitrile 

catalyzed by sodium ethoxide was accompanied by a simul
taneous hydrogen-deuterium exchange reaction to yield the 
a-deuterated olefin t r a n s -PhCH=CDCN. The rate of the 
exchange reaction was followed by infrared spetroscopy, and 
the rate of the addition reaction was followed by determined 
the concentrations of both the total (exchanged and unex
changed) olefin and the addition product by VPC. The rate 
of addition R t was measured both as — d[TCN]/df and 
d[add]/df, where [TCN] and [add] are the concentrations at 
time t of the total olefin and of the addition product, respec
tively. For each run a plot of R t against [TCN] and against 
[add] gave straight lines with slopes A  and A '  and intercepts 
B  and B ' ,  respectively (Figures 1 and 2). The experimental 
rate equations are

R t = —d[TCN]/di = A[TCN] +  B  (4)

R ' t =  d[add]/df = A '[add] +  B '  (5)

The values of R t and R ' t for each run are the slopes of the 
conversion curves at different t values. On integration of eq 
4 and 5, eq 6  and 7 are obtained:

(A  [TCN]. + B ) e ~ A t  - B  
[TCN] = -— -------  A  ------------  (6 )

[add] = B ' ( e ~ A t  -  1)1 A '  (7)

Using a computer, the best conversion curves were plotted 
according to eq 6  and 7, and the values of A ,  B ,  A ' ,  and B '  were 
calculated. The deviations of the measured values of [TCN] 
from those computed according to eq 6  were small ( ± 1 %) in
dicating the reliability of the experimental method used. The 
same deviations for the adduct were somewhat higher (± 3 %). 
Detailed data for some of the kinetic runs are presented in the 
Experimental Section (Table II) . 24

In view of the evidence presented regarding the formation 
of vinyl carbanions in nucleophilic addition reactions to ac
tivated olefins, 1 2 - 1 7  the following reaction scheme may rep
resent the ethoxide-irans-cinnamonitrile-ethyl [2H]alcohol 
system.
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Figure 1. Plots of R t, rate of addition of ethyl [2H]alcohol to trans- 
cinnamonitrile (TCN), against [TCN](: •, run 10; A,  run 11.
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H CN 
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MËtÔH)

VC
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Figure 2. Plots of Rt, rate of addition of ethyl [2H]alcohol to trans-  
cinnamonitrile, against [adductp, the concentration of the addition 
product at time t: ®, run 6 ; A, run 7.
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the olefins and adducts react are given by the following 
equations:
—d[TH]/df = (k , + k J[EtO -][TH ] -  fe,[HC]

- £ 3 [VC][EtOHJ (8 )

k-2 h -d [T D ]/d i = (k t + fc3 )[EtO-][TD] -ft .J D C ]
(EtOH) (EtO-) (EtOD) (EtO-) -  fe_3 [VC][EtOD] O)

Ph H 
E to A — ¿ -H

Ph D 
E to A — ¿ -D

—d[A A ]/di = fe_j[EtO“][AA] -  fc2 ([EtOD][HC]
+ [EtOH][DC]) ( 1 0 )

H CN H CN -d[A B ]/d i = fe_2[EtO '][AB ] -  fe2[EtOH~ [HC] (1 1 )

-d [A C ]/d i = /z_2 [EtO~][AC] - £ 2 [EtOD][DC] (12)
This scheme takes into account only the nucleophilic ad

dition and the hydrogen-deuterium exchange reactions, as
suming that the trans to cis isomerization occurs to a negligible 
extent. This assumption will be justified later on presenting 
and discussing the problem of isomerization. The kinetic 
isotope effect is also being neglected for both the vinyl carb- 
anion formation and the nucleophilic addition reaction. This 
is justified by the very low isotope effects observed in base- 
catalyzed hydrogen-isotope exchange in carbon acids. 1 8 ’ 19  

This is also the case, for example, in the hydrogen-deuterium 
exchange of 2-methyl-3,3-diphenylpropionitrile20 ( fe h / ^  j j =

2.60), of 2 ,2 -diphenylcyclopropanecarbonitrile20 ( T u /7-î d  =

1.50), and of the a,d-unsaturated nitrile 2,2,4,6,6-penta- 
methylcyclohexylideneacetonitrile1 2  ( k H/k i ,  = 2.05). Re
garding the nucleophilic addition, it is quite reasonable to 
assume that the rate constants for this reaction involving ei
ther the hydrogen or the deuterium derivatives of the olefin 
are practically the same.

According to the above reaction scheme, the rates by which

The overall rate of addition of EtOD to irons-cinnamonitrile 
is given by
R t = —d[TCN]/df = —d[TH]/df -  d[TD]/di (13)

=  0 k , +  X ( [ T H 1  +  [ T D ] ) [ E t O ~ ]  +  M [ H C ]  +  [ D C ] )

- fe 3 [VC][S]
where [TCN] is the total concentration of trans-cinnamoni- 
trile at time i and [S] = [EtOH] + [EtOD]. Assuming steady 
state conditions for the intermediate carbanions, namely 
d[HC]/dt = 0, d[DC]/di = 0, and d[VC]/dt = 0, the corre
sponding expressions for the values of [HC], [DC], and [VC] 
can be derived. By substituting these values in eq 13 the fol
lowing rate equation is obtained

d[TCN]
— ^7—  ” *.[TCN][EW r]

fe^-JTCN] + 2 [add]
* 2 [ S ]  +  X

[EtO-] (14)
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Table I. Rate Constants for the Addition of Ethyl [2H]Alcohol to trans-Cinnamonitrile Catalyzed by Sodium Ethoxide
at 39 °C

Run
no.

[TCN]0, 
mol 1 . 1

[EtO-Na+], 
mol l. “ 1

102 A
103 B

104 A' 
1 0 3 S'

1 0 4 Ä1 ,“
1 . mol- 1  s_ 1

1 0 - 4  k - i , a 
s- 1

1 0 4 k ' h a 
1 . mol- 1  s'

1 0 —4 k ' ~ 1, a

<  S“ 1
1 0 2 ^[TCN]0 [EtO-]

i 0.318 0.215 0.98 -1.91 3.06 7.75 8.40 16.60 2.51
—i.71 2.08

2 0.477 0.81 -0.97 2.72 6.13 4.03 5.85 2.15
- 2 . 2 2 2.53

3 0.637 0.180 0.94 3.07 7.13 2.78
-3.21

4 0.637 0.215 1.13 -1.80 3.33 9.20 5.08 15.10 3.00
-4.08 4.18

5 0.795 1.63 -1.83 5.07 12.93 5.72 14.38 4.35
-7.43 5.58

6 0.954 1 . 2 1 -1.51 3.75 9.58 4.28 1 2 . 6 8 3.27
-6.71 5.28

7 1.114 1.27 -1.49 4.30 9.42 4.63 11.80 3.21
-7.68 6.67

8 0.954 0.180 1.23 - 1 . 2 0 4.73 11.38 4.32 11.60 4.00
-6.85 4.45

9 0.240 1.44 -0.92 3.53 10.83 2.77 6 . 2 2 3.47
-7.92 3.80

1 0 0.320 2 .0 0 -3.15 4.18 11.46 6.38 18.42 4.02
-11.70 11.14

1 1 0.414 2 . 2 1 -3.45 3.30 9.52 4.72 15.58 3.47
-12.40 11.18

0 The average values of the rate constants are k\ = (3.72 ± 0.51) XIO“ 4!. moP_1 s_1; k \  = (4.75 ± 0.70) X 10-"4 1 . mol- 1  s_1; k - x  =

v9.58 ± 1.20) X 104 s' *; Ä'-i = (12.8 ± 3.20) X 104 s“1.

where [add] is the total concentration of the addition products 
at time t: [add] = [AA]t + [AB]( + [AC]i. Since an addition 
product is formed, it may be assumed that /?2 [S] »  k ~ x. 
Taking this into account and substituting [TCN] 0 — [TCN] 
for [add], eq 14 changes into a rate equation which is similar 
to the experimental rate eq 4

d[TCN]
df

k _ ,  k _ ,

T Ä S ]
)  [EtO

feJS]

] [TCN]

[EtO- ] [TCN] 0

where the constants A  and B  of eq 4 are given by

A  =

(15)

(16)

B  = - k _ , k _ 2 [EtO- ] [TCN] 0/ft2 [S] (17)

A rate equation (eq 18) for the formation of the addition 
product can be derived in a similar way from the general re
action scheme:

d[add] /d t  = -  (ft, + k _ tk _ 2/ k 2[S ]  )[EtCT] [add]
+ /?,[EtCr][TCN ] 0 (18)

This rate equation is similar to the experimental rate eq 5 
where A '  and B '  are therefore given by

A ' =  - ( k ,  + k _ 1k _ J/ k i [ S])[EtO"] (19)

B ' = ft, [EtO~] [TCN] 0 (20)
Since the value of A ,  B ,  A ' ,  and B '  were obtained experi

mentally for each kinetic run, the values of k x and k - x could 
be calculated using eq 2 1  and 2 2 , respectively, which were

*. -  ( ^  + [ ^ J ' ) / [Et0“ l = B ’ /[EtO-] [TCN]0 (21)

fe_, = -M [S ]/ft_ J E tO -][T C N ] 0

= /e2[S ](A '+tYJ j ] o)/fe_J[EtO-] (22)

derived from eq 16, 17, 19, and 20. It can be shown that the 
ratio k i / h - 2  needed for these calculations is given by k 2/ k - 2  

~  #a(EtOD)/-Ka[PhCH(OEt)CH2CN]- Since jKa(EtOD) ** 10- 1 8  and 
assuming that 7fa[PhCH(OEt)CH2CN] is equal to that of acetoni
trile ( p K a = 10~25), a value of k 2/ k - 2 ~  107 is obtained. The 
calculated values of k i  and fe_i for each run (Table I) are quite 
constant. This indicates that the reaction scheme and the 
derived rate equations (eq 15 and 18) indeed represent cor
rectly the presently studied addition reaction of ethyl 
[2 H]alcohol to t r a n s -cinnamonitrile. Experimentally found 
values of A ,  B , and B '  and known concentrations of reagents 
appear in eq 21. As a result, the calculated values of k 1 should 
be quite accurate, k - i  is not as accurate as k x because only an 
approximate value of k 2/ k - 2 is available.

Four distinct conditions may be associated with the sug
gested reaction scheme, from which rate eq 15 has been de
rived, namely (a) k\ »  k - i ,  k 2»  k - 2 , (b) k j  >>&_i, k 2 «  k - 2; 
(c) k\ «  k - i ,  k 2 »  k - 2 ; (d) k\ «  k - i ,  k 2 «  k - 2 . If condition 
a holds, the result will be that k x »  k - i k - 2/ k 2[S] and 
fei[EtO- ][TCN] »  B ,  so that rate eq 15 will change to a sec
ond-order rate equation R  =  k x[EtO- ] [TCN], which is dif
ferent from the observed rate eq 4. Condition a was found to 
apply in case of the addition of methanol and/or ethanol to 
acryloritrile,2 ’4 acrylic esters,4 and methacrylonitrile,4 cata
lyzed by the derived sodium alkoxides. Conditions b and d 
cannot be applied at all since k 2 should be much larger than 
k - 2  as p.Ka(AA) »  P-̂ a(EtOD)- As a consequence, condition c is 
the one which may hold for this reaction system. It requires 
that k i should be much smaller than k - X, which is indeed the 
case.

The addition of ethyl alcohol to acrylonitrile catalyzed by 
sodium ethoxide was almost quantitative and much faster (k ] 
= 11.7 X 10~ 2 1. mol- 1  s- 1  at 25 °C ) 4 than the presently in
vestigated addition of ethyl [2 H]alcohol to t r a n s -cinnamo
nitrile [kx = (3.72 ±  0.51) X 10~4 1. mol- 1  s-1]. This is of course 
due to the fact that k - i  »  k x{ k \ / k - X ~  1 0 ~8) resulting from 
the phenyl group at Cg. However, such steric hindrance does 
not necessarily lead to k - x being larger than k\. The reverse 
order was found for the addition of ethyl alcohol to ¡3-ni-
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trostyrene catalyzed by sodium ethoxide { k j k - i  »  1 0 6) . 10  

indicating that the electronegativity of the substituent at Ca 
also affects this ratio to a large extent. One can, in fact, predict 
the relation between k 1 and k - i  for such equilibrium nu
cleophilic additions of BH to activated olefins catalyzed by 
the conjugate base, by comparing the acidities of BH and of 
the addition product. It is obvious, in line with the above- 
mentioned conditions associated with the reaction scheme, 
that if the addition product is more acidic than BH (h 2 »  k _2) 
k i  should be larger than k - i ,  and if the reverse is true (k 2 »  
¿ - 2), k i  should be smaller than k - \ .  In accordance with these 
considerations, it was found for the addition of ethyl alcohol 
to d-nitrostyrene10  (for which k 2 «  k .•>) that ¿ 1  »  k - \ .

The equilibrium concentrations of the addition product and 
of t r a n s -cinnamonitrile are given by [add]eq = B ' / A '  and 
[TCN]eq = B / A ,  respectively (eq 4 and 5). The equilibrium
trans-Ph + CH=CH + CN + C2H5OD 

KCEtO- )
---------- ----  C2HsO + CH(Ph) + CH2CN (23)

constant K  for the overall addition reaction (eq 23) is given 
by

K =  [add]eq/[TCN]eq[S] -  A'B'/A'B[S] (24)
By substituting the expressions of A ,  B ,  A ' ,  and B '  (as de

rived from eq 17, 18, 20, and 21) in eq 24 this equation is 
changed to

K  = k , k 2/ k _ 1k _ 2 (25)
The value of K  =  (3.9 ±  0.2) X 10“  2 1. mol- 1  obtained from eq 
24 is relatively more accurate than the value of K  =  (4.1 ±  0.7) 
X 10~ 2 1. mol- 1  obtained from eq 25. This is due to the fact 
that A ,  A ' ,  B ,  and B '  are experimentally obtained data, 
whereas some inaccuracy is involved in the values of k - \  and 
k  2 / k - 2 .

Hydrogen-Deuterium Exchange. As mentioned, a si
multaneous hydrogen deuterium exchange of the a-vinyl 
hydrogen occurred during the addition of ethyl [2 H] alcohol 
to irons-cinnamonitrile catalyzed by sodium ethoxide. Two 
alternative pathways are possible for this exchange, namely 
via the derived vinyl carbanion1 2 - 1 4  or by an addition-elimi
nation mechanism (see scheme). The exchange reaction is 
faster than the addition reaction, as can be seen from the 
corresponding conversion curves (Figure 3) . 24 This by itself 
cannot be regarded as evidence in favor of the vinyl carbanion 
mechanism. It is obvious that such a behavior may also result 
from an addition-elimination mechanism, only if the addition 
product is unstable and decomposes at a relatively high rate 
to irons-cinnamonitrile. This, in turn, can be the case only if 
the condition ¿ 1  «  k - i k - 2/ k 2[B} holds for the rate eq 26.

-  d[TCN] jdf = (¿, [TCN] -  k ^ k ^ & d d ]  /¿ 4 [S] )[EtO~]
(26)

Equation 26 is obtained from eq 15 by substituting [add] = 
[TCN]0 -  [TCN], It follows from eq 17 that ¿-i& _ 2 /&2 [S] = 
—B/[TCN]o[EtO_], so that the value of k - i k - 2/ k 2[S\ can be 
calculated for each run. It was found by this way that 
¿_i/s_ 2/&2 [S] «  k\ (see Table I), which means that the 
above-mentioned condition does not apply for the exchange 
reaction. It should, therefore, be concluded that the hydro
gen-deuterium exchange in the presently investigated system 
and its relatively higher rate as compared to that of the ad
dition reaction is not due to an addition-elimination mecha
nism, but to the alternative vinyl carbanion mechanism. This 
depression of the addition-elimination mechanism is due to 
the combined effects of the steric hindrance to the nucleo
philic attack (¿ 1 «  k - i ,  see Table I), to the fact that k 2 » k - %  
and to the lower value of k - 2 as compared to k 3 (which is as
sumed by us to be so).

Isomerization. Isomerization was observed while carrying 
out kinetic rate measurements of the addition of ethyl [2H] 
alcohol to c i s -cinnamonitrile. In a typical run, starting with 
the cis isomer, the percentage of irons-cinnamonitrile in the 
mixture of the unreacted cis and trans isomers increased 
gradually up to a value of 55% at equilibrium (Figure 4) . 24 It 
has been shown that vinyl carbanions derived from a,/3-un- 
saturated nitriles have a very high configurational stabili
ty . 1 2 - 1 4  It may be therefore assumed that this cis to trans 
isomerization does not occur via the derived vinyl carbanion 
(eq 27) but rather by an addition-elimination mechanism (eq
28).
Ph CN

\  /

/  V
H H

EtO"
Ph CNX
H

Ph

w
/  \

H CN

Ph D
EtOD \  /

-  / C = C \

H CN
( 2 7 )

Ph
V /  
/  \  

H H

CN
£,(EtO~)

k_,

Ph CN

H7 = - <
EtO H(D)

(HC) or (DC)

k- ,

fe/EtO")

Ph H(D)
^ C = C ^  + EtOEXH)

H CN

(28)

(EtOD) (EtO")

Ph CN

H-^C—  C^H(D)

EtO H(D)
The isomerization involves an inversion of the carbanionic 

intermediate and rotation of the Ca-C 3  bond (eq 29). The
Ph CN

/ “ <
H H(D)

EtO“ Ph ñ  H

nc/ Ï k H®
a

_ E t 0 -

H / i ' ^ C N  H OEt
b

Ph H(D)

/ c _ < \
H CN

(29)

activation energy for the inversion of the carbanion is very low 
(~ 1 0 —2 kcal/mol) . 2 1

It is obvious that the conformational equilibrium of the 
anionic intermediates a and b is highly in favor of b. In ac
cordance with this, very small amounts of the cis isomer 
were detected while measuring the rates of addition of ethyl 
[2H]alcohol to irons-cinnamonitrile. At equilibrium the 
mixture of olefins consisted only of 4-6% of the cis isomer, its 
concentration being practically constant for each run during 
the whole reaction period (Table II) . 24

The transformation of the carbanionic intermediate a to 
b may be regarded as practically irreversible so that the 
backward reaction (k - 4) of (HC) or (DC) (eq 28) to the cis 
isomer is assumed to be negligible. The rate of the nucleophilic 
addition involving c is -cinnamonitrile (CCN) should therefore 
be given by

-  d[CCN] fd t  -  ¿„[EtCT] [CCN] (30)
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A detailed representative kinetic run is given in Table II.24 

First-order rate plots of log [CCN], /[CCN]o against t yielded 
straight lines in all cases studied (Figure 5) . 24 The second- 
order rate constants were determined by dividing the 
pseudo-first-order rate constants by base concentration.

It may be argued that the trans olefin does indeed isomerize 
to the cis olefin, but that the very minor accumulation of the 
cis isomer is due to its faster consumption in the addition re
action, as compared to that of the trans olefin. This, however, 
is not the case as is evident from the fact that the second-order 
rate constants for the nucleophilic attack step of the ethoxide 
anion on the cis - and on the t r a n s -cinnamonitrile are about 
the same: k 4  ~ 3.50 X 10~4 1. mol- 1  s- 1  and k\ =  (3.72 ±  0.51) 
X 10- 4  1. mol- 1  s_1.

Experimental Section
T h e  in f r a r e d  s p e c t r a  w e r e  o b t a i n e d  w i t h  a  P e r k i n - E l m e r  M o d e l  2 5 7  

s p e c t r o p h o t o m e t e r .  N M R  s p e c t r a  w e r e  r e c o r d e d  o n  a  J E O L  6 0  M H z  

s p e c t r o m e t e r .  V P C  m e a s u r e m e n t s  w e r e  d o n e  o n  a  V a r i a n  A e r o g r a p h  

M o d e l  1 8 0 0  g a s  c h r o m a t o g r a p h .  M a s s  s p e c t r a  w e r e  r e c o r d e d  o n  a  

H i t a c h i  P e r k i n - E l m e r  M o d e l  R M V - 6  ( 7 0  e V )  m a s s  s p e c t r o m e t e r .

M a t e r i a l s .  A  m i x t u r e  o f  cis- a n d  trans- c i n n a m o n i t r i l e  w a s  s y n 

t h e s i z e d 22  a n d  s e p a r a t e d  b y  d i s t i l l a t i o n  o n  a  s p i n n i n g  b a n d  c o lu m n .  

T h e  c is  a n d  t r a n s  i s o m e r s  w e r e  e a c h  o b t a i n e d  a t  9 8 %  p u r i t y  ( V P C ) .  

A b s o l u t e  d r y  e t h y l  [2 H ] a lc o h o l  ( M i l e s - Y e d a ) ,  9 9 .9 %  i s o t o p i c a l ly  p u r e ,  

w a s  u s e d .  E t h a n o l i c  s o d i u m  e t h o x i d e  s o l u t i o n s  w e r e  p r e p a r e d  b y  

a d d i n g  s o d i u m  m e t a l  t o  e t h y l  [2 H ] a lc o h o l  u n d e r  r e f l u x  a n d  n i t r o g e n .  

T h e  b a s e  c o n c e n t r a t io n  w a s  d e t e r m in e d  b y  t i t r a t i o n  w it h  h y d r o c h lo r ic  

a c i d .  L i q u i d  m a t e r i a l s  a n d  s o l u t i o n s  w e r e  k e p t  u n d e r  p u r e  n i t r o g e n  

in  f l a s k s  f i t t e d  w i t h  s e l f - s e a l i n g  r u b b e r  c a p s .  A l i q u o t  p o r t i o n s  w e r e  

r e m o v e d  f r o m  t h e s e  f l a s k s  w i t h  s y r i n g e s  b y  a p p l y i n g  n i t r o g e n  p r e s 

s u r e .

K i n e t i c  R u n s .  T h e  r e a c t i o n s  o f  trans- c i n n a m o n i t r i l e  w i t h  e t h y l  

[2H ] a lc o h o l  c a t a ly z e d  b y  s o d i u m  e t h o x id e  w e r e  c a r r ie d  o u t  in  a  1 5 0 - m l  

f l a s k  c o n n e c t e d  t o  h ig h  v a c u u m  a n d  n i t r o g e n  l in e s .  T h e  f l a s k  w a s  

f i t t e d  w i t h  a  s e l f - s e a l i n g  r u b b e r  c a p  t h r o u g h  w h i c h  l i q u i d s  w e r e  i n 

t r o d u c e d  b y  s y r i n g e s .  T h e  s y s t e m  w a s  d r i e d ,  e v a c u a t e d ,  a n d  f l u s h e d  

w i t h  d r y  n i t r o g e n  p r i o r  t o  t h e  i n t r o d u c t i o n  o f  s o l v e n t  a n d  r e a c t a n t s .  

T h e  r e q u i r e d  a m o u n t s  o f  c i n n a m o n i t r i l e  a n d  e t h y l  [2 H ] a l c o h o l  w e r e  

i n t r o d u c e d  i n t o  t h e  f l a s k  w h i c h  w a s  t h e n  i m m e r s e d  in  a  c o n s t a n t -  

t e m p e r a t u r e  b a t h  a t  ( 3 9  ±  0 .5 )  ° C .  A  s o l u t i o n  o f  s o d i u m  e t h o x i d e  in  

e t h y l  [2H ] a l c o h o l  w a s  t h e n  i n t r o d u c e d  a n d  t i m e  r e c o r d e d .  P o r t i o n s  

o f  t h e  h o m o g e n e o u s  m i x t u r e  w e r e  w i t h d r a w n  a t  m e a s u r e d  i n t e r v a l s  

t h r o u g h  a  c a p i l l a r y  s t o p c o c k ,  b y  a p p l y i n g  a  n i t r o g e n  p r e s s u r e .  T h e  

s a m p l e s  w i t h d r a w n  w e r e  q u e n c h e d  w i t h  e x c e s s  a c e t i c  a c i d  a n d  

s u b j e c t e d  t o  q u a n t i t a t i v e  V P C  a n d  i r  m e a s u r e m e n t s .  S o m e  r e p r e 

s e n t a t i v e  r e s u l t s  o f  k in e t ic  r a t e  m e a s u r e m e n t s  o f  t h e  a d d i t io n  r e a c t io n  

a r e  p r e s e n t e d  in  T a b l e  I I . 24  T h e  k i n e t i c  r a t e  m e a s u r e m e n t s  o f  t h e  

a d d i t i o n  o f  e t h y l  [2 H ] a l c o h o l  t o  cis - c i n n a m o n i t r i l e  a n d  i t s  s i m u l t a 

n e o u s  i s o m e r i z a t i o n  t o  t h e  t r a n s  i s o m e r  w e r e  f o l l o w e d  b y  V P C .

Q u a n t i t a t i v e  I r  A n a l y s i s .  T h e  b a s e l in e  d e n s i t y  m e t h o d 23  w a s  u s e d  

t o  d e t e r m i n e  t h e  p e r c e n t a g e  o f  d e u t e r i u m  (%  D )  in  t h e  s a m p l e s

w i t h d r a w n  f r o m  t h e  r e a c t i o n  m i x t u r e .  T h e  i r  s p e c t r u m  o f  e a c h  o f  

s e v e r a l  m i x t u r e s  c o m p o s e d  o f  w e ig h t e d  a m o u n t s  o f  o r - d e u t e r a t e d  a n d  

n o n d e u t e r a t e d  trans- c i n n a m o n i t r i l e  w a s  r e c o r d e d  u s i n g  n o  s o l v e n t  

in  s o d i u m  c h lo r i d e  c e l l s  ( 0 .0 2 5  c m  t h i c k n e s s ) .  T h e  t r a n s m i t t a n c e  T  

a t  9 7 5  c m - 1  ( d u e  t o  t h e  C = C H  b o n d )  a n d  t h e  t r a n s m i t t a n c e  V  a t  9 5 5  

c m - 1  ( d u e  t o  t h e  C = C D  b o n d )  w e r e  d e t e r m i n e d .  T h e  %  D  o f  e a c h  o f  

t h e  s a m e  s a m p le s  w a s  d e t e r m in e d  f r o m  t h e i r  m a s s  s p e c t r a .  A  s t a n d a r d  

c u r v e  f o r  t h e  q u a n t i t a t i v e  i r  a n a l y s i s  w a s  p r e p a r e d  b y  p lo t t in g  lo g  T /T '  
a g a i n s t  %  D .  S o l v e n t s  ( e t h y l  [2 H ] a l c o h o l  a n d  a c e t i c  a c i d )  w e r e  e v a p 

o r a t e d  f r o m  e a c h  o f  t h e  q u e n c h e d  s a m p l e s  w i t h d r a w n  f r o m  t h e  r e 

a c t i o n  m i x t u r e  a n d  t h e  r e s i d u e  w a s  d i s t i l l e d  u n d e r  v a c u u m  i n t o  a  

c o o le d  t r a p .  T h i s  d i s t i l l a t e  c o n s i s t e d  o f  a  m i x t u r e  o f  t h e  a d d i t i o n  

p r o d u c t  o f  e t h y l  [2 H ] a l c o h o l  t o  t r a n s - c i n n a m o n i t r i l e  a n d  t h e  a - d e u -  

t e r a t e d  a n d  n o n d e u t e r a t  e d  o le f in s .  T h e  i r  s p e c t r u m  o f  t h e  l i q u i d  w a s  

r e c o r d e d ,  lo g  T /T ’ d e t e r m i n e d ,  a n d  t h e  %  D  t h e n  d i r e c t l y  r e a d  f r o m  

t h e  s t a n d a r d  c u r v e .

R e g i s t r y  N o . — E t h y l  p H J a l c o h o l ,  9 2 5 - 9 3 - 9 ;  trans- c i n n a m o n i t r i l e ,  

1 8 8 5 - 3 8 - 7 ;  s o d i u m  e t h o x i d e ,  1 4 1 - 5 2 - 6 ;  c i s - c i n n a m o n i t r i l e ,  2 4 8 4 0 -  

0 5 - 9 .

S u p p l e m e n t a r y  M a t e r i a l  A v a i l a b l e .  F i g u r e s  3 , 4 ,  a n d  5  a n d  T a b l e  

I I  d e s c r i b i n g  t h e  a d d i t i o n  o f  e t h y l  [2 H ] a l c o h o l  t o  trans- a n d  c i s - c i n -  

n a m o n i t r i l e  (4  p a g e s ) .  O r d e r i n g  i n f o r m a t i o n  i s  g i v e n  o n  a n y  c u r r e n t  

m a s t h e a d  p a g e .
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T h e  u s u a l  o r i e n t a t i o n  o f  n u c l e o p h i l i c  a d d i t i o n  a t  t h e  2  p o s i t i o n  o f  a  3 - a l k y l p y r i d i n e  c a n  b e  c h a n g e d  b y  i n c r e a s i n g  

t h e  s t e r i c  r e q u i r e m e n t s  o f  t h e  n i t r o g e n  s u b s t i t u e n t .  T h u s  t h e  a d d i t i o n  o f  p h e n y l m a g n e s i u m  b r o m i d e  t o  t h e  a l k y l  

c h lo r o f o r m a t e  e s t e r  s a l t s  o f  3 , 4 - l u t i d i n e  is  r e g i o s e le c t i v e  g i v i n g  u p  t o  9 0 %  a d d i t i o n  o f  t h e  a r y l  g r o u p  a t  t h e  6  p o s i 

t i o n .  T h e  l a r g e  s t e r i c  r e q u i r e m e n t s  o f  t h e  1 - p h e n o x y c a r b o n y l  g r o u p  o r  a n  o r t h o - s u b s t i t u t e d  p h e n y l  G r i g n a r d  r e 

a g e n t  g a v e  9 5 %  o r  g r e a t e r  r e g i o s e l e c t i v i t y  o f  r e a c t i o n  a t  t h e  l e s s  h i n d e r e d  a p o s i t i o n  o f  t h e  3 , 4 - l u t i d i n e  s a l t .

The reactions of nucleophiles with pyridines and pyridine the addition usually takes place adjacent to the nitrogen, at
derivatives may occur by addition at the 2, 4, or 6  position of the 2 or 6  positions,2 and with the unsymmetrical ring having
the ring. 1 When the nucleophile is an organometallic reagent a 3-alkyl group, the addition is primarily at the 2 position.
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T a b l e  I

O v e r a l l
C o m p d R ' A r 4 / 5 y i e l d ,  % S o l v e n t

a C H 3 C H 2 c 6 h 5 7 8 / 2 2 3 1 E t h e r
b ¡'-c 4 h 9 c . h , 7 5 / 2 5 2 7 T H F
c i- C 3 H , c . h , 9 0 / 1 0 3 2 E t h e r
d c . h s C 6H 5 9 2 / 8 3 5 T H F
e c h 3 c h 2 p -c i c a 6 2 / 3 8 4 0 T H F
f c 6 h 5 P - C 1 C Ä 9 5 / 5 5 5 T H F

g c h 3 c h 2 o - C H 3 C 6 H 4 9 5 / 5 4 6 T H F
h c 6 h 5 o - C H 3 C 6 H 4 > 9 5 « 5 6 T H F

« O n l y  a  t r a c e  o f  5  c o u l d  b e  d e t e c t e d  i n  t h e  N M R  s p e c t r u m .

Thus the reactions of phenyllithium with 3-picoline, 3 3- 
alkyl-l-ethoxypyridinium bromides with Grignard reagents,4 

and 3,4-lutidine methiodide with benzylmagnesium chlori- 
de2c ’5 all give as the sole or major product compounds resulting 
from addition of the organometallic reagent at the 2  position. 
This unexpected regiospecificity has been rationalized as re
sulting from an “ ortho” effect of the 3-alkyl group probably 
related to London forces. 3

The requirement for a series of 2-aryl-4,5-lutidines for a 
synthetic problem in this laboratory would be facilitated if the 
regiospecificity of the addition of an organometallic reagent 
to a 3,4-lutidine derivative could be controlled to give pre- 
dominently reaction at the less hindered, 6  position. To make 
use of this steric factor to govern the regiospecificity of the 
nucleophilic addition it was evident from the literature that 
a group with large steric requirements would have to be in
troduced on the nitrogen. Since the pyridines were the desired 
product, the nitrogen substituent must be easily lost in the 
aromatization of the intermediate dihydropyridine. The ac
tivation of the pyridine ring to reaction with a Grignard re
agent by salt formation with a chloroformate, recently re
ported by Fraenkel and co-workers6 with 4-substituted py
ridines, seemed to provide a possible method for controlling 
the regiospecificity.

The steric requirements of the nitrogen substituent were 
varied by changing the nature of the alkyl group of the ester 
of the chloroformate, and the various 1 -alkoxycarbonyl-
3,4-lutidinium salts (1) were treated with an aryl Grignard 
reagent. The NMR spectrum of the mixture of 1-alkoxycar- 
bonyl-2-aryl-l,2-dihydro-3,4-lutidine (3) and 1-alkoxycar- 
bonyl-2-aryl-l,2-dihydro-4,5-lutidine ( 2 )  was not resolved 
sufficiently to allow analysis of the product. Thus aromati
zation of the mixture by heating with sulfur gave the pyridines 
4 and 5  which could be analyzed by the NMR. The results of 
the study are given in Table I.

Results and Discussion
The reaction of 3,4-lutidine with the chloroformâtes gave 

the salts which in turn were treated with a Grignard reagent 
to give a mixture of dihydropyridines ( 2  and 3 ) .  Except for the 
product from the reaction of p-chlorophenylmagnesium 
bromide and the phenyl chloroformate salt of 3,4-lutidine, 
which was largely the solid l-phenoxycarbonyl-2 -p-chloro- 
phenyl-4,5-dimethyl-l,2-dihydropyridine ( 2 f ) ,  the oily mix
tures of dihydropyridines were not analyzed. The products

were aromatized by heating with sulfur rather than by reaction 
with n-butyllithium, the procedure previously described,6 

since the former procedure is more convenient for preparative 
scale reactions.

The reactions of unhindered aryl Grignard reagents with 
the lutidine salts from ethyl and isobutyl chloroformate, alkyl 
groups with no branching near the carbonyl group, gave sig
nificant amounts of reaction at the 2  position of the pyridine 
ring (la,b,e). The alkoxycarbonyl salts of 3,4-lutidine (1) gave 
a much greater ratio of addition of the aryl Grignard reagent 
at the 6  position than did other derivatives of 3,4-lutidine or 
the base itself. An increase in the steric requirements of the 
ester (lc,d,f) or in the Grignard reagent (g) gave much greater 
regioselectivity with nearly exclusive reaction at the 6  position. 
Thus with the hindered Grignard reagent, o-tolylmagnesium 
bromide, even the smallest ester, ethoxycarbonyllutidinium 
salts, gave nearly exclusively a single isomer. This orientation 
is particularly noteworthy when compared with the reaction 
of o-tolyllithium or o-ethylphenyllithium with 3-picoline 
which was reported to give about 95% addition at the 2 posi
tion. 7 Similar high regiospecificity was achieved with any aryl 
Grignard reagent with the phenyl chloroformate salt of 3,4- 
lutidine.

These results clearly show that orientation of nucleophilic 
arylation of 3-alkylpyridines can be controlled to give sub
stitution at the position ortho to the alkyl group using the base 
or by using o u r  procedure to give substitution “ para” to the 
alkyl substituent.

Experimental Section
M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  u s in g  a  T h o m a s - H o o v e r  c a p i l l a r y  

m e l t i n g  p o i n t  a p p a r a t u s  o r  a  M e l - T e m p  a p p a r a t u s  a n d  w e r e  n o t  

c o r r e c t e d  f o r  t h e r m o m e t e r  s t e m  e x p o s u r e .  E l e m e n t a l  a n a l y s e s  w e r e  

d e t e r m i n e d  u s in g  a n  F  a n d  M  M o d e l  1 8 5  C ,  H ,  a n d  N  a n a l y z e r .  I n 

f r a r e d  s p e c t r a  w e r e  d e t e r m in e d  u s in g  P e r k i n - E l m e r  M o d e l  1 3 7  o r  3 3 7  

s p e c t r o m e t e r s  w i t h  s a m p l e s  p r e p a r e d  a s  m u l l s  o r  K B r  p e l l e t s .  T h e  

n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  w e r e  d e t e r m i n e d  u s i n g  a  J E O L  

M o d e l  M H - 1 0 0  s p e c t r o m e t e r .

2 - A r y l - 3 , 4 -  a n d  - 4 , 5 - d i m e t h y I p y r i d i n e s  ( 4  a n d  5 ) .  A  s o l u t i o n  o f

3 , 4 - l u t i d i n e  ( 5 .3 6  g ,  0 .0 5  m o l)  in  1 5 0  m l  o f  d r y  T H F  ( e t h e r )  u n d e r  n i 

t r o g e n  w a s  c o o le d  in  a  c a r b o n  t e t r a c h l o r i d e - d r y  ic e  b a t h .  A n  a l k y l  

c h lo r o f o r m a t e  ( 0 .0 5  m o l)  w a s  a d d e d  d r o p w is e  o v e r  5  m in  t o  t h e  s t i r r e d  

s o lu t io n ,  f o r m in g  a  w h i t e  p r e c i p i t a t e .  A n  a r y l  G r i g n a r c  r e a g e n t  ( 0 .0 6  

m o l)  in  5 5  m l  o f  T H F  ( e t h e r )  w a s  t h e n  a d d e d  d r o p w i s e  a t  s u c h  a  r a t e  

a s  n o t  t o  a l lo w  t h e  t e m p e r a t u r e  t o  r i s e  a b o v e  0  ° C .  A f t e r  t h e  a d d i t i o n  

w a s  c o m p le t e d ,  t h e  m i x t u r e  w a s  s t i r r e d  a t  0 - 5  ° C  ( ic e  b a t h )  f o r  1  h  a n d  

h y d r o l y z e d  w i t h  5 0  m l  o f  2 0 %  a m m o n i u m  c h lo r i d e  s o l u t i o n .  T h e  o r 
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g a n i c  l a y e r  w a s  w a s h e d  w i t h  5 0 - m l  p o r t i o n s  o f  5 %  N a O H ,  w a t e r ,  5 %  

H C 1 ,  w a t e r ,  a n d  b r i n e ,  a n d  t h e n  w a s  d r i e d  ( K 2 C O 3 ) . E v a p o r a t i o n  o f  

t h e  s o l v e n t  g a v e  y e l lo w  o i ls  a s  a  r e s i d u e  w h i c h  w e r e  t r e a t e d  w i t h  1  

e q u i v  o f  s u b l i m e d  s u l f u r  a t  1 9 0 - 2 0 0  ° C  f o r  4 5  m in .  T h e  r e a c t i o n  

m i x t u r e  w a s  c o o le d ,  d i s s o l v e d  in  1 5 0  m l  o f  e t h e r ,  a n d  e x t r a c t e d  w i t h  

t h r e e  5 0 - m l  p o r t io n s  o f  1 0 %  h y d r o c h l o r i c  a c id .  T h e  a c i d  e x t r a c t s  w e r e  

w a s h e d  w i t h  5 0  m l  o f  e t h e r ,  m a d e  b a s ic  w i t h  2 0 %  N a O H , a n d  e x t r a c t e d  

w i t h  f o u r  5 0 - m l  p o r t io n s  o f  e t h e r .  T h e  o r g a n ic  l a y e r  w a s  w a s h e d  w i t h  

b r i n e  a n d  d r i e d  ( K 2C O 3 ) . T h e  s o lu t io n  w a s  f i l t e r e d  a n d  c o n c e n t r a t e d  

a n d  t h e  r e s i d u e  w a s  d i s t i l l e d ,  g i v i n g  a  m i x t u r e  o f  2 - a r y l - 3 , 4 - d i -  

m e t h y l p y r i d i n e  (5) a n d  2 - a r y l - 4 , 5 - d i m e t h y l p y r i d i n e  (4). T h e  p e r 

c e n t a g e s  o f  t h e  i s o m e r i c  p y r i d i n e s  4 a n d  5 w e r e  d e t e r m i n e d  f r o m  t h e  

N M R  s p e c t r u m  o f  t h e  m i x t u r e .  T h e  c o m b i n e d  q u a n t i t i e s  o f  4  a n d  5 
w e r e  g i v e n  f r o m  t h e  i n t e g r a t i o n  o f  t h e  s i g n a l  f o r  t h e  a p r o t o n s  w h i c h  

w e r e  a c c i d e n t a l l y  i d e n t i c a l  a t  b 8 .5 4  f o r  A r  =  C 6H 5  o r  p - C l C 6 H 4 o r  a t  

b 8 .6 4  f o r  A r  =  0 - C H 3 C 6H 4 . T h e  r e l a t i v e  a m o u n t  o f  5 in  t h e  m i x t u r e  

w a s  o b t a i n e d  f r o m  t h e  i n t e g r a t i o n  o f  t h e  s i g n a l  f o r  t h e  5  p r o t o n ,  a  

d o u b l e t  a t  b 7 . 1 4  f o r  A r  =  p - C l C 6H 4 o r  0 - C H 3 C 6H 4 o r  a t  b 7 .0 8  f o r  A r  

=  C 6H 5.
1- Phenoxycarbonyl-2-p-chlorophenyl-4,5-dimethyl-1,2-di- 

hydropyridine (2f). A  s o l u t i o n  o f  3 , 4 - l u t i d i n e  ( 1 0 . 7 1  g ,  0 . 1  m o l)  in  

2 0 0  m l  o f  d r y  T H F  u n d e r  n i t r o g e n  w a s  c o o le d  in  a  c a r b o n  t e t r a c h l o 

r i d e - d r y  ic e  b a t h .  P h e n y l  c h lo r o f o r m a t e  ( 1 5 . 6 6  g , 0 . 1  m o l)  w a s  a d d e d  

d r o p w is e  o v e r  5  m i n  t o  t h e  s t i r r e d  s o lu t io n  g i v i n g  a  w h i t e  p r e c i p i t a t e .  

A  s o l u t i o n  o f  p - c h l o r o p h e n y l m a g n e s i u m  b r o m i d e  ( 0 . 1 2  m o l)  in  1 0 0  

m l  o f  T H F  w a s  a d d e d  d r o p w is e  a t  a  r a t e  w h ic h  k e p t  t h e  t e m p e r a t u r e  

b e lo w  0  ° C .  A f t e r  t h e  a d d i t io n  w a s  c o m p le t e d ,  t h e  m i x t u r e  w a s  s t i r r e d  

a t  0 - 5  ° C  ( ic e  b a t h )  f o r  1  h  a n d  t h e n  w a s  h y d r o l y z e d  w i t h  1 0 0  m l  o f  

2 0 %  N H 4C 1  s o l u t i o n .  T h e  o r g a n i c  l a y e r  w a s  w a s h e d  w i t h  5 0  m l  o f  5 %  

N a O H  s o l u t i o n  a n d  5 0  m l  o f  s a t u r a t e d  b r i n e  s o l u t i o n  a n d  t h e n  w a s  

d r i e d  ( K 2 C O 3 ) a n d  e v a p o r a t e d .  T h e  r e s i d u a l  y e l lo w  o i l  c r y s t a l l i z e d  

o n  s t a n d i n g  u n d e r  p e n t a n e  t o  g i v e  2 5 . 7  g  ( 7 6 % )  o f  2f a s  a  l i g h t  y e l lo w  

s o l id .  T h e  p r o d u c t  w a s  r e c r y s t a l l i z e d  t w ic e  f r o m  i s o p r o p y l  a lc o h o l  t o  

g i v e  a n  a n a l y t i c a l  s a m p l e  o f  2f: m p  1 1 1 - 1 1 4  ° C ;  N M R  ( C D C I 3 ) b
7 . 0 8 - 7 . 8 0  ( m , 9  H ) ,  6 .9 2  ( b r  s ,  1  H ) ,  6 .0 3  ( d ,  1  H ) ,  5 .6 8  ( d ,  1  H ) ,  1 . 7 0 -

2 .0 8  ( 2  s ,  6  H ) ;  i r  ( K B r )  1 7 0 5  c m " 1 .

A n a l .  C a l c d  f o r  C 2oH 1 8 C 1 N 0 2: C ,  7 0 .6 9 ;  H ,  5 . 3 4 ;  N ,  4 . 1 2 .  F o u n d :  C ,  

7 0 . 9 5 ;  H ,  5 .2 6 ;  N ,  4 .0 7 .

2 -  Phenyl-4,5-dimethylpyridine (4d). A  s o l u t i o n  o f  3 , 4 - l u t i d i n e  

( 5 .3 6  g , 0 .0 5  m o l)  in  1 5 0  m l  o f  d r y  T H F  u n d e r  n i t r o g e n  w a s  c o o le d  in  

a  c a r b o n  t e t r a c h l o r i d e - d r y  ic e  b a t h .  P h e n y l  c h lo r o f o r m a t e  ( 7 .8 3  g , 

0 .0 5  m o l)  w a s  a d d e d  d r o p w i s e  o v e r  5  m i n  t o  t h e  s t i r r e d  s o l u t i o n ,  

f o r m in g  a  w h i t e  p r e c i p i t a t e .  A  s o lu t io n  o f  p h e n y l m a g n e s i u m  b r o m id e  

( 0 .0 6  m o l)  in  5 5  m l  o f  T H F  w a s  a d d e d  d r o p w i s e  a t  a  r a t e  t o  k e e p  t h e  

t e m p e r a t u r e  b e lo w  0  ° C .  A f t e r  t h e  a d d i t io n  w a s  c o m p le t e ,  t h e  m ix t u r e  

w a s  s t i r r e d  a t  0 - 5  ° C  ( ic e  b a t h )  f o r  1  h  a n d  L h e n  w a s  h y d r o l y z e d  w i t h  

5 0  m l  o f  2 0 %  N H 4 C I  s o l u t i o n .  T h e  o r g a n i c  l a y e r  w a s  w a s h e d  w i t h  

5 0 - m l  p o r t io n s  o f  5 %  N a O H , w a t e r ,  5 %  H C 1 ,  w a t e r ,  a n d  b r i n e ,  a n d  t h e n  

w a s  d r i e d  ( K 2C O 3 ). T h e  m i x t u r e  w a s  f i l t e r e d  a n d  e v a p o r a t e d  t o  y i e l d  

1 2 . 3 2  g  o f  a  y e l lo w  o i l .  T h e  c r u d e  y e l lo w  o i l  w a s  t r e a t e d  w i t h  s u b l i m e d  

s u l f u r  ( 1 . 2 9  g , 4 0 .3 7  m m o l)  a t  1 9 0 - 2 0 0  ° C  f o r  4 5  m in .  T h e  r e a c t i o n  

m i x t u r e  w a s  c o o le d ,  d i s s o l v e d  in  1 5 0  m l  o f  e t h e r ,  s t o r e d  o v e r  s o d i u m  

h y d r o x i d e  p e l le t s  o v e r n i g h t ,  a n d  f i l t e r e d .  T h e  f i l t r a t e  w a s  w a s h e d  w it h  

5 0  m l  o f  1 0 %  s o d i u m  h y d r o x i d e  a n d  5 0  m l  o f  w a t e r ,  a n d  w a s  e x t r a c t e d  

w i t h  t h r e e  5 0 - m l  p o r t io n s  o f  1 0 %  h y d r o c h l o r i c  a c id .  T h e  a c id  e x t r a c t s  

w e r e  w a s h e d  w i t h  5 0  m l  o f  e t h e r ,  m a d e  b a s i c  w i t h  2 0 %  s o d i u m  h y 

d r o x i d e  a n d  e x t r a c t e d  w i t h  f o u r  5 0 - m l  p o r t io n s  o f  e t h e r .  T h e  o r g a n ic  

l a y e r  w a s  w a s h e d  w i t h  w a t e r  a n d  b r i n e  a n d  w a s  d r i e d  ( K 2 C O 3 ) . T h e  

s o l u t i o n  w a s  f i l t e r e d ,  c o n c e n t r a t e d ,  a n d  d i s t i l l e d ,  g i v i n g  3 . 2 3  g  ( 3 5 % )  

o f  4d a s  a  l i g h t  y e l lo w  o i l :  b p  1 1 7 - 1 2 0  ° C  ( 0 .3 5  m m ) ;  p i c r a t e  m p  

2 0 3 - 2 0 4  ° C  [ l i t .8 b p  1 4 6 - 1 5 0  ° C  ( 6  m m ) ,  p i c r a t e  m p  2 0 2 - 2 0 3  ° C ] ;  

N M R  ( C D C I 3 ) b 8 .5 8  ( s ,  1  H ) ,  8 . 1 2 - 8 . 2 8  ( m , 2  H ) ,  7 . 4 4 - 7 . 7 0  ( m , 4  H ) ,  
2 . 1 6  ( s , 6  H ) .

2-p-Chlorophenyl-4,5-dimethylpyridine (4f). A  m i x t u r e  o f  1 5 . 0

g  ( 4 4 . 1 4  m m o l)  o f  c r u d e  2f a n d  1 . 2 7  g  ( 3 9 .7 3  m m o l)  o f  s u b l i m e d  s u l f u r  

w a s  h e a t e d  w i t h  s t i r r i n g  a t  1 9 0 - 2 0 0  ° C  f o r  4 5  m i n .  T h e  r e a c t i o n  

m i x t u r e  w a s  c o o le d ,  d i s s o l v e d  in  1 5 0  m l  o f  e t h e r ,  a n d  p la c e d  o v e r  s o 

d i u m  h y d r o x i d e  p e l l e t s  o v e r n i g h t .  T h e  s o l u t i o n  w a s  f i l t e r e d  a n d  

w a s h e d  w i t h  5 0  m l  o f  2 0 %  s o d i u m  h y d r o x i d e  s o l u t i o n  a n d  5 0  m l  o f  

w a t e r .  T h e  s o l u t i o n  w a s  e x t r a c t e d  w i t h  t h r e e  5 0 - m l  p o r t i o n s  o f  1 0 %  

h y d r o c h l o r i c  a c id .  T h e  a c i d  e x t r a c t s  w e r e  f i l t e r e d ,  w a s h e d  w i t h  2 5  m l  

o f  e t h e r ,  m a d e  b a s i c  w i t h  2 0 %  s o d i u m  h y d r o x i d e ,  a n d  e x t r a c t e d  w i t h  

f o u r  5 0 - m l  p o r t i o n s  o f  e t h e r .  T h e  e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  

s a t u r a t e d  b r i n e  s o l u t i o n ,  d r i e d  (K2CO3), a n d  e v a p o r a t e d  t o  g i v e  a  

b r o w n  s o l id .  D is t i l l a t i o n  o f  t h e  s o l id  ( b p  1 2 5 - 1 3 0  ° C ,  0 .0 6  m m )  y ie l d e d

6 .9  g  ( 7 2 % )  o f  4f a s  a  l i g h t  y e l lo w  s o l i d .  T h e  s o l i d  w a s  r e c r y s t a l l i z e d  

t w ic e  f r o m  h e x a n e - N o r i t e  t o  g iv e  4f a s  w h i t e  c r y s t a l s :  m p  6 1 . 5 - 6 2  ° C ;  

N M R  ( C D C I 3 ) b 8 .4 8  ( s ,  1  H ) ,  8 .0 0  ( d , 2  H ) ,  7 .4 6  (d , 2  H ) ,  7 .4 3  ( s ,  1 H ) ,  

2 . 2 0  ( s ,  6  H ) .

A n a l .  C a l c d  f o r  C i 3 H 1 2 C 1 N :  C ,  7 1 . 7 2 ;  H ,  5 . 5 6 ;  N ,  6 .4 3 .  F o u n d :  C ,  

7 1 . 7 1 ;  H ,  5 .6 5 ;  N ,  6 .5 6 .

2-(o-Tolyl)4,5-dimethylpyridine (4g). U s i n g  t h e  p r o c e d u r e  f o r  

t h e  p r e p a r a t i o n  o f  4f, 1 0 . 7 1  g  ( 0 . 1  m o l)  o f  3 ,4 - lu t id in e ,  1 1 . 1 9  g  ( 0 . 1  m o l)  

o f  e t h y l ,  c h lo r o f o r m a t e ,  a n d  0 . 1 2  m o l  o f  o - t o l y l m a g n e s i u m  b r o m i d e  

in  1 0 0  m l  o f  T H F  g a v e ,  a f t e r  v a c u u m  d i s t i l l a t i o n ,  1 6 . 2  g  o f  a  y e l lo w  o il. 

T r e a t m e n t  w i t h  1 . 9 1  g  ( 5 9 .7  m m o l)  o f  s u b l i m e d  s u l f u r  g a v e ,  a f t e r  

v a c u u m  d i s t i l l a t i o n ,  9 .0  g  (4 6 % ) o f  a  y e l lo w  o il. T h e  o i l  w a s  t r e a t e d  w i t h  

N o r i t e - c h l o r o f o r m  a n d  r e d i s t i l l e d  t o  g iv e  a n  a n a l y t i c a l  s a m p l e  o f  4g: 
b p  1 1 0 - 1 1 5  ° C  ( 0 .3 5  m m ) ;  p i c r a t e ,  m p  1 6 6 - 1 6 7  ° C ;  N M R  ( C D C I 3 ) b 
8 .6 4  (s , 1  H ) ,  7 . 3 5 - 7 . 6 8  ( m , 4  H ) ,  7 .3 0  ( s ,  1  H ) ,  2 .4 3  ( s ,  3  H ) ,  2 .2 4  ( s ,  6  

H ) .

A n a l .  C a lc d  f o r  C 1 4 H 1 5 N :  C ,  8 5 .2 4 ;  H ,  7 .6 6 ; N ,  7 . 1 0 .  F o u n d :  C ,  8 5 .2 8 ;  

H ,  7 .6 5 ;  N ,  7 . 1 2 .
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A c y c l i c  t r i s u b s t i t u t e d  a n d  p r e v i o u s l y  u n k n o w n  t e t r a s u b s t i t u t e d  h y d r o x y g u a n i d i n e s  G h a v e  b e e n  p r e p a r e d  f r o m  

C - c h l o r o f o r m a m i d i n i u m  c h lo r i d e s  3  ( a v a i l a b l e  f r o m  u r e a s  o r  t h i o u r e a s )  v i a  r e a c t i o n  w i t h  0 - ( t e t r a h y d r o - 2 - p y r a n y l ) -  

h y d r o x y l a m i n e  ( 4 ) ,  f o l l o w e d  b y  r e m o v a l  o f  t h e  p r o t e c t i n g  g r o u p  b y  a c i d  h y d r o l y s i s .  C y c l i c  t r i -  a n d  t e t r a s u b s t i t u t e d  

h y d r o x y g u a n i d i n e s  1 1  h a v e  b e e n  p r e p a r e d  b y  t h e  r e a c t i o n  o f  p h o s g e n e - 0 - ( t e t r a h y d r o - 2 - p y r a n y l ) o x i m e  ( 7 )  o r  p h o s -  

g e n e - 0 - ( , / V - m e t h y l c a r b a m o y l ) o x i m e  (8 ) w i t h  a  d i a m i n e ,  f o l l o w e d  b y  r e m o v a l  o f  t h e  p r o t e c t i n g  g r o u p  b y  a c i d  o r  b a s e  

h y d r o l y s i s .

Hydroxyguanidines and their derivatives may be active 
pharmaceutical agents and agrichemicals. 2 Synthetic routes 
to acyclic 1,1,3-trisubstituted hydroxyguanidines3 are limited 
and the 1,1,3,3-tetrasubstituted analogues are unknown. 
Known cyclic hydroxyguanidines are limited to the acid salts 
of 1,3-ethylene- and l,3-trimethylene-2-hydroxyguanidine; 
the neutral compounds are unstable. 4 This paper describes 
two useful methods for preparing these compounds.

While selected acyclic 1,1,3-trisubstituted hydroxyguani
dines have been made by nucleophilic displacement of either 
a chlorine or S-methyl group of 1 with hydroxylamine3 (eq 1), 
yields of 2  are low and the urea is a major by-product.

RlN=C(X)NR2R3 +  NH2OH 

la, X = Cl
b , X  =  s c h 3

NOH o
CHaOH II II
-  > RLN— C— NR2R3 +  R‘NHCNR2R:l (1 )

H
2

These problems can be avoided and the scope of synthesis 
expanded to tetrasubstituted and cyclic compounds as follows. 
C-Chloroformamidinium chloride salts 3 are prepared in the 
standard way from reaction of the appropriate urea (or thio
urea) with phosgene. 5 Reaction of 3 with 0-(tetrahydro-2- 
pyranyl)hydroxylamine (4) 6 (a masked hydroxylamine soluble 
in most aprotic solvents) and a tertiary amine base gives 0 -  
(tetrahydro-2-pyranyl)hydroxyguanidines 5. The yield is high 
for acyclic compounds, and low for cyclics. 7 The protecting 
group can then be cleaved by acid to generate the desired 
product 6  (eq 2 , 3, 4). Acyclic examples are given in Table I.

R’R2NCONR3R4

or +  COCl2
R1R2NCSNR3R4

C|ft( Hv  [R'R^N—  C—  NR3R4T C r (2) 

3

+  2 N E t;)

4

CH;,CN

or
‘ CHClj

R4R2N— C— NR’R4

5

( 3 )

NOH

5 RIR2NCNR3R4 (4)
6

A better route to the cyclic hydroxyguanidines has been 
developed. Reaction of either phosgene 0-(tetrahydro-2- 
pyranyl)oxime (7) or phosgene 0-(methylcarbamoyl)oxime
(8 ) 8 (carbonyl oxime synthons) with the appropriate diamine 
and tertiary amine base, followed by acid or base hydrolysis, 
gives 11 (eq 5 and 6 ). Cyclic examples are given in Table II.

\
C=NOX +  RWHICH^NHR2 + 2NEt:i

cr n = 2,3

8 . X = CONHCH;

CHCI,

reflux

NOX
II

R ' N ^ N R 2

\ c H ,l

9, X =

n =  2 , 3

1 0 ,  X  =  c o n h c h 3

n =  2 , 3

( 5 )

Experimental Section
G e n e r a l .  M e l t i n g  p o i n t s  w e r e  t a k e n  o n  a  M e l - T e m p  m e l t i n g  p o in t  

a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  N M R  s p e c t r a  w e r e  r e c o r d e d  o n  a  

V a r i a n  A - 6 0  in  d e u t e r i o c h lo r o f o r m  u n l e s s  o t h e r w i s e  s t a t e d .  A l l  s h i f t s  

a r e  r e p o r t e d  in  b w i t h  t e t r a m e t h y l s i l a n e  a s  a n  i n t e r n a l  s t a n d a r d .  M a s s  

s p e c t r a  w e r e  d e t e r m i n e d  w i t h  a  D u  P o n t  C E C  1 1 0  B .  A n a l y s e s  w e r e  

p e r f o r m e d  b y  t h e  C e n t r a l  R e s e a r c h  a n d  D e v e l o p m e n t  D e p a r t m e n t  

A n a l y t i c a l  S e c t i o n .

A l l  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  u n d e r  a  d r y  n i t r o g e n  a t m o s p h e r e  

u n le s s  o t h e r w i s e  n o t e d .  S o l v e n t s  w e r e  d r i e d  w i t h  4 A  m o l e c u l a r  s ie v e .  

A l l  e q u ip m e n t  w a s  d r ie d  w i t h  a  h e a t  g u n  w h i le  u n d e r  v a c u u m . A l l  n e w  

c o m p o u n d s  w e r e  p u r i f i e d  b y  c h r o m a t o g r a p h y  o n  S i l i c A R  C C - 7 ,  a n d  

s h o w n  t o  b e  s i n g le  c o m p o u n d s  b y  t w o  d i f f e r e n t  t h i n  l a y e r  s o l v e n t  

s y s t e m s .  O i ls  w e r e  c o n v e r t e d  i n t o  t h e i r  h y d r o c h l o r i d e  s a l t  w i t h  d r y  

h y d r o g e n  c h lo r i d e  in  e t h e r .
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Table I. Acyclic Tri- and Tetrasubstituted Hydroxyguanidines
N O H

.A.
R ‘ R 2N N R 3R 4

Y i e l d , M p ,  ° C

R 1 R 2 R 3 R 4 % ( r e g i s t r y  n o . ) N M R M a s s  s p e c t r u m ,  m /e

C 6 H 5 C H , c h 3 c h 3 3 1 1 1 2 - 1 1 4 2 . 6 7  ( s ,  6  H ) ,  3 . 1 7 C a l c d  f o r  C 1 0 H 1 5 N 3 O :  1 9 3 . 1 2 1 4

( 5 9 8 1 2 - 8 3 - 8 ) ( s ,  3  H ) ,  6 . 6 5 - 7 . 4 0  

( m , 6  H ) ( p h e n y l  

a n d  N O H )

F o u n d :  1 9 3 . 1 2 2 0

c 6 h 5c h 2 C H , C 2 H s c 2 h 5 5 0 H C 1  s a l t 1 . 1 2  ( t ,  J =  7  H z ,  6 C a l c d  f o r  C 1 3 H 2 1 N 3 0 :  2 3 5 . 1 6 8 3

1 4 9  d e c H ) ,  2 . 7 0  ( s ,  3  H ) , F o u n d :  2 3 5 . 1 6 8 9

( 5 9 8 1 2 - 8 4 - 9 ) 2 . 9 3 - 3 . 4 5  ( m ,  4  

H ) ,  4 . 3 5  ( s ,  2  H ) ,  

7 . 2 3  ( s ,  5  H )

c 6 h 5c h 2 c h 3 c h 3 H 4 2 H C 1  s a l t 1 . 6 2  ( b s ,  2  H ) ,  2 . 5 2 C a l c d  f o r  C ^ H . ^ O :  1 9 3 . 1 2 1 4

1 3 2 - 1 3 7 ( s ,  3  H ) ,  2 . 8 3  ( s ,  3 F o u n d :  1 9 3 . 1 2 0 2

C 6 H s

( 5 9 8 1 2 - 8 5 - 0 ) H ) ,  4 . 1 5  ( s ,  2  H ) ,  

7 . 3 4  ( s ,  5  H )

c h 3 c h 3 H 4 8 H C 1  s a l t 2 . 4 7  ( s ,  3  H ) ,  3 . 1 5 C a l c d  f o r  C 9 H 1 3 N 3 0 :  1 7 9 . 1 0 5 8

1 6 4 - 1 6 8 ( s ,  3  H ) ,  6 . 4 3 - 7 . 4 0 F o u n d :  1 7 9 . 1 0 4 1

( 5 9 8 1 2 - 8 6 - 1 ) ( m ,  6  H )

c s h 5 C H , C 2 H 5 H 6 5 8 6 - 8 8 0 . 9 8  ( t ,  < / =  7  H z ,  3 C a l c d  f o r  C 1 0 H , 5 N 3 O :  1 9 3 . 1 2 1 4

( 5 9 2 2 6 - 5 2 - 7 ) H ) ,  2 . 8 6  ( q ,  J =  7  

H z ,  2  H ) ,  3 . 1 6  ( s ,  

3  H )

F o u n d :  1 9 3 . 1 2 2 4

Table II. Cyclic Tri- and Tetrasubstituted Hydroxyguanidines
N O H

R ] .  Jl 
N ^ N '

/ R 2

( C H 2) „

M p ,  ° C

R 1 R 2 n N M R ( r e g i s t r y  n o . ) M a s s  s p e c t r u m ,  m /e

C 6 H s C H 2 c h 3 3 1 . 4 0 - 2 . 2 0  ( m ,  2  H ) 1 0 8 - 1 1 0 C a l c d  f o r  C 1 2 H , , N 3 0 :  2 1 9 . 1 3 7 1

2 . 8 6  ( s ,  3  H ) ( 5 9 8 1 2 - 8 7 - 2 ) F o u n d :  2 1 9 . 1 3 6 9

2 . 8 7 - 3 . 3 0  ( m ,  4  H )

4 . 4 5  ( s ,  2  H )

7 . 2 8  ( s ,  5  H )

c 6 h 5c h 2 C H , 2 2 . 8 4  ( s ,  3  H )  • 9 4 - 9 6 C a l c d  f o r  C u H 1 5 N 3 0 :  2 0 5 . 1 2 1 4

3 . 0 8  ( n s ,  4  H )  

4 . 5 8  ( s ,  2  H )

( 5 9 8 1 2 - 8 8 - 3 ) F o u n d :  2 0 5 . 1 2 0 2

7 . 3 3  ( s ,  5  H )

c 6 h 5 c h 2 H 2 3 . 1 2 - ■ 3 . 2 8  ( A 2 B 2 , 4  H ) 1 1 8 - 1 2 0 C a l c d  f o r  C 1 0 H 1 3 N 3 O :  1 9 0 . 1 0 5 8

( 5 9 8 1 2 - 8 9 - 4 ) F o u n d :  1 9 0 . 1 0 4 5

A l l  n e w  c o m p o u n d s  h a v e  b e e n  c h a r a c t e r iz e d  b y  s p e c t r a l  t e c h n iq u e s  

a n d  t h e i r  s t r u c t u r e s  a r e  c o n s i s t e n t  w i t h  s p e c t r a l  d a t a .

General Procedure for Preparation of Acyclic Tri- and Te
trasubstituted Hydroxyguanidines via 2-Chloroformamidinium 
Chlorides. Preparation of l-Phenyl-l,3,3-trimethyl-2-hy- 
droxyguanidine. S t a r t i n g  m a t e r ia l s  a r e  e i t h e r  t h e  c o r r e s p o n d in g  u r e a  

o r  t h io u r e a  p r e p a r e d  b y  s t a n d a r d  p r o c e d u r e s  u s in g  e i t h e r  i s o c y a n a t e s  

o r  i s o t h i o c y a n a t e s  a n d  a m i n e s ,  o r  c a r b a m o y l  c h lo r i d e s  a n d  a m i n e s .

A - P h e n y l - A . J V ' . A f ' - t r i m e t h y l u r e a  ( 8 .9  g , 0 .0 5  m o l)  w a s  d i s s o l v e d  

in  5 0  m l o f  t o l u e n e  a n d  c o o le d  t o  - 2 2  ° C .  T o  i t  w a s  a d d e d  4 .9  g  ( 0 .0 5  

m o l)  o f  l i q u i d  p h o s g e n e .  T h e  r e a c t i o n  w a s  r u n  o v e r n i g h t  a n d  t h e  2 -  

c h lo r o f o r m a m i d i n i u m  c h lo r i d e  ( 3 )  f o r m e d  a s  a  w h i t e  s o l i d .  T h e  

m o i s t u r e - s e n s i t i v e  w h i t e  s o l i d  c o u ld  b e  e i t h e r  i s o l a t e d  b y  f i l t r a t i o n  

in  a  d r y b o x  o r ,  a f t e r  d e c a n t i n g  t h e  l i q u i d ,  r e d i s s o l v e d  in  d r y  a c e t o n i 

t r i l e  a n d  c a r r i e d  o n  t o  t h e  n e x t  s t e p .

I n  s o m e  in s t a n c e s  t h e  s a l t  d i d  n o t  c r y s t a l l i z e  b u t  f o r m e d  a n  o i l  a n d  

w a s  c a r r i e d  o n  t o  t h e  n e x t  s t e p .

A f t e r  r e m o v a l  o f  t o l u e n e ,  f o l l o w e d  b y  s o l u t i o n  in  5 0  m l  o f  a c e t o n i 

t r i l e ,  t h e  s a l t  s o l u t i o n  w a s  a d d e d  d r o p w is e  t o  a  c o o l  ( —2 2  ° C )  s o lu t io n  

o f  5 .8 5  g  ( 0 .0 5  m o l)  o f  O - t e t r a h y d r o p y r a n y l h y d r o x y l a m i n e  ( 4 ) 6 a n d

1 0 . 1  g  ( 0 . 1  m o l)  o f  t r i e t h y l a m i n e .  T h e  r e a c t i o n  m i x t u r e  w a s  w a r m e d  

t o  2 5  ° C ,  s t i r r e d  f o r  2  h , t h e n  p o u r e d  in t o  1 0 0  m l  o f  m e t h y le n e  c h lo r id e .  

T h e  m e t h y le n e  c h lo r i d e  l a y e r  w a s  e x t r a c t e d  s i x  t i m e s  w i t h  1 0 0  m l  o f  

w a t e r  a n d  d r i e d ,  a n d  t h e  s o l v e n t  w a s  r e m o v e d .  T h e  r e s u l t a n t  l i q u i d  

w a s  d i s s o l v e d  in  5 5  m l  o f  1  N  H C 1  a n d  1 0 0  m l  o f  w a t e r  a n d  h e a t e d  o n  

a  s t e a m  b a t h  f o r  1  h . T h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d  t w i c e  w i t h  1 0 0

m l  o f  m e t h y le n e  c h lo r i d e ,  t h e n  m a d e  b a s i c  w i t h  6 0  m l  o f  1  N  N a O H  

a n d  e x t r a c t e d  t w i c e  w i t h  1 0 0  m l  o f  m e t h y le n e  c h lo r i d e .  T h e  o r g a n i c  

l a y e r  w a s  d r i e d  o v e r  M g S C >4 a n d  e v a p o r a t e d  t o  g i v e  a  w h i t e  s o l i d :  3 .0  

g  ( 3 1 % ) ;  m p  1 1 2 - 1 1 4  ° C ;  N M R  ( C D C 1 3 ) S 2 .6 7  ( s ,  6  H ) ,  3 . 1 7  ( s ,  3  H ) ,  

6 .6 5 - 7 . 4 0  ( m , 5  H ) ;  m a s s  s p e c t r u m  1 9 3 . 1 2 2 0  ( c a lc d  f o r  C 1 0 H 1 5 N 3 O , 

1 9 3 . 1 2 1 4 ) .

Preparation of Phosgene 0-(Tetrahydro-2-pyranyl)oxime
(7). D i h y d r o p y r a n  ( 2 .5 2  g , 0 .0 3  m o l)  a n d  p h o s g e n e  o x i m e 9 ( 3 .6  g ,  0 .0 3  

m o l)  w e r e  d i s s o l v e d  in  1 0 0  m l  o f  d r y  t e t r a h y d r o f u r a n .  T w o  d r o p s  o f  

p h o s p h o r u s  o x y c h l o r i d e  w a s  a d d e d ,  a n d  t h e  m i x t u r e  w a s  h e a t e d  a t  

r e f l u x  f o r  4 - 1 2  h . T h e  r e a c t io n  w a s  f o l l o w e d  b y  T L C .  T h e  s o l v e n t  w a s  

t h e n  e v a p o r a t e d  a n d  t h e  r e s i d u e  d i s t i l l e d .  A  c o lo r le s s  l i q u i d  ( 3 .4  g ,  5 8 %  

y ie ld )  w a s  c o l le c t e d :  b p  6 2 - 6 3  ° C  ( 0 .7  m m ) ;  N M R  ( C D C I 3 ) 5 1 . 3 2 - 2 . 1 0  

( m , 6  H ) ,  3 . 4 0 - 4 . 2 0  ( m , 2  H ) ,  5 . 3 5  ( b s ,  1  H ) ;  m a s s  s p e c t r u m  M +  m /e  
1 9 7  ( to o  s m a l l  t o  m e a s u r e ) ,  1 3 9 , 1 1 3 , 9 6 , 8 5 ,  m e a s u r e d  f o r  C 3 H 3 N O C I 2 

1 3 8 . 9 5 9 0 ,  c a lc d  1 3 8 . 9 5 9 1 ,  f o r  ( C H 2= C H 0 N = C C 1 2) + .

General Procedure for Preparation of Tri- and Tetrasub
stituted Cyclic Hydroxyguanidines. I. Preparation of 1-Ben-, 
zylimidazolidin-2-one Oxime from a Diamine and 8 . T o  a  r e f l u x i n g  

s o l u t i o n  o f  / V - b e n z y l e t h y le n e d i a m i n e  ( 1 . 4 0  g , 0 . 0 1  m o l)  a n d  t r i e t h 

y la m in e  (2 . 0 2  g, 0 . 0 2  m o l)  in  1 0 0  m l  o f  c h lo r o f o r m  w a s  a d d e d  d r o p w is e  

( 0 .5  h )  1 . 7 0  g  ( 0 .0 1  m o l)  o f  8 8 in  5 0  m l  o f  c h lo r o f o r m .  T h e  s o l u t i o n  w a s  

a l lo w e d  t o  r e f l u x  f o r  1 2  h  a n d  c o o le d , a n d  t h e  o r g a n ic  l a y e r  w a s  w o r k e d  

u p  w i t h  2  X  1 0 0  m l  o f  w a t e r .  A f t e r  d r y i n g  ( M g S O ,t ) ,  2 . 3 3  g  (9 4 %  y i e l d )  

o f  b r o w n  o i l  w a s  r e c o v e r e d .  T h e  o i l  w a s  d i s s o l v e d  in  1 0 0  m l  o f  m e t h 

a n o l  a n d  1 . 0 8  g  ( 0 .0 2  m o l)  o f  p o t a s s i u m  h y d r o x i d e  w a s  a d d e d .  T h e
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s o l u t i o n  w a s  h e a t e d  t o  r e f l u x  f o r  2 4  h , p o u r e d  i n t o  5 0 0  m l  o f  w a t e r ,  

a c id i f ie d  t o  p H  1 ,  a n d  e x t r a c t e d  w i t h  2  X  1 0 0  m l  o t  m e t h y le n e  c h lo r id e .  

T h e  a q u e o u s  l a y e r  w a s  t h e n  m a d e  b a s i c  ( p H  9 )  a i d  e x t r a c t e d  w i t h  2  

X  1 0 0  m l  o f  m e t h y le n e  c h lo r id e ;  t h e  e x t r a c t s  w e r e  d r i e d  ( M g S O d  a n d  

e v a p o r a t e d ,  t h e n  c h r o m a t o g r a p h e d  t o  g i v e  a n  o f f - w h i t e  c r y s t a l l i n e  

s u b s t a n c e  ( 0 .6  g , 3 1 %  y i e l d ) .

II. l-Benzylimidazolidin-2-one Oxime from a Diamine and 7.
T o  a  r e f l u x i n g  s o lu t io n  o f  I V - b e n z y le t h y le n e d ia m iu e  ( 0 .7 5  g ,  0 .0 0 5  m o l)  

a n d  t r ie t h y la m i n e  ( 1 . 0 1  g , 0 . 0 1  m o l)  in  1 0 0  m l  o f  c h lo r o f o r m  w a s  a d d e d  

d r o p w is e  o v e r  5  h  1 . 0  g  ( 0 .0 0 5 1  m o l)  o f  7 in  1 0  m l  o f  c h lo r o f o r m .  A f t e r  

t h e  s o l u t i o n  w a s  h e a t e d  a t  r e f l u x  f o r  4  h ,  t h e  s o l v e n t  w a s  e v a p o r a t e d  

a n d  t h e  r e s i d u e  h y d r o l y z e d  w i t h  2 0  m l  o f  1  N  H C )  o n  a  s t e a m  b a t h  f o r  

1  h . T h e  w o r k u p  is  t h e  s a m e  a s  p a r t  I  ( f r o m  a c i d i f i c a t i o n  s t e p ) .  T h e  
y i e l d  w a s  0 .5 5  g  ( 5 8 % ) .

Registry No.—7,5 9 8 1 2 - 9 0 - 7 ;  8 ,2 4 2 4 8 - 8 3 - 7 ;  10<n =  2 ) , 5 9 8 1 2 - 9 1 - 8 ;  

d i h y d r o p y r a n ,  1 1 0 - 8 7 - 2 ;  p h o s g e n e  o x i m e ,  1 7 9 4 - 8 6 - 1 ;  I V - b e n z y l e t h y -  
l e n e d i a m i n e ,  4 1 5 2 - 0 9 - 4 .
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A  f u l l y  a u t o m a t e d  s o l i d  p h a s e  s y n t h e s i s  o f  B o c - G l y - P h e - P h e - T y r ( B z l ) - T h r ( B z l ) - H N N H 2  ( I )  o n  h y d r o x y m e t h y l  

r e s i n  ( I I )  i s  d e s c r i b e d .  A l l  o f  t h e  o p s r a t i o n s ,  i n c l u d i n g  e s t e r i f i c a t i o n  o f  t h e  f i r s t  a m i n o  a c i d  r e s i d u e  t o  t h e  r e s i n ,  d e 

p r o t e c t i o n  o f  « - a m i n o  p r o t e c t i n g  g  o u p  f o l l o w e d  b y  c o u p l i n g  r e a c t i o n  w i t h  t h e  n e x t  a m i n o  a c i d  r e s i d u e ,  a s  w e l l  a s  

h y d r a z i n o l y t i c  c l e a v a g e  o f  I  f r o m  t h e  s o l i d  s u p p o r t ,  h a v e  b e e n  a u t o m a t e d .  T h e  r e g e n e r a t e d  r e s i n  I I  w a s  r e u s e d  s e v 

e r a l  t i m e s  f o r  t h e  s y n t h e s i s  o f  t h e  s z m e  c o m p o u n d  t o  g i v e  a u t o m a t i c a l l y  s e v e r a l  b a t c h e s  o f  I .  R e s u l t s  o f  t h i s  p r o c e s s  

a r e  c o m p a r e d  w i t h  r e s u l t s  o f  o t h e r  o l id  p h a s e  a n d  c l a s s i c a l  s y n t h e s e s  o f  t h e  G l y - P h e - P h e - T y r - T h r  s e q u e n c e .

In solid phase peptide synthesis, 1  the process of assem
bling the peptide chain anchored to a polymer support has 
been quite effectively automated. 2 However, the attachment 
of the first amino acid residue to the resin and the cleavage of 
the anchoring linkage in order to release t !e products from 
the solid support have to be carried out individually in sepa
rate vessels. 3 - 5  In the following, a completely automatic re
cycled synthesis of the protected pentapeptide hydrazide 
Boc-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNHH26 (I) on the 
hydroxymethyl resin7 ’8 (II) is described. The results of five 
consecutive syntheses of I on the same batch of resin II are 
presented and compared with results of several experiments 
in which the same pentapeptide sequence Gly-Phe-Phe- 
Tyr-Thr was prepared by different proced ares.

For the fully automated synthesis of I, a Beckman Model 
990 peptide synthesizer9 was programmed .o perform all op
erations described below within the sam*. reaction vessel. 
Boc-Thr(Bzl)-OH was esterified to resin II by the 4-di- 
methylaminopyridine catalyzed dicyclohexylcarbodiimide 
(DCC) procedure. 8 After benzoylation to block remaining 
unreacted alcoholic functions on the resin, Eoc-Tyr(Bzl)-OH, 
Boc-Phe-OH, Boc-Phe-OH, and Boc-Gly- 3H were sequen
tially coupled to the growing peptide chain on the resin ac
cording to general principles of the solid phase method. 1 - 5  In 
each coupling cycle, the t e r t -butyloxycanbonyl group was 
removed by a 20-min treatment with 33% tEfluoroacetic acid 
in CH2CI2 and the coupling reaction was effected with 2.5-fold 
excess each of Boc-amino acid and DCC fcr 2 h. Upon com
pletion of the chain assembly the pentapeptide resin was

stirred with 1 0 % H2NNH2 in DMF for 16 h. Product I released 
from the polymer support was obtained in crystalline form 
after evaporation of the reaction and wash fluids collected 
from the vessel outlet. The hydrazinolysis reaction served also 
to regenerate resin II which remained in the reaction vessel. 
It was recycled four times through the entire synthetic pro
tocol to give a total of five batches of I, which was purified by 
recrystallization. Overall yields from each run were approxi
mately 60% with no sign of decreasing (see Table I). The resin 
particles survived all operations as evident from inspection 
of the beads before and after these experiments under a mi
croscope. There was no indication of any disintegration of 
resin particles. The completeness of the hydrazinolytic 
cleavage was checked after each run by ir spectrophotometry.8 

The rate of hydrazinolysis was found to be surprisingly rapid 
with a half-life of about 45 min.

Thus, with the possible exception of aspartic or glutamic 
acid containing peptides, the process described above appears 
to be rather versatile and generally applicable to rapid syn
thesis of protected oligopeptide hydrazides. These are useful 
intermediates for polypeptide synthesis by the azide method10  

allowing effective combination of solid phase techniques and 
classical procedures1 1 ’ 1 2  with retention of the best features of 
each.4

In Table II, the results of recycled automated synthesis of 
I are compared with those of other processes for the synthesis 
of the same sequence. 1 3  A dramatic increase in speed, effi
ciency, and simplicity can be noted.

The manual solid phase synthesis of I on hydroxymethyl
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T a b l e  I .  R e c y c l e d  A u t o m a t e d  S y n t h e s i s  o f  B o c - G l y - P h e - P h e - T y r ( E z l ) - T h r ( B z l ) - H N N H 2 o n  H O C H 2 - C 6H 4- R e s i n a

A n a l .

R u n

n o .

P r o d u c t  

w t ,  g

Y i e l d ,
% b M p , c C

I a ] 2 S D>
.d e g

C a l c d  6 7 . 3 0  

C

6 . 6 3

H

1 0 . 5 6

N

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

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

3 2 . 0 1 6 0 . 2 2 2 9 - 2 3 0 - 2 . 3 5 6 7 . 3 2 6 . 7 6 1 0 . 3 9

4 2 . 0 4 6 1 . 1 2 2 9 - 2 3 0 - 2 . 3 8 6 7 . 0 4 6 . 6 3 1 0 . 4 3

5 2 . 0 5 6 1 . 4 2 2 9 - 2 3 0 - 2 . 1 6 6 7 . 4 7 6 . 5 2 1 0 . 3 3

a  H y d r o x y m e t h y l a t e d  c o p o l y s t y r e n e — 1 %  d i v i n y l b e n z e n e  ' , 6 . 0  g ,  0 . 7 0  m m o l / g )  w a s  u s e d .  T h e  d e g r e e  o f  s u b s t i t u t i o n  w a s  

0 . 5 5  m m o l  T h r / g .  b T h e o r e t i c a l  y i e l d ,  3 . 6  m m o l  =  3 . 3 4  g .

T a b l e  I I .  S y n t h e s i s  o f  G l y - P h e - P h e - T y r - T h r  S e q u e n c e  b y  S o l i d  P h a s e  T e c h n i q u e s  a n d  C l a s s i c a l  M e t h o d

C o m p d S y n t h e t i c  m e t h o d

T i m e

c o n s u m e d

O v e r a l l

y i e l d ,

%

B z l  B z l

HOCFL— ^ — Resin(automated)B o c - G i y - P h e - P h e - T y r - T n r - H N N H 2 ( I )  

( m p  2 2 9 - 2 3 0  ° C ,  c r y s t )

3 0  h 5 9 . 2 “

B z l  B z l

H O C H , - H g > — Resin (manual )bB o c - G l y - P h e - P h e - T y r - T h r - H N N H 2 ( I )  
( m p  2 2 7 - 2 2 9  ° C ,  c r y s t )

5  d a y s 6 1 . 5

B z l  B z l

C1CR,— — ResinZ - G l y - P h e - P h e - T y r - T h r - H N N H 2 ( I I I ;  
( m p  2 1 5 - 2 1 8  5 C ,  c r y s t )

6  d a y s 3 4 . 0

B z l  B z l

Z - G l y - P h e - P h e - T y r - T h r - O H  ( I V )  

( m p  2 0 5 — 2 0 8  ° C ,  c r y s t )

HOCH, — — O C H . - H ^ ) -  Resin 4  d a y s 6 1 . 2

B z l  B z l
CH:l

F m o c - G l y - P h e - P h e - T y r - T h r - H N N H 2 ( V )  

( m p  1 9 6 — 1 9 8  ” C ,  c r y s t )

H N N H — COO— C— C H —  CH, — ( ^ ) — O C R — Resi n1 

C R

4  d a y s 3 6 . 1

B z l

Z - G l y - P h e - P h e - T y r - T h r - H N N H 2 ( V I )  

( m p  2 4 1 - 2 4 3  ° C ,  c r y s t )

C l a s s i c a l  s y n t h e s i s  ( 3  +  2 ) 4 0  d a y s c 3 3 . 0

a A v e r a g e  o f  f i v e  s y n t h e t i c  r u n s .  b F o r  e x p e r i m e n t a l  d e t a i l s ,  s e e  r e f  8 .  e T h e  t i m e  c o n s u m e d  i n c l u d e s  p u r i f i c a t i o n  a n d  c h a r - t  

a c t e r i z a t i o n  o f  i n t e r m e d i a t e s .  T h e  a c t u a l  t i m e  s p e n t  o n  t h e  s y n t h e t i c  o p e r a t i o n s  w a s  a b o u t  1 5  d a y s .

resin as well as the preparation of Fmoc-Gly-Phe- 
Phe-Tyr(Bzl)-Thr(Bzl)-HNNH2 (V) on 3-(p-benzyloxy- 
phenyl)-l,l-dimethylpropyloxycarbonylhydrazide resin have 
already been described previously.8 Preparation of Z-GIy- 
Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNNH2 (III) by the standard 
Merrifield technique14 on chloromethyl resin gave the desired 
compound in 34% overall yield. This synthesis was started by 
refluxing Boc-Thr(Bzl)-OH triethylamine salt with CICH2 - 
CeHi-resin. The pentapeptide chain was subsequently built 
up in the usual manner3'14 with Boc-Tyr(Bzl)-OH, Boc-Phe- 
OH, Boc-Phe-OH, and Z-Gly-OH. The low yield of this pro
cess probably is attributable to the fact that the clevage 
product is heavily contaminated with hydrazine hydrochloride 
which tends to reduce the recovery of the desired compound 
by crystallization.

For the synthesis of Z-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-OH
(IV), Bpoc-Thr(BzI)-OH was esterified to p-alkoxybenzyl 
alcohol resin15 through the 4-dimethylaminopyridine cata
lyzed DCC method.8 The synthesis was then continued by 
sequential incorporation of Bpoc-Tyr(Bzl)-OH, Bpoc-Phe- 
OH, Bpoc-Phe-OH, and Z-Gly-OH into the resin under the 
conditions identical with those described above except that 
the deblocking of the Bpoc groups was effected by 0.5% TFA 
in CH2CI2 (10 min). Product IV was obtained in 61.2% overall 
yield as a pure, crystalline solid after cleavage from the poly
mer support by 50% TFA (30 min) and crystallization.

For a classical synthesis of Z-Gly-Phe-Phe-Tyr(Bzl)-

Thr-HNNH2 (VI), a 3 + 2 fragment condensation approach 
was chosen. Boc-Tyr(Bzl)-OH was coupled to H-Thr-OCH3 
by the DCC procedure16 to provide Boc-Tyr(Bzl)-Thr-OCH3 
which on treatment with HC1-THF gave the dipeptide ester 
salt HCl*H-Tyr(Bzl)-Thr-OCH3 . Reaction of phenylalanine 
with Boc-Phe-OSu yielded Boc-Phe-Phe-OH, which was 
treated with TFA and the resulting dipeptide H-Phe-Phe-OH 
was subsequently acylated with Z-Gly-OSu to give Z-Gly- 
Phe-Phe-OH. This tripeptide was then condensed with the 
dipeptide ester HCl-Tyr(Bzl)-Thr-OCH3 obtained above by 
the DCC-HOBT procedure17 to afford the pentapeptide 
methyl ester Z-Gly-Phe-Phe-Tyr(Bzl)-Thr-OCH3. On hy- 
drazinolysis, the desired product VI was obtained in 33% 
overall yield. A total of 40 days were required for completing 
this synthesis, including the time spent on purification, 
crystallization, and analytical characterization of the inter
mediates and the product. It is obvious that the time re
quirement would be appreciably reduced if the classical syn
thesis were to be repeated, and it could readily be scaled up. 
However, the method is far less adaptable to automation than 
solid phase synthesis.

Reuse of the same hydroxymethyl resin (II) after synthesis 
of one compound for he preparation of another is also dem
onstrated. The resin II that had been used as the polymer 
support for synthesis I was utilized in solid phase synthesis 
of Z-Gly-His(Tos)-Lys(Z)-OCH2-C6H4 -resin. Ammonolysis 
of this material produced crystalline pure Z-Gly-His-Lys(Z)-
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NH2 in 64.2% overall yield. The p-toluenesulfonyl protecting 
group of the histidine side chain was cleanly removed at the 
same time during ammonolytic cleavage.

Experimental Section
Melting points are uncorrected. Thin layer chromatography was 

carried out on precoated silica gel plates (Merck, F-254) using the 
solvent system n-BuOH H 0A c-H 20  (4:1:1), n-BuOH-pyridine- 
H 0Ac-H 20  (15:10:3:12), and ra-Bu0H-Et0Ac-H0Ac-H20  (1:1:1:!). 
Elemental analyses, amino acid analyses, and other physicochemical 
measurements (uv, ir, NMR, specific rotation) were performed by the 
Physical Chemistry Department.

Merrifield resin (chloromethylated copolystyrene-1% divinyl- 
benzene beads, 200-400 mesh, 0.70 mmol Cl/g) was purchased from 
Lab Systems, Inc., San Mateo, Calif. Hydroxymethyl resin was pre
pared from Merrifield resin as described previously.8 Boc-amino acids 
were obtained from Bachem Inc., Marina Del Ray, Calif., or from 
Beckman Instruments, Inc. Bpoc-amino acids were prepared ac
cording to the literature.18,19 Other chemicals and solvents used were 
all of reagent grade materials available form commercial sources.

Boc-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNNH2 (I). Hydroxy
methyl resin II (6.0 g, 4.2 mmol) was placed in the reaction vessel of 
a Beckman Model 990 peptide synthesizer and the machine was 
programmed to perform the following steps automatically with 100-ml 
portions of solvents or reagents: (1) three washings with CH2C12, (2) 
stir 120 min with 10 mmol each of 4-dimethylaminopyridine, Boc- 
Thr(Bzl)-OH, and DCC in CH2C12, (3) three washings with CH2Cl2,20
(4) stir 15 min with 4.5 mmol each of pyridine and benzoyl chloride 
in CH2C12, (5) three washings with CH2C12, (6) prewash with 33% TFA 
in CH2C12, (7) stir 20 min with 33% TFA in CH2C12, (8) three washings 
each with 33% dioxane in CH2C12, CH2C12 (9) prewash with 10% Et3N 
in CH2C12, (10) stir 10 min with 10% Et3N in CH2C12, (11) three 
washings with CH2C12, (12) stir 120 min with 10 mmol each of Boc- 
Tyr(Bzl)-OH and DCC in CH2C12, (13) three washings each with 
CH2C12, DMF, MeOH, (14) repeat steps 5-13 using Boc-Phe-OH (10 
mmol) in step 12 instead of Boc-Tyr(Bzl)-OH, (15) repeat steps 5-13 
with Boc-Phe-OH (10 mmol) in 12th step, (16) repeat steps 5-13 with 
Boc-Gly-OH (10 mmol) in 12th step, (17) three washings with CH2C12, 
(18) stir 990 min in 10% anhydrous H2NNH2 in DMF, collect the fil
trate, (19) rinse with DMF, collect the filtrate, (20) rerun steps 1-19 
four more times.

The filtrates from steps 18 and 19 in each run wer separately 
evaporated to dryness and the residue treated with ether. The crude 
solid material obtained was triturated with boiling MeOH and crys
tallized from DMF (60 ml) and EtOH (120 ml). The materials ob
tained from five runs were analyzed and then results listed in Table
I.

Z-GIy-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNNH2 (III). Boc- 
Thr(Bzl)-OCH2-C6H4-resin (25 g, 3.5 mmol) prepared from chloro- 
methyl resin (0.70 mmol Cl/g, 1% DVB) and Boc-Thr(Bzl)-OH (4.7 
g) according to the literature procedure3 was deprotected (50% TFA, 
30 min), neutralized (10% Et3N, 10 min) and coupled with Boc- 
Tyr(Bzl)-OH (2.7 g, 8.7 mmol) in the presence of DCC (1.81 g) in 
CH2C12 (120 min). The synthetic cycle was repeated with 8.7 mmol 
each of Boc-Phe-OH (2.3 g), Boc-Phe-OH, and Z-Gly-OH (1.83 g) to 
give Z-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-OCH2C6H4-resin (26.2 g). 
It was suspended in DMF and stirred with H2NNH2 (8 ml) for 66 h. 
The peptide in the filtrate was then concentrated to near dryness and 
treated with ether, whereupon 5.7 g of solid precipitated. The crude 
material was triturated in MeOH and crystallized from DMF and 
EtOH: yield, 1.15 g (34%); mp 215-218 °C; [a]25D -3.94 0 (c 1, DMF); 
NMR spectrum agreed with the structure.

Anal. Calcd for CssHsaNyOc, (962.1): C, 68.66; H, 6.18; N, 10.19. 
Found: C, 68.67; H, 6.16; N, 9.91.

Z-Gly-Pbe-Phe-Tyr(Bzl)-Thr(Bzl)-OH (IV). Bpoc- 
Thr(Bzl)-OCH2-C6H4-OCH2-C6H4-resin (1.1 g, 0.43 mmol) prepared 
from Bpoc-Thr(Bzl)-OH, HOCH2-CgH4-OCH2-C6H4-resin15 by the 
dimethylaninopyridine catalyzed DCC procedure8 was deprotected 
(0.5% TFA in CH2C12, 10 min), neutralized (10% Et3N in CH2C12), and 
coupled (120 min) with Bpoc-Try(Bzl)-OH (0.55 g, 1.08 mmol) in the 
presence of DCC (0.277 g). The coupling cycle was repeated with 1.08 
mmol each of Bpoc-Phe-OH (0.44 g), Bpoc-Phe-OH, and Z-Gly-OH 
(0.26 g) to give Z-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-OCH2-C6H4- 
OCH2-CeH4-resin (1.21 g). During the synthesis, 0.5% TFA in CH2C12 
(10 min) was utilized as deprotecting agent for Bpoc group. The 
peptide was released from the resin with 50% TFA in CH2C12 (30 min) 
and isolated as an amorphous solid when the solvents were removed 
and the residue was treated with ether. The compound was crystal

lized from MeOH: yield, 0.25 g (61.2%); mp 205-208 °C; [a ]26D 
+13.97° (c 1, HOAc); NMR spectrum agreed with the structure.

Anal. Calcd for CssHs^ sOk, (948.0): C, 69.68; H, 6.06; N, 7.39. 
Found: C, 69.39; H, 5.90; N, 7.35.

H-Thr-OCH3. A suspension of L-threonine (50 g) in 500 ml of 
MeOH was nearly saturated with HC1 gas. The mixture was then re
fluxed at 85 °C for 30 min. The solvent was evaporated at 40 °C and 
the residue taken up in 300 ml of fresh MeOH which was again 
evaporated. After two repetitions of the entire process, 85 g of a clear 
oil was obtained. It was dispersed in CHC13 (280 ml) and treated with 
an equal volume of NH3 saturated CHC13 at 0 °C. A white precipitate 
of NH4C1 formed which was filtered off. Concentration at 15 °C 
provided a heavy oil which solidified on standing. Crystalization from 
ether and petroleum ether yielded 44.4 g (79%) of the desired com
pound: mp 68-70 °C (lit.21 mp 70-72 °C); [a]25D +14.61° (c 1, 
MeOH).

Anal. Calcd for C16HiiN0 3 (133.15): C, 45.11; H, 8.33; N, 10.52. 
Found: C, 45.01; H, 8.40; N, 10.46.

Boc-Tyr(Bzl)-Thr-OCH3. Boc-Tyr(Bzl)-OH (15.8 g) was stirred 
with H-Thr-OCH3 (5.67 g) and DCC (9.65 g) at 0 °C for 1 h and at 25 
°C for 2 h. After removal of the insoluble by-products the solvent was 
evaporated to form a syrup. It was taken up in 200 ml of ethyl acetate, 
filtered, and evaporated again to an oil. The compound crystallized 
when stored under petroleum ether. Recrystallized from THF and 
petroleum ether: yield 17.2 g (83%); mp 110-112 °C; [a]25D -2.72° (c 
1, MeOH).

Anal. Calcd for C26H34N20 7 (486.6); C, 64.18; H, 7.04; N, 5.76. 
Found: C, 64.40; H, 7.08; N, 5.71.

H-Tyr(Bzl)-Thr-OCH3'HCl. The above compound (11.4 g) was 
dissolved in 500 ml of freshly prepared 2.6 N HC1 in THF. After 
standing for 90 min with occasional shaking, the accumulated solid 
product was collected and washed with ether. The crude product was 
recrystallized from MeOH and ether: yield 7.0 g (71%); mp 232-234 
°C; [a ]25D +2.09° (c 1, MeOH).

Anal. Calcd for C2iH26N20 5-HC1 (422.9): C, 59.64; H, 6.44; N, 6.62. 
Found: C, 59.43; H, 6.42; N, 6.54.

Boc-Phe-Phe-OH. L-Phenylalanine (13.2 g) was ground in a motar 
and pestle and suspended in 250 ml of DMF. It was stirred with 29 g 
of Boc-Phe-OSu for 24 h in the presence of 9.5 g of tetramethylgu- 
anidine. The reaction mixture was then partitioned between 600 ml 
of 2% citric acid and 800 ml of ethyl acetate. The organic layer was 
washed with 2% citric acid followed by three washings with water, 
dried (Na2S04), and evaporated to an oil which solidified gradually. 
The compound was crystallized from ethyl acetate by addition of 
petroleum ether: yield 17.5 g (53%); mp 145-146 °C; [a ]25D -2.67° (c 
1, MeOH).

Anal. Calcd for C23H28N20 6 (412.5): C, 66.98; H, 6.84; N, 6.79. 
Found: C, 66.93; H, 6.81; N, 6.79.

Z-Gly-Phe-Phe-OH. Boc-Phe-Phe-OH (12.5 g) was dissolved in 
120 ml of TFA and left standing for 15 min. After evaporation of the 
solvents, the residue was treated with ether upon which the dipeptide 
salt precipitated as white solid. It was collected and washed with ether 
and then stirred with 9.5 g of Z-Gly-OSu for 24 h in the presence of
6.5 ml of Et3N. The product was worked up as usual ad crystallized 
from ethyl acetate: yield 12.2 g (80%); mp 180-182 °C; [a] Z5D  +16.74° 
(c 1, HOAc).

Anal. Calcd for C28H29N306 (503.6): C, 66.79; H, 5.81; N, 8.34. 
Found: C, 66.72; H, 5.69; N, 8.34.

Z-Gly-Phe-Phe-Tyr(Bzl)-Thr-OCH3. The dipeptide salt H- 
Tyr(Bzl)-Thr-OCH3-HCl (6.25 g) and the tripeptide Z-Gly-Phe- 
Phe-OH (7.43 g) were dissolved in 120 ml of DMF and cooled to —10 
°C when 1.66 ml of ALmethylmorpholine, 4.0 g of HOBT, and 3.7 g 
of DCC were added. The mixture was stirred at —10 °C for 4 h and 
then at 25 °C for 48 h. Removal of the insoluble by-product and 
evaporation of the solvent (40 °C) left a solid mass. It was triturated 
with ethyl acetate and crystallized from MeOH: yield 8.5 g (66%); mp 
181-184 °C; [a ]25D -16.58° (c 1, DMF).
. Anal. Calcd for C49H53N50,o (871.99): C, 67.49; H, 6.13; N, 8.03. 
Found: C, 66.97; H, 6.11; N, 8.08.

Z-Gly-Phe-Phe-Tyr(Bzl)-Thr-HNNH2 (VI). The pentapeptide 
methyl ester above (8.5 g) was stirred in 10% H2NNH2 in DMF (140 
ml) for 24 h. Upon dilution with 1500 ml of MeOH a heavy white 
precipitate formed. The product was crystallized from DMF (115 ml) 
and MeOH (250 ml): yield 6.8 g (78%); mp 241-243 °C; [a ]25D  -16.73° 
(c 1, DMF); NMR spectrum agreed with the structure. Amino acid 
analysis after hydrogenation and digestion with leucine amino pep
tidase: Gly, 1.02, Thr, 1.01; Tyr, 0.97; Phe, 2.11.

Anal. Calcd for C48H53N709 (871.96): C, 66.11; H, 6.12; N, 11.24. 
Found: C, 65.95; H, 6.19; N, 11.09.

Z-Gly-His-Lys(Z)-nh2 Resin II (5 g) that had been used for the
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synthesis of I as described8 was allowed to react with Boc-Lysl Z)-OH 
(1.95 g), pyridine (0.4 ml), and DCC (1.1 g)'in CH2CI2 for 2 h to give 
6.0 g of Boc-Lys(Z)-OCH2-C6-H4-resin (3.24 mmol). After benzoy- 
lation15 at 0 °C for 15 min with 0.83 ml of pyridine and 0.98 ml of 
benzoyl chloride in 60 ml of CH2CI2 the resin was deprotected (50% 
TFA in CH2CI2, 30 min), neutralized (10% Et3N in CH2CI2, 10 min), 
and coupled (120 min) with Boc-His(Tos)-OH-DCHA (5.4 g, 8.1 
mmol)22 in the presence of DCC (1.69 g). The synthetic cycle was re
peated again with 8.1 mmol each of Z-Gly-C'H (1.7 g) and DCC (1.69 
g) to give 6.9 g of Z-Gly-His(Tos)-Lys(Z)-OCH2-C6H4-resin. Am- 
monolysis in 450 ml of NH3-saturated MeOH for 70 h provided a 
partially crystalline precipitate. It was concentrated to a smaller 
volume, diluted with an equal volume of DMF, filtered to remove the 
resin particles, and evaporated to a solid mass. Crystallization from 
DMF with MeOH gave 1.31 g (64%) of the desired compound: mp 
210-212 °C; [o]25D -8.51° (c 1, DMF); the NMR spectrum agreed 
with the structure.

Anal. Calcd for C30H37N7O7 (607.6): C, 59.30; H, 6.14; N, 16.14. 
Found: C, 59.24; H, 6.09; N, 16.16.
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Photolysis of a-methylphenacyl esters was adapted to solid phase peptide synthesis. Cleavage of the peptide to 
resin a-methylphenacyl ester anchoring bond by irradiation at 350 nm provided protected peptides in good yields. 
The process is examplified by the synthesis of Z-Lys(Z)-Phe-Phe-Gly-OH. For comparison, the same peptide was 
also prepared through photolytic cleavage of the o-nitrobenzyl ester anchoring linkage.

Studies on several photolyzable protecting groups that 
are potentially useful in peptide chemistry have recently been 
described in the literature.1-11 Among these, the a-methyl- 
phenacyl ester8 is of particular interest since it can readily be 
introduced into polymer matrices12 and thus serve as an an
choring linkage between peptide chain and polymer support 
in solid phase synthesis.13-17 Photolytic cleavage of this bond 
would therefore provide protected peptide intermediates that 
could subsequently be utilized in the synthesis of polypeptides 
by fragment condensation.18-21

In this report, the development of an efficient and conve
nient procedure for the preparation of protected peptides 
based on photolysis of the polymer linked a-methylphenacyl 
ester bond is described. A similar process involving photolytic 
cleavage of peptides from the o-nitrobenzyl ester resin13 has 
recently been outlined.10

2-Bromopropionyl chloride was allowed to react with co

polystyrene-2% divinylbenzene beads (200-400 mesh) in the 
presence of AICI3 as catalyst to form 2-bromopropionyl resin 
BrCH(CH3)CO-CsH4-resin (I). The product contained 0.94 
mmol of Br per gram of resin according to microanalysis. It 
showed an intense absorption band at 1685 cm-1 in the ir 
spectrum. The incorporation of Boc amino acids22 into the 
resin was achieved by stirring I with a slight excess of Boc 
amino acid cesium salt23 in dimethylformamide. The resultant 
Boc-HN-CHR-COO-CH-(CH3)-CO-C6H4-resin (II) showed 
strong absorption bands at 1750 and 1725 cm-1 in addition 
to that at 1685 cm“ 1 in the ir spectrum. The degree of sub
stitution is normally in the range of 0.5-0.7 mmol/g. There was 
practically no residual Br remaining after this treatment.

As outlined in Scheme I, Boc-Gly-OCH(CH3)-CO- 
C«H4-resin (II) was deprotected, neutralized, and coupled 
with Boc-Phe-OH. The synthetic cycle was repeated 
with Boc-Phe-OH and then again with Z-Lys(Z)-OH. The
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Scheme I. Preparation of Z-Lys(Z)-Phe-Phe-Gly-OH (IV) 
via Photolysis of the »-Methylphenacyl Ester 

Anchoring Bond
CH,

BrCH— CO— \ Q y —  Resin (0.94 mmol Br/g)

I
| B o c -G y ]-0 " -C s +

ch3

Boc-Gly-0— CH— CO— — Resin (0.57mmol Gly/g;
jj 0.014 mmol Br/g)

solid phase synthesis with 
Boc-Phe-OH, Boc-Phe-OH 
and Z-Lys(ZK)H

ch3

Z-Lys(Z>Phe-Phe-Gly-0— CH— CO— (Y^/O— Resin
'— ' (0.41 mmol/g)

III
|350nm,20°C,72h

Z-Lys(Z)-Phe-Phe-Gly-OH (70% overall)
IV

protected tetrapeptide resin Z-Lys(Z)-Phe-Phe-Gly- 
OCH(CH3)-CO-C6H4-resin (III) thus obtained was then 
suspended in dimethylformamide and irradiated at 350 nm 
in a Rayonet photochemical reaction chamber for 72 h at 20 
°C. The product Z-Lys(Z)-Phe-Phe-Gly-OH (IV) released 
from the resin was crystallized to give an analytically pure 
material in 70% overall yield. It was shown to be identical with 
a reference compound prepared by an alternate route.24 The 
residual resin after photolysis retained 0.047 mmol/g of pep
tide according to amino acid analysis which indicated 92% 
photolytic cleavage under these conditions.

The stability of the a-methylphenacyl ester anchoring 
linkage of III under various conditions was studied. Rates of 
photolysis, hydrazinolysis, and acidolysis are shown in Figure
1. Photolysis proceeded rapidly with a half-life of approxi
mately 5 h. The anchoring bond was completely stable against 
50% trifluoroacetic acid in CH2CI2 but surprisingly labile 
toward hydrazinolysis. For comparison, similar experiments 
were conducted with Z-Lys(Z)-Phe-Phe-Gly-OCH2- 
C6H3(3-N02)-C0-N(CH2CH2CH3)-CH2-C6H4-resin (VII) and 
also with Z-Lys(Z)-Phe-Phe-Gly-OCH2-C6H4-resin (VIII), 
Figure 1. As expected, the polymer-bound benzyl ester linkage 
was completely stable to photolysis (350 mm) but rapidly 
cleaved by hydrazinolysis (10% H2NNH2 in dimethylform
amide). In agreement with observations made by several in
vestigators,14'25 the benzyl ester anchoring linkage was cleaved 
slowly by 50% trifluoroacetic acid in CH2Cl2- The polymer 
bound o-nitrobenzyl ester in VII was photolyzed sluggishly 
under the conditions used. However, this bond is extremely 
sensitive to hydrazinolysis and completely inert toward 50% 
trifluoroacetic acid.

For preparation of Z-Lys(Z)-Phe-Phe-Gly-OH (IV) using 
BrCH2-C6H3(3-N02)-C0-N(CH2CH2CH3)-CH2C6H4-resin
(V) , Merrifield resin (0.7 mmol Cl/g, 1% cross-linked, 200-400 
mesh) was allowed to react with n -propylamine (see Scheme
II). The amine resin was then acylated with 3-nitro-4-bro- 
momethylbenzoic acid10 to form V. Reaction of this material 
with the cesium salt23 of Boc-Gly-OH afforded Boc-Gly- 
0CH2-C6H3(3-N02)-C0-N(CH2CH2CH3)-CH2-C6H4-resin
(VI) . Solid phase synthesis was then continued by sequen-

Figure 1. Cleavage of peptide resin a-methylphenacyl, o-nitrobenzyl, 
and benzyl ester anchoring bonds by photolysis, acidolysis, and hy
drazinolysis (10% H2NNH2 in DMF). The rate of decrease in the 
peptide content (by amino acid analyses) of a resin was taken as the 
rate of cleavage of an anchoring bond.

tial incorporation of Boc-Phe-OH, Boc-Phe-OH, and Z- 
Lys(Z)-OH into the resin. The ensuing protected tetrapeptide 
resin VII was photolyzed at 350 nm to produce the desired 
compound IV in 40% overall yield. The lower yield of this 
process is due primarily to the slower rate of photolysis of this 
anchoring bond.

Preliminary experiments indicated that photolysis of the 
a-methylphenacyl ester anchoring linkage involving peptides 
with carboxyl terminal amino acids other than glycine (Ala, 
Leu, Thr(Bzl), lie) was two to five times slower under similar 
conditions. Thus the process utilizing resin I as solid support 
would appear best suited for the synthesis of protected pep
tide fragments posessing carboxyl-terminal glycine resi
dues.

Experimental Section
Melting points are uncorrected. Infrared spectra were taken on a 

Perkin-Elmer Model 137 spectrophotometer using KBr pellets. Thin 
layer chromatography was carried out on precoated silica gel plates 
(Merck F254) using solvent systems described previously.26 Micro- 
analyses, amino acid analyses, and other physicochemical measure
ments were performed by the Physical Chemistry Department.

Copolystyrene-2% divinylbenzene beads (200-400 mesh, Bio-Beads 
S-X2) was purchased from Bio-Rad Laboratories, Richmond, Calif. 
Amino acid derivatives were obtained from Bachem, Inc., Marina Del
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Scheme II. Preparation of Z-Lys(Z)-Phe-Phe-Gly-OH (IV) 
via Photolysis of the o-Nitrobenzyl Ester 
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Ray, Calif., or prepared in this laboratory and were of L configuration. 
2-Bromopropionyl chloride was bought from Aldrich Chemical 
Company, Milwaukee, Wis., and CS2CO3 was from Gallard- 
Schlesinger Corp., N.Y. Other chemicals and solvents were reagent 
grade products from various commercial sources.

BrCII(CH:s)-CO-CeH4-Resin (I). 2-Bromopropionyl chloride (50 
g, 243 mmol) was added slowly to a suspension of AICI3 (39 g) in 250 
ml of CH2CI2 with gentle stirring. The solid dissolved after a brief 
period of time, forming a light brown solution. It was cautiously added 
to a suspension of Bio-Beads S-X2 (216 g, 200-400 mesh) in 2200 ml 
of CH2C12 during a period of approximately 30 min. The mixture was 
stirred for an additional 17 h. The acylated resin thus obtained was 
collected and washed successively with CH2CI2, nitrobenzene, and 
THF. The slightly brownish resin was stirred in a mixture of TH F- 
H2O (6000 ml, 2:1) for 30 min and collected by filtration. The opera
tion was repeated twice more and the resin again washed with H20, 
THF, and then MeOH to give 248,3 g of light buff colored material: 
ir (KBr) 1685 cm-1; Br, 7.50 (0.94 mmol/g); Cl, 0.06.

Boc-Gly-OCH(CH3)-CO-C6H4-Resin (II). Boc-Gly-OH (4.38 
g, 25 mmol) was dissolved in a mixture of 40 ml of EtOH and 10 ml 
of H2O. The solution was titrated to pH 7.0 with 20% CS2CO3. The 
mixture was evaporated to dryness (35 °C) and the residual solid was 
evaporated twice with fresh DMF. Boc-Gly-0_-Cs+ thus obtained was 
stirred with 20 g of I (18.8 mmol) in 80 ml of DMF for 17 h. The es- 
terified resin was then collected and washed successively with DMF, 
DMF-H2O, H20, THF-H2O, THF, and MeOH to give 20.5 g of the 
desired product II. Amino acid analysis indicated the presence of 0.57 
mmol Gly/g; Br, 0.11% (0.014 mmol/g); ir (KBr) 1750, 1725, 1685 
cm-1.

Similarly prepared were the resin analogues of Boc-Ala-OH (0.60 
mmol Ala/g; 0.08% Br); Boc-Leu-OH (0.58 mmol Leu/g; 0.13% Br) and 
Boc-Thr(Bzl)-OH (0.62 mmol Thr/g; 0.07% Br).

Z-Lys(Z)-Phe-Phe-Gly-OH (IV). A. Ten grams of II (5.7 mmol) 
was deprotected (50% TFA, 30 min), neutralized (10% Et^N, 10 min), 
and coupled with Boc-Phe-OH (4.77 g, 18 mmol) for 120 min in 
CH2C12 using DCC (3.7 g, 18 mmol) as coupling reagent. Solid phase 
synthesis was continued by sequential incorporation of Boc-Phe-OH

(4.77 g) and Z-Lys(Z)-OH (7.5 g, 18 mmol) to produce tetrapeptide 
resin III (12.7 g). Amino acid analysis indicated that this product 
contained 0.41 mmol of peptide per gram of resin. Amino acid com
position Gly, 1.11; Phe, 1.94; Lys, 0.95. Nitrogen analysis, 3.04% (0.44 
mmol peptide/g).

The protected tetrapeptide resin III (10 g, 4.1 mmol) was suspended 
in 250 ml of DMF that had been treated with argon gas (2 ml/s) for 
15 min inside a jacketed Pyrex tube (3.5 X 30 cm). The suspension was 
further flushed with argon for an additional 60 min with gentle 
magnetic stirring. The reaction mixture was then tightly stoppered 
and irradiated at 350 nm (16 X 24 W) in a Rayonet photochemical 
reaction chamber for 72 h with efficient water cooling (20 °C). The 
released peptide was separated by suction filtration and the solvent 
removed at 40 °C under reduced pressure to give 3.5 g of clear oil 
which solidified immediately on treatment with ethyl acetate. It was 
crystallized from THF and water: yield 2.42 g (77%); mp 218-220 °C; 
[a ]25D -25.12° (c 1, DMF) [lit.24 mp 220-222 °C; [a ]25D -25.55° (c 
1, DMF)]; NMR and ir spectra identical with those of the reference 
compound.24 No depression in mixture melting point.

Anal. Calcd for C42H47N5O9 (765.9): C, 65.87; H, 6.19; N, 9.14. 
Found: C, 65.82; H, 6.16; N, 9.24.

Amino Acid Anal. Gly, 0.96; Phe, 2.00; Lys, 1.03. Average recovery, 
98%.

The residual resin (7.3 g) after photolytic cleavage contained 0.047 
mmol of peptide according to amino acid analysis. It had amino acid 
composition of Gly, 0.88; Phe, 2.00; Lys 1.07. Thus, the photolysis can 
be calculated as 92% complete.

B. Resin VI (6.0 g, 2.94 mmol) was deprotected (50% TFA, 30 min), 
neutralized (10% Et3N, 10 min), and coupled with Boc-Phe-OH (1.93 
g, 7.3 mmol) in the presence of DCC (1.54 g, 7.5 mmol) for 120 min. 
Solid phase synthesis was then continued with Boc-Phe-OH (1.93 g), 
followed by Z-Lys(Z)-OH (3.11, 7.5 mmol) in the next two cycles to 
give protected tetrapeptide resin VII (7.9 g). Amino acid analysis in
dicated that there was 0.305 mmol of peptide per gram of resin. Resin 
VII (7.0 g, 2.14 mmol) was photolyzed as described in A at 350 nm for 
72 h. The released peptide was worked up as above: yield 0.80 g 
(48.7%); mp 211-215 °C; [a ]25D -25.32° (c  1, DMF); NMR and ir 
spectra identical with those of the reference.24

Anal. Found: C, 65.94; H, 6.28; N, 9.04.
BrCH2-C6H3(3-N02)-C0-N(CH2CH2CH3)-CH2C6H4-Resin 

(V). Chloromethyl resin (10 g, 7 mmol) was suspended in DMF (100 
ml) and stirred with 11 ml of n-propylamine for 70 h. The resin was 
washed with DMF, THF, and MeOH to provide 10.1 g of 
CH3CH2CH2-NH-CH2-C6H4-resin (N, 0.97; Cl, 0.09). It was washed 
several times with CH2C12 and suspended in 150 ml of CH2C12 when 
2.35 g of 3-nitro-4-bromomethylbenzoic acid10 (9 mmol) and 2.0 g of 
DCC (9.7 mmol) were added. After stirring for 2 h the resin was col
lected and washed as usual yielding 11.5 g of desired product V (N, 
0.86; Br, 4.88). The resin absorbed strongly at 1600 cm-1 in the ir 
spectrum.

Boc-Gly-OCH2-C6H3(3-N02)-CO-N(CH2CH3CH3)-CH2- 
Cf,H4-Resin (VI). Boc-Gly-OH (0.7 g, 4 mmol) was dissolved in 8 ml 
of ¿-PrOH plus 2 ml of H20  and the mixture titrated to pH 7.0 with 
20% Cs2C 03. The solution was evaporated to dryness, reevaporated 
twice with DMF (40 °C), and then stirred in DMF (25 ml) with 6 g of 
V (3.68 mmol) for 24 h. The resin was then washed as usual and dried 
to give 6.2 g of material. Amino acid analysis indicated that there was 
0.49 mmol of glycine per gram of resin. There was virtually no residual 
bromide left (0.13%). There were strong absorption bands at 1750, 
1710, and 1600 cm-1.

Z-Lys(Z)-Phe-Phe-Gly-OCH2-C6H4-Resin (VIII). Hydroxy
methyl resin (4 g, 2.8 mmol), prepared as described before,26 was al
lowed to react with Boc-Gly-OH (0.98 g, 5.6 mmol), 4-dimethylami- 
nopyridine (0.69 g, 5.6 mmol), and DCC (1.2 g, 5.9 mmol) in CH2C12 
(55 ml) for 120 min. The resin was collected and washed to give 4.32 
g of material. Amino acid analysis indicated that the product, Boc- 
Gly-OCH2-C6H4-resin, contained 0.58 mmol Gly/g. After benzoyla- 
tion,26 the resin was deprotected (50% TFA, 30 min), neutralized (10% 
Et3N, 10 min), and coupled (120 min) with Boc-Phe-OH (1.32 g, 5 
mmol) in the presence of DCC (1.03 g, 5 mmol). Continuation of solid 
phase synthesis with Boc-Phe-OH (1.32 g) in the next cycle followed 
by Z-Lys(Z)-OH (2.07 g, 5 mmol) in another cycle gave Z-Lys(Z)- 
Phe-Phe-Gly-OCH2-C6H4-resin (4.9 g). Amino acid analysis showed 
that the resin contained 0.51 mmol peptide/g with an amino acid 
composition of Gly, 1.02; Phe, 1.98; Lys, 1.00.

Rates of Cleavage of Peptide a-Methylphenacyl, o-Nitro
benzyl, and Benzyl Ester Anchoring Bonds by Photolysis, Aci- 
dolysis, and Hydrazinolysis. The protected tetrapeptide resin III 
(2.0 g) was suspended in 50 ml of argon-saturated DMF and irradiated 
at 350 nm in the manner described for the preparation of IV. At dif
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ferent time intervals aliquots (4 ml) were withdrawn (under argon) 
and the resin separated immediately by suction filtration, washed 
thoroughly with DMF, CH2CI2, and MeOH, and then subjected to 
amino acid analysis. The rate of decrease in amino acid content was 
taken as the rate of photolysis of the a-methylphenacyl ester an
choring bond. Exactly the same experiments were performed on te- 
trapeptide resins VII and VIII to determine the rate of photolytic 
cleavage of the o-nitrobenzyl and benzyl ester linkages. The results 
are summarized in Figure 1. For the studies of the rates of acidolysis 
or hydrazinolysis of the resins III, VII, and VIII, 0.5 g each of the 
samples were stirred individually in 20 volumes each of TFA-CH2C12 
(1:1) or 10% H2NNH2 (DMF) in six separate flasks. Aliquots (1 ml) 
from each reaction were taken at different times and treated as de
scribed above for the photolysis experiments. The results are also 
shown in Figure 1.
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A synthesis of the tricyclic sesquiterpenes sativene (1) and copacamphene (2) is described, the key carbon-car
bon bond formation being effected via a free-radical cyclization of the bicyclic compound 3 (X = O; Y = H). A new 
method for transforming a terminal olefin to an aldehyde via the corresponding alkyl phenyl sulfide followed by 
oxidation with IV-chlorosuccinimide and hydrolysis of the resulting chloroalkyl phenyl sulfide is used to prepare 
the aldehyde precursor of 3.

The tricyclic sesquiterpenes sativene (1) and copacam
phene (2) possess five chiral centers and thus offer interesting 
substrates to test and develop synthetic methodology.1 While 
schemes based on heterolytic processes leading to carbon- 
carbon bond formation have been responsible for all but a 
handful of synthesis, one can expect2 that homolytical pro
cesses, at least in isolated steps, will become more and more 
common as traditional prejudices against free-radical inter
mediates are removed.3 Accordingly, we sought to develop a 
synthetic scheme based on free-radical intermediates which 
might be used to synthetize not only sativene and copacam
phene, but also structurally related compounds such as cy- 
closativene, isosativene, and longifolene.

The key intermediate of our projected synthesis was the free 
radical 3, which could be expected4 to cyclize to the tricyclic 
skeleton found in 1 and 2. Unfortunately, the factors con
trolling stereoselectivity of free-radical cyclizations are not 
understood, but because of the strained nature of the 7-nor- 
bornyl radical5 and the expected stability of the tertiary 
radical produced, the product ratio should reflect kinetic and

not thermodynamic factors. However, no clear prediction of 
the stereoselectivity expected could be made by consulting 
Dreiding models of radical 3. This steric ambiguity was offset 
by the choice of the norbornanone skeleton as the starting 
point of the synthesis, the other four asymmetric centers being 
controlled by the topological and steric restraints of the bi
cyclic ring structure.

Of the variety of methods that could be used to synthesize 
the desired radical 3, the Barton reaction appeared to have 
several advantages since the desired precursors should be
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readily prepared and, additionally, the cyclized product from 
3 (Y = CH2OH) should be convertible into the tetracyclic 
sesquiterpenoids cyclosativine and cyclocopacamphene by 
an additional free-radical cyclization of radical 4.

As a model system, we examined the Barton reaction on 
compound 5, but found no evidence of functionalization at

4 5 6
C-7. This result is consistent with that obtained with com
pound 6,6 although the alkoxy radical derived from the latter 
system is expected to be more prone to fragmentation reac
tions. Accordingly, we decided to prepare the desired radical 
in a less ambigouous manner from the corresponding 7-bromo 
compound.

The readily available7 syn-7-bromcnorbornanone (7) was 
methylated in DME using the conditions developed by House8 
to give a 3:1 mixture of 8a and 8b, the stereochemistry being 
assigned on the basis of H NMR data as follows. The chemical 
shifts of the methyl groups in exo- and endo-3-methylbicy- 
clo[2.2.1]heptan-2-one are nearly identical9 and substitution

7 8 a, R =  C H R ' =  H
b, R =  H; R' = CH;1

c, R =  CH2CH2CH=CXCH;,),; R' =  CH:i
d. R = CHoCH=CH2;R' = CH,
e. R = CH:,;R ' = C H ,C H = C K .

THP— O '

9, X = Br, I, OTs 10
of the syn hydrogen at C-7 by a bromine atom would be ex
pected10 to deshield an exo methyl group more than the endo
methyl substituent. The observed difference, 0.31 ppm, of the
chemical shifts of the methyl groups in compounds 8a and 8b
permits assignment of the stereochemistry. Collaboration for
this assignment comes from the multiplicies of the bromo-
methine peaks, compound 8a, capable of a “W”-type coupling 
between the hydrogens at C-3 and C-7, presenting a multiplet 
while in 8b the peak appears as an apparent triplet.17

The relatively low stereoselectivity in the alkylation step 
is in contrast to the stereospecific methylation of norborna- 
none,9 although we cannot be certain that our ratio does not 
reflect some postalkylation equilibration.12 In the event, while 
the isomers could be separated, this is not necessary since the 
synthetically important stereoselectivity is determined in the 
subsequent alkylation step.

Unfortunately, the alkylation of 8a and 8b with 9 (X = Br, 
I, or OTS) failed under a great variety of conditions, in sharp 
contrast to the success in the debromo case.9 Conditions that 
were examined included bases such as potassium tert-bu- 
toxide and tert-amyl oxide, in various solvents, NaH in ben
zene, DMF, or Me2SO, lithium diisopropylamide in DME, and 
butylmagnesium bromide in HMPA. In all cases, only the 
endo starting material 8b, or products that indicated ring 
cleavage and elimination, were isolated. Equally disappointing

were attempts to alkylate 8a and 8b with the three-carbon 
synthon 10 or effect Michael reaction with acrolein.13 *

Successful alkylation was affected by allylation of the 
magnesium enolate15 of 8a and 8b in HMPA at 60 °C. XH 
NMR analysis of the crude product mixture indicated a ca. 
3:5 ratio of 0 - and C-alkylated products, the alkylated com
pounds 8d and 8e being formed in a 4:1 ratio, respectively. Use 
of higher temperatures to effect a postalkylation Claisen re
arrangement increased the amount of C-alkylated product, 
but the exo to endo ratio decreased and with prolonged reac
tion times, the syn bromo substituent suffered Sn 2 attack by 
magnesium bromide (see Experimental Section).

Hydroboration followed by oxidation of the exo allyl com
pound 8d and subsequent oxidation of the resulting alcohol 
by Cr03-pyridine in CH2CI216 gave the unstable aldehyde 12

in 35% overall yield. The yield for the hydroboration-oxida- 
tion steps was not improved by use of other hydroboration 
reagents such as 9-BBN or diborane in dimethyl sulfide. 
Equally disappointing were other olefin to aldehyde trans
formations via the corresponding epoxides,17 thus forcing us 
to develop an alternate sequence of reactions.18

Treatment of 8d with thiophenol at 80 °C in the presence 
of AIBN (azobisisobutyronitrile) led to sulfide 11, which was 
oxidized with N-chlorosuccinimide by refluxing in carbon 
tetrachloride for 20 min. The crude chloro sulfide was hy- 
drolized in the presence of Cu11 (to oxidize the thiophenol 
formed)19 to give the aldehyde 12 in 60% isolated yield (87% 
yield by NMR).20 Treatment of the crude aldehyde 12 with 
Ph3P=C(CH 3)2 in Me2SO at 60 °C led to a nearly quantita
tive retro-Michael reaction, the major product being 8b. 
However, reaction of the Wittig reagent at —65 °C and in ether 
as solvent gave the desired isopropylidene compound 8c in 
64% yield, shown to be free of its epimer at C-3 by the absence 
of a low-field methyl group.

The key carbon-carbon bond formation reaction, cycliza
tion via the intermediate 3 (X = O; Y = H), was conveniently 
carried out in 62% yield by the catalyzed reaction of 8c and 
tributyl stannane in benzene at 36 °C. The resulting products, 
norsativone (13)21 and copacamphenilone (14),22 formed in 
a 3:2 ratio, respectively, were separated by careful chroma
tography on silica gel. The separated ketones 13 and 14 were

transformed into sativene (1) and copacamphene (2) by 
published21’22 procedures and found to be identical in all re
spects examined with the authentic natural products.
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Experimental Section

syn-7-Bromo-3-methylbicyclo[2.2.1]heptan-2-ones (8a and 
8b). To a solution of excess lithium diisopropylamide in 350 ml of dry 
DME8 at 0 °C, under N2, containing 200 mg of triphenylmethane as 
indicator, was added 8.9 g of syre-7-bromobicyclo[2.2.1]heptan-2-one 
(7) in 15 ml of DME over a 15-min period. To the resulting pink so
lution was added 15 ml of methyl iodide and the mixture allowed to 
come to room temperature. After standing overnight, the mixture was 
poured into water, extracted with ether, dried over Na2SC>4, and fil
tered, and solvent was removed to give 7.6 g of crude product, shown 
by GLC (DC 550 column at 170 °C) to be a mixture of starting mate
rial and exo and endo methylated ketones 8a and 8b (3:1 exo:endo 
ratio). Chromatography on 250 g of silica with 1:5 benzene-petroleum 
ether gave 4.37 g of monomethylated ketones 8a and 8b (56% yield 
based on unrecovered starting material) and 1.60 g of starting mate
rial. Rechromatography of the methylated ketones separated the two 
isomers, the endo isomer 8b eluting first. Analytical samples of 8a and 
8b were prepared by bulb to bulb distillation at 0.05 mm (75 °C bath 
temperature). 8a: ir (neat) 5.70 m; *H NMR (CCI4) 5 4.04 (m, 1 H, 
CHBr), 2.67 (m, 2 H, C-l and C-4 methines), 1.38 (d, J = 7 Hz, CH3). 
8b: ir (neat) 5.70 m; xH NMR (CCI4) 5 4.25 (t, 1 H, J = 1.5 Hz, CHBr), 
2.68 (m, 2 H, C-l and C-4 methines), 1.07 (d, 3 H, J  = 7 Hz, CH3).

Anal. Calcd for C8H i ]BrO (8a): C, 47.31; H, 5.46. Found: C, 47.43; 
H, 5.55.

Anal. Calcd for C8Hn BrO (8b): C, 47.31; H, 5.46. Found: C, 47.35;
H, 5.45.

Allylation of syn-7-Bromo~3-methylbicyclo[2.2.1]heptan-
2- ones (8a and 8b). A solution of 6.25 g of butyl bromide in 50 ml of 
ether was added to 1.13 g of Mg, under N2. Ether was removed from 
the resulting Grignard solution at 60 °C, under vacuum, replaced with 
50 ml of freshly distilled (from Na) HMPA, and stirred at 80 °C for 
10 min. To this solution was added 8.66 g of ketone 8a or 8b in 10 ml 
of HMPA, dropwise, over 5 min. After stirring for an additional 30 
min, the mixture was cooled to 60 °C; to it was added 11 ml of allyl 
bromide and the mixture was stirred overnight at 60 °C. The cooled 
mixture was diluted with water and extracted with ether; the extract 
was washed several times with water and dried over Na2S0 4 and 
solvent was removed to give 9.00 g of crude product, shown by 'H 
NMR to be a mixture of C- and O-allylated compounds. Chroma
tography on 250 g of silica gel with 2:1 petroleum ether-benzene gave
I. 50 g of starting material and 4.85 g of a 4:1 mixture of exo and endo 
allylated product (57% yield, based on unrecovered starting material). 
The isomers were separated upon careful rechromatography, the endo 
allyl compound 8e eluting first. Analytical samples were prepared by 
bulb to bulb distillation. Exo allyl compound 8d: ir (neat) 5.72, 6.09 
m; :H NMR (CC14) 5 4.15 (t, 1 H, J  = 1.0 Hz, CHBr), 1.07 (s, 3 H, CH3). 
Endo allyl compound 8e: ir (neat) 5.72,6.09 m; xH NMR (CCI4) 6 4.14 
(t, 1 H, J = 1.0 Hz, CHBr), 1.44 (s, 3 H, CH3).

Anal. Calcd for Cn H15BrO (8d): C, 54.33; H, 6.22. Found: C, 54.48; 
H, 6.25.

Anal. Calcd for CnHigBrO (8e): C, 54.33; H, 6.22. Found: C, 54.23;
H, 6.15.

The alkylation could be forced to completion by heating the crude 
reaction mixture at 130-150 °C for 3-6 h. However, the exo to 
endo allylation ratio decreased to about 2:1, and after prolonged 
reaction times anii-7-bromo-exo-3-allyl-endo-3-methylbicyclo-
[2.2.1]heptan-2-one became an important by-product. It was isolated 
and purified as above, bulb to bulb distillation providing an analytical 
sample: ir (neat) 5.70,6.08 n; 'H  NMR (CC14) 5 4.58 (m, 1 H, CHBr),
I . 06 (s, 3 H, CH3).

Anal. Calcd for CnHi5BrO: C, 54.33; H, 6.22. Found: C, 54.49; H, 
6.26.

Addition of Thiophenol to syn-7-Bromo-exo-3-allyl-en<io-
3- methylbicyclo[2.2.1 ]heptan-2-one (8d). A mixture of 750 mg of
olefin 8d, 225 mg of AIBN, and 5 ml of thiophenol was stirred at 77 
°C under N2 for 2.5 h, cooled, poured into 10% KOH solution, and 
extracted with ether. The extract was washed three times with water 
and dried over Na2S 04, and solvent was removed to give 1.275 g of 
crude product. Two chromatographies on 65 g of alumina neutral, 
activity 2-3, elution with 2:1 petroleum ether-benzene to 1:1 petro
leum ether-benzene separated, in order of elution, 210 mg of diphenyl 
disulfide, 120 mg of starting material 8d, and 783 mg of sulfide 11 (86% 
yield, based on unrecovered starting material). An analytical sample 
was prepared by bulb to bulb distillation at 0.1 mm (165 °C pot 
temperature): ir (neat) 5.70, 6.27, 13.5, and 14.45 it; JH NMR (CC14) 
6 7.22 (m, 6 H, aromatic), 4.06 (t, 1 H, J = 1.5 Hz, CHBr), 2.84 (t, 2 H, 
J  = 7 Hz, CH2SPh), 1.03 (s, 3 H, CH3).

Anal. Calcd for Ci7H2iBrOS: C, 57.79; H, 5.99. Found: C, 57.67; H, 
5.91.

Preparation of syn-7-Bromo-endo-3-methyl-exo-3-(4- 
methyl-3-pentenyl)bicyclo[2.2.1]heptan-2-one (8c). A mixture 
of 164 mg of sulfide 11, 70 mg of Ai-chlorosuccinimide, and 5 ml of 
CCU was refluxed under N2 for 20 min, cooled and filtered and solvent 
was removed. To the residue was added 170 mg of CuO, 170 mg of 
CuCl2-2H20 , 5 ml of acetone, and 0.1 ml of H20  and the mixture was 
refluxed under N2 for 15 min, cooled, poured into water, and extracted 
with ether. The extract was washed with 10% KOH, three times with 
water, and dried over Na2S 04 and solvent was removed to give 146 
mg of crude aldehyde 12 (see below), used without purification in the 
next step.

The above aldehyde, in 3 ml of ether, was added over 6.5 min to a 
Wittig solution at -6 5  °C (prepared at room tmperature by treating 
a suspension of 430 mg of triphenylisopropylphosphonium iodide in 
10 ml of Et20, under N2, with 490 fil of 1.9 M n-BuLi in hexane). After 
the mixture was stirred at —65 °C for an additional 0.5 h, it was al
lowed to come to room temperature over 1 h and then poured into 
water and extracted with ether. The extract was washed with water 
and dried over Na2S04 and solvent was removed to give 187 mg of 
crude product, purified by chromatography on 15 g of silica gel by 
eluting with 1:1 petroleum ether-benzene to 1:2 petroleum ether- 
benzene. The resulting oil, 64 mg (48% overall yield from 11), was 
distilled at 0.2 mm (100 °C pot temperature) to give an analytical 
sample of 8c: ir (neat) 5.71 /j ; JH NMR (CC14) S 5.08 (m, 1 H, vinyl), 
4.13 (t, 1 H, J  = 1.6 Hz, CHBr), 1.67 and 1.61 (s, 6 H, isopropylidine),
1.07 (s, 3 H, CH3).

Anal. Calcd for Ci4H2iBrO: C, 58.95; H, 7.42. Found: C, 58.85; H, 
7.44.

Purification of the aldehyde 12 used above resulted in lower overall 
yields for the three steps, presumably because of the instability of the 
aldehyde for which acceptable C, H analyses were not obtained. 'H 
NMR analysis of the products of the oxidation and hydrolysis steps 
indicated yields of aldehyde up to 87% but isolated yields never ex
ceeded 60%, while the maximum yield for the Wittig reaction on pu
rified aldehyde was 64%. For 12: ir (neat) 3.65, 5.72,5.78 ,u; 'H  NMR 
(CC14) a 9.71 (broad s, 1 H, aldehyde), 4.19 (t, 1 H, J  = L5 Hz, CHBr),
1.07 (s, 3 H, CH3).

Free-Radical Cyclization of 8c to Norsativone (13) and Co- 
pacamphenenilone (14). A mixture of 235 mg of the olefin 8c, 220 
mg of freshly distilled tributylstannane, and 10 mg of tert-butyl 
perbenzoate in 20 ml of benzene was irradiated at 36 °C in a Merry- 
Go-Round apparatus with the 257-mm source for 1.5 h (quartz tube). 
Removal of solvent left 530 mg of residue, which was chromato
graphed on 60 g of silica gel using 1:1 petroleum ether-benzene as 
eluent to give, in order of elution, 340 mg of tributyltin bromide, 9 mg 
of starting olefin 8c, 47 mg of a mixture of norsativone and copa- 
camphenilone enriched in norsativone, and 53 mg of a mixture fa
voring copacamphenilone (62% yield of cyclized material). Chroma
tography of the latter fraction on 45 g of silica gel gave 20 mg of a 
mixture of 13 and 14 and 29 mg of copacamphenilone1 b (14). The 
above two mixtures were combined and rechromatographed on 45 g 
of silica gel to give 58 mg of norsativone1“ (13) and 5 mg of copacam
phenilone (14). The separated ketones 13 and 14 were transformed 
into sativene and copacamphene, respectively, by published pro
cedures. Ia’lc Sativene was identified by comparison of ir, 'H  NMR, 
mass spectrum, and TLC behavior with an authentic sample, while 
copacamphene was identified by spectral comparison (ir ,1H NMR, 
mass spectrum).
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Esters of two new sesquiterpenoid polyalcohols—celorbieol (la) and isocelorbicol (2a)—have been isolated from 
Celastrus orbiculatus. Structures of the parent alcohols have been established by x-ray crystallography, and those 
of the derived esters have been assigned by NMR spectroscopy. These compounds are structurally related to other 
polyesters and ester alkaloids from the Celastraceae, all of which are based on the dihydroagarofuran ring system.

In a previous paper,13 we reported the isolation o f a series 
o f  sesquiterpenoid polyol esters from  seeds o f Celastrus or
biculatus (Celastraceae). In this present paper, we report the 
com plete structural elucidation o f the parent alcohols and 
present evidence for the structures o f three o f  their naturally 
occurring esters.

The occurrence o f  sesquiterpenoid esters in the seed oil o f 
Celastrus paniculatus was first suggested by Gunde and 
Hilditch in 1938.2 Recently, several esters o f  this sesquiter
penoid group from various celastraceous genera have been 
characterized, including examples from Celastrus,3 4 Eu- 
onymus, a-1° Maytenus,11 and Catha.12'13 The parent alcohols 
o f several o f  these esters have been characterized, including 
malkanguniol,3’4 celapanol,4 euonym inol,5 isoeuonym inol,5 
evoninol,5’7”9 alatol,5e m aytol,11 deoxym aytol,113 8-epide- 
oxym aytol,8 3,4-dideoxy-7/3-hydroxymaytol,8 and cathol.12'13 
Apparently, all o f  these alcohols have the same ring system, 
but they vary in the number, position, and configuration o f 
hydroxyl substituents. This ring system14 has been considered 
to be identical with that o f /3-dihydroagarofuran; however, the 
widely accepted stereochemistry o f /3-dihydroagarofuran has 
been questioned recently.15 As isolated from their natural 
sources, the hydroxyl groups o f these polyalcohols are acylated 
with acetic acid and various other carboxylic acids.3-13 Since 
certain o f these acyl groups contain nitrogen, some o f  the es
ters o f  this series are classed as alkaloids.4-13

Isolation of Polyalcohols. After alkaline hydrolysis o f 
Celastrus orbiculatus seed oil, a neutral fraction was isolated 
which provided two isomeric polyalcohols— celorbieol (la) 
and isocelorbicol (2a)16— when subjected to preparative TLC. 
Alcohols la and 2a are high-melting, crystalline solids with 
the empirical formula C 15H 26O4, as shown by high-resolution 
mass spectra. Their ir spectra showed strong hydroxyl ab
sorptions, but none for carbonyl groups. General features o f  
the N M R  and mass spectra o f la, 2a, and their various esters 
(vide infra) led us to infer that la and 2a are closely related 
to malkanguniol,3 and that la is a 1,6,9-trihydroxy derivative 
o f  the dihydroagarofuran system.13 The com plete structure 
and stereochemistry o f la and 2a were established subse
quently by single crystal x-ray crystallography.

X-Ray Crystallographic Analysis. Celorbieol was con 
verted to a m ono-p-brom obenzoate derivative (If) which was 
used to elucidate its absolute stereostructure by x-ray d if
fraction experiments. A computer-generated drawing o f the 
final x-ray m odel is presented in Figure 1. Table I lists frac
tional coordinates for If. Figure 1 clearly shows both o f  the 
cyclohexane rings in the chair conformation. The hydroxyl at 
C -l is equatorial while the one at C-9 is axial. T he C-14 and 
C-15 methyl groups are both axial. The absolute configuration 
we assign to this structure is the same as that previously re
ported by Sasaki and Hirata6-17 for neoevonine. Bond dis
tances and angles agree with generally accepted values and
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Scheme I

la, R! = R2 = R3 = H 
0  
IIb, Rj — C6H5C; R2 = R3 = Ac

0
II

c, R 1 =  R2= C 6H5C;R3 =  A c

d, R; =  Ac; R2 =  R3 =  H

e, R1 =  R2 =  Ac;R3 =  H

f, Ri = p-bromobenzoyl; R, = R3 = H

2a, Rj =  R, =  R3 =  H
0
II

b, R, =  C6H5CH =CH C; R2 =  R3 =  Ac
c, Rj =  Ac; R2 =  R3 =  H
d, Rj =  R, =  Ac; R3 =  H
e, Rt =  p-bromobenzoyl; R, =  R3 =  H.

B R ( 2 8 )

Figure 1. Computer-generated drawing of celorbicol mono-p-bro- 
mobenzoate (If). Hydrogens are omitted for clarity.

Table I. Final Fractional Coordinates for the 
p-Bromobenzoate of Celorbicol (If) a

C (l) 1.065 (2) 0.066 (2) 0.2294 (9)
C(2) 1.083 (2) 0.109 (2) 0.118 (1)
C(3) 1.206 (2) 0.205 (2) 0.1368 (9)
C(4) 1.110 (2) 0.285 (2) 0.2009 (9)
C(5) 1.073 (1) 0.241 (2) 0.3109 (9)
C(6) 0.976 (2) 0.314 (2) 0.383 (1)
C(7) 1.068 (1) 0.276 (2) 0.4990 (9)
C(8) 0.964 (2) 0.174 (2) 0.511 (1)
C(9) 0.969 (1) 0.095 (2) 0.420 (1)
C(10) 0.956 (1) 0.135 (2) 0.3002 (9)
C (l l) 1.294 (1) 0.264 (2) 0.4902 (9)
C(12) 1.414 (2) 0.191 (2) 0.580 (1)
C(13) 1.405 (2) 0.363 (3) 0.494 (1)
0(14) 0.930 (2) 0.335 (2) 0.119(1)
0(15) 0.731 (2) 0.148 (2) 0.245 (1)
0(16) 0.944 (1) -0 .029 (2) 0.2128 (7)
0(17) 1.2712 (8) 0.218 (2) 0.3810 (6)
0(18) 1.011 (1) 0.419 (2) C.3628 (7)
0(19) 1.131 (1) 0.021 (2) C.4550 (6)
C(20) 1.039 (2) -0 .117 (2) 0.206 (1)
0(21) 1.218(1) -0.125 (2) C.2169 (9)
C(22) 0.892 (1) -0.201 (2) C.1801 (9)
C(23) 0.684 (2) -0 .186 (2) C.1516 (9)
0(24) 0.55 (2) -0 .266 (2) C.126(1)
0(25) 0.636 (2) -0 .363 (2) C.136 (1)
0(26) 0.835 (2) -0 .383 (2) €.165 (1)
0(27) 0.959 (2) -0 .299 (2) 0.187 (1)
Br(28) 0.4520 (2) -0 .476 (2) 0.1045 (2)
H (l) 1.2076 0.054 C.268
H(2A) 0.948 0.124 0.077
H(2B) 1.149 0.056 0.080
H(3A) 1.220 0.229 0.063
H(3B) 1.344 0.185 0.183
H(4) 1.203 0.342 0.226
H(6) 0.828 0.313 0.366
H(7) 1.054 0.316 0.565
H(8A) 0.822 0.188 0.513
H(8B) 1.033 0.143 0.586
H(9) 0.839 0.055 0.412
H(12A) 1.428 0.219 0.657
H(12B) 1.551 0.175 0.566
H(12C) 1.341 0.121 0.580
H(13A) 1.543 0.347 0.478
H(13B) 1.421 0.392 0.571
H(13C) 1.332 0.409 0.436
H(14A) 0.874 0.389 0.157
H(14B) 0.823 0.278 0.095
H(14C) 0.973 0.358 0.050
H(15A) 0.665 0.077 0.239
H(15B) 0.716 0.177 0.170
H(15C) 0.663 0.190 0.294
H (18A)C 0.963 0.430 0.299
H(18B) 0.957 0.451 0.404
H(19) 1.129 0.000 0.518
H(23) 0.629 -0.117 0.149
H(24) 0.406 -0.259 0.100
H(26) 0.890 -0.455 0.167
H(27) 1.107 -0.314 0.211
0 Hydrogen atoms are given the same number as the heavy 

atom to which they are attached. The estimated standard de
viation of the least significant figure is given in parentheses. b The 
hydrogen positions were not varied in refinement. c Since this 
hydrogen appeared twice in the difference map, both positions 
were included, each with an occupancy factor of one-half.

molecular conformation of isocelorbicol (2a) is identical with 
there are no abnormally short intermolecular contacts.18 that of celorbicol. The hydroxyl groups are located at C-l, C-2,

The structure of isocelorbicol was similarly solved by x-ray and C-9, and they are equatorial, axial, and axial, respectively,
diffraction. Use of underivatized 2a proved advantageous, The molecular geometry agrees well with generally accepted
even though its mono-p-bromobenzoate (2e) was available. values, and there are no abnormally short intermolecular 
A computer-generated drawing of 2a is given in Figure 2, and contacts.18 We have assumed the same absolute configuration 
Table II gives the final fractional coordinates.18 The overall for 2a as we have determined for la.
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Figure 2. Computer-generated drawing of isocelorbicol (2a). Hy
drogens are omitted for clarity.

Celoribicol can now be described as a 1 a ,6/3,9/? -trihydroxy 
derivative of /1-dihydroagarofuran while isocelorbicol is the 
corresponding la,2a,9/3-triol.

Esters of Celorbicol and Isocelorbicol. The most polar 
fractions from countercurrent distribution of C. orbiculatus 
seed oil contained esters of la and 2a.la This mixture of esters 
was resolved into three discrete compounds by preparative 
TLC; traces of some related esters also were observed. Esters 
A (lb) and C (lc), partially characterized previously,1® yielded 
la when subjected to alkaline hydrolysis, and ester B (2b) gave 
2a when treated similarly. The nature of the acyl groups of lb, 
lc, and 2b was determined by GLC, mass spectra, and 
NMR.la

When acetylated under mild conditions, la afforded a 
monoacetate (Id) together with a diacetate (le); monoacetate 
2c and diacetate 2d were prepared similarly from 2a. In both 
cases, one monoacetyl and one diacetyl derivative were the 
predominant products isolated by preparative TLC, although 
minor amounts of other isomers were apparent. Similarly, la 
and 2a each yielded mainly one mono-p-bromobenzoate (If 
and 2e) under mild acylating conditions.

NMR Spectra of Celorbicol and Its Esters. From in
spection of their NMR spectra (Table III), it is obvious that 
compounds la -f contain no hydroxymethylene function; no 
AB quartet corresponding to such a grouping is observed. 
Celorbicol and its various esters (la-f) show three sets of 
signals which, within the framework of the dihydroagarofuran 
ring system, may be attributed to methine protons a to sec
ondary hydroxyl groups. Each of these signals exhibits the 
expected downfield shift upon acylation of the corresponding 
hydroxyl group. Decoupling experiments revealed that none 
of these three methine protons is coupled to another of this 
group. These observations indicated that none of the hy
droxyls has a vicinal relationship, and were consistent with 
a 1,6,9 arrangement of hydroxyl substituents.

One downfield methine proton appears as a slightly 
broadened singlet, only weakly coupled (J < 1 Hz) to any 
other proton. The axial proton at C-6 uniquely accommodates 
this observation with 06,7 = 80°, a dihedral angle corre
sponding to a value of J  < 1 Hz.19 Spectra of related esters 
from other sources exhibit comparable singlets for the corre
sponding C-6 protons.3’4’8

The axial proton at C-l appears as a pair of doublets, the 
X  portion of an ABX system, at <5 4.3 (la) or 5.26-5.53 (lb-f). 
These multiplets have couplings appropriate for an axial-axial 
interaction (J = 10-12 Hz) together with one that is axial- 
equatorial (J = 4-6 Hz);20 they are similar to those ascribed 
to the axial C-l proton for esters of celapanol.4 We assign the 
remaining methine-associated multiplet for lb and lc to the
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Table II. Final Fractional Coordinates for Isocelorbicol
(2a) 3

C (l) 0.3625 (2) 0.4618 (2) 0.3953 (2)
0 (2 ) 0.3876 (2) 0.4697 (2) 0.5614 (2)
0(3) 0.5049 (2) 0.4557 (2) 0.5853 (2)
0(4) 0.5496 (2) 0.3516 (2) 0.5184 (2)
0(5) 0.5178 (1) 0.3395 (1) 0.3527 (2)
0 (6) 0.5561 (2) 0.2345 (2) 0.2807 (3)
0(7) 0.5697 (2) 0.2725 (2) 0.1195 (3)
0 (8) 0.4591 (2) 0.2894 (2) 0.0549 (3)
0(9) 0.3864 (2) 0.3667 (2) 0.1439 (2)
0 (10) 0.3990 (1) 0.3567 (2) 0.3184 (2)
0 (11) 0.5318 (2) 0.3763 (2) 0.1448 (2)
0 (12) 0.6359 (2) 0.4539 (2) 0.0125 (3)
0(13) 0.7448 (2) 0.3556 (3) 0.1967 (3)
0(14) 0.5288 (2) 0.2524 (2) 0.5174 (3)
0(15) 0.3302 (2) 0.2605 (2) 0.3666 (3)
0(16) 0.2536 (1) 0.4810 (2) 0.3679 (2)
0(17) 0.3263 (1) 0.3940 (1) 0.6444 (2)
0(18) 0.5732 (1) 0.4253 (1) 0.2684 (2)
0(19) 0.3971 (1) 0.4754 (1) 0.0914 (2)
H (l) 0.400 (2) 0.523 (2) 0.350 (3)
H(2) 0.363 (2) 0.544 (2) 0.594 (3)
H(3A) 0.518 (2) 0.459 (2) 0.695 (3)
H(3B) 0.539 (2) 0.519 (2) 0.537 (3)
H(4) 0.631 (2) 0.365 (2) 0.513 (3)
H (6A) 0.504 (2) 0.176 (2) 0.291 (3)
H(6B) 0.624 (2) 0.212 (2) 0.329 (3)
H(7) 0.610 (2) 0.222 (2) 0.056 (3)
H (8A) 0.459 (2) 0.312 (2) -0 .054 (3)
H (8B) 0.425 (2) 0.213 (2) 0.057 (3)
H(9) 0.314 (2) 0.347 (2) 0.120 (3)
H(12A) 0.567 (3) 0.471 (3) -0 .040 (3)
H(12B) 0.673 (4) 0.518 (4) 0.045 (6)
H(12C) 0.682 (3) 0.428 (3) -0 .065 (5)
H(13A) 0.777 (3) 0.419 (4) 0.213 (5)
H(13B) 0.780 (4) 0.319 (4) 0.115 (6)
H(13C) 0.748 (3) 0.305 (3) 0.292 (5)
H(14A) 0.454 (3) 0.239 (3) 0.641 (4)
H(14B) 0.557 (3) 0.181 (3) 0.562 (4)
H(14C) 0.568 (3) 0.261 (3) 0.711 (4)
H(15A) 0.351 (3) 0.227 (3) 0.465 (4)
H(15B) 0.259 (3) 0.283 (3) 0.359 (5)
H(15C) 0.225 (3) 0.203 (3) 0.301 (4)
H (lü 0.216 (3) 0.469 (3) 0.447 (4)
H(17) 0.298 (2) 0.424 (2) 0.715 (4)
H(19) 0.453 (3) 0.504 (2) 0.131 (4)

“ Hydrogen atoms are given the same number as the heavy
atom to which they are attached. The estimated standard de
viation of the least significant figure is given in parentheses.

equatorial proton at C-9; this appears as a doublet of doublets 
with J ae = 6 and Jee = 1 Hz due to couplings with methylene 
protons at C-8 (compare with esters B -l and B-4 from Eu- 
onymus europaeus.8)

Upfield signals (Table III) include proton singlets for an
gular or geminal methyl groups—C-12, C-13, and C-15—and 
doublets (J = 7 Hz) for the secondary methyl group, C-14; 
singlets associated with the various acetyl functions also occur. 
The H-14 doublets are in accord with corresponding signals 
for esters of celapanol, as are the singlets generated by H-15.3’4 
In the spectra summarized in Table III (except that of le), 
signals for C-12 and C-13 protons have the same chemical shift 
and appear as one six-proton singlet. The coincidence of these 
two peaks is not generally observed among spectra of related 
compounds; this overlap may result from a fortuitous bal
ancing of shielding effects from axial oxygen functions at C-6 
and C-9.

NMR proton integrals together with mass spectral data 
indicate that ester A (lb) contains two acetate and one ben
zoate groups, whereas ester C (lc) has one acetate and two
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Table III. Proton Chemical Shifts for Celorbicol (la) and Derived Esters a 

Protons la lb lc Id le If

H-l 4.3, m 5.43, dd 5.49 dd 5.26, dd 5.28, dd 5.53, dd
(J — 11, 4) (J = 12, 4) (J = 11, 6) U  = 11, 6) (J = 10, 5)

H-6 4.3, bs 5.28, bs 5.55, bs 4.34, bs 5.26, bs 4.37, bs
H-9 3.4 dd (?) 4.99, dd 5.04, dd 3.29, dd 3.34, dd 3.34, dd

(J = 6, 1) {J = 6, 1) (J = 3 ,1) (J = 6, 1) (J = 6, 1)
H-12
H-13 jl.47, s j 1.38, s Jl.41, s Jl.46, s 1.49, s6 

1.35, s6
jl.46, s

H-14 1.11, d 0.98, d 1.00, d 1.14, d 0.95, d 1.17, d
(J = 7) (J = 7) (J = 7) (J = 7) (</ = 7) (J = 7)

H-15 1.04, s 1.30, s 1.36, s 1.13, s 1.16, s 1.28, s
1-0-Acyl 7.2-7.6, m ! 

7.9-8.1, m j
7.2-7.7, m 

\ 8.0- 8.2, m 1.96, s 1.96, sc f 7.50,7.82, 
lA2B2 system

6-0-Acyl 2.08, s 1 2.03, sc
9-0-Acyl 1.58, s 1.59, s

a Spectra were determined in CDCI3. Chemical shifts (5) are expressed in parts per million from tetramethylsilane. Letters following
the shifts indicate the number and types of peaks observed before decoupling. h'c The assignment of these shifts is uncertain and possibly 
should be reversed.

Table IV. Proton Chemical Shifts for Isocelorbicol (2a) and Derived Esters a

Protons 2a 2b 2c 2d 2e

H-l 4.16, s (?) 5.52, bs 5.28, d 5.36, d 5.56, d
(J = 3) (J =3) (J = 3)

H-2 4.20, m 5.52, bs 4.32, ddd 5.50, ddd 4.47, ddd
(J = 3, 3, 3) (J = 3, 3, 3) (.J = 3, 3, 3)

H-9 3.2, m 4.73, dd 3.25, m 3.27, m 3.33, m
(J = 6, 2)

H-12 1.18, s6 1.35, sc 1.27, sd 1.21, 8« 1.40, s f
H-13 1.46, sb 1.38,8-- 1.45, sd 1.45, se 1.43, sf
H-14 1.23, d 1.28, d 1.19, d 1.18, d 1.30, d

(J = 7) (J = 7) (J = 7) (J = 7) (J = 7)
H-15 1.18, sb 1.22, s 1.17, sd 1.18,se 1.19, s

I(6.33, 7.66,
1-O-Acyl AB q ( J = 16) 2.03, s 1.95, s 7.51, 7.87,

1[ 7.2—7.7, m A2B2 system
2-0-Acyl 1.82, 1.99, s
9-O-Acyl 2.02, sg

a See footnote a, Table III. b~g Assignments of these shifts are uncertain and possibly should be interchanged.

benzoate moieties.18 By comparing chemical shifts (Table III) 
for the various sets of three methine protons, the complete 
structures for esters lb -f may be assigned as depicted. 
Downfield shifts for H -l signify that the corresponding hy
droxyl is acylated in all five esters (lb-f); this conclusion is 
consistent with x-ray crystallographic analysis of If. From 
similar considerations, the C-6 hydroxyl must be acylated in 
esters lb, lc, and le but not in Id and If. Differences in 
downfield shifts for H-l and H-6 indicate that lc has benzoate 
groups attached at both C-l and C-6 hydroxyl functions, and 
that lb has its single benzoate moiety at C-l. Similarly, the 
C-9 hydroxyl is not acylated in Id, le, and If.

Previous workers4a’5b>lla have drawn attention to the 
anomalous upfield shift of signals associated with acetate 
functions in certain polyalcohol esters of the dihydroagaro- 
furan group. This shift has been attributed to the anisotropic 
shielding influence ofaromatic rings in neighboring acyl 
groups. One acetate resonance of lb and lc (5 1.59) shows this 
effect, while other acetate signals recorded in Table I have 
more typical shifts in the range 8 1.96-2.08. Accordingly, the 
high-field acetate signals of lb and lc (5 1.59) are considered 
to be generated by an acetoxy group at C-9 where it can be 
shielded by the benzoate moiety at C-l.

NMR Spectra of Isocelorbicol and Its Esters. The 
spectra (Table IV) of isocelorbicol and its esters (2a-e) indi

cate the absence of primary hydroxyl functions. As with cel
orbicol and its esters, there are three sets of signals due to 
methine protons which are shifted downfield when the adja
cent secondary hydroxyl groups are acylated. Two of these 
resonances are coupled to each other, as revealed by irradia
tion experiments, but the third is coupled to neither of the 
other two; a 1,2.9-triol structure is consistent with these re
sults. In the case of 2c, for example, there was a doublet at 8
5.28 coupled to an apparent quartet at 8 4.32. The quartet 
collapsed to an apparent triplet when the spectrum was irra
diated near 8 5.3, thus signifying three different couplings with 
adjacent protons, each with approximately the same coupling 
constant (J = 3 Hz). H-2 is coupled equally with the C-3 
protons and also shows an axial-equatorial coupling with H-l; 
conversely, H -l appears as a doublet, J = 3 Hz (compare with 
ddd for C-2 proton in euolalin5d). Overlap of signals for H-l 
and H-2 obscured the multiplicity of both in the spectra of 2a 
and 2b.

The third methine proton, attached at C-9, appeared as a 
poorly defined multiplet near 8 3.2 except in the case of 2b, 
where it formed a pair of doublets, J ae = 6 and Jee = 2 Hz, due 
to coupling with C-8 protons.

In contrast to those in the celorbicol series, singlets for C -l2 
and C-13 protons are well resolved. However, identification 
of upfield signals (Table IV) associated with methyl groups



of isocelorbicol and its derivatives is not as straightforward 
as with la -f and assignments of the singlets for C-12, C-13, 
and C-15 protons are uncertain.

NMR and mass spectral data indicated that ester B con
tains two acetate and one trans-cinnamate groups.1® A com
parison of the chemical shifts for the C-l and C-2 methine 
protons leaves no doubt that the C-l hydroxyl is acylated in 
2b, 2c, 2d, and 2e, and that the C-2 hydroxyl likewise is acyl
ated in 2b and 2d. From similar considerations, the C-9 hy
droxyl must be acylated only in the case of 2b. H-l is shifted 
farther downfield in 2b than in diacetate 2d, and is displaced 
to about the same extent as in 2e (the mono-p-bromoben- 
zoate). From these comparisons, it seems likely that ester B 
has the structure that we have depicted as 2b.

Mass Spectra of Celorbicol and Isocelorbicol. In their 
discussions of the mass spectra of malkanguniol and its esters, 
both den Hrtog et al.3a and Wagner et al.4b have stressed the 
importance of fragments at m/e 137 and 124 (or 125) which 
embrace the original furanoid ring. However, the m/e 137 ion 
is not prominent in the spectra of ceiapanol derivatives ex
amined by Wagner and co-workers,4b nor in the polyalcohols 
investigated by Budzikiewicz and Römer.8 In contrast, both 
the m/e 137-138 and 124-125 ions are conspicuous in spectra 
of la and 2a, despite the fact that la carries an oxygen sub
stituent at C-6 which must be eliminated. Apparently, the 
diagnostic value of the m/e 137 ion is limited.

Discussion
Celorbicol and isocelorbicol contain four oxygen atoms— 

fewer than any other of the series of polyalcohols from the 
Celastraceae. Others contain at least five and as many as ten 
oxygens. However, mono- and dihydroxy derivatives of 
dihydroagarofuran have been isolated from Aquillaria agal- 
locha wood (family Thymeleaceae).21 Isocelorbicol is the first 
of the series found to be acylated with trans-cinnamic acid.

ORD curves for la and 2a were recorded with both chlo
roform and methanol solutions to provide comparisons with 
optical rotations reported by den Hertog et al.3b and by 
Wagner et al.4b In all cases, values for [a]D were negative; these 
results suggest that the sesquiterpenoid ring system of la and 
2a has the same absolute configuration in C. paniculatus and
C. orbiculatus.

Experimental Section
NMR spectra were recorded with a Varian22 HA-100 instrument, 

and ir spectra with a Perkin-Elmer Model 137 instrument. Mass 
spectra were obtained with a Nuclide 12-90G spectrometer. A Beck
man DK-2A spectrophotometer was used to measure uv spectra. ORD 
spectra were recorded with a Cary Model 60 spectropolarimeter. TLC, 
both preparative and analytical, was carried out on silica gel GF-254 
plates (E. Merck, Darmstadt). Components were located under uv 
light after spraying with ethanolic dichlorofluroescein solution. 
Melting points were determined with a Fischer-Johns block and are 
uncorrected.

Isolation of Celorbicol (la) and Isocelorbicol (2a). Extraction 
and hydrolysis of C. orbiculatus seed oil were described in a previous 
paper.13 A 0.514-g portion of the crude polyalcohol mixture isolated 
after hydrolysis with methanolic barium hydroxide was subjected to 
preparative TLC (five 20 X 20 X 0.2 cm plates) with the solvent system 
chloroform-acetone (3:1); la appeared as a major component at Rf
0.5, and 2a at Rf 0.3. In addition, three minor bands appeared which 
were not investigated.

Celorbicol. Elution of the Rf 0.5 bands with chloroform-methanol 
(3:1) provided 0.205 g of la: mp 222-223 °C after recrystallization 
from chloroform-acetone; ir (CHCI3) 3598, 3450 (OH), 2940, 1133, 
1110,1009, 965,900,855 (broad) cm -1; ORD [a]26D -24 , [o]56o -27, 
[“ [440 -46 , [«boo -59 , [a]3so -83 , [a]3oo -126, [a]270 -177, [«¡250 
—236° (c 0.47, CH3OH); [a]28D 27, [ahso —38, [0)400 —59, [0)320
-100, [0)280 -145, [o]260 -188° (c 0.37, CHCI3); NMR, CDC13 shifts 
in Table III; Me2SO-d6, 5 0.90 (s, 3 H), 1.00 (d, 3 H, J = 7.5 Hz), 1.34 
(s, 3 H), 1.41 (s, 3 H), 3.32 (dd, 1 H, J  = 4,1 Hz), 3.74 (d, 1 H on hy
droxyl, J = 4 Hz), 4.0 (m, 3 H), 4.76 (d, 1 H on hydroxyl, J = 5 Hz); 
MS (70 eV) m/e (rel intensity) 270 (M+, 12), 255 (M -  CH3, 100), 159
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(50), 149 (35), 138 (36), 125 (34), 109 (38), 97 (23), 95 (25), 85 (28), 83
(29), 69 (27), 57 (22), 55 (35), 43 (61), 41 (24). Found: M+, 270.182; 
C15H26O4 requires 270.183.

Isocelorbicol. Elution of the Rf 0.3 band from TLC with chloro
form-methanol (3:1) afforded 0.206 g of 2a: mp 240-241 °C after re
crystallization from chloroform-acetone; ir (CHCI3) 3680,3480 (OH), 
2940,1380,1361,1135,1093,1063,1010,980, 960, 862 (broad) cm -1; 
ORD [a]26D - 8, [0)440 -14 , [a]360 -21 , [01)300 -2 5  (minimum), [a]26o 
-16, M 25o ~7, [a]245 0, [a]240 +12, [«]235 + 29° (c 0.54, MeOH); [a]26D 
—18, [a]520 -22, [«¡440 —31, [a]36o —43, [a]2so —69, [a]2eo —78° (c 0.30, 
CHCI3); NMR, CDClg shifts in Table IV; Me2SO-d6, 6 1.03 (s, 3 H),
1.06 (s, 3 H), 1.16 (d, 3 H, J = 7.5 Hz), 1.41 (s, 3 H), 3.34 (dd, 1 H, J  =
4,1 Hz), 3.63 (d, 1 H on hydroxyl, J = 6 Hz), 3.96 (bm, 4 H); MS (70 
eV) m/e (rel intensity) 270 (M+, 28), 255 (M — CH3, 22), 252 (M — 
HaO, 21), 237 (34), 219 (30), 208 (29), 183 (23), 168 (100), 154 (27), 151
(25), 137 (65), 135 (26), 125 (47), 124 (44), 123 (46), 121 (41), 119 (41), 
109 (94), 97 (84), 95 (51), 93 (37), 85 (39), 83 (30), 71 (31), 69 (62), 57 
(34), 55 (49), 43 (92), 41 (66), 18 (25). Found: M+, 270.186; C15H260 4 
requires 270.183.

X-Ray Analyses. A. Celorbicol p-Bromobenzoate (If). The unit 
cell of If belonged to the monoclinic space group P 2i with a = 6.818
(4), b = 13.111 (9), c = 12.147 (9) A, and /? = 101.91 (5)°. A calculated 
and measured density were interpreted to mean two molecules of 
C22H29Br05 in the unit cell or one molecule per asymmetric unit. All 
unique diffraction maxima with 6 < 57° were collected using a fully 
automated four-circle diffractometer and monochromated Cu Ka 
radiation (1.54178 A). A total of 1494 reflections were measured and 
after correction for Lorentz, polarization, and background effects, 
1144 were judged observed [F0 > 3a{F0), 77% observed].

Structure solution proceeded routinely. The bromine was located 
in the Patterson synthesis and careful inspection of the centrosym- 
metric Br-phased electron density synthesis revealed a plausible 
starting fragment.23 The remaining nonhydrogen atoms were located 
in subsequent electron density syntheses. Hydrogen atoms were lo
cated on a difference synthesis after refinement. Full matrix least- 
squares refinement with nonhydrogen atoms anisotropic, hydrogens 
isotropic, and with anomalous scattering corrections for Br lowered 
the conventional discrepancy index to 0.074 for the structure and 
0.076 for the enantiomorph.18'24

B. Isocelorbicol (2a). Crystals of 2a are orthorhombic with a = 
12.770 (1), b = 12.374 (3), and c = 8.9233 (9) A and systematic ex
tinctions indicating space groups P2i2i2i. A calculated and measured 
density indicated one molecule of CisH2e04 per asymmetric unit. 
Because of the excellent quality of the crystals, all reflections with 
6 < 78° were collected on a four-circle diffractometer using Cu Ka 
(1.54178 A) radiation. After correction for Lorentz, polarization, and 
background effects, 1535 of the 1628 measured reflections were judged 
observed (94%).

A starting x-ray model was found by a multiple solution, weighted, 
tangent formula approach.25 Refinement with anisotropic nonhy
drogen atoms and isotropic hydrogens converged to a final R factor 
of 0.045 for the observed reflections.18

Isolation of Ester A (lb), Ester B (2b), and Ester C (lc). The 
countercurrent fractionation of C. orbiculatus seed oil was described 
in a previous paper.13 Material from combined transfers 1461-1469 
(0.271 g) was applied to a preparative TLC plate, and was subjected 
to double development with the solvent system methylene chloride- 
ethyl ether (95:5); lc appeared as major component at Rf 0.65, lb at 
Rf 0.55, and 2b at Rf 0.37.

Ester A (lb). Elution of the Rf 0.55 band with chloroform-meth
anol (3:1) yielded 0.116 g of lb: mp 179-180 °C after recrystallization 
from ethyl ether-hexane; ir (CHC13) 2940, 1730, 1710, 1390, 1375, 
1285,1136,1107,1087,1023,977, 967,868 cm“ 1; NMR, see Table III; 
MS (70 eV) m/e (rel intensity) 458 (M+, 2) 443 (M — CH3, 6), 416 (47), 
206 (29), 159 (19), 138 (25), 105 (90), 77 (38), 43 (100). Found: M+, 
458.231; C26H3407 requires 458.230.

Ester B (2b). Elution of the Rf 0.37 band from preparative TLC 
with chloroform-methanol (3:1) gave 25 mg of 2b, an amorphous solid 
which resisted efforts to crystallize it: ir (CHCI3) 2970, 2930, 1740, 
1710,1640,1450,1370,1163,1135,1110,1092,1070,1046,1020, 880 
(broad) cm-1; NMR, see Table IV; MS (70 eV) m/e (rel intensity) 484 
(M+, 9), 469 (M -  CH3, 2), 353 (79), 233 (30), 131 (100), 105 (23), 103 
(24,43 (56). Found: M+, 484.246; C28H3g07 requires 484.246.

Ester C (lc). The Rf 0.65 band from preparative TLC was eluted 
with chloroform-methanol (3:1) to give 23 mg of lc, a syrup: ir 
(CHCI3) 2950, 2930, 1730,1710,1450, 1390, 1370,1105, 1093,1065, 
1021, 980, 892, 875 cm“ 1; NMR, see Table III; MS (70 eV) m/e (rel 
intensity) 520 (M+, 11), 505 (M -  CH3, 4), 416 (7), 294 (11), 206 (14), 
159 (11), 138 (9), 105 (100), 77 (18), 43 (17). Found: M+, 520.247; 
C3iH3607 requires 520.246.
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Hydrolysis of Esters A, B, and C. A few milligrams each of lb, 
lc, and 2a were hydrolyzed by refluxing for 3 h with 0.2 M methanolic 
barium hydroxide. Alcohols, isolated by extracting the hydrolysates 
with chloroform, were examined by analytical TLC [solvent system, 
chloroform-acetone (75:25)]. The alcohol portion of the hydrolyzates 
from esters A (lb) and C (lc) were identical in Rf with la, whereas 
that from ester B (2b) corresponded to 2a.

Acetylation of Celorbicol (la). A 0.100-g portion of la was treated 
overnight at ambient temperature with acetic anhydride-pyridine 
(2:1). The resulting product was applied to a preparative TLC plate 
which was developed with chloroform-acetone (95:5). Elution of a 
band at Rf 0.40 provided a 53% yield of a monoacetate (Id), and an 
Rf 0.60 band gave 29% of a diacetate (le); other minor bands were 
observed.

Monoacetate Id had mp 137-139 °C after recrystallization from 
chloroform-acetone; ir (CHC13) 3590, 3460, 2940, 1720, 1377, 1362, 
1133,1113,1093,1011,961,862 cm“ 1; NMR, see Table III; MS (70 eV) 
m/e (rel intensity) 312 (M+, 16), 297 (M -  CH3, 18), 252 (38), 243 (33), 
237 (52), 219 (30), 210 (23), 206 (36), 194 (32), 191 (38), 177 (31), 176 
(64), 159 (70), 155 (46), 140 (38), 138 (75), 137 (57), 125 (91), 109 (96), 
97 (63), 95 (37), 85 (36), 83 (72), 72 (43), 69 (39), 55 (39), 43 (100), 41 
(39), 28 (49), 18 (83). Found: M+, 312.194; C17H28O5 requires 
312.194.

Diacetate le had mp 154-157 °C after recrystallization from 
chloroform-hexane; ir (CHCI3) 3590,3470 (sh), 2940,1720,1358,1135, 
1087,1013, 962, 866 cm "1; NMR, see Table III; MS (70 eV) m/e (rel 
intensity) 354 (M+, 4), 339 (M -  CH3, 3) 252 (21), 234 (23), 176 (51), 
159 (27), 138 (32), 137 (21), 125 (21), 124 (12), 109 (27), 43 (100). 
Found: M+, 354.204; C19H30O6 requires 354.204.

Acetylation of Isocelorbicol (2a). A 0.100-g portion of 2a was 
acetylated as described for la, and the resulting product was similarly 
fractionated by TLC, except that the developing solvent was chlo
roform-acetone (90:10). Elution of a band at R/ 0.28 afforded a 72% 
yield of a monoacetate (2c), while an Rf 0.52 band gave 16% of a di
acetate (2d); minor amounts of other components were noted.

Monoacetate 2c had mp 176-178 °C after recrystallization from 
chloroform-hexane; ir (CHCI3) 3570, 2940, 1725, 1360, 1135, 1065, 
1013, 987, 957, 863 cm“ 1; NMR, see Table IV; MS (70 eV) m/e (rel 
intensity) 312 (M+, 1), 297 (M -  CH3, 3), 252 (24), 237 (23), 234 (15), 
219 (21), 208 (18), 137 (41), 124 (21), 123 (23), 121 (22), 109 (48), 97
(27), 95 (24), 69 (27), 55 (24), 43 (100), 41 (37), 28 (20). Found: M+, 
312.194; C17H28O5 requires 312.194.

Diacetate 2d was isolated as a syrup that did not solidify; ir (CHC13) 
3570, 2940, 1725, 1363, 1135, 1110, 1077, 1070, 1015, 978, 967, 855 
cm” 1; NMR, see Table IV; MS (70 eV) m/e (rel intensity) 354 (M+, 
1), 339 (M -  CH3, 1), 234 (9), 137 (10), 120 (9), 109 (10), 87 (11), 85 
(64), 83 (100), 48 (10), 47 (21), 43 (44), 36 (15). Found: M+, 354.203; 
C19H30O6 requires 354.204.

Preparation of Celorbicol p-Bromobenzoate (If). Alcohol la 
(37 mg) was treated with p-bromobenzoyl chloride in pyridine as 
described by Arora et al.26 The crude product was applied to a pre
parative TLC plate which was developed with chloroform-acetone 
(90:10). Elution of a major component with Rf 0.47 provided 32 mg 
of If: mp 223-226 °C after recrystallization from chloroform; ir 
(CHC13) 3590,3450 (sh), 2920,1710,1585,1402,1225,1100,1013,960, 
864 cm” 1; NMR, see Table III; MS was not recorded because of 
thermolytic instability of the compound.

Anal. Calcd for C22H29Br05; c, 58.3; H, 6.5; Br, 17.6. Found: C, 58.1; 
H, 6.5; Br, 17.9.

Preparation of Isocelorbicol p-Bromobenzoate (2e). Alcohol 
2a (50 mg) was treated with p-bromobenzoyl chloride in pyridine as 
described by Arora et al.26 and the crude product was fractionated 
by preparative TLC as described for If. Elution of a band at Rf 0.56 
yielded 70 mg of 2e: mp 178-180 °C after recrystallization from ethyl 
ether-hexane; ir (CHC13) 3730, 3590, 2940, 1715, 1575, 1470, 1145, 
1112,1105,1065,1012,1000,990,957,863 cm” 1; NMR, see Table IV; 
MS was not recorded because of thermolytic instability of the com
pound.

Anal. Calcd for C22H29BrOg: C, 58.3; H, 6.5. Found: C, 58.7, H, 
6.4.

Registry No.—la, 59812-41-8; lb, 59812-42-9; lc, 59812-43-0; Id, 
59812-44-1; le, 59812-45-2; If, 59812-46-3; 2a, 59812-47-4; 2b, 
59812-48-5; 2c, 59812-49-6; 2d, 59812-50-9; 2e, 59812-51-0; p-bro- 
mobenzoyl chloride, 586-75-4.

Supplementary Material Available. A listing of bond distances, 
bond angles, and observed and calculated structure factors for the 
p-bromobenzoate of celorbicol (If) and for isocelorbicol (2a) (16 
pages). Ordering information is given on any current masthead 
page.
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The 13C NMR spectra of the bis-indoline alkaloids vobtusine, vobtusine lactone, and 2'-deoxyvobtusine lactone 
were recorded and their carbon shifts assigned. With the collected data and those of models the structures of the 
following natural bases were determined: vobtusine 3-lactam, vobtusine 3-lactam NV-oxide, voafolidine, voafoline, 
isovoafoline, folicangine, subsessiline, and subsessiline lactone.

Several indole alkaloids of high molecular weight were 
isolated recently from two Voacanga species4-5 one of which 
proved to be vobtusine, a C43H50O6N4 alkaloid isolated earlier 
from Callichilia subsessilis6 and Hedranthera barteri1 and 
shown by x-ray analysis of its dibromo derivative8 to possess 
structure la, a molecular framework composed of a spiro-

la,R =  R' =  H.2; Y =  OH
b, R =  H.,; R' =  0; Y =  OH
c, R =  FL; R' =  0; Y =  H
d, R =  R '= H ,;Y  =  OH;2/?,16/3-dihydro
e, R = H2; R' = 0; Y = OH; 2 0,16/?-dihydro
f ,  R =  0 ;R ' =  H2;Y  =  OH
g, R =  0; R' =  H2; Y =  OH; N  „'-oxide

fused combination of 11-demethoxyvandrikine-like (2a) 
skeleta and a Ci unit. In order to facilitate the structure 
analysis of the congeners of vobtusine, all of which were sus
pected to be based on the same structure pattern, the study 
was initiated by the 13C NMR analysis of the alkaloids of 
known constitution vobtusine (la), vobtusine lactone (lb ),4 
and 2'-deoxyvobtusine lactone (lc ).4 In this connection an 
earlier study of the Aspidosperma bases vandrikine (2b), ta- 
bersonine (3a), and related substances9 proved very help
ful.

2a,Y = H 
b, Y = OMe

* R ice  U niversity.

3a, AU'lr’ 
b,14/?,15/î-oxide

Since the three indole alkaloid “ dimers” are 14,14-disub- 
stituted 11-demethoxyvandrikines (2a), comparison of their 
13C NMR spectra with those of vandrikine (2b)9 and taber- 
sonine (3a)9 allows direct signal matching for all carbons of 
ring A, B, C, and E. Whereas C(17) can be confused with C(14') 
in vobtusine (la), the ambiguity is relieved on comparison of 
the shifts of like carbons in the lactones. The identification 
of vobtusine’s C(18) and C(19) shifts and their distinction 
from the similar C(18') and C(19') shifts rest on the 5 values 
of like carbons in the monomer vandrikine (2b) and the 
modification of the latter pair on introduction of the lactone 
carbonyl group.

With the use of the aromatic carbon shifts of N a-methyl- 
2/'j,16/3-dihydrotabersonine10 and methoxy substitution pa
rameters11 the methoxylated ring A' carbon shifts can be as
signed. Carbons 2' and 16' and the carbons of rings C' and D' 
can be recognized by the field position and multiplicity of their 
signals and relationship with like carbons of model 2b. The 
C(3') shift of vobtusine (la) differs from that of other ami- 
nomethylenes by its perturbation in vobtusine lactone (lb) 
in which, for example, the C(23') shift, close in magnitude to 
the <5 value of C(3'), is unaffected. The ca. 2 ppm lower field 
position of C(3') than that in model 2b can be ascribed to a 
diminished 7 effect from the ring F' oxygen of vobtusine (la) 
in part as a consequence of the conformational transmission 
induced by the removal of trigonality at the C(2') and C(16') 
sites. As a spectral comparison of vobtusine (la) and its lac
tone (lb) as well as 2/3,16/3-dihydrovobtusine (Id) and its 
lactone (le) indicates, conversion of ring F' from a tetrahy- 
drofuran to a 7 -lactone unit introduces small, constant shift 
modifications which with the exception of C(17') are confined 
to ring D' carbons. The shift alteration of C(5) in the dihydro 
derivatives Id and le provides a means of distinguishing this 
center from C(5') in the natural product. Carbon 6' is difficult 
to differentiate from C(22'). Whereas these two centers and 
C(17') and C(23') have hydrogens 1,3-diaxially disposed 
toward the 2'-hydroxy group, the expected 7 effect is dis
tributed unsymmetrically to the four sites. The shifts of the 
remaining carbons, those of ring D perturbed by C(14) di
substitution from like centers in vandrikine (2b), are constant 
among the three alkaloid “ dimers” . All 6 values of these 
compounds are listed in Table I.12

A vobtusine (la) congener in Voacanga thouarsii Roehm 
and Schult was shown to be a C43H4807N4 substance pos
sessing the infrared absorption characteristics of the vinylo- 
gous amide function of la -c  and a six-membered lactam.1-5 
These facts suggest that the new base could be vobtusine with 
C(3) or C(3') in the form of a carbonyl group, a proposal easily 
tested by the compounds’ 13C NMR spectra. Were C(3) in-
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Table I. Carbon Shifts of Compounds 1 a-e °

3a5 la lb lc Id le 2bf>’c la lb lc Id le

C(2) 166.7 166.6 166.6 166.7 67.5 67.6 C(2') 93.7 93.3 75.6 93.7 93.4
C(3) 53.7 53.8 53.8 53.0 53.1 C(3') 45.7 48.7 48.0 47.8 48.6 48.2
C(5) 50.9 50.9 51.2 55.0 55.1 C(5') 51.2 51.9 51.8 52.7 51.9 51.8
C(6) 44.9 44.9 45.0 42.1 42.1 C(6') 45.1 31.1 30.8 37.7 31.2 31.0
C(7) 54.8 54.8 55.0 52.2 52.2 C(7') 54.2 55.9 55.8 51.0 55.8 55.9
C(8) 137.8 137.6 137.5 137.5 135.4 135.5 C(8') 134.2 133.0 135.6 134.3 133.1
C(9) 121.4 121.2 121.2 121.4 118.3 118.5 c m 114.5 114.6 114.8 114.5 114.4
C(10) 120.5 120.4 120.4 120.5 122.8 122.9 C(10') 118.1 118.8 118.3 118.3 119.2
C(ll) 127.6 127.4 127.5 127.6 127.7 127.9 euro 110.8 111.1 110.9 110.1 110.7
C(12) 109.2 109.1 109.1 109.2 108.5 108.6 C(12') 144.9 144.9 145.1 145.2 145.2
C(13) 143.1 142.8 142.8 142.9 150.1 150.2 0(13') 137.2 136.9 137.9 136.9 136.7
C(14) 39.6 39.5 40.0 39.5 39.6 C(140 26.6 25.7 24.7 25.3 25.7 24.8
C(15) 87.4 87.3 87.5 90.0 90.0 C(150 79.8 80.3 81.4 82.0 80.3 81.5
C(16) 92.2 94.3 94.2 94.1 38.3 38.4 C(160 31.5 31.1 29.4 30.9 30.7
C(17) 27.3 27.3 27.5 26.5 26.6 0(170 27.4 32.4 31.7 33.7 32.4 31.8
C(18) 64.2 64.2 64.3 64.6 64.8 0(180 64.7 65.1 175.3 175.5 65.1 175.3
C(19) 34.8 34.8 34.8 40.4 40.5 0(190 34.6 36.6 41.4 41.5 36.5 41.6
C(20) 47.6 47.6 47.8 40.4 40.5 0(200 46.4 44.1 43.4 44.0 44.1 43.4
C(21) 68.9 68.8 68.8 69.8 69.9 C(210 68.7 63.6 63.9 65.3 63.5 64.0
c=o 168.8 168.3 168.3 168.4 175.8 175.8 C(220 34.1 33.5 39.0 34.1 34.0
OMe 50.8 50.9 50.9 51.0 51.6 51.8 C(230 46.1 46.0 52.7 45.4 45.4

OMe 55.0 55.0 54.9 54.6 54.7
0 In parts per million downfield from Me4Si; 5(Me4Si) = ¿(CDCB) + 76.9 ppm. b From ref 9. c The previously undifferentiated C(14) 

and C(17) shifts are resolved by the present study.

Table II. Carbon Shifts of Vobtusine 3-Lactam and Its 
iVb'-Oxide“

If lg If lg

C(2) 162.6 162.7 0 (2') 93.3 91.3
C(3) 171.2 171.5 C(3') 48.7 58.9
C(5) 39.1 39.1 C(5') 51.8 66.9
C(6) 44.9 45.2 C(6') 31.9 44.9
0(7) 57.4 57.4 C(7') 55.8 54.9
0 (8) 137.5 138.1 0 (8') 133.0 132.3
C(9) 121.2 121.2 0(9') 113.9 112.7
C(10) 120.8 120.8 0 (10') 118.4 117.9
C(ll) 128.4 128.5 C(ll') 112.2 112.7
0 (12) 109.5 109.6 C(12') 146.8 146.8
C(13) 142.8 142.8 C(13') 135.1 135.2
0(14) 49.0 48.9 C(14') 25.6 22.6
C(15) 87.2 87.2 C(15') 80.3 78.5
C(16) 92.4 92.6 C(16') 31.9 31.0
C(17) 27.1 27.4 0(17') 32.5 33.46
C(18) 67.6 67.5 C(18') 65.2 64.8
C(19) 36.2 36.3 0(19') 36.2 33.9b
0 (20) 47.8 48.0 0 (20') 43.9 39.2
0 (21) 67.1 66.9 0 (21') 63.5 72.2
0 = 0 167.9 168.0 0 (22') 29.4 29.3
OMe 51.0 51.0 0(23') 44.1 44.1

OMe 56.1 56.2
° In parts per million downfield from Me4Si; 6(Me4Si) =

<5(CDC13) + 76.9 ppm. b Signals may be interchanged.

volved in the structural change, an aminomethylene signal can 
be expected to be replaced by a keto signal and serious shift 
changes introduced at the spiro carbon and its close neighbors. 
Inspection of the spectra shows this expectation to be fulfilled 
and thus the alkaloid to be vobtusine 3-lactam (If). The 
dramatic shielding of C(5) is in consonance with observations 
on lactam models.14 All shifts of If are listed in Table II.

A second vobtusine (la) congener in V. thouarsii, a 
C43H480 8N4 substance, has been reported to possess closely 
related infrared absorption bands to those of vobtusine 3- 
lactam (If).1’5 The extra oxygen thus most likely is part of an 
ether linkage or amine oxide moiety. The 13C NMR spectrum

of the alkaloid reveals the carbons of the 11-demethoxyvan- 
drikine (2a) 3-lactam portion of If and C(22') and C(23') to 
be unchanged and all other nonaromatic carbon shifts to be 
modified. The 9-15-ppm deshielding of the amino carbons of 
rings C' and D' is in agreement with the shift behavior on 
conversion of a tertiary amine into an amine oxide.15*16 Thus 
the natural base is vobtusine 3-lactam AV'-oxide (lg). Its 
shifts are cited in Table II. The drastic shift differences be
tween vobtusine 3-lactam (If) and its AV-oxide (lg) points 
up the usefulness of monoamine oxide formation as a means 
of differentiation of individual monomer units of a “ dimeric” 
alkaloid.

Voafolidine (4a) and its 2'-deoxy derivative voafoline (4b), 
leaf alkaloids of Voacanga africana Stapf., have been shown

4a, Y =  OH 
b,Y =  H

to be related to vobtusine (la), the 15'-oxy substituent being 
bridged to C(14') instead of C(18').2,4 As a consequence pa- 
chysiphine (3b)17 serves as a good 13C NMR spectral model 
for most of the ring D' carbons of the alkaloids. The 5 values 
for the monomer base 3b, shown in Table III, were derived 
from the aromatic shifts of tabersonine (3a)9 and the nonar
omatic shifts of hazuntinine (10,ll-dimethoxy-3b).9 The 
vandrikine-like portion of voafolidine (4a) is 13C NMR spec
trally identical with the same part of the molecular framework 
of vobtusine (la). The same relationship exists between voa
foline (4b) and vobtusine (la). The aromatic carbon shifts of
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Table III. Carbon Shifts of Pachysiphirie, 
Voafolidine, and Voafoline“

2bb 4 a 4b 3bc 4a 4b

CIS) 167.4 166.6 166.1 C(2') 164.9 93.9d 76.0
C(3) 45.7 53.7 53.4 0(3') 49.4 53.4“ 53.0
C(5) 51.2 50.6 50.3 C(5') 51.0 52.6“ 53.0
C(6) 45.1 44.1 44.6 C(6') 43.9 31.8 39.0
C(7) 54.2 54.6 54.4 C(7') 54.7 55.4 51.5
C(8) 137.5 137.1 C(8') 137.5 133.8 135.6
C(9) 121.2 121.5 C(9') 121.3 121.8 120.8
C(10) 120.5 120.2 C(10') 120.3 117.4 116.2
C(U) 127.6 127.3 0 (11') 127.6 127.3 127.0
C(12) 109.2 108.9 C(12') 109.2 107.3 106.3
C(13) 142.9 142.5 C(13'j 142.9 148.8 149.8
C(14) 26.6 40.4 40.3 C(14') 52.0 53.0 52.5
C(15) 79.8 87.3 87.0 C(15') 56.2 56.7 56.5
0(16) 93.9 94. l d 93.7 0(16') 90.4 28.5 25.6
0(17) 27.4 27.7 27.4 0(17') 23.5 28.1 29.9
C(18) 64.7 64.4 64.0 C(18') 7.1 7.6 7.3
C(19) 34.6 34.9 34.6 0(19') 26.5 28.1 28.0
C(20) 46.4 47.5 47.3 C(20') 37.0 36.1 35.9
0 (21) 68.7 69.8 69.4 C(21') 70.9 66.3 67.5
c=o 168.5 168.0 167.8 C(22') 33.2 38.1
OMe 50.8 51.0 50.6 C(23') 44.9 48.2

“ In parts per million downfield from Me4Si; 5(Me4Si) -  
5(CDC13) + 76.9 ppm. b From ref 9. c 8(C=0) = 168.6 ppm; 
5(OMe) = 50.8 ppm. d& Signals may be reversed.

IVa-methyl-2/3,16d-dihydrotabersonine10 lead to those of ring 
A' of 4a and 4b, while the shifts of carbons 14', 15', 18', 19', and 
20' are derived from resonances of like carbons in pachysi- 
phine (3b). The aminomethylenes of voafolidine, C(3') and 
C(5'), are undifferentiated, the alkaloid’s C(6') and C(22') 
shifts are similar to those of vobtusine (la), and of the re
maining pairs of methines and nonprotonated carbons one 
each is deshielded by a directly bound heteroatom. Carbons 
17' and 23' are shielded in voafolidine (4a) vs. vobtusine (la) 
by the proximate epoxide, as in pachysiphine (3b) vs. van- 
drikine (2b), and the removal of a <5 effect from the 12'-me- 
thoxy group of vobtusine (la), respectively. The fact of the 
A8(C-21') values of voafolidine (4a) vs. pachysiphine (3b) 
being nearly identical with those of vobtusine (la) vs. van- 
drikine (2b) shows the stereochemistry of the epoxide unit of 
4a to be the same as that in pachysiphine (3b). The strong 
similarity of the shift differences of all carbons of voafolidine 
(4a) and voafoline (4b) vs. those of vobtusine lactone (lb) and 
2'-deoxyvobtusine lactone (lc), except the A5(C-23') values, 
vouch for the identity of the stereoconfigurations of 4a and 
4b. The conformational environment around C(23') is dif
ferent in compounds with the sterically encumbering 12'- 
methoxy group from those lacking this function, as indicated 
by a variance of the strength of the 7 effect on C(23') due to 
the 2'-hydroxy group in the two cases. The carbon shifts of 
voafolidine (4a) and voafoline (4b) are listed in Table III.

Isovoafoline, a congener of voafolidine (4a) and voafoline 
(4b) in Voacanga africana Stapf., has been shown to be an 
isomer of voafoline (4b) without the origin of the isomerism 
having been established.2’4 A comparison of the 13C NMR 
spectra of the two isomeric alkaloids establishes the identity 
of the chiral centers on the periphery of the bases and reveals 
significant shift differences only of C(18) and ring D and F' 
centers, carbons 3,14,15,16', 22', and 23'. Among these only 
C(3) and C(23') have identical substituents, but can be dif
ferentiated by the 7 effect of the 2'-hydroxy group on C(23') 
in related substances (vide infra). Thus isovoafoline is the 
C(14) epimer of voafoline (4b), as depicted in formula 5b. Its 
shifts are listed in Table IV.

As the conformational representations of rings D and F' of

Rolland, Kunesch, Poisson, Hagaman, Schell, and Wenkert

5a, Y =  OH 
b,Y =  H

voafoline (4b), i.e., 6a and 6b, respectively, and isovoafoline 
(5b), i.e., 7a and 7b, respectively, illustrate, Na' and C(16') of

voafoline (4b) are involved in 1,3-diaxial interactions with 
C(3), while C(15), equatorially oriented toward ring F', feels 
no such effects. Contrastingly, Na' and C(16') of isovoafoline 
(5b) perturb C(15), while leaving C(3) unaffected. Owing to 
these specific 7 effects C(3) is upfield and C(15) downfield in 
voafoline (4b) with respect to isovoafoline (5b). The 1,3-diaxial 
interactions of the Nb electron pair and C(17) with C(23') in 
voafoline (4b), i.e., a strongly shielding 7 effect and a mild 
deshielding 8 effect, appears to be nearly balanced by the
1,3-diaxial involvement of the C(15) ether oxygen with C(22'),
i.e., a strong 7 effect. In view of this balance the inverted in
teractions of isovoafoline (5b) lead to only minimal shift dif
ferences at C(22') and C(23'). Thus the C(3) and C(15) shifts 
establish the C(14) stereochemistry (see Table V). Had these 
alkaloids been 15-deoxy compounds, the C(22') and C(23') 
shifts would have been equally diagnostic.

Folicangine, another V. africana alkaloid, has been shown 
to be converted into isovoafolidine, an isomer of voafolidine 
(4a), on reduction with sodium borohydride.2’4 Inspection of 
the 13C NMR spectra of the reduction product showed it to 
be 14-isovoafolidine (5a). As in the case of voafoline (4b) and 
isovoafoline (5b) only the carbons sensitive to a configura
tional change at C(14) exhibit shift differences (cf. Table V). 
A similar study of the borohydride reduction products of 
subsessiline1-2’4 and subsessiline lactone,1’2 alkaloids of Cal- 
lichilia subsessilis, proved them to be 14-isovobtusine (8a) 
and 14-isovobtusine lactone (8b), respectively (cf. Table V). 
Thus the alkaloids isovoafoline (5b), folicangine, subsessiline, 
and subsessiline lactone, whose detailed structures were un
known, possess a common C(14) configuration opposite to that 
of vobtusine (la). All carbon shifts of the 14-iso compounds 
5a, 5b, 8a, and 8b are listed in Table IV.

The following general comments can be made on the basis 
of the shift difference data. In agreement with observations
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Table IV. Carbon Shifts of Isovoafolidine, Isovoafoline, Isovobtusine, and Isovobtusine Lactone“

5a 5b 8a 6 8b6 5a 5b 8a b 8b6

C(2) 166.6 166.1 166.7 166.7 C(2') 94.1 76.9 94.4“ 94.3d
C(3) 58.0 57.7 58.0 58.3 C(30 53.5“ 53.1“ 48.8 48.2
C(5) 51.4 51.0 51.4 50.9 C(50 52.8“ 52.7“ 52.0 51.9
C(6) 44.4 44.1 44.4 44.4 C(6') 31.7 39.1 31.3 31.3
C(7) 55.0 54.5 54.8 54.8 C(7') 55.5 51.6 56.4 56.4
C(8) 137.8 137.4 137.9 137.8 C(8') 133.5 135.9 134.2 133.1
C(9) 121.4 121.0 121.5 121.4 C(90 121.2 121.0 113.5 113.6
C(10) 120.5 120.2 120.5 120.5 C(10') 117.4 116.3 118.5 119.4
C(ll) 127.5 127.4 127.5 127.6 ca n 127.1 126.8 110.3 110.6
C(12) 109.1 108.8 109.1 109.2 C(12') 109.0 108.1 146.0 146.1
C(13) 142.9 142.6 142.8 142.9 C(13') 148.3 149.4 136.8 136.4
C(14) 39.0 38.8 38.9 38.9 C(140 53.0 52.5 25.5 25.0
C(15) 80.2 80.6 81.5 81.5 C(15') 56.6 56.4 80.4 81.4
C(16) 94.3 93.9 94.3“ 93.9d C(160 28.8 26.1 32.4“ 32.0
C(17) 27.9 27.9 28.1 28.4 C(17') 29.6 29.6 32.6“ 32.0
C(18) 62.7 62.5 63.7 64.0 C(18') 7.6 7.3 65.3 175.4
C(19) 34.8 34.6 35.1 34.9 0(19') 28.1 27.9 36.8 41.7
C(20) 47.1 46.8 47.9 47.9 C(200 36.3 36.0 44.4 43.5
C(21) 70.0 69.6 69.9 69.9 C(210 66.5 67.9 63.7 63.6
c=o 168.1 167.6 168.1 168.2 C(220 34.8 39.9 35.1 34.9
OMe 50.9 50.5 50.9 50.9 0(230 44.2 49.1 46.5 46.3

OMe 55.0 55.0
° In parts per million downfield from Me4Si; ¿(Me-iSi) = ¿(CDCI3) + 76.9 ppm. b Based on only a proton-decoupled spectrum because

of low sample size. c>d Signals may be reversed. e Signals in any vertical column may be reversed.

Table V. Carbon Shift Differences Indicative of C(14) Configuration“

4a 5a 4b 5b la 81i lb 8b

¿(0-3) 53.7 58.0 53.4 57.7 53.7 58.0 53.8 58.3
¿(0-14) 40.4 39.0 40.3 38.8 39.6 38.9 39.5 38.9
¿(0-15) 87.3 80.2 87.0 80.6 87.4 81.5 87.3 81.5
¿(0-18) 64.4 62.7 64.0 62.5 64.2 63.7 64.2 64.0
¿(0-160 28.5 28.8 25.6 26.1 31.5 32.4 31.1 32.0
¿(0-220 33.2 34.8 38.1 39.9 34.1 35.1 33.5 34.9
¿(0-230
¿¿(C-3)

44.9
4.3

44.2 48.2
4.3

49.1 46.1
4.3

46.5 46.0
4.5

46.3

A5(C-14) -1.4 -1.5 -0.7 - 0.6
A«(C-15) -7.1 -6.4 -5.9 -5.8
Ai(C-18) -1.7 -1.5 -0.5 - 0.2
A¿(C-160 0.3 0.5 0.9 0.9
Ai(C-220 1.6 1.8 1.0 1.4
A¿(C-230 -0.7 0.9 0.4 0.3

“ A¿ = ¿(iso) -  ¿(normal), in parts per million.

on quaternary carbon shifts11 the 5 values of the spiro carbon 
common to the two monomer units of the bis-indoline alka-

8 a ,Y = H ,
b, Y = 0

loids suffers only minor perturbation from the normal to the
14-iso series, being slightly shielded in the latter. The afore
mentioned difference of ring F' conformation depending on

C(12') substitution,, as indicated by the magnitude of the y  
effect of the 2'-hydroxy group on C(23'), is reflected also by 
the shift differences of C(15), C(18), and C(16')- The presence 
of a 12'-methoxy group reduces the magnitude of the recip
rocal y  effects at C(15) and C(16'). The subtle conformational 
distortion of ring F' is even observable through the shift of the 
distant C(18), presumably by conformational transmission 
via C(15)-H. In contrast to the sensitivity of all ring F'-related 
centers involved in strong steric interactions the sterically 
unencumbered C(3) is insensitive to ring F' conformation.

As the shift analysis of anhydrovobtusine18’19 (cf. numbers 
on formula 9) indicates, dramatic substitution changes of ring 
F' and consequent alteration of the interaction of ring F' 
centers with ring D sites lead to shift modification of the 
carbons shown above to be diagnostic of the C(14) stereo
chemistry. Whereas the absence of models precludes complete 
shift assignment of the carbons, the C(15) shift can be recog
nized and is found to be anomalous for the normal vobtusine 
series.

The chemical tie-up of folicangine with isovoafolidine (5a) 
by borohydride reduction4 and the liberation of a 2'-hydroxy
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Table VI. Carbon Shifts of Folicangine, Subsessiline, 
and Subsessiline Lactone0

10 1 1a lib 10 1 1a lib

C(2) 165.8 165.9 165.7 C(2') 93.9fc 94.6C 93.9d
C(3) 91.8 91.9 91.9 C(3') 53.7 e 49.0 48.4
C(7) 59.1 59.1 h C(5') 53.3e 53.2 52.9
C(8) 136.1 137.1 h C(6') 30.5 31.1 31.5
C(9) 121.4 122.4 122.3 C(7') 53.7 54.4 54.4
C(10) 121.0 120.9 120.9 C(8') 135.9 136.0 135.8
C(ll) 127.8 127.7 127.8 C(9') 122.2 114.6 114.6
C(12) 109.1 109.0 109.1 C(10') 118.1 118.8 119.1
C(13) 142.9 142.9 142.8 C (ll') 127.8 111.1 111.6
C(14) 38.1 38.1 38.2 C(12') 106.9 145.8 145.9
C(15) 87.5 87.6 87.5 C(13') 147.8 136.2 136.0
C(16) 93.0* 92.8e 92.7d C(14') 52.9 26.1 25.2
C(18) 67.3 67.2 67.3 C(15') 56.5 80.9 81.9
C(20) 49.9 49.9 50.0 C(16') 32.2 32.8 32.2
C(21) 70.6 70.6 70.7 C(17') 29.6 34.41 33.7«
C = 0 168.1 168.1 168.0 C(18') 7.6 65.0 175.2
OMe 51.0 50.9 51.0 C(190 28.0 35.8 40.6

C(20') 35.5 44.1 43.4
C(21') 67.7 65.8 65.9
OMe 55.6 55.6

10 1 1 a lib

NCH2 47.5, 51.2 49.0, 50.9 48.9, 50.8
CH2 33.9,38.0,38.6, 34.0/38.1,38.6, 34.0/ 37.7,38.6,

41.6 41.5 41.4
° In parts per million downfield from Me4Si; 6(Me4Si) = 

¿(CDCls) + 76.9 ppm. Signals may be reversed. h Signal 
missing because of low sample size.

group in this reaction indicates the tetradecacyclic, 
C42H46O5N4 alkaloid to be a didehydroisovoafolidine whose 
C(2') oxygen is bridged to an amino carbon. In accord with this 
view the 13C NMR spectra of folicangine differ from those of 
isovoafolidine (5a) primarily by the absence of one amino- 
methylene and the presence of a methine substituted by two 
heteroatoms. The spectra of monodeuterated isovoafolidine, 
prepared by the reduction of folicangine by sodium boro- 
deuteride,4 reveal the disappearance of the C(3) signal. Thus 
the structure of folicangine is 10.20 The relationship of foli
cangine to isovoafolidine (5a) is mimicked by that of sub
sessiline (amataine19) to isovobtusine (8a), even to the extent 
of sodium borodeuteride reduction of subsessiline placing a 
deuterium at C(3) of isovobtusine (8a).1 Therefore the 
structure of subsessiline is 11a.20 Since the difference of the 
shifts of subsessiline and subsessiline lactone are like those 
of vobtusine (la) and vobtusine lactone (lb), the structure of 
subsessiline lactone is lib .20

The chemical shifts of rings A", B', C', D', and E' of the three 
3,2' ethers, 10,11a, and lib, are altered only minimally from

the values of their 2'-hydroxy alkaloid counterparts of either 
normal or 14-iso configuration. However, the introduction of 
the 3,2'-ether bridge causes dramatic shift changes at many 
of the carbons of the remaining rings, precluding rigorous shift 
assignment of the leftover methylenes (see Table VI). The 
drastic shift perturbations of the carbons of rings C, D, E, and 
the D-attached tetrahydrofuran cannot be accommodated by 
a H(3a) configuration, since this stereochemistry, depicted 
in conformation 12, introduces merely a ring F' boat form into 
the skeleta of the 2'-hydroxy-14-iso compounds, thus af
fecting, at worst, only the C(3), C(5), C(14), C(15), and C(21) 
shifts. More deep-seated conformational changes must be 
involved in shift alteration of centers far removed from the 
ether-bridging site, such as the lower limit A5 values of 3, 4, 
6, and 4 ppm for C(6), C(7), C(17), and C(19), respectively. 
Thus it appears that folicangine, subsessiline, and subsessiline 
lactone possess a H(3/3) configuration, as illustrated in for
mulas 10, 11a, and lib. This stereochemistry demands that

Rolland, Kunesch, Poisson, Hagaman, Schell, and Wenkert

lia. Y =  H,
b, Y = O

ring D be constrained into a boat form. However, the resultant, 
strong, nonbonded interactions of H(21) and H(23'/?) (cf.
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conformation 13) can be expected to convert the usual C/D 
trans configuration of the Aspidosperma bases21 to a cis- 
indolizidine system. The consequently new nonbonded in
teractions in conformation 14 of the alkaloids 10,11a, and lib  
are sufficiently complex and all-pervasive to lead to the ob
served general shift changes.

Experimental Section
The I3C NMR spectra were recorded on a Varian XL-100-15 

spectrometer operating at 25.2 MHz in the Fourier transform mode. 
All samples were run in 0.05-0.5 M deuteriochloroform solutions. 
Except for substances 8a, 8b, and lib, all compounds were submitted 
to proton-noise decoupling, single-frequency off-resonance decou
pling, and low-power, noise-modulated decoupling,22 to establish 
carbon shifts and degrees of protonation. In select instances partially 
relaxed Fourier transform spectra, obtained by the 180° - t- 90° in
version recovery method, were recorded for verification of the latter. 
For the alkaloids examined by this technique r intervals in the range 
of 0.070-0.080 s were found to distinguish qualitatively methine from 
methylene carbons by making the latter null. The shifts enumerated 
on formula 9 are in parts per million downfield from Me^Si [5(Me4Si) 
= ¿(CDCb) + 76.9 ppm]. The starred numbers indicate possible signal 
reversal.

Anhydrovobtusine (9). The following represents an improved 
method of preparation of 9.18-19 A solution of 1.0 g of vobtusine (la) 
in a minimum of methylene chloride was added to a solution of 2 g of 
p-toluenesulfonic acid in 200 ml of anhydrous benzene in the presence 
of a Dean-Stark water separator and the mixture refluxed for 4 h. It 
then was poured into 200 ml of water, made basic to pH 10, and ex
tracted with chloroform. The extract was washed with water, dried 
over sodium carbonate, and evaporated. Chromatography of the resin, 
1 g, on Baker silica gel (activity I) and elution with methylene chlo
ride-methanol yielded 700 mg of 9 and 100 mg of apovobtusine, 
identical in all respects with the reported compounds.18

Registry No.—la, 19772-79-3; lb, 19772-81-7; lc, 19772-80-6; Id, 
59803-47-3; le, 59796-71-3; If, 50924-04-4; lg, 50924-05-5; 3b, 
2447-58-7; 4a, 32063-91-5; 4b, 31947-67-8; 5a, 33055-38-8; 5b, 
31947-66-7; 8a, 59829-32-2; 8b, 59829-33-3; 10, 32340-00-4; 11a, 
31148-60-4; lib, 59796-72-4.
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The Melodinus C41 alkaloids scandomelonine and episcandomelonine are shown by I3C NMR spectroscopy to be 
19 epimers of 10-(3'a-pachysiphinyl)meloscandonine. A similar study of the C42 Melodinus bases scandomeline 
and episcandomeline reveals them to be structurally related, 19-epimeric carbinolamines.

The New Caledonian plant Melodinus scandens Forst. 
has been shown to produce a large array of alkaloids con
taining inter alia the two unusual quinolones scandine (1) and 
meloscandonine (2).2-7 Further fractionation of the plant 
extract now has yielded four “ dimeric” alkaloids, scandome
lonine,6 episcandomelonine, scandomeline,6 and episcan
domeline. The present communication presents their struc
ture analysis mostly by the use of 13C NMR spectroscopy.

Scandomelonine and episcandomelonine are C41H42O5N4 1 2
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isomers whose common infrared bands at 3370, 1745,1675, 
and 1610 cm-1 reveal the alkaloids to possess NH groups, two 
keto groups characteristic of meloscandonine (2), and a 
vinylogous amide unit reminiscent of vincadifformine (3), a 
congener of these alkaloids.4,6 The ultraviolet absorption 
characteristics common to both compounds, Amax 214 nm (log 
e 4.40), 264 (4.08), 296 (4.03), 329 (4.18), Ashouider 233 (4.11), 
can be interpreted to be a composite of the chromophores of 
meloscandonine (2) and vincadifformine (3). The exhibition 
of a peak of 456 mass units, corresponding to the loss of a 
C13H12O9N fragment represented by 4, in the mass spectra

of the alkaloids shows the latter to possess the ABE ring sys
tem of vincadifformine (3).8 Finally, the methyl doublet (J 
= 7 Hz) at 1.21 and 0.93 ppm in the :H NMR spectra of 
scandomelonine and episcandomelonine, respectively, is 
identical with H(18) shifts and multiplicities of meloscando
nine (2)4 and its 19 isomer9 and suggests the two new bases to 
be 19 epimers of each other.

The above data facilitated the interpretation of the 13C 
NMR spectra of especially scandomelonine by suggesting an 
early comparison with the 13C NMR spectra of meloscando
nine (2).7 Such comparison showed all carbons of the monomer 
represented in the spectra of the “dimer” , the aromatic carbon 
shifts and multiplicities having been modified. The last fact 
indicates that the second alkaloid monomer unit is attached 
to the aromatic ring of meloscandonine (2). The interdepen
dent problem of the center of attachment and aromatic 
methine shift allocation can be solved most readily by analysis 
of the coupling characteristics of the aromatic methines. 
Single-frequency off-resonance decoupled (sford) spectra can 
be run under conditions in which aromatic methine carbons 
display coupling only with ipso and meta hydrogens, i.e., 
one-bond and three-bond carbon-hydrogen interactions. 
These conditions are met when the V ch value is reduced to 
ca. one-half its normal size.10 Since every methine carbon of 
an ortho-disubstituted benzene has a hydrogen meta oriented 
to it, the sford spectrum of such an aromatic substance reveals 
the methines as doublets of doublets. This behavior is com
mon to all ring A unsubstituted indole alkaloids as well as to 
meloscandonine (2). Carbon 12 of the meloscandonine portion 
of the “ dimer” is recognized easily in view of its ortho rela
tionship to the quinolone nitrogen placing its signal at a high 
field position. In contrast to all aromatic methines it appears 
as a sharp doublet in the sford spectrum, thereby showing 
C(10) to be the site of the tie-up with :he nonmeloscandonine 
monomer unit and the latter to be unsubstituted on ring A of 
its indolic nucleus.

All resonances of the trigonal carbon centers of rings A, B 
and E of vincadifformine (3)11 appear unchanged in the 13C 
NMR spectra of scandomelonine. The one-bond coupling 
constants of 142 ±  2,156 ±  2,178 ±  2, and 179 ±  2 Hz of the 
tetrahedral methine carbons of the vincadifformine-like 
portion of the alkaloid reveal these carbons to be attached to 
heteroatom centers12 and those of 1Jqh = ca. 180 Hz to be part 
of an epoxide moiety.12,13 To be incorporated into a vincad
ifformine-like structure, the remaining methines must be 
aminomethines, thus limiting the second site of coupling of 
the two monomer alkaloid units to C(3) or C(5) of 3. These 
facts invited comparison of the shift data of scandomelonine

Table I. Carbon Shifts of Scandomelonine 
and Episcandomelonine“

2b 5a 5b 5a 5b 3a1

C(3) 47.2 47.3 47.0 C(2') 164.6 164.7 164.9
C(5) 54.8 54.7 54.9 C(3') 57.4 57.6 49.4
C(6) 38.1 37.9 38.0 C(5') 47.8 47.5 51.0
C(7) 54.8 54.7 56.7 C(6') 42.1 42.3 43.9
C(8) 130.5 130.7 130.3 C(70 53.8 53.6 54.7
C(9) 123.5d 124.7 125.0 C(8') 137.2 137.1 137.5
C(10) 123.4d 129.1 128.6 C(9') 121.2 121.6 121.3
C(ll) 127.6 127.1 126.8 C(IO') 120.8 121.1 120.3
C(12) 116.3 116.0 115.8 C(ll') 127.3 127.2 127.6
C(13) 136.5 136.3 136.3 C(12') 108.9 108.7 109.2
C(14) 124.0 123.9 125.5 C(130 142.5 142.3 142.9
C(15) 127.4 127.7 128.0 C(14') 56.2 56.2 52.0
C(16) 67.7 67.6 67.6 C(15') 53.5 53.5 56.2
C(17) 36.0 36.0 40.0 C(16') 90.2 90.1 90.4
C(18) 11.0 11.1 8.6 C(17') 23.6 23.2 23.5
C(19) 50.7 50.8 52.6 C(18') 7.3 7.27.1
C(20) 44.3 44.5 45.4 C(19') 26.6 26.3 26.5
C(21) 69.9 70.4 61.5 C(20') 36.5 36.7 37.0
NC=0 169.0 169.0 168.7 C(21') 61.5 61.5 70.9
C = 0 210.0 209.8 208.4 C - 0 168.4 168.4 168.6

OMe 50.8 50.8 50.8
“ In parts per million downfield from Me4Si; 5(Me4Si) = 

<5(CDCl3) + 76.9 ppm. b From ref 7. c From ref 14. d Signals may 
be reversed.

with those of pachysiphine (14d,15/ii-oxido-3) (3a).14 This 
comparison leads to the formulation of the “ dimer” alkaloid 
as 10-(3,Q'-pachysiphinyl)meloscandonine (5a).15 All its carbon 
shifts are listed in Table I.

Comparison of the 13C NMR spectra of episcandomelonine 
with those of scandomelonine (5a) indicates that not only is

5a, 19a-H 
b, 19/3-H

the 3'a-pachysiphinyl moiety common to both alkaloids, but 
they also are very similar in the meloscandonine unit except 
within the vicinity of C(19). The shift changes at C(17), C(18), 
and C(21) provide conclusive evidence for the conversion of 
an exo-a-methylnorbornanone fragment to one of an endo- 
a-methyl structure.16 Thus episcandomelonine proves to be 
10-(3'a-pachysiphinyl)-19-epimeloscandonine (5b). Its 
chemical shifts are presented in Table I.

Scandomeline and episcandomeline are C42H46O6N4 iso
mers with common infrared absorptions at 3540, 3340,1725, 
1665, and 1610 cm“ 1, characteristic of hydroxy and NH 
groups, an ester keto function, and a vinylogous amide moiety 
as that in vincadifformine (3). Their superimposable ultra
violet spectra, Amax 214 nm (log«4.23), 257 (3.86), 300 (3.86), 
325 (3.95), Ashouider 233 (3.91), are a composite of the chro
mophores of vincadifformine (3) and o-toluidine. The mass 
spectra exhibit a peak at 488 mass units, representative of the 
loss of the C13H12O2N fragment 4. Finally, the ]H NMR 
spectra reveal the alkaloids to possess a carbomethoxy group
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in view of the presence of a 3.68-ppm three-proton singlet and 
methyl doublets (J = 7 Hz) at different field positions, 1.18 
ppm for scandomeline and 0.75 ppm for its isomer. These facts 
show that the third and fourth “dimeric” alkaloids differ from 
the other two by the replacement of the quinolone and cy- 
clopentanone carbonyl groups by an ester function and 
nonacylated aniline system and, formally, by the addition of 
methanol.

The I3C NMR spectra of scandomeline and episcandome- 
line indicate the alkaloids to possess a 3'o-pachysiphinyl unit 
attached to C(10) of the nonlactam equivalent of the quino
lone unit. The aromatic shift modifications of the latter are 
reminiscent (in direction, albeit not in magnitude) of the shift 
differences of the aromatic oxindole and indoline carbons of 
gelsemine and its 2-deoxo-2,2,18,19-tetrahydro derivative.17 
The spectra reveal further the presence of a carbomethoxy 
function and the attachment of the remaining two heteroat
oms to a single nonprotonated carbon site, i.e., a carbinolamine 
unit. Finally, the only difference between scandomeline and 
episcandomeline is their C-methyl orientation, ascertained 
by the shift differences between the compounds, as in the 
distinction between 5a and 5b. Interpretation of the combined 
physical data leads to structures 6a and 6b for scandomeline

Table II. Carbon Shifts of Scandomeline and 
Episcandomeline a

6a6 6b 6a6 6b

C(3) 49.2 49.4 C(2') 164.9 164.9
C(5) 52.7 52.9 C(3') 58.2 58.2
C(6) 38.1 36.7 C(5') 48.2 47.8
C(7) 50.9c 51.4 C(6') 42.4 42.5
C(8) 124.5 124.6 C(7') 54.1 53.8
C(9) 127.7d 127.4P C(8') 137.8 137.7
C(10) 123.5 123.2 C(9') 121.6 121.2
C(ll) 12'7.1d 127.3C C(10') 120.4 120.2
C(12) 114.6 112.8 C(ll') 127.4 127.3
C(13) 139.8 140.8 C(12') 109.0 108.9
C(14) 125.8d 127.4 C(13') 142.8 142.7
C(15) 129.4 129.9 C(14') 56.4 56.3
C(16) 59.1 59.0 C(15') 54.1 54.0
C(17) 40.3 41.9 C(16') 90.6 90.5
C(18) 10.5 8.9 C(17') 23.5 23.2
C(19) 49.8C 51.4 C(18') 7.4 7.2
C(20) 46.5 47.6 C(19') 26.9 26.7
C(21) 82.0 74.6 C(20') 36.6 36.7
OCN 88.1 88.4 C(21') 62.2 62.0
C = 0 171.9 171.9 C = 0 168.6 168.6
OMe 51.9 51.7 OMe 50.9 50.9
a In parts per million downfield from Me4Si; 5(Me4Si) = 

i(CDCl3) + 76.9 ppm. 6 Based solely on a proton-decoupled 
spectrum due to sample limitation. c~e Signals may be re
versed.

and episcandomeline, respectively. Their carbon shifts are 
listed in Table II.

The relative stereochemistry of rings C and D of vincadif- 
formine (3) and related Aspidosperma bases in solution has 
not been noted before. Models show that this indolizidine 
system remains unstrained in either cis or trans configuration. 
The association of the meloscandonine unit of 5a and 5b or 
its equivalent in 6a or 6b with the indolizidine part of pa- 
chysiphine offers some insight toward a choice between the

+/or

11 2
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two configurations. The C(3'a) substituent of all four “ di
meric” alkaloids shields both C(5') and C(210, a phenomenon 
possible only in a trans configuration.18

The Melodinus alkaloids are structurally unusual by in
corporating a quinoline moiety within the framework of an 
Aspidosperma skeleton. The biogenetic origin of such struc
ture pattern has been ascribed to an oxidative rearrangement 
of 18,19-dehydrotabersonine (7).2 Analysis of this oxidation 
and semibenzilic acid rearrangement along stereochemical 
lines suggests that 16«-oxidation (via 10) of 7 is conducive to 
forming scandine (1) and 16/?-oxidation (via 11) 16-episcan- 
dine (16-epi-l). In order to formulate the origin of the 
biogenetically exceedingly unusual structure of meloscan- 
donine (2) or its equivalent in 6, an analogy can be drawn with 
the derivation of vindolinine (9).19 If it be assumed that the 
enzymic reduction of the vinyl group, normally proceeding 
toward tabersonine, involves a sterically well-disposed, 
neighboring positive carbon center, coupling would ensue 
causing 8, 1, and 16-epi-l to yield 9,12 , and 2, respectively. 
Finallly, since the unraveling of the carbinolamine of 12, 
yielding an aniline and norbornanone, followed by lactam 
formation, leading to 2, is facile (see Experimental Section), 
alkaloids of both structure types 2 and 12 may be produced 
as a consequence of solely the sterically more favorable 
lfior-oxidation of 7.

Experimental Section
The 13C NMR spectra were recorded on a Varian XL-100-15 

spectrometer operating at 25.20 MHz equipped to operate in the 
pulsed Fourier transform mode with Transform Technology Inc. 
computer and pulse hardware.

Chromatography of the crude alkaloid extract (59.76 g) from 5.80 
kg of dry stems and leaves of Melodinus scandens Forst.3 was chro
matographed on Sephadex LH 20 (2 g of extract on 65 g of absorbent) 
and eluted with 7:3 methanol-chloroform. The eluates were monitored 
by TLC on Kieselgel H (50:1 ether-methanol). This procedure gave 
two fractions, 12.70 and 5.56 g, rich in “ dimeric alkaloids” . The first 
fraction was chromatographed on 400 g of Merck alumina (activity 
I) and eluted with ether up to 9:1 ether-methanol. This led to 536 mg 
of 6a, 120 mg of 6b, and 1.014 g of a mixture of 5a, 5b, 6a, and 6b. 
Chromatography of the second fraction on 180 g of Merck Kieselgel 
60 (30-70 mesh) and elution with 20:1 ethyl acetate-methanol yielded 
806 mg of a mixture of the four alkaloids, 682 mg of a mixture of 5a 
and 5b, and 1.435 g of 6a, 6b, and another alkaloid. Finally, prepara
tive TLC on Merck Kieselgel G and elution with 9:1 ether-methanol 
led to the separation of 5a and 5b and preparative TLC on Merck 
alumina and elution with 20:1 ether-methanol separated 6a and 
6b.

Scandomelonine (5a), crystallized from acetone: mp >300 °C dec; 
[a]57822 -  25° (c 1, CHCI3); ir (KBr) NH 3370 (m), C = 0  1745 (s), 1675 
(s), C =C  1620 cm-1 (m); uv (EtOH) \max 264 nm (log e 4.08), 296 
(4.03), 329 (4.18), Ashourder 235 (4.11); (EtOH-NaOH) Amax 287 nm (log 
r 4.21), 329 (4.19); 3H NMR (CDC13) 3 0.84 (t, 3, J = 7 Hz, 19'-Me), 
1.19 (d, 3, J = 7 Hz, 19-Me), 2.56 [s, 1, H(21')], 3.80 (s, 3, OMe), 4.58 
[s, 1, H(3')], 5.98 (m, 2, olefinic H’s), 6.18 [dd, 1, J  = 7,1.5 Hz, H(12)J,
6.6-7.3 (m, 6, aromatic H ’s); MS m/e 670 (M+, 5), 292 (72), 291 (42), 
221 (43), 214 (base); accurate mass measurements20 calcd for 
C41H4205N4, 670.3155 (found, 670.3122); C4oH4i0 4N4, 641.3128 
(found, 641.3111); C38H30O3N3, 456.2287 (found, 456.2268); 
C13H12O2N, 214.0868 (found, 214.0881).

Episcandomelonine (5b), amorphous: [a]57822 + 25° (c 1, CHCI3); 
ir, uv, and :H NMR the same as those of 5a except for 0.81 (d, 3, J = 
7 Hz, 19-Me); MS m/e 670 (M+, 11), 227 (45), 214 (base); accurate 
mass calcd for C41H42O5N4, 670.3155.

Scandomeline (6a), crystallized from acetone: mp >300 °C dec; 
Wsvs22 -170° (c 1, CHCI3); ir (KBr) NH 3340 (w), C = 0  1722 (s), 1660 
(s), C =C  1610 (m), 1590 cm-1 (m); uv (EtOH) Amax259nm (log e 3.94),

302 (3.92), 3.28 (4.01), Ashoulder 232 (3.93); (EtOH-HCl) Amax 270 nm 
(log e 4.08), 296 (3.92), 327 (3.94), Ash0uider 234 (3.85); *H NMR (CDCI3) 
<5 0.76 (t, 3, J = 7 Hz, 19'-Me), 1.16 (d, 3, J = 1 Hz, 19-Me), 3.63 (s, 3, 
saturated ester OMe), 3.76 (s, 3, unsaturated ester OMe), 4.51 [s, 1, 
H(3')], 5.73 (m, 2, olefinic H’s), 6.3-7.1 (m, 7, aromatic H’s); m/e 702 
(M+, base), 673 (80), 606 (40), 392 (60); accurate mass calcd for 
C42H4606N4, 702.8581 (found, 702.8563).

Episcandomeline (6b), crystallized from acetone: mp >300 °C dec; 
W 578 22 -112° (c 0.5, CHCI3); ir (KBr) OH 3540 (w), NH 3340 (w), 
C = 0  1725 (s), 1655 (s), C =C  1600 cm-1 (m); uv and *H NMR the 
same as those of 6a except for 0.77 (d, 3, J = 7 Hz, 19-Me); MS m/e 
702 (M+, 72), 685 (47), 684 (86), 673 (66), 655 (71), 626 (50), 588 (62), 
488 (63), 470 (94), 392 (51), 375 (base); accurate mass calcd for 
C42H46O6N4, 702.8581.

Conversions of 6a and 6b into 5a and 5b, Respectively. A solu
tion of 47 mg of scandomeline (6a) in 10 ml of acetic anhydride was 
heated at 100 °C for 6 h. Evaporation of the solvent under vacuum, 
preparative chromatography of the residue on Merck Kieselgel H, and 
elution with 12:1 ether-methanol yielded 3 mg of uninvestigated 
material, 12 mg of N-acetylscandomeline, and 7 mg (15%) of scan
domelonine (5a), spectrally identical in all respects with 5a above.

The same treatment of 200 mg of episcandomeline (6b) with 50 ml 
of acetic anhydride, preparative chromatography on Merck Kieselgel 
G, and elution with 13.T ether-methanol yielded 62 mg of starting 
compound, 11 mg of N-acetylepiscandomeline, and 26 mg (13%) of 
episcandomelonine (5b), spectrally identical in all respects with 5b 
above.

Registry No.—5a, 59813-31-9; 5b, 59830-06-7; 6a, 59813-32-0; 6b, 
59830-07-8.
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Triphenylphosphine dibromide and dichloride (Ph3PBr2 and Ph3PCl2) reacted with epoxides to produce the cor
responding vie-dihalides in excellent yields. Ph3PBr2 reacted with cis epoxides in benzene to produce erythro di
bromides exclusively, but less selectively with trans epoxides to give mixtures of threo and erythro dibromides. 
Ph3PCl2 reacted stereospecifically with both cis and trans epoxides in benzene or methylene chloride, in each case 
providing the dichloride derived from Sn2 displacement on each C -0  bond. By reacting epoxides first with hydro
chloric acid and then with Ph3PBr2, it was possible to stereospecifically prepare vie-bromochlorides that were also 
products of two Sn2 displacements. Zinc reduction of erythro dibromides was stereospecifically trans; thus the pro
cess (1) epoxidation, (2) Ph3PBr2 bromination, (3) Zn reduction affected a clean overall inversion of olefin geometry 
from Z to E. Reduction of threo bromochlorides to Z olefins could be made approximately 90% selective if carried 
out at 0-5 °C in dimethylformamide.

The ability to control and invert olefin geometry de
servedly receives continuing attention in the chemical liter
ature. Our own interest in such processes stems from the fre
quent uncertainty of the exact geometry of insect sex phero
mones. The identities of pheromone components may be as
signed by classical isolation-identification methods, or logical 
screening of synthetics,1 but, in extreme cases, final adjust
ments have had to be made following ambiguous, or unsatis
factory, field tests.2 Currently it is not clear whether the best 
use of a sex pheromone involves mimicking the exact com
position of the natural product, or whether some other ratio 
of components might be more useful in an attempted dis
ruption of mating processes. A convenient method of con
verting a sex pheromone, often an unsaturated acetate, to a 
geometric isomer would expedite the processes of determining 
pheromone isomer content and optimizing insect behavioral 
responses.

An elegant method of inverting olefin geometry has been 
described by Vedejs and Fuchs.5 Epoxides were allowed to 
react with lithium diphenylphosphide, and the resulting 
oxy anions were alkylated on phosphorus with methyl iodide 
to produce betaines which, in turn, underwent cis eliminations 
to produce olefins of geometry opposite to those of the starting 
epoxides. A related method, described by Bridges and Whi- 
tham,6 involved hydrogen peroxide oxidation of the same 
oxyanions; the resulting anions then eliminated the water- 
soluble lithium diphenylphosphinate. Very recent literature 
describes inversion via epoxides employing potassium sele- 
nocyanate,73 or hexamethyldisilazane/KOMe,7b and inversion 
via seleniranes and thiiranes.7c These processes involve ad
dition of a single reagent to an epoxide (selenirane, thiirane 
in one case), with a stereochemical inversion, followed by cis 
eliminations from the initial adducts (Scheme I, path 1). A 
logical alternative would be a net cis addition (zero or two 
inversions) followed by trans elimination of the added groups 
(Scheme I, path 2). We describe here a route for olefin inver
sion via epoxides that is based on the latter principle and is 
thus complementary to those described earlier.

Results and Discussion
Prior literature concerning reactions of epoxides with tri

phenylphosphine dihalides is sparse; information on stereo
chemistry is lacking, and indications were that mixtures of 
dihalides, haloalkenes, and other materials could be expected.8 
The few reaction conditions reported, however, had been quite

J Agricultural Research Service, U.S. Department o f  Agriculture, Laramie, 
Wyo. 82071.

Scheme la

a Path 1: one inversion, cis elimination. Path 2: tw o in
versions, trans elimination.

vigorous. We recently observed that tetrahydropyranyl ethers 
were smoothly converted by triphenylphosphine dibromide 
(Ph.iPBro) to the corresponding bromides within minutes at 
room temperature,9 and thus anticipated that milder condi
tions might be advisable in the application of this reagent to 
epoxides. The epoxide of (Z)-9-pentacosene (95% cis by ir, 965 
cm-1 band) was therefore exposed to a slurry of Ph3PBr2 in 
benzene for 4 h. A dibromide was obtained nearly quantita
tively; treatment with zinc in acetic (or propionic) acid pro
duced (Z?)-9-pentacosene (94% trans by ir). The overall yield, 
olefin-olefin, was ca. 75%, and, within the limits of error of the 
infrared method of analysis, the transformations were ste
reospecific. Assuming that the elimination of bromine was 
trans,10 the dibromide must have been the erythro isomer.

The diastereomeric threo dibromide formed in considerable 
proportion, however, if more polar solvents were used for the 
Ph3PBr2 treatment. Thus when methylene chloride was 
substituted for benzene, the ultimate product was a 61:39 
mixture of (E)- and (Z)-9-pentacosenes; a 48:52 E:Z mixture 
of alkenes was ultimately derived from reaction in acetoni
trile.

Although pentacosenes were of interest to use [the sex 
pheromone of the “ little housefly” , Fannia canicularis (L.), 
is (Z)-9-pentacosene],n greater precision in measuring isomer 
content would be realized if olefins were used the epoxides of 
which could be examined by gas chromatography; all data 
described hereafter were obtained in that manner.

Epoxidation of (Z)-7-octadecene12 with m-chloroperbenzoic 
acid gave the corresponding epoxide (90% cis) which was 
converted under the conditions described (Ph3PBr2 in ben
zene, Zn/HOAc, m-chloroperoxybenzoic acid) to give 7,8-
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epoxyoctadecane which was 94% trans. The sex pheromone 
of the gypsy moth, Lymantria dispar (L.), (Z)-7,8-epoxy-2- 
methyloctadecene (95% cis),13 similarly gave the epoxide of 
opposite geometry (97.5% trans). A sample of 85% cis-7,8- 
epoxy-2-methyloctadecane provided 93% trans epoxide. The 
apparent stereoselectivity of >100%, while gratifying, was 
suspicious and was subsequently traced to a lack of selectivity 
in the conversion of the few percent of trans epoxides present 
in the starting cis epoxides.

Two trans epoxides were then subjected to the three-step 
sequence: trans-7,8-epoxyoctadecene (94% trans) gave an 
epoxide mixture that was only 65% cis; irans-7,8-epoxy-2- 
methyloctadecane (97.5% trans) produced a 1:1 mixture of the 
cis and trans epoxides. The conditions of bromination and 
debromination were as stated, and overall yields were good 
(70-80%), but the stereoselectivity, if any, was clearly inade
quate to be useful for E-Z  conversions of olefins.

Since we had evaluated only the end product of a three- 
reaction sequence (PhgPB^ bromination, Zn/HOAc reduc
tion, and peracid epoxidation), we now had to ascertain at 
what point the loss of specificity had occurred. Epoxidation 
with peracids is known to be highly selectively cis,14 and we 
had encountered no exception in performing the oxidations 
of olefins with known geometry. Also reductive debromination 
with zinc in acetic acid is generally accepted to proceed trans, 
though Young and co-workers10 had observed a few percent 
of diastereomer formation in their studies of zinc debromi- 
nation-rebromination. To evaluate the zinc reduction under 
our conditions, we added bromine to (Z)-7-octadecene (90% 
cis) to produce the threo dibromide that we had sought to 
obtain from trans-7-octadecene oxide and Ph3PBr2. Zinc/ 
acetic acid reduction of this threo dibromide and epoxidation 
of the product gave the cis epoxide (80% cis). Thus, as the 
earlier work had demonstrated,10 the bromination, zinc- 
debromination sequence was not completely stereospecific 
for the threo dibromide. However, the deviation from speci
ficity was insufficient to explain the results of our attempted 
trans-cis conversions.

We also examined the stereochemical stability of the 
threo-7,8-dibromooctadecane under the Ph3PBr2 bromination

conditions. 5a,60-Dibromocholesterol and some of its deriv
atives (trans-diaxial bromines) are known to isomerize 
spontaneously to the more stable 5a,6/3-coprostane isomers,15 
but this type of isomerization is believed to involve a /3-bro- 
mine-assisted ionization15 and does not seem to have been 
considered important for aliphatic dibromides. When a 
sample of our fhreo-7,8-dibromooctadecane was exposed to 
a mixture of Ph3PBr2 and triphenylphosphine oxide in ben
zene for 24 h, reduction with zinc followed by epoxidation gave 
epoxide that was 73% cis. Whether the difference between the 
80% cis realized earlier and the 73% cis obtained in this case 
was the result of dibromide isomerization or whether it indi
cated some limit of reproducibility in the reduction was not 
determined. What did become apparent was that the major 
stereochemical problem was encountered in the reaction of 
trans epoxides with Ph:jPBr2, and not in the Zn reduction.

The reactions of cis and trans epoxides with PtvjPB^ in 
benzene may be envisioned as shown in Scheme II. The trans 
epoxide reacts to produce the phosphorylated bromide 2a. 
Direct SN2 displacement of triphenylphosphine oxide is 
possible, perhaps after an internal rotation to the more 
crowded rotamer 2b in order to avoid eclipsing of bromine by 
incoming bromide; this would produce the threo dibromide. 
Alternatively, the triphenylphosphine oxide can be lost sol- 
volytically with assistance from the adjacent bromine atom, 
generating a bromonium ion 2c that would produce the 
erythro dibromide (a net front-side replacement of oxygen and 
thus a single inversion of configuration). The rotamer 2a from 
which bromonium ion formation would be anticipated is 
probably more favored sterically than 2b. The initial inter
mediate obtained from the cis epoxide, on the other hand, is 
the less sterically favored one 3a; rotation to 3b relieves 
crowding and also avoids potential eclipsing of bromine and 
incoming bromide. However, the functionalities of 3b are not 
aligned for bromine-assisted solvolysis of triphenylphosphine 
oxide, and, in nonpolar solvents, the Sn2 displacement occurs 
cleanly to provide the erythro dibromide. The loss of stereo
specificity observed in the cis-trans isomerizations in the more 
polar solvents presumably results from the formation of the 
cisoid bromonium ion 3c under those conditions.

Scheme II

Br
3a

Br
3b

Br
erythro
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We next treated frans-7,8-epoxy-2-methyloctadecane with 
48% hydrobromic acid in tetrahydrofuran. The resulting 
bromohydrin, presumed to be erythro resulting from Sn2 
attack by bromide on the protonated oxirane,16 was reacted 
with PhsPBr2 in benzene. The resulting dibromide was re
duced with zinc, and the olefin was epoxidized; the resulting 
epoxide was only 23% cis. The erythro bromohydrin would also 
be expected to form an intermediate of the type 2a. Formation 
of the bromonium ion 2c seems to account for more of the 
product in this case, perhaps because of the presence of HBr 
in the reaction mixture.

Subsequent experiments further supported the idea of the 
bromonium intermediate. Since it is generally accepted that 
chloronium ions are of considerably higher energy than bro
monium ions,17 dichloride formation from epoxides and tri
phenylphosphine dichloride (PI13PCI2) might be expected to 
be stereochemically more specific than the corresponding 
reactions in the Ph3PBr2 series. Indeed this was the case. We 
chose as models the cis- and trans-4,5-epoxyoctanes because 
we could analyze the dihalides directly by gas chromatogra
phy. In these cases, each epoxide reacted with PI13PCI2 in ei
ther benzene or methylene chloride to produce a single di
chloride; the dichlorides from the cis and trans epoxides cor
responded to those obtained by direct (trans) addition of 
chlorine to the trans and cis olefins, respectively. Thus the 
reaction of the 1,2-disubstituted aliphatic epoxides with 
Ph3PCl2 had proceeded with the anticipated back-side dis
placement of both C -0  bonds to give the equivalent of cis 
addition of chlorine to the alkenes. Chloronium ions evidently 
did not occur as intermediates.

The intermediacy of bromonium, but not chloronium, ions 
was further emphasized by converting trans-4,5-epoxyoctane 
to 4-bromo-5-chlorooctane. Samples of the trans epoxide were 
treated with hydrochloric and hydrobromic acids to give the 
erythro chlorohydrin 4a and bromohydrin 5a, respectively 
(Scheme III). The chlorohydrin 4a was then treated with

Scheme III

5a, R1 — H threo
b, R1 = PPh3Cl

" 1
Br erythro

R = ra-GjH,

PhsPBr2 and the bromohydrin 5a with Ph3PCl2. The bro- 
mochloride obtained from 4a via 4b was entirely threo (no 
chloronium ion participation), whereas that from 5a via 5b 
consisted of approximately equal parts of erythro and threo 
isomers (bromonium ion participation).

The reactions of triphenylphosphine dihalides with 1,2-

Table I. Reductions of vie-Dichlorides and
Bromochlorides

Dihalide
(diastereomer Reduction Isomer ratio
content, %)“ conditions6 (E:ZY

£/ireo-(7,8)-Dichloro- LiAlH4, THF, reflux 30:70
octadecane (94) Nal, DMF, reflux 91:9

Zn, HOAc, reflux 52:48
Zn, DMF, 140 °C 30:70

threo-{ 7,8)-Bromo- ZnVDM F, H+,0-5°C 28:72
chloroctadecane
(90)d

£hreo-(7,8)-Bromo- LiAlH4, THF, reflux 48:52
chloro-2-methyl- Zn, C2H5CO2H, 25 °C 40:60
octadecane (95)d Zn, DMF, 70 °C 24:76

Zn*,DMF, H+, 60-70 °C 18:82
Zn*,DMF, H+, 0-5 °C 13:87

“ Estimated from purity of epoxides from which the dihalides 
were derived. 6 These conditions were for the most part ap
proximately the mildest that would permit complete reduction 
in less than 24 h. Aliquots were worked up and examined by GLC; 
hence yields were not calculated except for the activated zinc 
reduction, which gave 80-87% yields.c Determined by GLC data 
using the epoxides. d Mixtures of 7-bromo-8-chloro and 7- 
chloro-8-bromo compounds. e Zinc was activated by brief treat
ment with dilute HC1 as described by Tsuda et al.,20 and 3 drops 
of acetic acid/5 ml of DMF was required to catalyze the reduc
tion.

epoxycyclohexane were also briefly examined. The epoxide 
reacted with Ph3PBr2 in such solvents as acetonitrile, benzene, 
and chlorobenzene to produce various mixtures of cis- and 
trans-1,2-dibromocyclohexane that often also contained some 
irans-l,2-bromohydrin. The latter could possibly be avoided 
by proper manipulation of reaction conditions, e.g., by using 
excess phosphorane, but a mixture of dibromides seemed 
unavoidable. On the other hand, PI13PCI2 and cyclohexane 
epoxide in benzene or carbon tetrachloride produced cis-
1,2-dichlorocyclohexane uncontaminated by the trans isomer. 
This reaction appears to be superior to the reported18 con
version of cyclohexane epoxide to cis-l,2-dichlorocyclohexane 
with sulfuryl chloride in that the yields are better and the 
stereospecificity is much less subject to minor variations in 
the reaction conditions.

Since the means of converting epoxides to dichlorides with 
the required two inversions of configuration was now available, 
we turned our attention to reductive eliminations of the threo 
dichlorides. £rans-7,8-Epoxyoctadecane was converted to the 
threo dichloride, and a variety of reaction conditions were 
investigated to effect a trans elimination. The dichloride re
quired more vigorous reduction conditions than had the di
bromides, and in all cases the reaction failed to exhibit the 
desired stereospecificity (Table I). Interestingly, sodium io
dide in refluxing dimethylformamide (DMF) converted the 
threo dichloride to an olefin the epoxide of which was 91% 
trans; thus a cis elimination had occurred. This reaction and 
its potential for olefin interconversions are described in an 
accompanying paper.19

Since the transformations of epoxide to chlorohydrin to 
bromochloride with triphenylphosphine dibromide were 
proven to be stereospecific, threo bromochlorides were pre
pared from both frans-7,8-epoxyoctadecane and trans-7,8- 
epoxy-2-methyloctadecane in this manner. Various reduction 
procedures were studied and the results are given in Table I. 
The reductions of the bromochlorides proceeded under less 
vigorous conditions than those required for dichlorides but 
were still not completely stereospecific. To date the best 
procedure for converting trans epoxides to cis olefins via threo
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dihalides appears to be the activated zinc20-DMF treatment 
of bromochlorides which, at 0-5 °C, produced 87% cis alkene 
from 97.5% trans (ca. 90% selectivity!.

The procedures thus far developed for inverting double 
bonds were then extended to unsaturated esters by examining 
their application to (Z)- and (E)-ll-tetradecen-l-ol acetates. 
These two esters, which have been implicated repeatedly as 
sex attractants for lepidoptera,21 were epoxidized (m-chlo- 
roperbenzoic acid). The trans epoxide was converted to the 

.threo bromochloride via the two-step procedure (1) HCI/THF,
(2) PPhiJ-Br^/CbFCF); and the cis isomer was treated directly 
with PPh:-)-Br2/benzene to give the erythro dibromide. Each 
dihalide was then reduced with activated zinc in DMF at 0-5 
°C; the resulting unsaturated acetates were analyzed by GLC. 
The trans ester (99+% trans) gave the cis ester (92% cis); the 
cis ester (94% cis) gave the trans ester (>96% trans). The 
overall yields of these conversions were 70-80%.

Since the sensitivity of esters to lithium diphenylphosphide5 
appears to require protection of that group before an at
tempted olefin inversion via epoxide, the use of triphenyl- 
phosphine dihalides followed by zinc reduction of the resulting 
vie-dihalides should have considerable application. Tri- 
phenylphosphine dibromide is the reagent of choice when the 
object is to convert a Z alkene to a £  isomer. Inversion in the 
opposite direction is best accomplished with HC1 cleavage of 
the trans epoxide followed by reaction of the resulting chlo- 
rohydrin with triphenylphosphine dibromide. The vie -bro
mochloride may then be reduced with zinc-DMF at 0-5 °C 
with stereoselectivity of about 90%.

Experimental Section22
Infrared spectra were obtained with a Perkin-Elmer 457A spec

trophotometer as 3% carbon tetrachloride solutions. More concen
trated solutions were employed to estimate trans olefin content. NMR 
spectra were obtained with a Varian Associates T60 spectrometer; 
resonance frequencies were determined relative to internal Me4Si. 
Gas chromatograms were obtained with Varian Aerograph 1520B, 
Hewlett-Packard 5700A, and Perkin-Elmer 3920 instruments. The 
following columns were employed: (1) SE-30, 5% on Chromosorb W 
(ABS), 92 cm X 6 mm; (2) Carbowax 20M, 5% on Chromosorb W 
(ABS), 1.83 m X 6 mm; (3) DEGS, 10% on Chromosorb W (AW), 1.83 
m X 6 mm; (4) EGGS-X SCOT column, 15 m X 0.5 mm. Column 
chromatography was monitored with thin layer chromatography by 
using Brinkmann Instruments plates precoated with 0.25 mm of Sil 
G-25 UV254 and employing 15% ether/85% petroleum ether as the 
eluting solvent. Samples of (Z) and (£)-4-octenes were obtained 
commercially; (Z)-9-pentacoseneu and (Z)-7-octadecene12 were 
synthesized by Wittig condensation of ar. appropriate phosphorane 
with an aldehyde using HMPA-THF solvent to maximize the Z:E 
ratio.23 Chemical analyses were performed by Galbraith Laboratories 
Inc., Knoxville, Tenn.

Epoxidations with m-Chloroperbenzoic Acid. The following 
procedure was typical. (Z)-9-Pentacosene (6.0 g, 17 mmol) was added 
to a stirred and ice-cooled solution of 85% m-chloroperbenzoic acid 
(4.1 g, 20 mmol) in methylene chloride (50 ml). The mixture was al
lowed to attain room temperature and, after 4 h, was washed with 25 
ml of 5% NaOH and 25 ml of H20. The solution was dried (MgS04), 
and the solvent was removed yielding (Z)-9,10-epoxypentacosane (5.3 
g, 86%). Recrystallization from petroleum ether provided a sample: 
mp 40-42 °C; NMR 5 0.90 (t, 6, CH3), 2.68 (bs, 2, CHO). Anal. Calcd 
for C25H50O: C, 81.89; H, 13.75, Found: C. 82.20; H, 13.98.

Epoxides of (Z)- and (£)-4-octenes (96% Z  and 99% E, respectively) 
were similarly prepared. The (£)-7-octadecene was synthesized from 
the Z  isomer as described below. Relative GLC retention for (Z)- and 
(E)-4,5-epoxyoctanes using column 2 at 100 °C was 1.25:1.00; for (Z)- 
and (£)-7,8-epoxyoctadecanes using column 4 at 160 °C, it was 
1.11:1.00; for (Z)- and fE)-7,8-epoxy-2-methyloctadecane13 using 
column 4 at 160 °C, it was 1.10:1.00. These epoxides were sufficiently 
pure to be used directly for subsequent reactions.

Reactions of Epoxides with Triphenylphosphine Dibromide. 
The following procedure was typical. Bromine (2.7 g, 16.5 mmol) was 
added dropwise as a solution in CH2CI2 (10 ml) to a stirred, ice-cooled 
solution of triphenylphosphine (4.4 g, 16.5 mmol) in CH2C12 (50 ml). 
Use of methylene chloride gave a visual end point, and the phosphine 
could be titrated with the bromine which obviated an exact weighing

of the latter and produced a homogeneous solution. The solvent was 
removed and replaced with benzene (60 ml) to which was then added 
(Z)-9,10-epoxypentacosane (5.5 g, 15 mmol). The resulting slurry was 
stirred at room temperature for 4 h during which time the solid 
markedly changed character. The solvent was removed and the resi
due broken up under petroleum ether. Most of the triphenylphos
phine oxide was removed by suction filtration. Removal of petroleum 
ether from the fíltrate and recrystallization from petroleum ether (bp 
30-60 °C) gave eryihro-9,10-dibromopentacosane (6.5 g, 85%): mp 
48-49 °C; NMR <5 4.02 (m, 2, CHBr). The CHBr resonance is consis
tent with an erythro as opposed to threo diastereomer.24 Anal. Calcd 
for C25HsoBr2: C, 58.82; H, 9.87; Br, 31.31. Found: C, 58.92; H, 10.04; 
Br, 31.15.

eryihro-7,8-Dibromo-2-methyloctadecane and erythro-7,8-di- 
bromooctadecane were prepared similarly. Each was obtained as a 
liquid and was purified by passage through silica gel (~10 g/g dibro
mide) by elution with petroleum ether. After the solvent was removed 
and the purity was confirmed by TLC and GLC (column 1 at 250 °C), 
each was employed directly for reduction. A sample of erythro-7,8- 
dibromo-2-methyloctadecane was further purified by bulb-to-bulb 
distillation: bp 160 °C (0.02 mm); n 25D 1.4803. Anal. Calcd for 
C^HsgBra: C, 53.53; H, 8.98; Br, 37.49. Found: C, 53.86; H, 9.15; Br, 
37.34.

Conversion of Epoxides to vic-Dichlorides with Triphenyl
phosphine Dichloride. The reactions of (E)- and (Z)-4,5-epoxyoc
tanes are typical. A 100-ml, three-necked flask fitted with a dry ice 
condenser, gas inlet, and addition funnel was charged with a solution 
of triphenylphosphine (2.0 g, 7.6 mmol) in anhydrous benzene (20 ml). 
The solution was stirred magnetically with external cooling (ice- 
water) and chlorine was admitted through the gas inlet until the 
mixture developed a permanent yellow color. A solution of the epoxide 
(0.64 g, 5 mmol) in benzene (5 ml) was added dropwise, then the dry 
ice condenser was replaced by a water-cooled condenser and the 
mixture was refluxed for 3.5 h. It was then cooled and treated with 
a little methanol to destroy excess Ph3PCl2. The benzene was stripped 
and replaced with petroleum ether (bp 30-60 °C) which caused the 
precipitation of triphenylphosphine oxide that was removed by fil
tration. The filtrate was concentrated, and the residue was added to 
a column of silica gel (15 g) and eluted with 100 ml of a solution of 15% 
ether in petroleum ether. Consentration of the eluate gave the 4,5- 
dichlorooctanes in 50-60% yields. The two dichlorooctanes were 
conveniently examined by gas chromatography on column 3. Each 
of the two products (from the isomeric epoxides) contained three 
minor, longer retention time impurities, but each was free from the 
isomeric dichloride. Samples of the two dichlorides were also prepared 
by chlorinating (E)- and (Z)-4-octenes with Cl2 in CH2C12 at —78 °C; 
the chlorination product of the E olefin corresponded to the dichloride 
from the Z epoxide, and vice versa.

Conversions of Epoxides to Bromochlorides. A solution of 
(Z)-4,5-epoxyoctane (0.50 g, 3.9 mmol) in tetrahydrofuran (THF, 5 
ml) was chilled to 0-5 °C. Concentrated HC1 (0.5 ml) was added, and 
the solution was allowed to stand for 3 h at room temperature. The 
mixture was diluted with water and extracted thoroughly with ether. 
The extract was dried (MgS04) and concentrated to give the crude 
chlorohydrin which was then added to a solution of triphenylphos
phine dibromide (6 mmol) in CH2CI2 (20 ml) prepared as described 
previously. The resulting mixture was stirred overnight at ambient 
temperature, concentrated, and worked up with petroleum ether as 
previously described for the me-dibromides. Purification, achieved 
by passage through silica gel as described for the vie-dibromides, gave, 
after solvent removal, erythro -4-bromo-5-chlorooctane (0.60 g, 67%): 
bulb-to-bulb distillation, bath temperature 125 °C (17 mm); re25D 
1.4729; ir and NMR not distinct from those of the threo isomer. Anal. 
Calcd for C8H6BrCl: C, 42.22; H, 7.08; Br, 35.12; Cl, 15.58. Found: C, 
42.50; H, 7.10; Br, 34.96; Cl, 15.30.

The threo isomer was similarly prepared (0.55 g, 62%): n26D 1.4714; 
relative GLC retention using column 2 was 1.15:1.00 (threo:erythro). 
Anal. Calcd for C8H]6BrCl: 42.22; H, 7.08; Br, 35.12; Cl, 15.15. Found: 
C, 42.48; H, 7.04; Br, 34.95; Cl, 15.32.

The (E )- and (Z)-4,5-epoxyoctanes were similarly converted to 
erythro and threo bromohydrin, respectively (distinct from, and free 
from, each other, GLC column 3, 150 °C), with 48% HBr in dime- 
thoxyethane (THF gave 4-bromo-l-butanol as a by-product that was 
bothersome to separate). The erythro bromohydrin was treated with 
a solution of Ph3PCl2 in methylene chloride as described for the 
conversion of epoxides to dichlorides. The product was an approxi
mately equimolar mixture of erythro- and threo-4-bromo-5-chlo- 
rooctanes.

The threo bromochlorides derived from (£)-7,8-epoxyoctadecane 
and (£)-7,8-epoxy-2-methyloctadecane were similarly prepared and
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purified. Purities were confirmed by TLC and GLC (column 1 at 250
°C ).

Reductions o f vic-Dihalides. A. Zinc-HOAc. The following 
procedure was typical, erythro- 7,8-Dibromo-2-methyloctadecane (3.8 
g, 8.9 mmol) was dissolved in acetic (or propionic) acid (40 ml). Zinc 
dust (3.8 g) was added, and the mixture was vigorously stirred. The 
reaction was mildly exothermic, and stirring was continued for 0.5 h. 
The mixture was diluted with H2O and extracted with petroleum 
ether. The extract was washed with 5% NaHCC>3 until the washes were 
slightly alkaline, dried (MgSCL), and concentrated to give (£)-7,2- 
methyloctadecene (2.16 g, 91%): bulb-to-bulb distillation, bath tem
perature 105 °C (0.02 mm); re25D 1.4545; ir 965 cm-1; NMR b 5.3 (m, 
2 H, CH =); GLC analysis (column 4) of the epoxide indicated that 
the product was 97.5% E. Anal. Calcd for Ci9H3g: C, 85.63; H, 14.37. 
Found: C, 85.67; H, 14.37. eryfhro-9,10-Dibromopentacosane and 
erythro-7,8-epoxyoctadecane were reduced in the same manner and 
gave (£)-9-pentacosene (95% E by ir) and (£)-7-octadecene (92% E 
judged by GLC analysis of its epoxide by using column 4 as described 
above).

B. Zinc-Dimethylformamide. The following procedure was em
ployed in an attempt to achieve reduction under as mild conditions 
as possible. A solution of a vie-bromochloride (0.5 g) in dimethyl - 
formamide (DMF, 8 ml) was stirred and cooled with an ice bath. Ac
tivated20 zinc dust (0.6 g) was pulverized with a mortar and pestle and 
added to the solution, then a solution of acetic acid (2-3 drops) in 
DMF (0.5 ml) was added dropwise (the reduction did not proceed at 
0 °C in the absence of the acetic acid). The mixture was stirred mag
netically in a refrigerator overnight (0 °C); then the solution was de
canted from the metal (which was in the form of small, irregular 
spheres). Water was added, the product was extracted into hexane, 
and the hexane solution was washed with water, dried, and concen
trated. In a few cases the residual zinc and zinc halides remained 
rather amorphous; in those instances the reaction mixtures were di
luted with cold, dilute HC1, and the products were then extracted in 
hexane.

Conversion of (Z)- to (£ ) - l  1-Tetradecen-l-yl Acetate. The
(Z)-ll-tetradecen-l-yl acetate2 was epoxidized by m-chloroperben- 
zoic acid as described. The crude epoxide (1.0 g, 3.7 mmol) was added 
to a slurry of triphenylphosphine dibromide (5.0 mmol) in benzene 
(25 ml) prepared as described previously. The mixture was stirred at 
ambient temperature overnight, concentrated, and worked up with 
petroleum ether, filtering to remove most of the triphenylphosphine 
oxide. The filtrate was concentrated, and the crude dibromoacetate 
was passed through silica gel (20 g) with 60 ml each of petroleum ether, 
7.5% ether-petroleum ether, and 15% ether-petroleum ether. The 
eluate was concentrated, and the compound so obtained was added 
to a slurry of activated inc20 (1.0 g) in DMF (10 ml) containing acetic 
acid (5 drops) at 5-10 °C. Stirring was continued at that temperature 
for 2 h. The reaction mixture was diluted with H2O, and the product 
was obtained by extraction with petroleum ether in the usual manner 
(0.61 g, 70%). GLC analysis using column 4 (150 °C) indicated >96% 
£ ; relative retentions of the isomeric 11-tetradecen-l-yl acetates are 
1.04:1.00 (Z:E).

Conversion of (E)- to (Z)-l 1-Tetradecen-l-yl Acetate. The E
ester (99% E)2 was epoxidized in the usual way, and the epoxide was 
treated sequentially with hydrochloric acid and PhsPBi^ as described 
earlier. The mixture of bromochlorides was reduced by the zinc/DMF 
procedure to give 11-tetradecen-l-yl acetate (92:8 Z:E) in an overall 
yield of ca. 70%.

Registry No.—m-Chloroperbenzoic acid, 937-14-4; (Z)-9-penta- 
cosene, 51865-00-0; (Z)-9,10-epoxypentacosane, 59906-99-9; (Z)-4-

octene, 7642-15-1; (£)-4-octene, 14850-23-8; (Z)-4,5-epoxyoctane, 
1439-06-1; (£)-4,5-epoxyoctane, 1689-70-9; (£)-7-octadecene, 
7206-23-7; (Z)-7-octadecene, 7206-35-1; (Z)-7,8-epoxyoctadecane, 
59907-00-5; (E)-7,8-epoxyoctadecane, 59907-01-6; (Z)-7,8-epoxy- 
2-methyloctadecane, 29804-22-6; (£)-7,8-epoxy-2-methyloctade- 
cane, 42991-03-7; triphenylphosphine dibromide 1034-39-5; 
eryihro-9,10-dibromopentacosane, 59907-02-7; erythro-7,8-di- 
bromo-2-methyloctadecane, 59840-28-7; erythro-7,8-dibromoocta- 
decane, 59907-03-8; triphenylphosphine dichloride, 2526-64-9; 
erythro-4-bromo-5-chlorooctane, 59840-29-8; threo-4-bromo-5- 
chlorooctane, 59340-30-1; (£)-7,2-methyloctadecene, 40302-56-5; 
(Z)-ll-tetradecen-l-yl acetate, 20711-10-8; (£ ) -11-tetradecen-l-yl 
acetate, 33189-72-9; threo-7,8-dichlorooctadecane, 59840-26-5; 
ihreo-7-bromo-8-chlorooctadecane, 59840-21-0; threo-7-chloro-8- 
bromooctadecane, 59840-22-1; ihreo-7-bromo-8-chloro-2-meth- 
yloctadecane, 59840-17-4; ihreo-7-chloro-8-bromo-2-methylocta- 
decane, 59840-18-5; DMF, 68-12-2; zinc, 7440-66-6.
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The stereochemistry of sodium iodide dehalogenations of uic-bromochlorides and uic-dichlorides was investi
gated and was found to be stereospecifically cis. This is opposite to the previously observed trans eliminations of 
wc-dibromides. It is proposed that the “ cis” eliminations involve an initial Sn2 displacement of Cl-  or Br_ by 1“ , 
and that the resulting iodohalides then rapidly undergo trans elimination of IC1 or IBr. A simple two-step sequence 
of halogenation (with CI2 or BrCl) and dehalogenation (with I- ) thus provides an efficient method of interconvert
ing geometric isomers of olefins.

In the accompanying paper1 we briefly reviewed methods 
of inverting geometries of olefins via their epoxides. Procedues 
that had been previously described involved Sn2 openings of 
the epoxide by phosphides followed ultimately by cis elimi
nations of the oxygen and phosphorus moieties2’3 (Scheme I,

Scheme I. Olefin Inversion 
(Exemplified by Z—E Conversions)

path A). Unsaturated hydrocarbons and acetates have fre
quently been identified as insect pheromones,4 and simple 
means of inverting double bonds of pheromones would be 
extremely useful. Unfortunately, the methods just mentioned 
are not compatible with base-sensitive groups such as esters,2 
and we described complementary methods that did not affect 
that functional group.1 In our processes, epoxides were con
verted to vie-dihalides with inversion of configuration at each 
of the oxygenated carbons (Scheme 1, path B). Trans elimi
nation of the two halogens then provided olefins of geometries 
opposite those of the initial epoxides.

Reductive eliminations of bromine from vie-dibromides 
initiated either by metals such as zinc5 or by iodide ion6 gen
erally proceed in a trans fashion, and have occasionally been 
utilized as means of purifying olefins via (trans) bromina- 
tion-(trans) debromination sequences.7 However, deviations 
from absolute overall stereospecificity have been noted,8 a 
dramatic one being the observation that the ethylene pro
duced by sodium iodide reduction of isotopically labeled
1,2-dibromoethane was formed entirely by a net cis elimina
tion.9 We noted that vie-dichlorides and w’c-bromochlorides 
were reduced less readily than were vie-dibromides by any of 
several reagents and that zinc reductions of the less reactive

t Agricultural Research Service, U.S. Department of Agriculture, Laramie, 
Wyo. 82071.

dihalides were less stereoselective than those of the dibrom
ides.1 In contrast, the Nal/DMF reduction of a wc-bromo- 
chloride was highly stereospecific, but not in the anticipated 
(trans) sense: the threo 7,8-bromochlorides of 2-methylocta- 
decane (a mixture of threo-7-bromo-8-chloro and threo -8- 
bromo-7-chloro) were cleanly converted to (E)-2-methyl-7- 
octadecene. Thus a net cis elimination had occurred. This was 
interesting and appeared potentially useful. Since direct ad
ditions of halogens to olefins proceed trans,10 a general pro
cedure for cis elimination of the added halogens would provide 
an even simpler means of inverting double bonds (Scheme I, 
path C). We therefore investigated iodide-promoted elimi
nations of a few dichlorides, bromochlorides, and dibromides 
to evaluate their potential for olefin inversions.

Typical Nal reductions of wc-dibromides have utilized large 
excesses of I-  in an alcoholic medium, e.g., refluxing 2-pro- 
panol.11 The only dibromide we investigated, erythro-7,8- 
dibromo-2-methylocatadecane, was completely reduced by 
excess Nal in DMF at 50-55 °C (overnight). As noted pre
viously, bromochlorides and dichlorides were reduced less 
readily. Bromochlorides required overnight exposure to a 
tenfold excess of Nal in DMF at >80 °C for complete reduc
tion, and an entire week was required for the same reaction 
to proceed to completion in refluxing 2-propanol (82 °C). The 
vie-dichlorides were still less reactive, and refluxing DMF was 
found to provide a suitable medium. A few other conditions 
were briefly investigated for Nal reductions of erythro-1,8- 
dichloro-2-methyloctadecane, all employing excess Nal: the 
reduction was incomplete in refluxing acetonitrile after 4 days, 
and the reaction in Me2SO was slow at 90 °C and appeared to 
offer no advantage over the reactions in DMF or hexa- 
methylphosphoric triamide (HMPA). Indeed, in HMPA re
duction was complete (and stereospecifically cis) after 2 h at
100-110 °C. Substitution of Lil for Nal appeared to offer no 
advantage. The results of I-  reductions of several dihalides 
are given in Table I. With the exceptions of the single dibro
mide (entry 10) and the one reaction in 2-propanol (entry 3), 
the reductions were at least 93% stereoselectively cis, and 
many were completely stereospecific within the limits of our 
analyses (2-4%).

Hine6 has reviewed the subject of Nal reductions of vic- 
dibromides (dichlorides and bromochlorides apparently have 
not been investigated). Reduction of meso-l,2-dibromo-
1,2-dideuterioethane gave as-l,2-dideuterioethylene9 (cis 
elimination). Since the reaction rate had almost exactly the 
value expected for nucleophilic displacement of primary 
bromide by iodide ion,12 the reaction mechanism was ration
alized as involving an initial Sn2 displacement of Br~ by I~ 
followed by nucleophilic attack of a second iodide ion upon 
the iodine of the resulting w'c-bromoiodide (Scheme II, path 
B, R = D). Since such an elimination would be expected to be 
trans antiplanar, the result is a net cis elimination (one in-
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Table I. Elimination of vic-Dihalides

Stereo-

Run Dihalide Olefin Conditions
Yield,

%
specificity,

%a

1 ihreo-7,8-Bromochloro-2-methyloc-
tadecane

(I?)-2-Methyl-7-octa-
decene

Nal, DMF, 80 °C, 18 h c 100

2 eryt/iro-7,8-Bromochloro-2-methyl-
octadecane

(Z)-2-Methyl-7-octa-
decene

Nal, DMF, 80 °C, 18 h 88 96

3 eryi/iro-7,8-Bromochloro-2-methyl-
octadecane

(Z) -2-Methyl-7-octa- 
decene

Nal, i-PrOH, 82 °C, 1 week c 79

4 threo-7,8-Bromochlorooctadecane iE ) -7-Octadecene Nal, DMF, 80 °C, 18 h 67 100
5 erythro-8,9-Bromochlorododecan-l 

l-ol acetate
(Z)-8-Dodecen-l-ol

acetate
Nal, DMF, 85 °C, 16 h 95 93

6 erythro-7,8-Dichloro-2-methylocta-
decane

(Z)-2-Methyl-7-octa-
decene

Nal, DMF, 153 °C, 25 h 95 100

7 threo-7,8-Dichlorooctadecane (£)-7-Octadecene Nal, DMF, 153 °C, 25 h 79 97
8 erythro-8,9-Dichlorododecan-l-ol 

acetate
(Z)-8-Dodecen-l-ol

acetate
Nal, DMF, 153 °C, 16 h c 93

9 erythro-7,8-Dichloro-2-methylocta- 
decane

(Z)-2-Methyl-7-octa-
decene

Nal, HMPA, 100 °C, 2 h 80 100

10 erythro-7,8-Dibromo-2-methylocta-
decane

(E)-2-Methyl-7-octa-
decene

Nal, DMF, 50-55 °C, 20 h c 82d

a Product olefins were epoxidized with m-chlorobenzoic acid in CH2CI2, and the epoxides were analyzed by GLC (EGGS-X SCOT 
column, 1.5 m X 5 mm at 140-170 °C). Unsaturated esters were analyzed directly with this column. b oic-Bromochlorides are presumably 
mixtures of positional isomers. For example, t/ireo-7,8-bromochlorooctadecane would be a mixture of threo-7-bromo-8-chloroocta- 
decane and threo-8-bromo-7-chlorooctadecane. c Yield not determined (in several cases the reactions were followed by periodically 
withdrawing samples for GLC analysis). d 82% trans elimination.

Scheme II. Iodide-Induced Eliminations of o/c-Dihalides 
(Exemplified for Meso/Erythro Dihalides)
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version, trans elimination). The more general case for di
bromides of 1,2-disubstituted ethylenes is that of trans 
elimination.10 Evidently direct displacement of Br_ by I-  
(Scheme II, path B) is less favored than the attack by I-  on 
bromine with a concomitant expulsion of olefin and bromide 
(Scheme II, path A). At higher temperatures, losses in ste
reospecificity for this reaction were observed that were as
cribed to a significant contribution from path B.

We feel that the reductions of vie-dichlorides and utc-bro- 
mochlorides probably proceed via path B. Evidently the re
placement of bromine by chlorine either markedly increases 
the susceptibility of the other halogen to Sn2 displacement, 
or, more probably, decreases the ability of the vie -dihalide to 
undergo the concerted reduction (path A). Interestingly, if the 
presumed intermediate wc-iodohalides are to eliminate ste- 
reospecifically, it is necessary that the iodide ion attack the 
bound iodine and initiate the concerted elimination (path B)

much faster than it displaces the bound iodine from carbon 
(thus inverting that center a second time, i.e., K :i > K 4). Yet 
iodide must first displace a chloride or bromide ion much 
faster than it can attack a bound bromine or chlorine to ini
tiate a concerted elimination (Ji2 > K 1). Apparently the na
ture of the halogen molecule being formed during the con
certed elimination step is quite important, and the formation 
of I2 is highly favored over that of IBr or ICI.

We also considered the possibility of a cis elimination with 
both halogens departing, more or less simultaneously, from 
the same side of the molecule. In the dibromide series, meso 
compounds react faster with I”  then do their dl isomers (trans 
eliminations), presumably because it is easier to attain the 
desired trans antiplanar alignment of bromines. If both 
halogens were to leave from the same side, the threo (or dl)

dior threo

isomer should more easily attain the conformation with the 
halogens in close proximity, and thus undergo cis elimination 
more readily.

Accordingly, we compared the rates of reaction of the 
erythro- and threo-4-bromo-5-chlorooctanes with Nal in 
DMF at 80-85 °C. The two reactions were run simultaneously 
under identical conditions, and were followed by gas chro
matographic analysis of quenched aliquots. Although absolute 
temperature control of the heating bath was not precise 
enough to allow the calculation of a meaningful rate constant,
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it was evident that the erythro isomer was reduced more 
rapidly. Thus we have no evidence to support any kind of 
concerted cis elimination of halogen.

The dihalides we initially reduced with Nal were those 
synthesized from epoxides as described in the accompanying 
paper.1 Since their preparation had involved two Sn2 reac
tions on epoxides, cis elimination of halogen simply regener
ated the olefin from which the epoxide had been prepared. To 
illustrate the utility of the cis eliminations for olefin inversions 
we subjected several olefins to the two-step halogenation- 
dehalogenation sequence. Chlorinations of 1,2-disubstituted 
ethylenes can generally be controlled,13 and entries 8 and 9 
in Table I describes results of reductions of dichlorides pre
pared in that manner. Both the unsaturated acetate and the 
unsaturated hydrocarbon were efficiently inverted by this 
simple sequence. eryfhro-7,8-Dichloro-2-methyloctadecane, 
entry 9, was prepared both by chlorination of the corre
sponding E  olefin and by treating irans-7,8-epoxy-2-meth- 
yloctadecane [the sex pheremone of the gypsy moth, Porth- 
etria  d ispar (L.)] with triphenylphosphine dichloride.1 
Identical results were realized from both pathways.

Hageman and Havinga14 described the in situ preparation 
of bromine chloride and the trans addition of the mixed 
halogen to several cyclohexene derivatives. We found their 
method, which consists of simply adding iV-bromosuccinimide 
to a HCl-saturated solution of the olefin, both efficient and 
convenient. For example, the erythro- and th reo-4-bromo-
5-chlorooctanes were synthesized in 82 and 73% yields from 
(E)- and (Z)-4-octenes, respectively; the isomers were readily 
distinguished by gas chromatography, and each bromochlo- 
ride was found to be free of its isomer. Entry 5, Table I illus
trates an application to the principal component of the sex 
pheromone of the oriental fruit moth, G rapho lita  molesta 
(Busck). (jE)-8-Dodecen-l-ol acetate was converted to the 
erythro bromochloride, and the bromochloride was treated 
with Nal/DMF without purification. (Z)-S-dodecen-l-ol ac
etate was obtained in an overall yield of 93%; the conversion 
was >93% stereospecific.

To date these methods have been successful only for in
versions of 1,2-disubstituted olefins. We briefly examined 
(£)-3-methyl-3-hexene; predictably,13 however, chlorination 
provided primarily substitution instead of addition products. 
Hageman and Havinga14 successfully added BrCl to several
1-alkylcyclohexenes, but our single attempt to apply their 
procedure to (E)-3-methyl-3-hexene was unsuccessful since 
HC1 addition to the double bond evidently occurred faster 
than BrCl was generated.

Experimental Section15
General experimental details (instrumentation, GLC analyses, 

epoxidation procedures, etc.) are described in the accompanying 
paper.1

v/e-Bromochlorides were prepared from epoxides as described,1 
or from olefins by the HCl-fV-bromosucciminide method.14 For the 
latter conversions, a solution of the olefin in CH2CI2 (10 ml/g of olefin) 
was cooled to —78 °C and was saturated with anhydrous HC1. Freshly 
recrystallized (H2O) IV-bromosuccinimide (1.05 mol/mol of olefin) 
was added in a single portion, and the mixture was stirred and allowed 
to warm slowly to ca. -2 0  °C (while maintaining saturation of HC1). 
After the mixture assumed a permanent color, it was poured onto a 
mixture of ice and aqueous NaHS03. The layers were separated, and 
the organic phase was washed with H20, aqueous NaHC03, and again 
with H20; then it was dried (MgSCL) and concentrated. The bromo- 
chlorides thus obtained were sufficiently pure for Nal reductions. 
Trans addition of the two halogens was established by applying the 
procedure to (E)- and (Z)-4-octenes (purchased from Chemical 
Samples Co.). In these cases the products were distilled; the former

gave an 82% yield of eryt/iro-4-bromo-5-chlorooctane, bp 100-105 °C 
(25 mm); the latter gave a 73% yield of iftreo-4-bromo-5-chlorooctane, 
bp 107-112 °C (24 mm). The isomeric bromochlorides were identical 
with those prepared from the epoxides,1 and each isomer appeared 
to be free of the other as judged by gas chromatography (Carbowax 
or DEGS) whereby 5% would have been readily detected.

v/c-Dichlorides were prepared by bubbling Cl2 through CH2CI2 
solutions of the appropriate olefins at —78 °C until a yellow color 
persisted, warming to ca. —20 °C, and following the workup procedure 
described for bromochlorides. Crude dichlorides were reacted with 
Nal without purification.

Sodium Iodide Reductions of vic-Dihalides. Typically, the di
halides (1 g) and Nal (10 g) were combined in DMF (or HMPA) (50 
ml), and the resulting solutions were heated as described in Table I. 
It was convenient to follow the reactions by perioically withdrawing 
small aliquots and shaking them with hexane and H20; the hexane 
layer was examined by GLC for disappearance of dihalide. Workup 
consisted of cooling the dark solutions, pouring into H20, and ex
tracting with hexane. The organic layers were washed with aqueous 
NaHSOs, then washed twice with H20, and finally were dried and 
concentrated. The olefins thus obtained were purified by distillation 
or column chromatography on silica gel or were epoxidized directly 
for GLC analysis.

Comparative Eliminations of erythro- and threo-4-Bromo- 
5-chlorooctanes. Reaction mixtures containing the appropriate 
bromochloride (100 mg), 1-tetradecene (100 mg), Nal (1.00 g), and 
DMF (10.0 ml) were prepared in 25-ml flasks, and the flasks were 
heated simultaneously in an oil bath maintained at 78-85 °C. Aliquots 
(0.10 ml) were removed from each flask after 0, 1, 2, 4, and 7 h and 
added to small vials containing water (0.3 ml) and hexane (0.3 ml). 
The vials were shaken, and the hexane layers were withdrawn by pipet 
and analyzed by gas chromatography (SE-30,125 °C). Peak areas of 
remaining bromochlorides and of the tetradecene standard were 
measured by planimetery. Although smooth curves were not obtained, 
it was evident that the erythro isomer reacted approximately twice 
as fast as did the threo isomer (that the erythro compound reacted 
faster was also apparent by visually observing the formation of iodine 
in the reaction mixtures).

Registry No.—threo-7-Bromo-8-chloro-2-methyloctadecane, 
59840-17-4; fhreo-7-chloro-8-bromo-2-methyloctadecane, 59840-18-5; 
erythro-7-bromo-8-chloro-2-methyloctadecane, 59840-19-6;
eryihro-7-chloro-8-bromo-2-methyloctadecane, 59840-20-9; threo-
7-bromo-8-chlorooctadecane, 59840-21-0; fhreo-7-chloro-8-bro- 
mooctadecane, 59840-22-1; eryihro-8-bromo-9-chlorododecan-l-ol 
acetate, 59840-23-2; eryihro-8-chloro-9-bromododecan-l-ol acetate, 
59840-24-3; erythro -7,8-dichloro-2-methyloctadecane, 59840-25-4; 
ihreo-7,8-dichlorooctadecane, 59840-26-5; erythro-8,9-dichlorodo- 
decan-l-ol acetate, 59840-27-6; eryfhro-7,8-dibromo-2-methylocta- 
decane, 59840-28-7; erythro-4-bromo-5-chlorooctane, 59840-29-8; 
threo-4-bromo-5-chlorooctane, 59840-30-1; Nal, 7681-82-5.
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Condensation of l-arylsulfonyl-2-methyl-4-hydroxy-2-butenes (1) with 1-chloro- and l-bromo-3-methyl-5- 
(2,6,6-trimethylcyclohexen-l-yl)-penta-2,4-diene (2) to afford l-hydroxy-3,7-dimethyl-4-arylsulfonyl-9-(2,6,6-tri- 
methylcyclohexen-l-yl)nona-2,6,8-triene (3) and the subsequent elimination of sulfinic acid from 3 to give vitamin 
A alcohol has been studied. An efficient and stereoselective synthesis of halide 2 from vinyl-d-ionol (14) using HX 
in ether at low temperature has been achieved. The use of diethyl- and disilylamides with the p-tolyl sulfone com
pound lb  and bromide 2b gave 3b in 83-84% isolated yield. Sodamide-ammonia-ieri-butyl alcohol effected elimi
nation of sulfinic acid in 3b to afford, after acetylation, vitamin A acetate in 75% yield from 3b. In a through process, 
crystalline, all-trans vitamin A acetate was obtained in 67-68 and 72-73% yield based on 14 and lb, respectively.

The alkylation of allylic sulfones and their subsequent
1,2 elimination to form olefins1 is a synthetic method partic
ularly suited to the synthesis of polyenes and vitamin A. This 
sequence was originally used by Julia to prepare the ester of 
vitamin A acid.2 Because of the nutritional and commercial 
importance of all-trans vitamin A alcohol (/3-retinol), strategic 
combinations of sulfone and halide directed toward the 
preparation of vitamin A alcohol have received great atten
tion.3 Approaches utilizing Ci33b and C15 sulfones3c and the 
appropriate halo alcohol partners have recently been de
scribed. An alternative in which the dianion of a C5 hydroxy 
sulfone (1) is alkylated by a C15 halide (2) has now been 
studied in detail, and with appropriate choices of base, aryl 
sulfone, and C15 halide, this route affords a highly efficient and 
stereoselective synthesis of all-trans vitamin A (4) via the C20 
hydroxy sulfone 3 (Scheme I).

Scheme I

Results and Discussion
Preparation of C5 Hydroxy Sulfones 1. Treatment of the 

isoprene hypochlorination product 54 with sodium or lithium 
salts of sulfinic acids in warm dimethylformamide solution 
gives trans-acetoxy sulfones 6 in good yield (Table I). Re
duction with LiAlH4 or base hydrolysis affords the hydroxy 
sulfones 1 in high yield (Table II). The saponification, how
ever, must be done under carefully controlled conditions to 
avoid elimination, particularly for the substituted sulfones.

Thus, phenyl sulfone 6a was unaffected by sodium car
bonate in 80% aqueous ethanol but was cleanly hydrolyzed in 
80% aqueous methanol, as was tolyl sulfone 6b. Under more

basic conditions (potassium carbonate-95% aqueous metha
nol) 6a gave hydroxy sulfone la contaminated with 25% of 
diene 7a. Saponification of the p-methoxyphenyl derivative 
6c (sodium carbonate, 80% aqueous ethanol) was slow, but 
stronger base (potassium carbonate) in the same solvent gave 
exclusively diene 7c. The 2-pyridyl sulfone 6f gave 20% diene 
7b even with sodium carbonate in 80% aqueous ethanol.

A second route to hydroxy sulfones was via solvolysis or 
acetolysis of halo sulfones (8) obtained from the copper(I)- 
catalyzed addition of sulfonyl halides to isoprene.5 Thus, p- 
toluenesulfonyl chloride reacted with isoprene6 to afford a 
mixture of chloro sulfones 8,9, and 10 in 95% yield. The regio- 
and stereochemistry of the products of this reaction had not 
previously been rigorously established, and in the original 
report5 9 and 10 were not identified, so the structures of these 
adducts were proved by correlation with known compounds. 
trans-l-p-Toluenesulfonyl-4-acetoxy-2-methyl-2-butene (6b) 
was prepared from pure 8 by acetolysis and was identical with 
the product prepared from chloro acetate 5. l,4-Dichloro-2- 
methyl-2-butene reacted with sodium p-toluenesulfinate in 
ethanol to give a mixture of 1,4-disulfone and trans-l-p-to\- 
uenesulfonyl-3-methyl-4-chlorobut-2-ene. This latter com
pound displayed a methyl resonance in the NMR spectrum 
at 1.36 ppm (vs. 1.83 ppm in trans 8) and was thus shown to 
be the compound which cocrystallizes with the desired trans 
8 from ether. The crystallization mother liquors were repur
ified until the other compound, assumed to be the cis isomer 
9, was enriched to ca. 80% purity. The structure of this ma
terial was proved by correlation with cis- and trans-4-chlo- 
rosenecioic esters l l 7 by displacement of the halide with p- 
toluenesulfinic acid to afford a cis/trans mixture of sulfone 
esters 12 from which a single isomer crystallized. Diisobu- 
tylaluminum hydride reduction of this crystalline compound 
followed by acetylation afforded the trans hydroxy and ace
toxy sulfones lb and 6b. Identical treatment of the mother 
liquors (80% cis isomer) afforded the cis acetoxy sulfone 13.
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Table I. Preparation and Properties of Cs Acetoxy Sulfones
OAc Cl

Method A: ArS02Na + 
(Li)

Method B: ArSO.Cl +
SO,Ar

8

% yield Anal., 
found, %Compd Ar A B Mp,°C NMR (CDCI3), 5

6 a CSHS 95« 93-94 7.95—7.45 (m, 5, aromatic), 5.22 
(t, 1, J  = 7 Hz, HC=C), 4.48 (d, 2, 
J =  7 Hz, CHjOAc), 3.75 (s, 2, 
CH2S02), 2.00 (s, 3, CH3CO), and 
1.83 ppm (s, 3,CH3C=C)

C 58.14 
S 11.86

H 6.32

6b p-CH3C6H4 95“ 70“ 56.5-59 7.71 and 7.31 (AA'XX', 4, J  =  8  Hz, 
aromatic), 5.25 (t, 1, J  = 7 Hz, 
HC=C), 4.48 (d, 2, J =  7 Hz, 
CH2OAc), 3.74 (s, 2, CH2S02), 2.43 
(s, 3, CH3Ar), 2.00 (s, 3, CH3CO), 
and 1.80 ppm (s, 3, CH3C=C)

C 59.72 
S 11.25

H 6.31

6 c p-o ch 3c6h4 96“ 61 55-56 7.70 and 6.95 (AA'XX’, 4, J= 10 Hz, 
aromatic), 5.23 (t, 1, J  = 7 Hz, 
HC=C), 4.45 (d,2, J =  7 Hz, 
CH2OAc), 3.83 (s, 3, OCH3), 3.72 
(s, 2, CH2S02), 1.97 (s, 3, CH3CO), 
and 1.82 ppm (s, 3, CH3C=C)

C 56.41 
S 10.67

H 6.08

6 d p-N(CH3 )2C6H4 99“ 82-84 7.60 and 6.62 (AA'XX', 4 , J = 9  Hz, 
aromatic), 5.26 (t, 1, J  = 7 Hz, 

HC=C), 4.49 (d, 2, J  = 7 Hz, 
CH2OAc), 3.68 (s, 2, CH2S02), 3.04 
[s, 6 , N(CH3)2], 2.00 (s, 3, CHjCO), 
and 1.81 ppm (s, 3, CH3C=C)

C 57.74 
N 4.45

H
S

6.72
10.09

6 e p-cf3c6h4

cr
8 6 Oil 8.12—7.50 (m, 4, aromatic), 5.22 (t, 1, 

J  =  7 Hz, HC=C), 4.48 (d, 2,
J  =  7 Hz, CH2OAc), 3.78 (s, 2, 
CH2S02), 2.00 (s, 3, CH3CO), and 
1.88 ppm (s, 3, CH3C=C)

C 49.77 
S 9.71

H 4.68

6 f 47 59-61 8.74-7.58 (m, 4, pyridine), 5.39 
(t, 1 , J  = 7 Hz, HC=C), 4.49 (d, 2,

C 53.48 
N 5.06

H 5.71

J =  7 Hz, CH2OAc), 4.09 (s, 2, 
CH2S02), 1.98 (s, 3, CH3CO), and 
1.88 ppm (s, 3, CH3C=C)

“ Crude material, >95% pure by NMR.

OAc

Fortuitously, the cocrystallized mixture of 8  and 10 upon 
acetolysis with sodium acetate-acetic acid yields mainly trans 
acetate 6 which after saponification and crystallization gives 
pure hydroxy sulfone lb in 70% yield from the mixture of 8 
and 10 . The hydroxy sulfones 1 could also be obtained directly 
from chloro sulfone 8  by solvolysis with aqueous silver car
bonate at room temperature.

Preparation of C15 Halides 2. Reaction of vinyl-(3-ionol
(14), readily available from /J-ionone,8 with phosphorus tri
halides generally affords the corresponding C15 halide 2  in ca. 
60% yield together with a substantial amount of the hydro
carbon 15.2’9 We find that 14 is virtually quantitatively 
converted to the chloride 2 a or bromide 2 b by its reaction

2a, X=C1 
b, X = Br

15

with ethereal HC1 or HBr, respectively, at low temperature10 
and that these halides, while unstable at more than ca. 50% 
concentration at room temperature, are remarkably unaf
fected by base at low (—30 °C or below) temperature and are 
essentially inert to displacement by the lithium dialkyl- or 
disilylamides in THF at -70  °C. In addition, the stereo
chemistry (by NMR in CC14) about the trisubstituted double 
bond in these halides is >95% trans. By inference from the 
stereochemistry of the vitamin A produced (vide infra), the 
halides vary from 95 to 99% trans stereoisomer.

Alkylation Studies. Hydroxy sulfone 1 undergoes alkyl
ation cleanly at the carbon a  to the sulfonyl group, presumably 
owing to the displacement of the equilibrium between di- 
anions 16 and 17 toward the more favorably charge-separated 
dianion 16. By contrast, the sulfone ester 18 was reported2 to
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Table II. Preparation and Properties of Cs Hydroxy Sulfones 1
NaîCOn

Method A: 6
aq MeOH

1 „  ,  , „  1. LiAlH,
M ethod B: 6 --------- -»■ 1

2. HjO

% yield Anal., 
found, %Compd Ar A B Mp, °C NMR (CDClj), 5

la QHS 97« 55-56.5 7.90—7.45 (m, 5, aromatic,), 5.34 C 58.26 H 6.16
(t, 1, J = 7 Hz, HC=C), 4.05 (d, 2, 
7 = 7  Hz, CH2CH), 3.75 (s, 2, 
CH2S02), and 1.81 ppm (s, 3, 
CH3C=C)

S 14.09

lb p-ch ,c6h 4 (69)* 97« 62.5-65 7.71 and 7.32 (AA’XX’, 4 ,7  = 8  Hz, C 60.16 H 6 .8 8
(42.5)c aromatic,), 5.39 (t, 1,7 = 7 Hz, 

HC=C), 4.07 (d, 2 ,7 = 7  Hz, 
CH2OH), 3.72 (s, 2, CH2S02), 
2.43 (s, 3, CH3Ar), and 1.78 ppm 
(CH3C=C)

S 13.19

lc p -och 3c6h 4 94« 45.5-47 7.67 and 7.25 (AA'BB', 4, 7 = 7 Hz, C 56.02 H 6.29
(60)* aromatic), 5.33 (t, 1 ,7 = 7  Hz, 

HC=C), 4.03 (d, 2, CH2OH), 3.70 
(s, 2, CH2S02), 2.75 (s, 1, OH), 
2.33 (s, 3, CHjAr), and 1.75 ppm 
(s, 3, CH3C=C)

Id p-N(CH3)2C6H4 96« 160-164 7.65 and 6.62 (AA'XX', 4, 7 = 9 Hz, C 57.91 H 7.14
(60)* aromatic), 5.36 (t, 1, HC=C), 4.08 

(d, 2, CH2OH). 3.68 (s, 2,
CH2S02), 3.08 [s, 6 , N(CH3)2], 
and 1.80 ppm (s, 3, CH3C=C)

N 5.14 S 11.89

le p-cf3c6h4 93« 63-68 8.17-7.54 (m, 4, aromatic), 5.33 (t, 1, C 48.95 H 4.43
7 = 7 Hz, HC=C), 4.05, (dl 2,
7 = 7 Hz, CH2OH), 3.78 (s, 2, 
CH2S02), and 1.82 ppm (s, 3, 
CH3C=C)

8.83—7.43 (m, 4, aromatic), 5.43

S 10.87 F 19.49

if ( r 53 53-54 C 52.97 H 5.63
(25)* (t, 1,7 = 7 Hz, HC=C),

4.03 (s, 2, CH2S02), 4.02 
(d, 2 ,7=  7 Hz, CH2OH), and 
1.75 ppm (s, 3, CH3C=C)

N 6.21

« Crude product, >95% pure by NMR. * Overall yield of pure compound based on chloro acetate 5. c Overall yield of pure 
compound based on p-toluenesulfonyl chloride via chloro sulfone 8 .

S02Ar S02Ar SOzPh
16 17 18

undergo almost exclusive 7 -alkylation. The acetoxy sulfones 
6 (precursors of 1) do not alkylate by either mode, but elimi
nate acetate rapidly under alkylation conditions to afford 
dienes 7.

The yield of C20 hydroxy sulfone 3 obtained in this reaction 
was found to depend to some extent upon the arylsulfonyl 
substituents and particularly upon the reaction conditions.

Substituent Variations (Table III). In initial studies, 2 
equiv of n -butyllithium was added to a solution of the hydroxy 
sulfone in THP at —70 °C followed by slow, dropwise addition 
of the C15 chloride 2a in ether. After 1 h at —70 °C and then 
warming to 0-25 °C, the reaction mixtures were quenched 
with water and extracted with ether. The crude products were 
chromatographed to give the substituted C20 sulfones 3. The 
various substituted sulfones alkylated similarly to the phenyl 
sulfone la except for the trifluoromethyl compound lc (low 
yield, 3c unstable toward chromatography) and 2-pyridyl 
compound I f  (eliminated to form diene 7f). The somewhat 
higher yield observed with the dimethylamino compound Id 
may result from the amino group scavenging HC1 from the 
decomposition of some excess C15 chloride prior to chroma
tography.

Since the p-tolyl (lb) and p-methoxy (lc) compounds gave 
the highest yields of vitamin A in the subsequent elimination

step (vide infra), the alkylation of these two compounds was 
studied in detail with respect to base, halide, temperature, and 
mode of addition.

Alkylation with p-Tolyl Hydroxy Sulfone lb. Varia
tions of Base and C 15 Halide (Table IV). In the alkylation 
of the p-tolyl hydroxy sulfone lb with the C15 chloride 2 a and 
n-butyllithium, unreacted lb was isolated after alkylation 
even though the dianion formation was complete at —70 °C 
(D2O-DOAC exchange). Apparently, the rates of alkylation 
and base-promoted dehydrohalogenation of 2 a are similar at 
—70 °C. Higher reaction temperatures isomerized both C5 and 
C20 sulfones. Thus, generation of the dianion lc with n-bu- 
tyllithium at —20 °C in THF led to isomerization of the C5 
component prior to alkylation with C15 chloride 2a. Similarly, 
formation of the dianion and alkylation at —70 °C followed 
by warming the mixture to room temperature overnight gave 
mainly the 2-cis C20 sulfone. No difference was seen between 
reactions run at -5 0  and —70 °C. Apparently, the dianion 1 
has considerable stability toward cis/trans isomerization below 
-5 0  °C.

Because of its probable greater reactivity, the C15 bromide 
2 b was substituted for the chloride 2 a in a butyllithium al
kylation with little effect on the yield (33%). Changes in the 
base used, however, had a dramatic effect on the yield of sul
fone in alkylation with the bromide 2b. Thus reaction  o f 
sulfone lb and bromide 2 b with 2 equiv o f  lithium diiso- 
propylam ide in tetrahydrofuran at —7 0 °C  gave the desired  
C20 product 3b in 8 3 -84% yield. Under the same conditions, 
chloride 2a gave a 38% yield of product, while a mixture of 
chloride 2a and 10 mol % of lithium bromide gave a 50% yield



3290 J. Org. Chem., Vol. 41, No. 20,1976 Olson, Cheung, Morgan, Neukom, and Saucy

Table III. Preparation of C20 Sulfones via C15 Chloride with Butyllithium
OH

Compd Ar Yield, % Triene Aryl NMR (CDC13), 5 found, %
3a C6Hs 42 272-273 (16 800) 215 (18 200) 7.95-7.43 (m, 5, aromatic), C 72.77 H 8.47

5.93 (s, 2, C8 and C9 vinyl 
H’s), 5.33 (t, 1, J =  7 Hz,
C2 vinyl H), 5.17 (t, 1,
J  = 7 Hz, C6 vinyl H), 4.03 
(d, 2, J =  7 Hz, CH2OH),
3.57 (m, 1, C4 H), 2.83 
(m, 2, Cs CH,), and 0.98 
ppm (s, 6,gem-CH3’s)

3b p-CH3C6H4 41 262 (17 070) 228 (25 740) 7.70 and 7.30 (AA'XX', 4, C 73.51 H 8.95
J  =  8 Hz, aromatic), 5.97 S 6.79 
(s, 2, C8 and C, vinyl H),
5.42 (t, 1, =1= 6 Hz, C2 
vinyl H), 5.14 (t, 1, J  =  7 
Hz, C6 vinyl H), 4.10 (d, 2,
J =  6 Hz, CH2OH), 3.56 
(m, 1, C4 H), 2.44 (s, 3,
CHjAr), 1.77, 1.73, and
1.66 (3 s, 9, vinyl CH3’s), 
and 0.98 ppm (s, 6, gem- 
CH3’s)

3c p-OCH3C6H4 35-40 260 (16 515) 241-242 (24 625) 7.74 and 6.96 (AA'XX', 4, C 71.29 H 8.35
J  = 8 Hz, aromatic), 5.96 S 6.51 
(s, 2, C8 and C9 vinyl H),
5.31 (t, 1, J =  7 Hz, C2 
vinyl H), 5.12 (t, 1, J =  7 
Hz, C6 vinyl H), 4.06 (d,
2, J =  7 Hz, CH2OH), 3.84 
(s, 3, OCH3), 3.50 (m, 1,
C4 H), 2.81 (m,2, C5CH2),
1.63, 1.71, 1.75 (3 s, 9, 
vinyl CH,’s), and 0.97 
ppm (s, 6 ,gem -CH3's)

3d p-N(CH3)2C6H4 57 283-284(35 600) 7.63 and 6.63 (AA’XX1,4 , C 71.05 H 8.65
J  = 9 Hz, aromatic), 5.96 N 2.81 S 6.51 
(s, 2, C8 and C9 vinyl H),
5.41 (t, 1, J =  7 Hz, C2 
vinyl H), 5.15 ( t , l ,J=7  
Hz, C6 vinyl H), 4.10 (d,
2 , J  =  7 Hz. CH2OH), 3.50 
(m, 1, C4 H), 3.03 [s, 6,
N(CH3 )J, and 0.99 ppm (s,
6, gem-CH3’s)

3e p-CF3C6H4 3.5 264-266 200-205 8.13-7.50 (m, 4, aromatic),
5.97 (s, 2, Ca and C9 vinyl 
H), 5.33 (t, 1 , J =  7 Hz,
C2 vinyl H), 5.10 (t, 1,
J  = 7 Hz, C6 vinyl H),
4.04 (d, 2, J  =  7 Hz,
CH2OH), 3.57 (m, 1,
C4 H), and 0.99 ppm (s, 6, 
ge/n-CH3’s).

3f 0

of product. Yields with other hindered amine bases were 
similarly high, regardless of the mode of addition (prefor* 
mation of the dianion was unnecessary). These carefully de
fined working conditions for the tolyl sulfone lb were subse
quently tried with the p-methoxyphenyl compound lc with 
a resulting 38% yield of adduct 3c. Clearly the alkylation of 
C5 hydroxy sulfones 1 is a reaction in which a delicate balance 
between rates of alkylation and dehydrohalogenation exists

so that slight changes in the acidity of the sulfone11 and its 
nucleophilicity due to substituent and medium effects can 
dramatically influence the product yield.

Elimination Step. Vitamin A Acetate Preparation 
(Table V). The elimination of sulfinic acid in 3 to afford vi
tamin A alcohol occurs smoothly and in high yield for the 
p-tolyl and p-methoxyphenyl sulfones 3b and 3c with an ex
cess of sodamide (5 equiv) in liquid ammonia containing
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Table IV. Alkylation o f  p -Tolyl Sulfone lb with C, 5 Halides 2. Comparison o f  Bases

No. Base mmol C 15 halide, m m ol
C5 sulfone, 

mmol M ode o f  addition Yield, %
1 BuLi 26.0 Cl 19.7 13.0 Cl to dianion 41
2 BuLi 9.5 Br 5.3 4.2 Base to  substrates 33
3 LDA 9.8 Cl 5.7 4.2 Base to  substrates 31.5
4 LDA 44.0 Br 25.0 21.0 Base to substrates 84
5 LDA 44.0 Br 25.0 21.0 Rapid addition o f  Br 

to  dianion
83

6 LDA 9.8 Cl
(+10 m ol % 

LiBr)

5.7 4.2 Base to  substrates 50

7 LiNEt2 19.7 Br 11.4 8.3 Base to substrates 68
8 KO-f-Am 9.6 Br 5.5 4.2 Base to substrates 14.4
9 LiN(SiMe3)2 19.0 Br 8.75 8.33 Base to substrates 74 (16%  unreacted lb)

10 NaN(SiMe3)2 11.5 Br 4.3 4.2 Base to  substrates 62 (21% unreacted lb)
11 NaNH2 21.0 Br 15.8 8.3 Bromide to  dianion 14.4
12 NaC6H5 11.6 Br 5.40 4.15 Bromide to dianion 35 (43% unreacted lb)

S02Ar
3

Table V. Preparation o f  Vitamin A Acetate 
OH OR

4 i

OAc

Yields“ (HPLC analysis)1l 2

9-cis +
Compd Ar Conditions 9,13-di-cis 11-cis 13-cis R etrob All-trans Total

3a c 6h 5 KOH, H20 ,  n-BuOH, 1 2 0° C 2 10 17 29
NaNH2, NH3 anhydrous 0
NaNHj, NH3, t-BuOH 4 2 45 51

3b p-CH 3C6H4 NaNH2, NH3, f-BuOH 3 1 0.2 4 67 75.2
3c p-OCH 3C6H4 NaNH2, NH3, f-BuOH 1 1 6 65 73
3d p-N (CH 3)2C6H4 NaNH2, NH3, f-BuOH 2 1 4 50 57
3e P-CF3C6H4 NaNH2, NH3, f-BuOH 1.4 1.5

a O f derived acetate; see Experimental Section. * Retro vitamin A  = i. Found to  be due to  isomerization o f  vitamin A  a lco
hol during prolonged reaction times in the elimination step.

tert -butyl alcohol. In the absence of alcohol, sulfone is re
covered unchanged, suggesting that reprotonation of the 
acidic ff-sulfonyl anion formed in a rapid initial step is es
sential. Substituent effects on the yield of vitamin A alcohol 
are observed (Table V), and although the yield is not a mea
sure of reaction rate, the expected trend toward elimination 
of more acidic sulfinic acids faster and in higher yields is ob
served. Other alkaline conditions30 afford lower yields, and 
interestingly, the isomeric sulfones 3c (sulfonyl at C-d do not 
eliminate under sodamide-ammonia-ferf-butyl alcohol 
conditions.

Crude vitamin A alcohol obtained from the elimination 
reaction was acetylated with acetic anhydride-triethylamine 
and the crude vitamin A acetate was analyzed by HPLC12 to 
determine yields and isomeric composition. The results (Table
V) show the crude reaction product to be surprisingly free of 
isomeric impurities. A small amount of “ retro” vitamin A 
acetate observed in some cases was found to be due to pro
longation of the reaction time after complete elimination. The 
low content of 9-cis/9,13-di-cis isomers reflects the stereo
chemical integrity of the C15 halide prepared by the above- 
described procedure.

The high yield in the alkylation and the very pure crude 
vitamin A acetate obtained by the elimination-acetylation, 
procedure utilizing the p-tolyl sulfone lb  suggested that the 
synthesis could be carried out without chromatographic pu
rification of the intermediates. Indeed, alkylation of the crude 
C15 bromide 2b with p-tolyl sulfone lb  afforded the crude C20 
sulfone 3b which, after trituration with hexane and remove

a small amount of C35 hydrocarbon by-product (17), was 
eliminated and acetylated to afford crude vitamin A acetate 
in an overall yield (by HPLC) of 67-68%  based on vinyl-/3- 
ionol (14) and 72-73%  based on hydroxy sulfone lb.

By virtue of the high all-trans isomer content, the crude 
acetate crystallized from cold methanol in a very high weight 
yield. Crystalline samples were assayed by direct uv and 
Morton-Stubbs procedures13 relative to the standard14 for 
all-trans vitamin A acetate (2.906 X 106 IU/g). Thus, crys
tallization of the crude acetylation product from methanol 
afforded all-trans vitamin A acetate (assay 91.2-91.4%) in
63-65 and 67-70% overall yield based on vinyl-/3-ic>nol (14) and 
hydroxy sulfone lb, respectively.

Experimental Section
Melting points were determined on a Kofler hot stage microscope 

and are uncorrected. Spectral measurements were performed on the 
following instruments: NMR, Varian T-60, HA-100, and X L -100 
spectrometers using Me4Si as internal standard and CDCI3 as solvent; 
ir, Beckman IR 9 and Perkin-Elmer Model 621 and 237B spectro
photometers with CHCI3 as solvent or as a liquid film; uv, Cary Model 
14 and Perkin-Elmer Model 202 spectrophotometers with 2-propanol 
as solvent. Gas chromatographic analyses were performed on Hew
lett-Packard Model 402B or 5721A instruments equipped with flame 
ionization detectors. High-pressure liquid chromatographic analyses 
(HPLC) were performed on apparatus constructed by members of 
our Physical Chemistry Department on silica gel columns impreg
nated with oxydipropionitrile12 with uv monitoring at 254, 280, and 
350 nm and using naphthalene as internal standard and crystalline, 
all-trans vitamin A acetate (Hoffmann-La Roche Inc.) as reference 
compound. The progress of reactions was generally followed by TLC
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on Brinkmann silica gel GF 254 plates using uv and ceric sulfate spray 
followed by heating to detect spots. Products were isolated in general 
by extraction or dilution of the reaction mixture with the indicated 
solvent, washing, where appropriate, with H2O, 20% HC1, saturated 
NaHCOs, and brine, drying (MgS04), and solvent removal on a rotary 
evaporator at 30-50 °C. Column chromatography was carrisd out on 
Merck 0.05-0.2 mm silica gel or Woelm alumina, grade III. Tetrahy- 
drofuran (THF) was dried by passage through Woelm neutral alu
mina, grade I. Lithium diisopropylamide (LDA) solutions were pre
pared from diisopropylamine (distilled from CaH2) and n -butyl- 
lithium (Ventron Corp.) and were titrated15 before use.

Preparation o f trans-l-ArylsulfonyI-2-methyl-4-acetoxy- 
2-butenes (G) from 5. General Procedure. Acetoxy sulfones G 
(Table I, method A) were prepared by warming a suspension of the 
sodium or lithium arylsulfinate (1.2 mol) in dry dimethylformamide 
(DMF) at 60 °C with chloro acetate 5 (1.0 mol) for 3-6 h. Concentra
tion of the suspension to % the original volume and dilution of the 
concentrate by pouring onto 10 volumes of ice water precipitated the 
crude product 6. Filtration and dissolution of the filtrate in ethyl 
acetate, drying (MgS04), and evaporation of the solvent afforded 
sulfones 6 in 90-95% yield, >95% pure by NMR. Analytically pure 
samples were obtained by recrystallization from methanol, ether, 
and/or ethyl acetate.

trans-l-p-Toluenesulfonyl-2-methyl-4-acetoxy-2-butene (6b).
By the above method, sodium p-toluenesulfinate (273.0 g, 1.54 mol, 
Aldrich, 97%) and chloro acetate 5 (215.4 g, 1.33 m ol) in 1100 ml of 
DMF at 60 °C for 4.75 h afforded 357.0 g of crude acetoxy sulfone 6b 
as a waxy solid (95% yield). Recrystallization of a portion from 
methanol afforded an analytical sample, mp 56.5-59 °C.

Preparation o f lb  from Isoprene via Chloro Sulfone 8 (Table 
I, Method B). By the published procedure58, p-toluenesulfonyl 
chloride (38.2 g, 0.2 mol) and isoprene (15.0 g, 0.22 mol) afforded a 
mixture of chloro sulfones 8-10 (49.4 g, 95%), mp 59- 79.5 °C. Re
crystallization of a 47.1-g portion from ether (235 ml) gave colorless 
crystals of the mixture of 8 and 10 (34.74 g, 74%), mp 68-83 °C, in a 
4:1 ratio. In a similar experiment, slow crystallization from ethanol 
of 20.7 g of crude product afforded pure 8 (6.95 g, mp 86-88 °C): NMR 
<5 7.29 and 7.68 (AA'XX', 4, J  = 8.5 Hz, aromatic), 5.30 (t, 1, J = 8 Hz, 
HC=C), 3.96 (d, 2, J  = 8 Hz, CH2C1), 3.70 (s, 2, CH2S 0 2), 2.40 (s, 3, 
CH3Ar), and 1.82 ppm (s, 3, CH3C=C); ir 1320 (S02) and 1175-1138 
cm-1 (S02).

Anal. Calcd for C12H15S 02C1: C, 55.70; H, 5.84; Cl, 13.70; S 12.39. 
Found: C, 55.77; H, 5.87; Cl, 13.68; S, 12.22.

Chromatography of the mother liquor from the ether crystallization 
afforded cis isomer 9 (85% pure) as an oil: NMR 5 7.78 and 7.32 (AA'
XX', 4, J  = 8 Hz, aromatic), 5.76 (t, 1, J = 8 Hz, HC=C), 3.85 (s, 2, 
CH2S 02), 3.77 (d, 2, J = 8 Hz, CH»C1), 2.45 (s, 3, CH3Ar), and 1.85 
ppm (s, 3, CH3C=C).

To a mixture of chloro sulfones 8 and 10 (25.59 g, 0.1 mol) was added 
sodium acetate (51.2 g, 0.62 mol) and glacial acetic acid (360 ml). The 
mixture was refluxed for 5.25 h, poured into water, and neutralized. 
The crude acetate (26.35 g, 94%) was filtered off and a 20-g portion 
was warmed in methanol, filtered to remove insoluble material, and 
saponified (60 ml of methanol, 60 ml of water, 20.0 g of sodium car
bonate; 3 h, 0-5 °C). Isolation with ethyl acetate gave crude hydroxy 
sulfone lb  (15.45 g, 94%). Crystallization of a 15.22-g portion from 
ether gave pure lb  (10.82 g, 43% based on p-toluenesulfonyl chlo
ride).

Reaction of 9 (0.101 g, 0.39 mmol) with sodium acetate (0.214 g, 2.6 
mmol) in acetic acid (1.5 ml) at reflux for 28 h afforded cis acetoxy 
sulfone 13 (0.105 g, 95% crude): NMR 6 7.79 and 7.35 (AA'XX', 4, J  
= 8 Hz, aromatic), 5.65 (t, 1, J = 7 Hz, HC=C), 4.20 (d, 2, J = 7 Hz, 
CH2OAc), 3.93 (s, 2, CH2S 02), 2.47 (s, 3, CH3Ar), 2.00 (s, 3, CH3CO), 
and 1.87 ppm (s, 3, CH3C=C).

Preparation o f Cis Acetoxy Sulfone 13 from 12.2 To a solution 
of diisobutylaluminum hydride (1.24 ml of a 25% toluene solution, 2.2 
mmol) at 0 °C was added the ester 12 (0.209 g, 0.73 mmol, 1:1 eis/trans 
mixture) in toluene (1.8 ml). After 30 min at 0-5 °C the mixture was 
quenched with saturated NH4C1 and the products isolated with ethyl 
acetate to give 0.145 g (82%) of a colorless solid from which the trans 
hydroxy sulfone lb  crystallized. To a solution of the mother liquors 
from a similar crystallization (80% cis isomer, 0.156 g) in pyridine (1.5 
ml) was added acetic anhydride (0.36 ml). The solution was warmed 
to 45 °C for 3 h and poured onto ice and the acetoxy sulfones (0.167 
g, 92%, 3:2 mixture of Gb and 13) were isolated using ethyl acetate. The 
NMR peaks not assignable to 6b were identical with the resonances 
observed in the product 13 of acetolysis of the cis chloro sulfone 9.

Preparation o f irans-l-p -T oluenesulfonyl-3-m ethyl-4- 
chloro-2-butene (10). Compound 10 was prepared6 from sodium 
p-toluenesulfinate and l,4-dichloro-2-methyl-2-butene: NMR 5 7.77

and 7.35 (AA'XX', 4, J = 8 Hz, aromatic), 5.60 (t, 1, J = 7 Hz, HC=C), 
3.98 (s, 2, CH2C1), 3.83 (d, 2, J = 7 Hz, CH2S 02), 2.48 (s, 3, CH3Ar), 
and 1.48 ppm (s, 3, CH3C=C ).

Preparation o f trans-l-AryIsulfonyl-2-m ethyl-4-hydroxy-
2-butenes (1) from 6. General Procedure, LiAlH4 Reduction.
Hydroxy sulfones 1 (Table II, method B) were prepared by addition 
of a THF solution of the crude acetoxy sulfones 6 (1 mol) to a -2 0  °C 
suspension of lithium aluminum hydride (0.5 mol) in THF. After 0.5 
h at -2 0  °C excess hydride and aluminates were decomposed with 
saturated Na2S 04 or MgS04 and the supernatant solutions were fil
tered, dried (MgS04), and concentrated to give the crude hydroxy 
sulfones in the yields given in Table II.

Saponification o f Acetoxy Sulfones 6 to Hydroxy Sulfones 1 
with Sodium Carbonate. General Procedure. Hydroxy sulfones 
1 (Table II, method A) were prepared by adding a 25% aqueous so
lution of sodium carbonate in portions to a cold (0-5 °C) solution of 
the crude acetoxy sulfones G in methanol such that the resulting so
lution was 20% water and 80% methanol. After stirring for 3-5 h the 
mixture was filtered, concentrated to % volume, and poured onto 3-4 
volumes of H20. Isolation with ethyl acetate gave crude hydroxy 
sulfones 1 which were purified by crystallization from ether-ethyl 
acetate mixtures to afford 1 in the yields given in Table II.

trans-l-p-ToIuenesulfonyl-2-m ethyl-4-hydroxy-2-butene 
(lb ). By the above method a solution of crude acetoxy sulfone 6b 
(346.8 g, 1.22 mol) in methanol (2.21.) was cooled to 5 °C and a solution 
of sodium carbonate (194 g, 1.83 mol) in water (555 ml) was added with 
stirring in four portions, maintaining a temperature of 0-5 °C during 
the addition and for an additional 4.25 h. The mixture was filtered 
to remove sodium acetate and the filter cake was washed with ethyl 
acetate (100 ml). The filtrate was concentrated to a 600-ml volume, 
diluted with water (21.), and extracted with ethyl acetate (3 X 700 ml). 
The combined extracts were washed with brine, dried (MgS04), and 
concentrated to give 288 g (97%) of crude lb  as a white solid (80% pure 
by NMR). The crude lb  was recrystallized from ether (1800 ml) 
containing ethyl acetate (50 ml) to give 198.8 g (69% yield) of lb , mp 
59-64 °C. Recrystallization of a small portion from ether afforded 
analytically pure lb , mp 62.5-65 °C.

Preparation o f lb  by Silver Carbonate Solvolysis of 8. A mix
ture of chloro sulfone 8 (0.1 g, 3.86 mmol), silver carbonate (0.1 g), 
water (1.0 ml), and acetone (3 ml) was warmed to 60 °C for 5 h. The 
mixture was cooled, filtered, and concentrated. The resulting oil was 
dissolved in ethyl acetate and the solution was washed with water and 
brine and dried (MgS04). Evaporation of the solvent gave hydroxy 
sulfone lb  as a white solid (0.09 g, 97%, >90% pure by NMR).

Preparation of l-Bromo-3-methyl-5-(2,6,6-trimethylcyclo- 
hexen-l-yl)penta-2,4-diene (2b). To a -7 0  °C cooled solution of 
vinyl-/3-ionol (14, 26.75 g, assay 92.2%, 0.112 mol as 100%) in anhy
drous ether (275 ml) was added over 1.5 min an ethereal solution of 
hydrogen bromide (32 ml of 4.12 M solution, 0.132 mol, prepared by 
bubbling HBr into ether at 0 °C until approximately 4 M and then 
titrating). The solution became pink and warmed to —60 °C during 
the addition and a red liquid was deposited on the walls of the flask 
(H20  + HBr). After 15 min at —70 to —75 °C, the cooling bath was 
removed and the solution was warmed to —15 °C over 15 min with a 
warm air blower. After 3 min at —15 °C, the reaction was quenched 
by the addition of water (100 ml) whereupon the temperature rose 
to 5 °C. The mixture was transferred to a separatory funnel and the 
aqueous layer was drawn off. The pale yellow ether solution was 
washed with saturated sodium bicarbonate (75 ml) and was dried over 
MgS04 to which K2C 03 (1 g) had been added. The solution was fil
tered into a 1-1. flask and the solvent was removed on a rotary evap
orator with the bath kept below 30 °C until a volume of ca. 60 ml was 
reached. The weight of the solution was 63 g.

In another experiment, an aliquot of the ether solution was replaced 
by CC14 by successive dilutions and evaporations in an N2 stream: 
NMR 5 1.00 (s, 6, gem-CH3’s), 1.65 (s, 3, ring CH3), 1.86 (s, 3, vinyl 
CHs), 4.03 (d, 2, J  = 8 Hz, CH2Br), 5.63 (t, 1, J = 8 Hz, H2), and 6.00 
ppm (s, 2, H3 and H4).

1-Chloro-3-methyl-5-(2,6,6,-trim ethylcyclohexen-1-y l) pen- 
ta-2,4-diene (2a). The chloride was prepared in the same manner as 
the bromide 2b except ethereal HC1 was used intead of HBr: NMR 
5 1.00 (s, 6,gem-CH3’s), 1.65 (s, 3, ring CH3) 1.86 (s, 3, vinyl CH3), 4.07 
(d, 2, J  = 8 Hz, CH2C1), 5.53 (t, 1, J  = 8 Hz, H2), 6.00 ppm (s, 2, H3 and 
H4).

Preparation o f l-H ydroxy-3,7-dim ethyl-4-arylsulfonyl-9- 
(2,6,6-trimethylcyclohexen-l-yl)nona-2,6,8-trienes (3). General 
Procedure for Butyllithium Alkylation with Chloride 2a. A so
lution of butyllithium in hexane was added over 30-45 min to a stirred, 
—70 °C solution of the C5 hydroxy sulfones 1 dissolved in THF. After 
an additional 30-40 min, a solution of the C15 chloride 2a was added
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in THF at -70  °C and the reaction mixture was stirred at -70  °C for 
ca. 1 h. The product was isolated by allowing the reaction mixture to 
warm to 0 °C over 15 min, pouring onto dilute HC1, and extracting 
with ethyl acetate or ether. After washing with bicarbonate and brine 
and drying (MgS04), the solvent was evaporated to give the crude 
product which was chromatographed on alumina (III) or silica gel to 
give the pure C20 hydroxy sulfones 3 in the yields and with the prop
erties given in Table III.

Alkylation with Other Bases (Table IV). The sulfone lb  and 
freshly prepared Cj5 halide 2a or 2b were stirred in THF at —70 °C 
during the addition of a freshly prepared solution of base over 15-60 
min, or in the indicated experiments, the base was added at —70 °C 
to a THF solution of the hydroxy sulfone and the resulting solution 
was stirred for 15 ^ 5  min prior to addition of the freshly prepared Cis 
halide. Crude products were isolated by chromatography as described 
in the butyllithium procedure above. Yields of C20 sulfone 3b are given 
in Table IV.

Elimination Reactions (Table V). To a suspension of sodamide 
(4-10 mol) in liquid NH3 at reflux was added t e r t -butyl alcohol fol
lowed by an ether solution of the C20 hydroxy sulfones 3 (1  mol) (Table 
V). After 1- 1 .5  h, NH4CI was added and the NH3 was evaporated. 
Water was added to the residue and the mixture was extracted with 
ether. The combined extracts were washed with brine, dried (MgS04), 
and concentrated to give crude vitamin A alcohol. The crude alcohol 
was dissolved in pyridine and was treated at —20 °C with acetyl 
chloride in dichloromethane and stirred at —15 to —20 °C for 20 min. 
The mixture was poured onto ice water and was extracted with ether. 
The extracts were washed with bicarbonate, saturated cupric sulfate, 
and brine and dried (MgS04). A crystal of BHT and a drop of pyridine 
were added and the solvent was removed to give crude vitamin A ac
etate which was assayed12’13 by uv and HPLC (Table V).

Preparation o f Vitamin A Acetate through Process via B ro
mide 2b and p - Tolyl Sulfone lb. To a solution of hydroxy sulfone 
lb  (25.0 g, 0.104 mol, mp 59-64 °C) prepared as described above in 
dry THF (125 ml) at -70  °C was added the crude bromide solution 
(2b plus ether, 63 g) from 0.112 mol of vinyl-d-ionol (14). The solution 
was stirred in a dry ice-acetone bath and a THF solution of lithium 
diisopropylamide (1.33 M, 0.226 mol) was added with vigorous stirring 
over 5 min. After 25 min at —75 °C the cooling bath was removed and 
the reaction mixture (at ca. —60 °C) was poured into a separatory 
funnel containing 1 1. of ice and H2O. The mixture was extracted with 
ether (2 X 750 ml) and the combined extracts were washed with HC1 
(2.4%, 11.) and brine (2 X  500 ml) and were dried (MgS04). Pyridine 
(1 .0  ml) was added, and the mixture was filtered and concentrated 
in vacuo to give a crude orange oil (50.71 g). To the crude oil was added 
hexane (50 ml) and the two-phase mixture was stirred and cooled to 
—20 °C for 2 h. The mixture was briefly cooled in a —70 °C bath to 
solidify the crude sulfone and the hexane was decanted. The tritu
ration was repeated (50 ml of hexane) and the residual crude sulfone 
(48.2 g) was dissolved in ether (225 ml).

The solution was added over 15 min to a rapidly stirred suspension 
of powdered sodamide (21.65 g, 0.555 mol, Ventron) in 450 ml of liquid 
NH3 to which ieri-butyl alcohol (96 ml) had been added. The mixture 
was stirred at reflux (—33 °C) for 70 min. Ammonium chloride (18.5 
g) was added followed by ether (250 ml) and the NH3 was evaporated 
(adding ether as needed to replenish that lost by evaporation) until 
the mixture came to 0 °C. The mixture was poured into a separatory 
funnel containing ice water (500 ml). The organic layer was separated 
and the aqueous layer extracted with ether (300 ml). The combined 
organic solutions were washed with brine (600,300 ml) and were dried 
(MgS04). Evaporation of the ether at aspirator pressure and the 
t e r t -butyl alcohol at 0.1 mm afforded crude vitamin A alcohol (35.62 
g)-

The crude material was dissolved in hexane (106 ml) and the so
lution was degassed (Ar) and triethylamine (21.61 ml) was added. 
Acetic anhydride (19.35 ml) was added to the solution over 15 min and 
the solution was degassed again and was stirred at room temperature 
overnight in the dark. The solution was then cooled to 0-10 °C during 
the addition (10 min) of 10% sodium carbonate solution (106 ml). After 
stirring for 30 min at room temperature, additional 10% sodium car
bonate (30 ml) was added to bring the pH of the aqueous layer to 7.5. 
The layers were separated and the hexane layer was washed with H20  
(2 X 35 ml). The aqueous washes were extracted with hexane (30 ml)

and the combined hexane solutions were dried (MgS04). After fil
tration, pyridine (0.3 ml) and a few crystals of BHT were added and 
the hexane was removed on a rotary evaporator under subdued light 
at <30 °C to afford crude vitamin A acetate as a dark orange oil (36.34 
g). The crude acetate was dissolved in methanol (35 ml) and the so
lution was stirred mechanically at 2-3 °C and after 1 h was seeded 
with a crystal of all-trans vitamin A acetate whereupon crystallization

Yield, %
Isomer ratio 

(HPLC), 
all-trans : 

9-cis/ 
9,13-di-cis

Based 
on lb

Based 
on 16

Purity 
(uv), %

Crude oil 
Crystals

106
70.3 65.3

73.4
91.4

98 .5 :1 .5
98 .8 :1 .2

commenced. After 18 h at 2-3 °C and 4 h at —20 °C the slurry was 
filtered and the crystals were washed with cold (—20 °C) methanol 
(35 ml). The solid was dried in vacuo to afford 24.01 g of light yellow, 
crystalline vitamin A acetate, mp 53-58 °C (lit.14 57-58 °C).

Recrystallization of a 10-g sample of the mp 53-58 °C acetate from 
85:15 methanol-pentane at 0 °C overnight afforded a first crop of 6.10 
g of crystals, mp 56.5-60 °C, uv assay 99%.
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Three routes leading to 1,3-bishomoadamantane (3) have been developed. Homologation of homoadamant-4- 
en-2-one (9) by the Evans modification of the Tiffeneau-Demjanov ring expansion reaction gives a 90:10 mixture 
of tricyclo[4.4.1.13’9]dodec-7-en-4-one (11) and tricyclo[4.4.1.13'9]dodec-7-en-5-one (12), respectively. Reduction 
of 11-12 with sodium borohydride, followed by treatment of the resulting mixture of alcohols with phosphoryl chlo
ride in pyridine, provides tricyclo[4.4.1.18'9]dodeca-4,7-diene (23). Catalytic hydrogenation of 23 affords 3. Alterna
tively, homologation of 2-homoadamantanone by the same sequence of reactions employed for 9 —« 11-12 gives a 
mixture of tricyclo[4.4.1.13-9]dodecan-4-one (25) and tricyclo[4.4.1.13’9]dodecan-5-one (26) which upon W olff- 
Kishner reduction provides 3. Finally, subjecting 25-26 to the same sequence of reactions utilized for 11-12 -»  23 
affords tricyclo[4.4.1.13,9]dodec-4-ene which gives 3 upon catalytic hydrogenation.

Insertion of a methylene group into any one of the carbon- 
carbon bonds in adamantane (Td symmetry) gives but a single 
“homoadamantane” (1). By contrast, analogous homologation 
of 1 (Cïu or C2 symmetry)2 can afford three bishomoada-

mantanes (2-4). Sasaki has suggested the trivial names of 1,1-,
1,3-, and 1,5-bishomoadamantane, respectively, for these 
hydrocarbons.3 Unequivocal syntheses of 23 and 44 have ap
peared and these compounds have been thoroughly charac
terized. However, the only reported synthesis of 3 is tenuous.3 
Treatment of an alcohol, presumed to have structure 5, with 
phosphorus tribromide in n-hexane-benzene at 5-30 °C for 
20 h gave in 25% yield a 6.5:1 mixture of 3-bromomethylho- 
moadamantane (6) and a “ bridgehead bromide” (7), respec
tively. Subsequent reduction of this bromide mixture with

tri-n-butyltin hydride in cyclohexane at 80-85 °C for 20 h and 
with Raney Ni catalyst at 40-50 °C for 2 days provided 3-

methylhomoadamantane (8) and a minor product in a ca. 7.5:1 
ratio, respectively. Since the minor product was not 2, it was 
presumed to be 3. However, the minor product was not iso
lated or characterized. We now wish to report an independent 
and unequivocal synthesis of 1,3-bishomoadamantane.

Results and Discussion
The skeletal framework of 1,3-bishomoadamantane was 

readily generated by Tiffeneau-Demjanov ring expansion of 
homoadamant-4-en-2-one (9).5 Treatment of 9 with tri- 
methylsilyl cyanide,6 followed by reduction of the resulting 
trimethylsilyl cyanohydrin ether with lithium aluminum 
hydride, gave d-aminomethyl alcohol 10. The stereochemical

UCHO-SiCN

2.LÎA1H,

jNaBH,

HNO,

+

assignment of the substituents at C-2 in 10 follows from our 
earlier observation that sodium borohydride reduction of 
enone 9 gives 2-endo-homoadamant-4-enol (13) exclusively.5 
Treatment of 10 with nitrous acid provided in ca. 75% overall 
yield from 9 a 90:10 mixture of tricyclo[4.4.1.13>9]dodec-7- 
en-4-one (11) and tricyclo[4.4.1.13>9]dodec-7-en-5-one (12), 
respectively. Each of these enones shows a nonconjugated 
carbonyl absorption in the infrared at 1696 cm-1. The as
signment of the major product as the 7,0-unsaturated ketone 
and the minor product as the ¡8,7 -unsaturated ketone follows 
from the difference in chemical shift of the olefinic carbons 
in these compounds. As might well be expected, the difference
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in chemical shift of the olefinic carbons in the 7 ,¿-unsaturated 
ketone (3.07 ppm) is significantly less than that for the ft,7- 
unsaturated ketone (10.14 ppm).7 Moreover, the difference 
in chemical shift of the olefinic carbons in enone 9, a B,y- 
unsaturated ketone with a structure closely related to 12, is
10.84 ppm.7

Recently, Schleyer and his co-workers have noted that 
homologation of 2-noradamantanone (14) with diazomethane 
proceeds with regioselective ring expansion of 14 to give 5- 
protoadamantanone (17) in 90-96% yield and 95% purity with 
no detectable amount of 4-protoadamantanone (15) present.8

c h 2n 2
CH30H

The complete migrational selectivity in intermediate 16 
suggests a strong conformational preference of the two-carbon 
bridge in the protoadamantane products, i.e., migration of 
C1-C 2 in 16 would lead to a transition state resembling ketone 
15, whereas C2-C 3 bond migration in 16 would give 17. Indeed, 
force field calculations on protoadamantane indicate that the 
conformation similar to 15 is ca. 6 kcal/mol higher in energy 
than the conformation resembling 17.8 It would appear that 
a similar analysis might explain the preferred migration of the 
C2-C 3 bond in 18 to give 11 as the major product. It follows

10

1

that the preferred conformation of tricyclo[4.4.1.13’9]dodec-
4-ene (27) probably resembles 11 rather than 12.

The synthesis of 1,3-bishomoadamantadiene (23) from
11-12 is straightforward. Sodium borohydride reduction of 
a 90:10 mixture of 11-12 gives a mixture of the corresponding 
alcohols (19-20) which when treated with phosphoryl chloride 
in pyridine at 5-15 °C affords a mixture of the corresponding 
chlorides (21-22) and diene 23 in a ratio of 45:55, respectively. 
If the mixture of reaction products is stirred with 1,5-diaza- 
bicyclo[4.3.0]non-5-ene (DBN) at 110 °C for 5 days,9 the ex
clusive product is 23. By this sequence of reactions, 23 can be 
obtained in ca. 40% overall yield from 11-12. Consistent with 
the presence of a plane of symmetry in 23, the 13C NMR

11-12

spectrum of 23 contains only eight signals with four of the 
signals being twice as intense as the others.

Catalytic hydrogenation of diene 23 affords 1,3-bisho- 
moadamantane (3). The 13C NMR spectrum of 3 is consistent 
with the assigned structure. Alternative synthetic routes to 
3 are summarized in Scheme I. Tiffeneau-Demjanov ring

Scheme I

expansion of 2-homoadamantanone5 (24) by the same se
quence of reactions employed for 9 —* 11-12 provides in ca. 
70% yield a mixture of tricyclo[4.4.1.13-9]dodecan-4-one (25) 
and tricyclo[4.4.1.13’9]dodecan-5-one (26). Attempts to sep
arate 25 and 26 by GLC were unsuccessful. However, it is 
apparent that the mixture is highly enriched in 25 as catalytic 
reduction of a 90:10 mixture of 11-12 gives a mixture of 25 and 
26 that cannot be differentiated from the product mixture 
obtained upon homologation of 24. Wolff-Kishner reduction 
of 25-26 gives 3.

A third route to 3 is via 1,3-bishomoadamantene (27). 
Subjecting a mixture of 25 and 26 to the sequence of reactions 
employed for 11-12 -»• 23 gives 27 in ca. 50% yield. Olefin 27 
can also be obtained by Clemmensen reduction of 11-12 or by 
dechlorination of 21-22 with lithium in tert-butyl alcohol- 
tetrahydrofuran.10 Catalytic hydrogenation of 27 gives 3.

Experimental Section
Infrared spectra were obtained on Perkin-Elmer 180 or 337 spec

trophotometers and proton magnetic resonance spectra were recorded 
with Varian A-60A or Perkin-Elmer R-12B 60-MHz spectrometers. 
Carbon magnetic resonance spectra were taken at an operating fre
quency of 22.63 MHz on a Bruker HFX-90 spectrometer equipped 
for Fourier transform pulsed NMR with a Nicolet 1085 data system. 
Electron-impact mass spectra were obtained with a Du Pont CEC
21-110B mass spectrometer. Unless noted otherwise, yields were 
obtained by integration of appropriate signals in the XH NMR spec
trum of the product(s) vs. the signal of a predetermined amount of 
added standard (generally trichloroethylene) and are regarded as 
being accurate to ca. ±10%. Elemental analyses were performed b' 
Micro-Analysis, Inc., Wilmington, Del.



3296 J. Org. Chem., Vol. 41, No. 20,1976 Polley and Murray

Tricyclo[4.4.1.13’9]dodec-7-en-4-one (11) and Tricyclo- 
[4.4.1.l3'9]dodec-7-en-5-one (12). 18-Crown-6 (106 rag) and potas
sium cyanide (25 mg) were dissolved in 2 ml of anhydrous methanol. 
Evaporation of the solvent at reduced pressure gave a white, waxy 
solid. This catalyst and trimethylsilyl cyanide (4.3 g, 0.04 mol) were 
added to homoadamant-4-en-2-one5 (9, 2.0 g, 12 mmol) and the re
action mixture was stirred at room temperature under nitrogen for 
72 h. The excess trimethylsilyl cyanide was removed from the reaction 
mixture by evaporation at reduced pressure to give a rust-colored 
viscous oil which showed no carbonyl absorption in the infrared. The 
resulting unpurified n-silyloxynitrile was dissolved in 10 ml of an
hydrous ether and added dropwise under nitrogen to a stirred slurry 
of 1.0 g (26 mmol) of lithium aluminum hydride in 30 ml of anhydrous 
ether at a rate which maintained a gentle reflux of the reaction mix
ture. Stirring was continued for 2 h after the addition had been 
completed. The excess lithium aluminum hydride present was de
stroyed by cautious dropwise addition of 1.0 ml of water, followed by 
1.5 ml of 10% sodium hydroxide and 3.2 ml of water. Stirring was 
continued until a granular white precipitate formed. Filtration pro
vided a clear yellow ether solution which was dried over anhydrous 
magnesium sulfate. Evaporation of the solvent at reduced pressure 
provided the crude amino alcohol as an orange solid.

A solution of 940 mg (13.6 mmol) of sodium nitrite in 10 ml of water 
was added over 15 min to a solution of the crude amino alcohol in 110 
ml of water and 4 ml of acetic acid which was maintained at 5 °C. The 
resulting reaction mixture was stirred at 5 °C for 1 h and then at 20 
°C for 1 h and 60 °C for 2 h. The reaction mixture was quenched with 
water (100 ml), saturated with sodium chloride, and extracted with 
ether (5 X 75 ml). The combined ether extracts were washed with 5% 
aqueous sodium bicarbonate (2 X 50 ml) and saturated aqueous so
dium chloride (2 X 50 ml) and then dried over anhydrous magnesium 
sulfate. Evaporation of the solvent at reduced pressure gave 1.68 g of 
a yellowish solid which by *H NMR analysis contained a ca. 75% 
overall yield of olefinic products. GLC analysis (10 ft X 0.25 in. DC-550 
column, 200 °C) showed the presence of three components in a ratio 
of ca. 1:1:8 with retention times of 7.2,11.5, and 12.8 min, respectively. 
The products were purified by GLC (above conditions). The com
pound of shortest retention time proved to be unreacted 9. The other 
minor component of the reaction mixture was isolated as a white solid 
and identified asl2: 6Me4Si (CDCI3) 6.5-5.55 (m, 2 H, CH=CH) and 
3.65-1.2 (br m, 14 H); v (CCI4) 3020,2925,2850,1696,1655,1440,1275, 
1245,1150,1115,1080,1015, and 930 cm“ 1.

Anal. Calcd for C12H16O: C, 81.77; H, 9.15. Found: C, 82.04; H,
8.98.

The major product was also obtained as a white solid and identified 
as 11: :H NMR ¿Me,si (CDClj) 6.19-5.69 (m, 2 H, CH=CH) and 
3.24-1.27 (br m, 14 H); I3C NMR <5Me4Si (CDCL) 217.0 (C-4), 136.2 
(C-8), 133.0 (6-7), 51.7 (C-5), 44.9 (C-3), 39.5 (t), 35.5 (d), 34.5 (t), 33.2 
(t), 32.7 (d), 31.4 (d), and 30.7 (t); v (CC14) 3015,2915,2900,2850,1696, 
1445,1330, 1270, 1190, 1090, and 1035 cm“ 1.

Anal. Calcd for C12H16O: C, 81.77; H, 9.15. Found: C, 81.78; H,
9.09.

Tricyclo[4.4.1.l3-9]dodeca-4,7-diene (23). A solution of 1.53 g (8.7 
mmol) of a ca. 90:10 mixture of 11-12 in 20 ml of methanol was added 
dropwise to a stirred solution of 1.64 g (42.6 mmol) of sodium 
borohydride in 75 ml of methanol at 0 °C. The reaction mixture was 
stirred for 2 h at 0 °C and then for 6 h at room temperature, at which 
point 150 ml of water was added. The resulting white suspension was 
saturated with sodium chloride and extracted with ether (5 X 100 ml). 
The combined ether extracts were dried over anhydrous magnesium 
sulfate and the solvent was evaporated at reduced pressure to give 1.52 
g of a solid residue. Sublimation afforded 1.32 g (ca. 85% yield) of a 
white solid which was homogeneous by GLC analysis (10 ft X 0.25 in. 
DC-550 column, 200 °C). This material was purified by GLC to give 
a white solid which is presumed to be a mixture of tricyclo[4.4.1.13,9]- 
dodec-7-en-4-ol (19) and tricyclo[4.4.1.13’9]dodec-7-en-5-ol (20) 
that is highly enriched in 19: ¿>Me4Si (CDCI3) 6.38-5.77 (m, 2 H, 
CH=CH), 4.45-3.88 (br m, 1 H, CHOH), and 2.88-1.25 (br m, 15 H); 
v (CC14) 3580, 3010, 2910, 2850, 1450, 1400, 1195, 1130, 1120, 1075, 
1050, and 1015 cm-1.

Anal. Calcd for C12H180: C, 80.85; H, 10.18. Found: C, 80.79; H, 
9.91.

Phosphoryl chloride (1.604 g, 10.45 mmol) was added in five por
tions to a stirred solution of 1.24 g (6.97 mmol) of a mixture of 19 and 

’  ̂8 ml of pyridine. The temperature of the reaction mixture was 
5 °C before each addition of phosphoryl chloride and 
-a. 15 °C after each addition. When the addition was 
suspension was stirred for 12 h at 25 °C and then for 

X The reaction mixture was then cooled, diluted with 250
and extracted with ether (4 X 100 ml). The combined

ether extracts were washed with water and saturated aqueous sodium 
chloride, and then dried over anhydrous magnesium sulfate. Evapo
ration of the solvent at reduced pressure gave a yellowish oil which 
formed a precipitate when added to water. This precipitate was fil
tered and sublimed (60 °C, 5 mm) to afford 611 mg of a white solid. 
GLC analysis (10 ft X 0.25 in. DC-550 column, 200 °C) indicated two 
major products with retention times of 4.0 and 10.2 min and some very 
minor components of intermediate retention times. Purification by 
GLC (above conditions) gave 23 (shorter Sr) as a white solid: lH NMR 
5Me4Si (CDCI3) 6.74-5.92 (m, 4 H, CH=CH) and 3.3-1.3 (br m, 12 H); 
13C NMR 5Me4Si (CDCI3) 137.4,134.5, 39.5,35.2, 33.8, 32.9, 32.1, and
27.2 in the ratio of 2:2:1:2:1:1:2:1, respectively; v (CC14) 3015, 2905, 
2840,1650,1430, 950, and 865 cm“ 1.

Anal. Calcd for Ci2H;r,: C, 89.94; H, 10.06. Found: C, 90.10; H, 
9.76.

The product with tr 10.2 min was also isolated by GLC (above 
conditions) as a white solid and is presumed to be a mixture of 7- 
chlorotricyclo[4.4.1.1.3,9]dodec-4-ene (21) and 8-chlorotricy- 
clo[4.4.1.13,9]dodec-4-ene (22) that is highly enriched in 21: ¿¡Me4si 
(CDCI3) 6.48-5.68 (m, 2 H, CH=CH), 4.74-4.34 (m, 1 H,CHC1), and 
3.22-1.08 (br m, 14 H); v (CC14) 3010, 2920, 2850, 1445,1195, and 945 
cm-1; m/e 196/198 = P/P + 2 = 3/1. Treatment of this material with 
lithium in ieri-butyl alcohol-tetrahydrofuran (see below) gave 27.

Analysis of the sublimed material by 1H NMR showed that the ratio 
of 21-22:23 was 45:55.

The mixture of 21-22 and 23 (715 mg) and l,5-diazabicyclo[4.3.0]- 
non-5-ene (1.362 g, 10.98 mmol) was stirred under a nitrogen atmo
sphere at 110 °C for 5 days. The reaction mixture was cooled, 
quenched in 250 ml of water, and then extracted with ether (6 X  75 
ml). The combined ether extracts were washed with water (2 X  50 ml) 
and saturated aqueous sodium chloride (2 X 50 ml) and dried over 
anhydrous magnesium sulfate. Evaporation of the solvent at reduced 
pressure provided a white solid which by GLC analysis (10 ft X 0.25 
in. DC-550 column, 200 °C) contained only 23. Sublimation (60 °C, 
4 mm) of the residue gave 484 mg (3.03 mmol, 74% yield) of 23.

Tricyclo[4.4.1.13>9]dodecan-4-one (25) and Tricyclo- 
[4.4.1.13'9]dodecan-5-one (26). A. A solution of 60 mg (0.34 mmol) 
of a 90:10 mixture of 11-12 in 50 ml of ethanol was stirred with 20 mg 
of 10% palladium on charcoal under an atmosphere of hydrogen for 
24 h. The reaction mixture was then filtered to remove the catalyst. 
The catalyst was washed several times with methanol and the filtrate 
and washings were combined. Evaporation of the solvent at reduced 
pressure gave 56 mg (93% yield) of a white solid. This material ap
peared to be homogeneous under a variety of GLC conditions: 10 ft 
X 0.25 in. DC-550 column at 225, 200, and 175 °C; 10 ft X 0.25 in. 
SE-30 column at 225 °C; 5 ft X 0.25 in. OV-1 column at 225,200, and 
170 °C; and 5 ft X 0.25 in. Porapak Q column at 260,225, and 200 °C. 
The ketone mixture was purified by GLC (10 ft X 0.25 in. DC-550 
column, 190 °C) to give a mixture of 25 and 26 as a white solid which 
was highly enriched in 25: ¿¡Me4Si (CDCL3) 2.88-2.54 (m, 2 H, 
—OH2C=0)and 2.54-1.28 (br m, 16 H); * (CC14) 2910, 2850,1686, 
1445,1405,1355,1180,1075,1025, and 930 cm“ 1.

Anal. Calcd for C12H18O: C, 80.85; H, 10.18. Found: C, 80.75; H,
10.21.

B. Treatment of 1.0 g (6.1 mmol) of 2-homoadamantanone5 (24) 
by the sequence of reactions described for 9 ► 11-12 gave in ca. 70% 
yield (by *H NMR analysis) a white solid whose infrared and 1H NMR 
spectra were identical with those obtained for the 90:10 mixture of 
25-26 generated in A.

Tricyclo[4.4.1.13’9]dodec-4-ene (27). A. Reduction of a mixture 
of 250 mg of 25 and 26 with sodium borohydride by the procedure 
described for 11-12 19-20 gave 253 mg of a white solid which was
homogeneous by GLC analysis (10 ft X 0.25 in. DC-550 column, 200 
°C). This material was purified by GLC to give a white solid which 
is presumed to be a mixture of tricyclo[4.4.1.13’9]dodecan-4-ol (28) 
and tricyclo[4.4.1.13’9]dodecan-5-ol (29) that is highly enriched in 
28: 5Me4Si (CDCI3) 4.21-3.80 (m, 1 H, CHOH) and 2.77-1.18 (br m, 19 
H); v (CC14) 3630, 3400 (br), 2905,1450,1050, and 1020 cm“ 1.

Anal. Calcd for C12H20O: C, 79.95; H, 11.18. Found: C, 80.03; H,
11.01.

Treatment of 187 mg of a mixture of 28 and 29 according to the 
conditions employed for 19-20 -¡* 23 afforded 87 mg (51% yield) of 
27 which was isolated by GLC (10 ft X 0.25 in. DC-550 column, 175 
°C) as a white solid: 5Me4Si (CDC13) 6.30-5.46 (m, 2 H, CH=CH) and 
2.93-1.25 (br m, 16 H); v (CC14) 3010, 2900, 2845, 1445, 1190, 1155, 
1000, 950, 940, and 930 cm-1.

Anal. Calcd for Ci2H i8: C, 88.82; H, 11.18. Found: C, 89.07; H,
10.98.

B. A solution of 50 mg of a 90:10 mixture of 11-12 in 1 ml of toluene 
was added to a mixture of 400 mg of amalgamated zinc, 0.5 ml of water,



and 1 ml of hydrochloric acid. The resulting mixture was vigorously 
refluxed for 4 days with portions of HC1 and amalgamated zinc being 
added every 6 h. After cooling, the reaction mixture was diluted with 
40 ml of water and extracted with ether (6 X 25 ml). The combined 
ether extracts were washed several times with 5% aqueous sodium 
bicarbonate, then with saturated aqueous sodium chloride (2 X 25 ml), 
and finally dried over anhydrous magnesium sulfate. Evaporation of 
the solvent at reduced pressure gave a white solid which GLC analysis 
(10 ft X 0.25 in. DC-550 column, 200 °C) showed contained some 
unreacted starting material, a minor component which was not 
identified, and a major component with a relatively short retention 
time. Purification of the major product by GLC (above conditions) 
gave a white solid whose ir spectrum was identical with that of 27 
obtained by procedure A.

C. Lithium (54 mg, 7.7 mmol) was added to a stirred solution of 19 
mg (0.1 mmol) of a mixture of 21 and 22 in 2 ml of tert -butyl alcohol 
and 10 ml of dry tetrahydrofuran. The reaction mixture was stirred 
at room temperature for 3.5 h. Water (10 ml) was then added and 
stirring was continued for 30 min. The resulting solution was extracted 
with ether (3 X 40 ml) and the combined ether extracts were dried over 
anhydrous magnesium sulfate. Evaporation of the solvent at reduced 
pressure gave a white solid which by GLC analysis (10 ft X 0.25 in. 
DC-550 column, 200 °C) contained a trace of starting material and 
a single major product. Purification of the product by GLC provided 
3.5 mg of a white solid whose mass spectrum was identical with that 
of 27 obtained by procedure A.

Tricyclo[4.4.1.13’9]dodecane (3). A. A solution of 110 mg of 23 in 
50 ml of ethanol was stirred at room temperature with 660 mg of 10% 
palladium on charcoal under an atmosphere of hydrogen for 24 h. The 
reaction mixture was filtered to remove the catalyst and the catalyst 
was washed several times with methanol. The filtrate and washings 
were combined and the methanol was removed by distillation to leave 
a solid residue which by GLC analysis (10 ft X 0.25 in. DC-550 column, 
175 °C) contained a single component. Isolation of the product by 
GLC (above conditions) gave 47 mg of 3 as a white solid: 'H NMR, 
6Me4Si (CDCI3) 2.5-1.4 (br m); 13C NMR ¿Me4si (CDC13) 44.65 (t), 40.99 
(t), 36.62 (d), 34.35 (t), 32.57 (d), 31.76 (t), 31.06 (t), and 29.55 (d) in 
the ratio of 1:1:1:2:1:2:2:2, respectively; v (CC14) 2910,1450,1260,1200, 
1140, 1110, and 1060 cm -1.

Anal. Calcd for C12H20: C, 87.73; H, 12.27. Found: C, 87.84; H,
12.09.

B. Hydrogenation of 27 under the conditions employed for 23 -»■ 
3, followed by purification of the product by GLC, provided a white 
solid whose mass spectrum was identical with that of 3 obtained by 
procedure A.

Hydrolysis of Hindered Ar-MethyIarylhydroxamic Acids

C. A solution of 50 mg of 25-26,264 mg of potassium hydroxide, and 
230 mg of 95% hydrazine in 1.5 ml of diethylene glycol was heated with 
stirring at 110 °C for 30 min, and then for 3 h at 180 °C. During this 
time, a white solid appeared on the water-cooled condenser. The 
system was cooled and the material on the condenser was dissolved 
in ether and then dried over anhydrous magnesium sulfate. Evapo
ration of the solvent at reduced pressure afforded 30 mg of a white 
solid which by GLC analysis (10 ft X 0.25 in. DC-550 column, 175 °C) 
was homogeneous. Isolation of the product by GLC gave a white solid 
whose ir spectrum was identical with that of 3 obtained by procedure 
A.
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Thg kinetics of acidic and basic catalyzed hydrolysis of ortho-substituted N-methylbenzohydroxamic acids have 
been investigated at moderate acidity and high basicity. The results are interpreted in terms of a bimolecular mech
anism for acidic catalysis and as reaction of the hydroxamic acid conjugate base with water and hydroxide ion for 
basic catalysis in the catalytic range investigated. Specific salt effects are reported.

We have investigated the kinetics and mechanism of the 
acidic and basic catalyzed hydrolysis of hindered benzohy- 
droxamic acids in order to learn the effect of this increased 
hindrance upon the mechanisms of the reactions, the range 
of catalyst concentration required, and the importance of salt 
effects at these higher concentrations. The increased hin
drance is provided by use of ortho-substituted iV-methyl- 
benzohydroxamic acids in comparison to unsubstituted 
benzohydroxamic acid. Smith and Yates1 have studied the 
acid-catalyzed hydrolysis of benzamide, iV-methyl- and 
NjiV-dimethylbenzamide and have inferred from their data 
that all three compounds probably do not react via the oxygen

protonated form or that benzamide does hydrolyze via oxygen 
protonation while the other N-substituted compounds do not. 
McClelland’s2 recent report of small but detectable 180 ex
change for the acidic hydrolysis of benzamide supports the 
latter conclusion.

Our present results indicate that there is no mechanism 
change in the acid-catalyzed hydrolysis upon introduction of 
an A/-methyl and ortho groups in hydroxamic acids. There 
appears to be a significant rate of reaction in the absence of 
added acid or alkali at high salt concentrations. Specific sal 
effects are also observed.

Acidic Catalysis. Equation 1 expresses the reaction 1



3298 J. Org. Chem., Vol. 41, No. 20,1976 Berndt and Ward

Table I. Rate Data for Acid-Catalyzed Hydrolysis o f  2- and
4-M ethyl-A-m ethylbenzohydroxam ic Acids

HC1, M Temp, ° C 105 fc«

2-M ethyl-N-methylbenzohydroxamic Acid

0.149 90.0 1.48
0.150 90.0 1.33&
0.225 90.0 2.04
0.451 90.0 2.99
0.595 90.0 3.78
0.751 90.0 4.61
0.751 80.0 1.86
0.751 70.0 0.818

4-Methyl-A-■methylben zohydroxam ic Acid
0.225 84.0 29.0
0.225 71.7 10.8
0.225 61.1 4.16

a Average pseudo-first-order rate constant, s“1. Ionic 
strength maintained at 0.751 M with KC1 except as noted. 
b Ionic strength maintained with CsCl.

Table II. Activation Parameters« for Acidic Hydrolysis o f

R2

R, r 3 r 3 A H 4, kcal/mol A S 4 , eu

CH3 c h 3 H 20.8 - 2 1 .2
c h 3 h c h 3 19.4 —17.8
H h H 19.4 —20.2 b
H H H 20.2 —17.9«

a Calculated from second-order rate constants, b Calculated 
from  data from ref 4 at tw o temperatures, HC1, ionic 
strength 0.577 M (KC1). c Reference 5, 1.00 M HC104.

0 CH3

A r— C— N— OH +  H30+ +  Cl~

— >■ ArC0,H +  H.2N(CH3)OH +  Cl" (1)
acidic conditions. The reaction is cleanly pseudo-first-order 
in the presence of excess hydrochloric acid (Table I). A graph 
of the data for the o-methyl compound in Table I shows 
first-order dependence upon hydrochloric acid (extrapolation 
of the data outside the range studied is unwarranted owing 
to the specific salt effects discussed below). This dependence 
is similar to that observed for the hydrolysis of unsubstituted 
hydroxamic acids at comparable acidities.3"5 Table II com
pares activation parameters for the compounds in Table I with 
those for the acid-catalyzed hydrolysis of benzohydroxamic 
acid under similar conditions.

These results are consistent with the acid-catalyzed bi- 
molecular mechanism reported before for the unhindered 
RCONHOH compounds.3"5 A tetrahedral intermediate likely 
is involved analogous to benzamide hydrolysis.2’6 The acti
vation parameters listed in Table II are in the usual range1 for 
the bimolecular mechanism for amides. Furthermore, the 
enthalpy of activation is higher and the entropy of activation 
is more negative for the o-methyl-A-methylbenzohydrexamic 
acid hydrolysis than for the hydrolysis of the corresponding 
p -methyl compound. These results are consistent with the 

lecular mechanism with the more hindered compound 
higher enthalpy and lower entropy of activa-

er reaction of 2-methyl-Ar-methylbenzohy- 
d occurs in the absence of added hydrochloric 

re presence of 0.751 M potassium chloride and is

Table III. Rate Data for Base-Catalyzed Hydrolysis of
2-Chloro-A-methylbenzohydroxamic Acid at 90.0 °C

NaOH, M 106 ^obsda

7.31 2.57
6.58 2.28
5.47 1.89
4.40 1.44
3.23 0.92

a Average pseudo-first-order rate constant, s '.  Ionic 
strength maintained at 7.31 M with NaCl.

about 6% of the rate observed with 0.149 N hydrochloric acid 
at ionic strength 0.751 M.

Specific ion effects7 as well as ionic strength effects on re
action rates are expected at moderate salt concentrations. 
Specific cation effects, outside experimental error, can be seen 
by comparing the first two entries in Table I. Nonlinear spe
cific cation effects have been reported for the acidic hydrolysis 
of 4-nitroacetanilide.8

Basic Catalysis. Pseudo-first-order rates are observed 
according to the equation — dS/df = &0bsdS, where S is the 
total stoichiometric amount of hydroxamic acid present at any 
time. The data for N-methyl-2-chlorobenzohydroxamic acid 
are in Table III. A graph of this data shows linear dependence 
of the pseudo-first-order rate constant upon hydroxide ion 
concentration (extrapolation of the data outside the range 
studied is unwarranted owing to specific ion effects—see 
below).

ArCON(CH3)OH + OH ^  ArCON(CH3)0 "  + H20  (2) 
1 2

Under the strongly alkaline conditions used in the kinetic 
studies 1 will be almost completely converted into 2. (The 
pKa’s of Af-ieri-butylbenzohydroxamic9 and ¿V-phenylben- 
zohydroxamic10 acids are 10.1 and 9.15, respectively.) A rea
sonable mechanism consistent with the data is represented 
by eq 3-5.

1 + OH ^=8 2 + H20 (3)

2 + OH — >- products (4)

2 + H2O — products (5)

The linear dependence upon hydroxide concentration for 
Af-methyl-2-chlorobenzohydroxamic acid is similar to the rate 
law obtained at high base strengths for hydrolysis of the un
hindered benzohydroxamic acid.4 Thus the mechanisms for 
hydrolysis of these compounds in strong base are probably 
similar. Tetrahedral intermediates presumably are involved 
as they are in alkaline hydrolyses of amides;6,11 however, the 
kinetic results cannot distinguish between these possibili
ties.

Ahmad, Socha, and Vecera12 have recently reported a study 
of the alkaline hydrolysis of benzohydroxamic acid over a wide 
hydroxide ion concentration range and have considered var
ious mechanisms. They have incompletely and incorrectly 
graphed our earlier data4 on the alkaline hydrolysis of ben
zohydroxamic acid and state that attack of hydroxide on the 
acid anion is insignificant. Our present and earlier work4 
demonstrates a positive slope for a graph of the pseudo- 
first-order constant vs. hydroxide concentration in the range 
studied as does Ahmad and co-worker’s curve 2 of their own 
Figure 1 for benzohydroxamic acid. Mechanisms will of course 
vary as the hydroxide ion concentration range changes; how
ever, for the hydroxide ion concentration ranges reported in 
our earlier work and herein the hydroxamic acids will exist as



Table IV. Rate Data for the Uncatalyzed Hydrolysis o f
2-Chloro-N-m ethylbenzohydroxamic Acid in the Presence 

o f  Salts at 90.0 °C

Salt Concn, M 106 k obs(f

NaCl 3.00 1.11
NaCl 6.31 1.94
NaBr 6.31 1.33

a Average first-order rate constant, s '1.

their conjugate bases and the rate laws are best interpreted 
according to the mechanism o f  eq 3 -5  for that range.

Specific salt effects7 are expected at the high concentrations 
employed to maintain constant ionic strength in the alkaline 
hydrolyses. These effects are illustrated in Table IV. Note that 
the rate constants reported in Table IV are for reactions in the 
absence of any added hydroxide. Direct comparison of the rate 
constants in Tables III and IV is not possible since in one case 
the reaction involves the hydroxamic acid reacting with water 
and in the other its conjugate base reacting with hydroxide 
ion or water. These two cases involve different charge types; 
however, at the concentrations of catalytic acid or base em
ployed in this study, there will be specific salt effects for all 
charge types.

Experimental Section
The V-methylbenzohydroxamic acids were synthesized by adap

tation of the method used by Ulrich and Sayigh13 for the preparation 
of V-methylacetohydroxamic acid. NMR and ir spectra are con
sistent with the structures listed. Analyses were performed by Gal
braith Laboratories, Inc., Knoxville, Tenn.

iV-Methyl-2-methylbenzohydroxamic acid, crystallized successively 
from benzene and carbon tetrachloride, had mp 120-121 °C. Anal. 
Calcd for C9H iiN0 2: C, 65.45; H, 6.72; N, 8.48. Found: C, 65.14; H, 
6.48; N, 8.47.

N-Methyl-2-ch\orobenzohydroxamic acid, crystallized as above,
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had mp 118-119 °C. Anal. Calcd for C8H8C1N02: C, 51.77; H, 4.34; 
N, 7.55. Found: C, 51.61; H, 4.38; N, 7.59.

Af-Methyl-4-methylbenzohydroxamic acid had mp 119-120 °C dec 
(lit.14 122 °C).

Kinetic measurements were made by the spectrophotometric 
method reported previously4 employing a Beckman DU spectro
photometer set at 520 nm  for the 2-methyl- and 4 -m e th y l-N -m e th -  
ylbenzohydroxamic acid runs and at 500 nm for the ./V-methyl-2- 
chlorobenzohydroxamic acid runs. The acidity of the FeCl3 solution 
was adjusted as before4 for the alkaline runs.

Pseudo-first-order rate constants were obtained from the slope of 
the appropriate graph4 with numerical values computed by the 
method of least squares.

Each rate constant listed in Tables I, III, and IV is the average of 
two to five runs. Average deviation from the mean is less than 4.5%. 
Temperature control was ±0.1 °C. Initial hydroxamic acid concen
trations were 0.01 M.

Registry N o.—2-Methyl-7V-methylbenzohydroxamic acid, 
24962-87-6; 4-methyl-Ar-methylbenzohydroxamic acid, 1613-85-0; 
benzohydroxamic acid, 495-18-1; 2-chloro-V-methylbenzohydroxa- 
mic acid, 59686-63-4.
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Homologues of 3-buten-2-one hydrate in dilute aqueous base to produce aldols, which in some cases undergo 
retro aldol condensation under the hydration conditions. Hydration of 3-buten-2-one proceeds with rate-control
ling attack of hydroxide ion on C4, k^ o/ k^ o -  0.6, AH* = 13.6 kcal mol-1, and AS* = —30.1 eu. Hydration of 4- 
methyl-3-penten-2-one is 10-2 as fast and proceeds via rate-controlling proton transfer from water to C3 of the eno- 
late ion formed by attack of hydroxide ion at C4 of the substrate, &H20/&D2O = 1-1. AH* = 15.2 kcal mol-1, and AS~ 
= -25.6 eu. Rates of hydration, dehydration, and retroaldol condensation were competitive for 3-penten-2-one and 
were calculated to be 7.6 X  10-3 , 2.3 X  10-3 , and 1.6 X  10-4 M-1 s-1, respectively, at 40 °C. Equilibrium ratios calcu
lated for the dehydration of aldols, [alkenone]/[aldol], show that dehydration is thermodynamically unfavorable 
for aldol condensation products of aliphatic aldehydes and ketones; kinetic measurements show the rate of dehy
dration to be comparable to or faster than the aldol condensation in many c f these cases. Thus self-condensation 
of acetone (using a Soxhlet extractor) leads to the aldol product rather than the dehydration product for thermody
namic rather than kinetic reasons.

The acid-catalyzed hydration of «,/f-unsaturated carbon
yl compounds has received considerable study in recent 
years.1-5 For a variety of aliphatic 3-alken-2-ones the hydra
tion proceeds via a 1,4 addition of water to the conjugated 
C = C -C = 0  system followed by rate-controlling proton 
transfer to the enol thus formed. The hydration is charac
terized by a large solvent isotope effect (indicative of a primary 
isotope effect) and a large negative entropy (indicative of the 
covalent binding of a solvent molecule to the substrate prior

to the rate-controlling step). The change in rate with acidity 
shows the carbonyl group to be significantly protonated in 
acidities beyond 4-6 M HCIO4.5 The pKa’s of several a,/3- 
unsaturated compounds have been measured recently and 
found to be adequately described by the Bunnett-Olson 
treatment.6

Studies of base-catalyzed hydrations are rare; apparent1 
there are only two previous reports of base-catalyzed addit> 
of water to a,/i-unsaturated carbonyl systems. Fedo’-
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shown that 4-aryloxy-3-buten-2-ones hydrate in base via 
rate-controlling attack of hydroxide ion (Michael addition). 
This hydration is characterized by very small substituent ef
fects (p = 0.1) and solvent isotope effects (^h2o/^ d2o = 0.94). 
In a more limited study, Vik7 has shown propenals to be hy
drated in base with a large negative entropy of activation. 
Base-catalyzed hydration is thus seen to be a two-step process 
formally resembling a Michael addition (Scheme I).

Scheme I

\ i
/

O

C = C — C—  + OH"
k- 1

HO— C— C— C—

ĤO
V .,

H 0
I I II

HO— C— C— C—  + OH"

in Scheme II lies almost totally (99.9%) to the right when the 
reverse aldol reaction (step 2) is kinetically important.

Experimentally, then, the observation is that about 5-10% 
of the reactant remains at equilibrium (similar to the acid- 
catalyzed hydration) for those cases where the reverse aldol 
condensation is not kinetically important whereas no reactant 
remains when it is kinetically important. Thus the conclusion 
is that reversible base-catalyzed hydration (step 1) occurs with
3-buten-2-one and 3-methyl-3-buten-2-one whereas a reverse 
aldol condensation (step 2) is predominant in determining the 
products of hydration of 4-methyl-3-penten-2-one. For 3- 
penten-2-one the two processes (steps 1 and 2) are competi
tive. The kinetic observations are a smooth pseudo-first-order 
partial disappearance of 3-buten-2-one and 3-methyl-3- 
buten-2-one, a smooth pseudo-first-order total disappearance 
of 4-methyl-3-penten-2-one, and a biphasic pseudo-first-order 
total disappearance of 3-penten-2-one.
Thus

The above results form a basis for reporting a study of the 
base-catalyzed hydration of the same 3-alken-2-ones for which 
the acid-catalyzed mechanism has been elucidated.5 Of par
ticular interest is determination of the rate-controlling step
(k] or fe2) and elucidation of factors leading to a change in 
rate-determining step.

Experimental Section
All substrates were obtained from Aldrich Chemical Co. and were 

molecularly distilled just prior to each kinetic run. The general kinetic 
method (including calculation of rate constants for reversible reactions 
and calculation of activation parameters) was that described earlier.8 
Sodium deuterioxide solutions were made by diluting a 40% sodium 
deuterioxide solution (99% D, Stohler Isotope Chemicals) with deu
terium oxide (99.8% D2O, Stohler Isotope Chemicals).

Results
The reactions observed are reversible and at equilibrium 

the concentration of 3-alken-2-one is low (Scheme II).

Scheme II
0 , ?  0

\  II , 1 1 1c = c — c— +  h2o - 
/  1

HO— C— C— C—
1 I1

3-alken-2-one
1 1

4-hydroxy-2-aLkanone

H 0
II2 /  ;ll O II 0

 
/

' + 1
—

0 1-c—

cleavage products

Pseudo-first-order rate constants were measured spectro-
photometrically in the traditional manner.8

Equilibrium ratios for step 1, [4-hydroxy-2-alkanone]/[3- 
alken-2-one], are known to be large from the earlier studies 
in acid solution.5 Ratios vary from 3 to 20 depending on sub
strate and temperature (though exact comparisons cannot be 
made because of medium and acidity effects introduced by 
the rather concentrated acid solution required for acid-cata
lyzed hydration to occur at a convenient rate).5 Equilibrium 
ratios for step 2, [cleavage products]2/[4-hydroxy-2-alka- 
nqne], are also known to be large. For example, the equilibrium 

for benzaldehyde + acetone and 104 for acetone + 
.ge products identified). Because of (a) the 
itration term in the numerator of the equilib- 
step 2, (b) the low substrate concentration 

1, 10-4 M), and (c) the large magnitude of the 
ratios for steps 1 and 2, the overall equilibrium

feobsd fe hyd T  fedehyd

for 3-buten-2-one and 3-methyl-3-buten-2-one (1)

feobsd fe hyd

for 4-methyl-3-penten-2-one (2)

As eq 1 and 2 show, incursion of the reverse aldol condensation 
actually simplifies the measurement of rate of hydration by 
“ draining o f f ’ the hydration product as formed.

Sorting out the experimental rate expression for hydration 
of 3-penten-2-one is somewhat more complex because of the 
biphasic nature of the rate plot. Early in the reaction (prior 
to attainment of steady-state concentration levels), the rate 
constant measured is essentially that expressed by eq 1 above. 
For the latter portion of the reaction, however, steady-state 
conditions apply and the appropriate rate expression is given 
by eq 3 (where fe2 is the rate constant for the reverse aldol 
condensation, step 2 of Scheme II).

feobsd
h hydfe 2

 ̂dehyd -f* k o
(3)

All of the rate constants in eq 3 are calculable: fe0bsd and k  hyd 
+ h dehyd are measured experimentally; fehyd and fedehyd can be 
calculated from k hyd + fedehyd and the equilibrium ratio. 
(Equilibrium ratio = feh yd /fed eh yd  and was measured in the 
acid-catalyzed hydration study;5 since the position of an 
equilibrium is independent of pathway, equilibrium ratios for 
acid- and base-catalyzed hydrations should be equal.) Thus 
for 3-penten-2-one in 0.10 N NaOH at 40 °C, fe0bsd = 5.0 X 
10~5 S- 1 , fehyd =  7.6 X 10-4 S- 1 , fedehyd = 2.3 X 10~4 S- 1 , fe2 =
1.6 X 10“ 5 s_1. The value of fedehyd is probably smaller than 
calculated because of the medium effect on the measured 
equilibrium ratio; i.e., fehyd/fedehyd = 3.35 at 40 °C in 1.05 M 
HCIO4 but the ratio increases as acidity decreases (a medium 
effect).5 The net conclusion is that fedehyd and fe2 are of the 
same order of magnitude; however, fedehyd is slightly the 
larger.

Subsequent discussion is based on values of fehyd (Tables 
I and II) calculated from fe0bsd using eq 1-5, as appropriate.

[4-hydroxy-2-alkanone] _  A0 — Ae 
[3-alken-2-one] Af,

[4-hydroxy-2-alkanone] = molarity of the hydration product 
at equilibrium; [3-alken-2-one] = molarity of the reactant at 
equilibrium; Aq = absorbance at time zero (i.e., upon mixing); 
Ae = absorbance at equilibrium (i.e., at time “ infinity” ).

[4-hydroxy-2-alkanone] _  fehyd 

[3-alken-2-one] fedehyd
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Table I. Values o f feobsd and febyd in Aqueous NaOH 
Solution*2

N N a O H Temp, °C 104*obsd = 104*,

3-Buten-2 -one6
0.010 30 2.67 (4.43)

4 0 5.71 (9.4)
50 11.5 (20.6)
60 35.5

0.10 30 27.2 (48.4)
4-Methyl-3-penten-2-one“

0.50 50 4.43
1.00 40 3.87 (3.54)

50 8.91 (7.18)
60 17.9 (14.7)

a Means of replicate determinations, average deviations 
from mean values <±3%. Values in parentheses are for 
NaOD/D50  solutions. 6 Followed at 220 nm. Equilibrium 
ratios (eq 4 and 5) are sufficiently large so that fcobsd and 
f e h y d  are not meaningfully distinguishable. c Followed at 
250 nm. See discussion of eq 2.

&hyd = rate constant for step 1 (forward), Scheme II; kdehyd 
= rate constant for step 1 (reverse), Scheme II.

Discussion
Hydration. The mechanism described by Scheme I is 

consistent with our data; either step may be rate controlling 
depending on substrate structure. The solvent isotope effect 
(& h 2o /& d 2o  = 0.6) for the hydration of 3-buten-2-one indicates 
rate-controlling attack of hydroxide ion; the solvent isotope 
effect (ftH2o/kD2o = 1.2) for the hydration of 4-methyl-3- 
penten-2-one indicates rate-controlling proton transfer from 
water to the enolate ion. The kinetically important step in the 
hydration of 3-buten-2-one is formally similar to a nucleo
philic substitution reaction at carbon, as illustrated in Scheme
III.

Scheme III
0

CH2= C H — C— CH3 +OH"
<5 0

r  <r ¡1
HO— CH2— CH— C— CH3

Dependent on transition state structure, Bunton and 
Shiner10 have calculated a solvent isotope effect of 0.54-0.88. 
A value of 0.6 indicates maximum C-OH covalent interaction 
consistent with minimal negative charge on the incipient en
olate oxygen. That is, the transition state is neither very 
“ early”  nor very “ late” . Although a solvent isotope effect of
0.6 for this general type of reaction appears to be the smallest 
yet observed, Pocker11 reported a value of 0.67 for rate-con- 
trolling attack of hydroxide on the carbonyl carbon of 2-pyr- 
idinecarboxaldehyde; Jones12 reported 0.75 for rate-control
ling attack of hydroxide on the carbonyl carbon of ethyl ace
tate; Long13 reported 0.86 for the Sn2 reaction of hydroxide 
with an alkyl sulfonic ester.

The kinetically important steps in the hydration of 4- 
methyl-3-penten-2-one give rise to a solvent isotope effect 
composed of secondary and primary effects, as illustrated in 
Scheme IV.

A Bunton-Shiner10 calculation of the expected solvent 
isotope effect on the first step of Scheme IV (an equilibrium) 
yields &h2o/&d2o = 0.76, requiring a small isotope effect on the 
second step of about 1.6. Using the Bunton-Shiner procedure 
again on step 2 of Scheme IV produces a primary isotope effect

Table II. Values of ftobsd Equilibrium Ratios, and fetiyd in 
Aqueous NaOH Solution0

[4-hydroxy- 
2-alkanone] /

N N a O H  T e m p ,  ° C  I O 4 fco b s d  [ 3 - a l k e n - 2 - o n e ]  1 0 4 feh y d

3-Methyl-3-penten-2-one
0.75 50 2.08 4.7 1.77

60 3.80 9.0 3.40
70 7.23 9.3 6.53
80 13.6 12.7 12.0

0.50 40 1.94 6.6 1.68
50 3.85 10.1 3.51
60 7.80 7.0 6.83

1.00 30 1.88 13.5 1.75
40 3.26 10.2 2.97
50 7.72 9.4 7.01

3-Penten-2-onec '
0.10 40 0.50 9.5

50 1.1 21
“ Means of replicate determinations; average deviations

from mean value < ±5%. 6 Followed at 240 nm. See eq 1, 4,
and 5 for method of calculation. “ Followed at 230 nm. See
eq 1, 3, 4, and 5 discussion.

Table III. Activation Parameters for Base-Catalyzed 
Hydration o f Alkenones“

Reactant NNaOH AH* AS*

3-Buten-2-one 0.010 13.6 ± 0.1 -30 .1  ± 0.2
4-Methyl-3-penten-2-one 1.00 15.2 ± 0.5 —25.6 ± 1.6
3-Methyl-3-penten-2-one 0.25 13.8 ± 0.1 -3 3 .1  ± 0.4

0.50 13.9 ± 0.2 —31.5 ± 0.5
“ Values calculated at 25 °C, ± standard deviation. En

thalpy and entropy of activation were calculated by a least- 
squares treatment of data in Tables I and II. Calculations 
were carried out on a CDC 3150 computer.

Scheme IV

CH,

CH
C =C H — C— CH, +  OH'

CH, O

^  HO— C— CH— C— CH3
*-i I

CH,
CH3 5~ O
I 6~ -A

HO— C— CH— C— CH3
I !

ch3 h

<T ° ^ H

of 2.3.14 Though somewhat smaller than expected for such a 
proton transfer,16 the value is reasonable considering the ex
tended calculation required to produce it.

The change in rate-controlling step arises because of rather 
different effects on k-\ (Schemes I and IV) with substrate 
structural changes: fe_x is the rate constant for a process which 
may have many of the features of an Sn I reaction and thus 
when the leaving group (OH) is located on a tertiary carbon 
(4-methyl-3-penten-2-one), k-\ is much larger than when the 
leaving group is on a primary carbon (3-buten-2-one). An al
ternate picture of this process produces the same conclusion: 
the k -i  process produces an alkene and thus the most highly
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Table IV. Solvent Isotope Effects for Base-Catalyzed 
Hydration o f  Alkenones

Reactant N NaOH -  N NaOD
Temp,

°C feH2C)/feD 20

3-Buten-2-one 0.010 30 0.60
0.010 40 0.61
0.010 50 0.56
0.10 30 0.56

4-Methyl-3- 1.00 40 1.1
penten-2-one 1.00 50 1.2

1.00 60 1.2

Table V . Equilibrium Ratios for Dehydration o f  A ldols at 
R oom  Temperature0

Registry no. Aldol [alkenone ] / [aldol ]

590-90-9 HOCH2CH2CCH3 
OH O

0.05

4161-60-8 CH3CHCH2CCH36 0.25s?H ?
123-42-2 (CH3)2CCH2CCH3* 0 .1 1 ,5 0 .069

565-79-7 fJHJc h 3c h — c h — c c h 3 0.07
2134-29-4 h o c h 2c h 2c h o 0 .17

38433-80-6 h o c h 2c h c h o
o h

14

107-89-1 c h 3c h c h 2c h o
OH

25

59434-71-8 c h 3c h 2c h c h 2c h o

?H Ï
50

5381-93-1 PhCHCHjCCHj 40 !
a Last five entries measured at 25 °C, others at 30 °C. Ra

tios increase with increasing temperature. * Values taken 
from ref 5 in 2.57 M HC104 and thus incorporate a medium 
effect.

substituted (most stable) alkene is produced fastest.18 The 
second step in Schemes I and IV, proton transfer from water 
to enolate ion (k2 process), is much less sensitive to changes 
in structure at C4 since this step of the reaction involves 
changes only at the incipient carbonyl group (C2) and the 
carbon a to it (C3). That is, k2 for 3-buten-2-one and 4- 
methyl-3-penten-2-one are similar in magnitude. Thus for
3-buten-2-one k2 > k-\ whereas for 4-methyl-3-penten-2-one 
k2 < k -i. Other studies4'7 have rather implicitly assumed k2 
> k - i  (i.e., k\rate controlling) but it is not possible to estab
lish the rate-controlling step apart from determination of the 
solvent isotope effect, since relative rates and activation pa
rameters are inconclusive (Tables I—III).

Dehydration in the Aldol Condensation. It is widely 
recognized that the aldol condensation is synthetically useful 
for self-condensation of aldehydes or in those cases when a 
favorable equilibrium can be established by converting the 
aldol product to another; commonly dehydration of the aldol 
is convenient.19 However, values of equilibrium constants for 
the dehydration process are scarce. Table V lists equilibrium 
ratios, [alkenone]/[aldol], for a variety of unsaturated al
dehydes and ketones in aqueous solution. Of course these 
ratios are temperature and solvent dependent, but for the 
cases given in Table V equilibrium ratios increase somewhat 
with increasing temperature (i.e., raising the temperature 
favors dehydration). For condensation of aliphatic aldehydes 
and ketones with acetones, dehydration is thermodynamically 
unfavorable in aqueous solution. Dehydration of 4-hydroxy -
2-pentanone, 4-methyl-4-hydroxy-2-pentanone,9 and 4- 
phenyl-4-hydroxy-2-butanone9 occurs faster than conden
sation of the respective aldehydes and ketones, but only for 
the latter case is the dehydration/hydration equilibrium fa
vorable.
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Vinylketene (1) was shown to result from triethylamine initiated 1,4-dehydrochlorination of trans-2-butenoyl 
chloride. In the presence of 1,3-cyclopentadiene a r2 + „2 cycloaddition occurred to form adduct 2. With a trace of 
excess triethylamine 2 isomerized chiefly to a 73:27 mixture of the E and Z isomers 3 and 4, whose structures were 
securely assigned using lanthanide induced shift nuclear magnetic resonance techniques. The possible participa
tion of ethylideneketene (C H 3C H =C =C =0) was judged remote since triethylamine, 3-butenoyl chloride, and
1,3-cyclopentadiene gave an identical reaction mixture. With either isomeric acid chloride if less than 1.0 molar 
equiv of triethylamine was used a 60:01:39 mixture of 2:3:4 was formed, which upon addition of triethylamine equil
ibrated to the 73:27 mixture of 3 and 4.

Ketenes (RR/C = C = 0 )  react with conjugated dienes in 
a highly perispecific and regiospecific manner to form 3- 
vinylcyclobutanones.4 Since the olefinic component reacts 
suprafacially, the fusion geometry is consistently cis. When 
the two ketene substituents differ in steric bulk the larger one 
tends to assume the more hindered position in the product.5-6 
Ketene cycloadditions represent one of the few synthetic 
approaches to four-membered rings,7 and also serve as sen
sitive mechanistic probes of the rare and difficult „2S + ^2a 
allowed concerted8 pathway. A review of the available evi
dence4 and recent theoretical analyses9-10 indicate that both 
concerted and nonconcerted routes may be traversed, de
pending on the steric and electronic characteristics of ketene 
and ketenophile.

It is, therefore, of considerable synthetic importance and 
mechanistic interest to explore further the scope and nature 
of the ketene cycloaddition reaction. One approach is to study 
the reactions of especially unstable ketenes, such as the vin- 
ylketenes11 and the alkylideneketenes (R R 'C = C = C = 0 )12-13 
in which an additional carbon-carbon double bond is conju
gated or cumulated with the ketene moiety. Although alkyli
deneketenes have been proposed as possible intermediates 
in the Einhorn reaction of a,/3-unsaturated acid chlorides,14-16 
and may have been formed by dehydrochlorination of 3- 
methyl-2-butenoyl chloride,17 the only unambiguous prepa
rations involve photochemical13 or flash vacuum pyrolytic12 
methods. Even with these techniques the simpler members 
of the class, such as the parent methyleneketene (CH2=  
C = C = 0 ) and ethylideneketene (CH3CH=C=C==0), have 
not been detected.

We wish to describe our results involving a simple in situ 
preparation and subsequent cycloaddition of vinylketene (1), 
which acts as an ethylideneketene surrogate to afford cyclo- 
butanones conveniently functionalized at the a position.

Results

Scheme I
trans- CH3CH= CH COC1 CH2= C H C H 2C0C1

+ +
(C2H5),N (C2H5)3N

+ +

Pd/C

Pd/C

When trans-2-butenoyl chloride was treated with 0.95 
molar equiv of dry triethylamine in the presence of 6.0 molar 
equiv of 1,3-cyclopentadiene and worked up after 3 h a 
product mixture of 60% 7-vinylbicyclo[3.2.0]hept-2-en-6-one
(2),18 1% (E)-7-ethylidenebicyclo[3.2.0]hept-2-en-6-one (3), 
and 39% (Z)-7-ethylidenebicyclo[3.2.0]hept-2-en-6-one (4) 
resulted (Scheme I) . The adduct isomer 2 could be detected 
by NMR or rapid analytical vapor phase chromatography 
(VPC) at temperatures below 100 °C, but could not be isolated 
by preparative VPC since at temperatures above 100 °C or 
with long retention times it suffered apparent cyclorever
sion.19 The entire adduct mixture, after purification by dis
tillation in vacuo (yield 41%), took up 1.9 ±  0.1 molar equiv

C-H£H2CH2C0C1 +  < ^ j j  +  (C2H5)3N

of H2 over Pd/C to form only endo- and exo-1- 
ethylbicyclo[3.2.0]heptan-6-one (5), identified by independent 
synthesis (hydrogenation of the adducts of ethylketene and
1,3-cyclopentadiene; see Experimental Section).

The cycloaddition procedure was repeated with 3-butenoyl 
chloride replacing irons-2-butenoyl chloride and an identical 
adduct mixture was isolated (Scheme I).

When a trace of triethylamine was added to the above ad
duct mixtures before workup, equilibration occurred to give, 
ultimately, a mixture of 0.4% 2,63.7% 3,24.0% 4, and two un
identified components (A, B). This isomerization is quite



3304 J. Org. Chem., Vol. 41, No. 20,1976 Holder, Freiman, and Stefanchik

complex, and we haye not investigated it completely. The rate 
of equilibratidh seems to depend on surface effects, as well as 
the solvent and the particular equilibration catalyst present. 
We have established, however, that in pentane at 25 °C in the 
presence of triethylamine adduct 2 disappears very rapidly 
(half-life < 30 min) to form chiefly 4 with some 3 present.22 
The composition of this mixture continues to change for about 
7 days, at the end of which time the 3:4 ratio has reached the 
equilibrium value of 72.6 ±  0.1:27.4 ±  0.1 (ifeq = 0.38, AG25 
= +0.58 kcal/mol).

When a trace of triethylamine was added to pentane solu
tions bf VPC-purified samples of 3 or 4 (vide infra) isomer
ization occurred at room temperature within 7 days to afford 
the same equilibrium mixture of the five components (2,3,4, 
A, B). When the entire cycloaddition was carried out begin
ning with either isdmdric acid chloride and 1.05 molar equiv 
of triethylamine the relative amount of 2 in the mixture de
creased with increasing reaction time. Delaying workup for 
1 week or more (not an uncommon procedure with ketene 
cycloadditions23) again provided the equilibrium mixture.

Isomeric adducts 3 and 4 were obtained in >98% purity by 
preparative vpc; each gave an acceptable C, H analysis and 
each took up 2.0 ±0.1 molar equiv of H2 over Pd/C to give 5. 
Mass, infrared (if), nuclear magnetic resonance (NMR), and 
ultraviolet (uv) spectra confirmed the gross structural features 
of 3 and 4. Lanthanide induced shift (LIS) NMR using a serial 
doping technique24 and plots of shifts vs. added lanthanide 
reagents for Hs and methyl (Table I) served to assign the ex- 
ocyclic double bond geometry. It is noteworthy that these 
LIS-NMR studies support earlier assignments of double-bond
geometry of a-ethylidene ketones made by comparisons of 
chemical shift data alone.25’26

Discussion
Although both mechanistic pathways b and c shown in 

Scheme II could operate when irons-2-butenoyl chloride
Scheme II

O O

- A c , — A C1

1 N(CbHs) :j 1 W C f t ) ,

salt salt
L_______ a b 1 c

1

O r
0 o

a
^CH =CH 2 ^ ^.CHCH

S) T>
2 3,4

reacts with triethylamine and 1,3-cyclopentadiene, since the 
equilibrium between adduct 2 and the 3, 4 pair lies almost 
entirely toward the conjugated species27 the ethylideneketene 
route c can at most be minor. Actually, no unambiguous evi
dence implicating the presence of this elusive alkylidene- 
ketene has been found in this work, and the evident failure to 
prepare it by flash-vacuum pyrolysis (a method successful for 
other alkylideneketenes)12 indicates that its participation here 
is unlikely. All of our data are most economically explained 
as illustrated by routes b and c in which both trans- 2- and

Table I. NMR Chemical Shift Values for Ketones 3 and 
4 Doped with Successive Amounts of Eu(fod)3

Ketone 3 Ketone 4
Ratio of 

ketone:Eu(fod)3 h 8 c h 3 Hs c h 3

No doping 6.23 1.81 5.60 2.05
161.04:1.00 6.25 1.81 5.60 2.08
53.68:1.00 6.36 1.86 5.63 2.15
23.01:1.00 6.52 1.93 5.67 2.27
10.74:1.00 6.86 2.06 5.77 2.52
4.42:1.00 7.70 2.41 6.01 3.13

-3-butenoyl chlorides react with triethylamine to form (pre
sumably different) acylammonium salts,29 which decompose 
by 1,4- and 1,2-elimination, respectively, to afford vinylketene
(1). This species is trapped by 1,3-cyclopentadiene as adduct 
2, which subsequently provides 3 and 4 by isomerization.

This view is supported by CNDO/2 charge density calcu
lations for 2-butenoyl chloride,33 which confirm the intuitive 
view of a much higher acidity for H4 (lost in 1,4-elimination 
—► vinylketene) than for H2 (lost in 1,2-elimination ethyl
ideneketene):

4 3 2 1
ch2— ch= c — COC1

H H
CN'DO/ 2 charge density +  0.0629 +  0.0306

We have devised no control experiment which can rule out 
the formal possibility that triethylamine catalyzes the equil
ibration of 3-butenoyl chloride and 2-butenoyl chloride prior 
to acylammonium salt formation. The known facility of the 
latter reaction, however,29-32 and the slow isomerization of the 
corresponding esters22 makes it a relatively unlikely mecha
nistic alternative.

In any case, owing to the facile isomerization subsequent 
to cycloaddition, vinylketene has been shown to be an effective 
ethylideneketene surrogate. When the reaction is carried out 
in the normal manner only adducts 3 and 4 are isolated. This 
reaction seems of some potential value, since (1) 1,4-dehy- 
drochlorination of trans-2-butenoyl chloride represents a 
straightforward and economical route to vinylketene; and (2) 
cyclobutanones functionalized at the a carbon are obtained 
in moderate yields. Baeyer-Villager oxidation of species like 
3 and 4 might provide a favorable synthetic approach to close 
analogues of a-methylene-7-lactones,34 some of which show 
antitumor activity.35

Experimental Section
Elemental analyses were performed by Ms. Ruby Ju of the Uni

versity of New Mexico. Melting points are uncorrected. Mass spectra 
were measured36 on a Du Pont Model 21-491 double focusing in
strument at an ionizing voltage of 70 eV. Infrared (ir) spectra were 
recorded as thin films between NaCl plates on Perkin-Elmer 237,337, 
or 521 spectrophotometers; all recorded absorptions were corrected 
by reference to polystyrene bands in the appropriate spectral regions. 
Nuclear magnetic resonance (NMR) spectra were obtained on Varian 
T-60, EM-360, or A-60 instruments. Ultraviolet (uv) measurements 
were made with a Perkin-Elmer Model 402 spectrophotometer. 
Preparative VPC separations were obtained with a Varian Aerograph 
Model 920 instrument equipped with a thermal conductivity detector 
with helium as the carrier gas. Analytical VPC determinations were 
measured using a Hewlett-Packard Model 5750 gas chromatograph 
equipped with flame ionization detector with nitrogen as the carrier 
gas. Quantitative VPC analyses resulted from automatic integration 
of peak areas by a Varian digital integrator Model 480 and calibration 
of detector response factors from known mixtures.37’88 The VPC 
columns used are identified as column A, 10 ft X 0.25 in. 10% FFAP 
on 60-80 Chromosorb W; column B, 5 ft X 0.125 in. 4% FFAP on 
100-120 Chromosorb P (AW, DMCS).



Preparation of Vinylketene by 1,4-Elimination J. Org. Chem., Vol. 41, No. 20,1976 3305

Analytical hydrogenations were carried out in ethyl acetate solu
tions over prereduced 10% Pd/C at atmospheric pressure. The volume 
H2 adsorbed was compared with a control determination for cyclo
hexene + 1.0 H2  -* cyclohexane measured the same day. Thus for a 
typical determination 0.0408 g (4.967 X 10- 4  mol) of cyclohexene 
adsorbed 13.40 ml of H2 . Immediately afterward 0.0318 g (2.370 X
10- 4  mol) of VPC-purified 4 took up 13.35 ml of H2. Adduct 4 thus 
has (4.967)(12.35)/(2.370)(13.40) = 1.93 double bonds. Repetitive 
determinations established a reproducibility estimated as ± 0 . 1  double 
bond.

Reactions of irans-2-Butenoyl Chloride with Excess Tri- 
ethylamine. Preparation of (E)-7-Ethylidenebicyclo[3.2.0]- 
hept-2-en-6-one (3) and (Z)-7-Ethylidenebicyclo[3.2.0]hept- 
2-en-6-one (4). Under anhydrous conditions a solution of 15.25 g (0.15 
mol) of dry (over KOH) triethylamine in 100 ml of low-boiling pe
troleum ether was added dropwise to a well-stirred mixture of 15.00 
g (0.14 mol) of trans-2-butenoyl chloride, 57.11 g (0.86 mol) of freshly 
dedimerized 1,3-cyclopentadiene, and 600 ml of dry petroleum ether. 
Immediate formation of white solid was evident; the addition required
1.5 h, at the end of which time the mixture was brown in color and 
contained much solid. Stirring was continued for another 1.5 h, and 
the reaction mixture then sealed and allowed to stand at room tem
perature for 7 days. At the end of the time VPC analysis (column B, 
95 °C) of the supernatant liquid showed (besides solvent and dicy- 
clopentadiene) five components in the area ratio (order of elution 
times) 1.37:1.67:23.70:63.90:10.00.

Suction filtration afforded 9.1 g (46%) of triethylamine hydro
chloride (mp 253-255 °C). The filtrate was washed with water, dried 
over MgSCL, and concentrated to a brown oil by rotary evaporation. 
Distillation in vacuo resulted first in a large fraction of dicyclopen- 
tadiene and a second fraction of a pale yellow oil, 7.85 g (41%), bp 
45-46 °C (0.1 mm). VPC analysis showed a small amount of dicyclo- 
pentadiene and the five components previously noted (area ratios 
essentially unchanged).

Preparative VPC (column A, 133 °C) resulted in isolation of the 
two major (third and fourth eluting) components in pure (>98% upon 
reinjection on column B) form. These were identified, respectively, 
as adducts 4 and 3 as described below. The second-eluting minor 
component had VPC retention time identical with adduct 2, later 
identified by spectral analysis of an enriched mixture. The other two 
minor products remain unidentified.

(Z)-7-Ethylidenebicyclo[3.2.0]hept-2-en-6-one (4). The 
third-eluting component, which constituted 23.7% of the mixture, was 
assigned structure 4: mass spectrum m/e (rel intensity) 134 (32), 106 
(13), 105 (15), 91 (41), 69 (16), 6 8  (11), 6 6  (100), 65 (14), 51 (13), 41 (17), 
40 (17), 39 (28); ir 3060,2940,2860,1741,1661,1605,1440,1170,1047, 
896, 776, 741, 695 cm-1; NMR (0.0392 g in 350 pi of CDCI3 ) & 5.8, m, 
2 H (H2, H3 ); 5.60, q {J = 7 Hz) further split into a d (J = 1.5 Hz), 1 
H (H8); 3.8, m, 2 H; 2.6, m, 2 H; 2.05, d of d (J = 7.0,1.5 Hz), 3 H 
(-CH3 ). LIS NMR: to the above solution was added aliquots of a 
CDCI3 solution of 0.0680 g (0.066 mmol) of Eu(fod)3 . 3 9  After each 
addition the NMR spectrum was run. Table I presents the chemical 
shifts of Hs and -CH3 as a function of the increasing EuffodL con
centration. The A5 values extrapolated to a 1:1 molar ratio of 4: 
Eu(fod) 3  are HB = 106 Hz, -CH3 = 288 Hz. Taken with the comple
mentary results of the other isomer these are sufficient to assign iso
mer 4 the Z configuration about the exocyclic double bond. Uv (95% 
ethanol) 209 nm (log e 3.32), 238 (3.36).40

Reduction to 5. VPC-purified 4 (0.0318 g) took up 12.35 ml of H2, 
thus having 1.9 ± 0.1 double bond. A larger sample of 0.40 g was hy
drogenated in a Parr apparatus at 50 psi. After removal of the catalyst 
by suction filtration through sintered glass and concentration by ro
tary evaporation the residual oil showed by analytical VPC (column 
B, 135 °C) two components in a ratio (order of elution time) of 28.9:
71.1. These were isolated by preparative VPC (column A, 130 °C) and 
had ir and NMR spectra congruent, respectively, with exo- and 
endo-7-ethylbicyclo[3.2.0]heptan-6-one (5), prepared and identified 
as described below.

Anal. Calcd for C9 H1 0O: C, 80.56; H, 7.51. Found: C, 80.30; H, 
7.43.

(E)-7-Ethylidenebicyclo[3.2.0]hept-2-en-6-one (3). The
fourth-eluting component, which constituted 63.29% of the mixture, 
was assigned structure 3: mass spectrum m/e (rel intensity) 134 (28), 
106 (11), 105 (12), 91 (35), 78 (10), 69 (9), 6 8  (9), 67 (8 ), 6 6  (100), 65
(11), 51 (10), 41 (13), 40 (16), 39 (23); ir 3030,2930,2860,1745,1668, 
1605,1442,1171,1075, 793, 735, 690 cm-1; NMR (0.0395 g in 350 pi 
of CDCI3 ) 5 6.23, q (J = 1 Hz) further split into a doublet (J = 1.0 Hz), 
1 H (H8); 5.8, m, 2  H (H2, H3); 3.7, m, 2 H; 2.6, m, 2  H; 1.81, d of d (J 
= 7,1.0 Hz), 3 H (CH3). LIS NMR: sequential addition of a CDC13 

solution of Eu(fod) 3 3 9  and spectral measurements were made as de

scribed above for isomer 4. The results, presented in Table I, give 
shifts extrapolated to a 1:1 molar ratio of H8 = 398 Hz, -CH3 = 158 
Hz. Taken with the complementary results of the other isomer these 
assign for adduct 3 the E configuration about the exocyclic double 
bond. Uv 223 nm (log f 4.10).

Reduction to 5. VPC-purified 3 (0.0297 g, 2.214 X 10_ 4  mol) took 
up 12.10 ml of H2, thus having 2.03 ±0.1 double bond. A larger sample 
of 0.40 g was hydrogenated in a Parr apparatus at 50 psi. After removal 
of the catalyst by suction filtration through sintered glass and con
centration by rotary evaporation the residual oil showed by analytical 
VPC (column B, 135 °C) two components in a ratio of 29.1:70.9. These 
were isolated by preparative VPC (column A, 130 °C) and had ir and 
NMR spectra congruent, respectively, with exo- 5 and endo- 5, pre
pared and identified as described below.

Anal. Calcd for C9 HI0 O: C, 80.56; H, 7.51. Found: C, 80.50; H,
7.64.

Reaction of trans-2-Butenoyl Chloride with Insufficient 
Triethylamine. Identification of 7-Vinylbicyclo[3.2.0]hept-2- 
en-6-one (2) in the Product Mixture. The reaction was carried out 
as described above except that 13.84 g (0.134 mol) of triethylamine 
was used, and workup was commenced after 3.0 h. Only 7.4 g (37%) 
of triethylamine hydrochloride (mp 252-254 °C) was obtained, and 
distillation afforded 2.5 g (13%) of pale yellow oil, bp 46-50 °C) (0 . 1  

mm). VPC (column B, 95 °C) showed evidence of some thermal de
composition (peak coincident with separately injected cyclopenta- 
diene, polymer formation in injector sleeve), but eluted three com
ponents in the area ratio (order of elution times) 59.8:1.1:39.1. These 
corresponded (comparison of retention times) with the second-, third-, 
and fourth-eluting components, respectively, from the excess tri
ethylamine cycloaddition. All attempts to isolate the major compo
nent of this mixture resulted either in irreversible cycloreversion 
(preparative VPC) or isomerization to 3 and 4 (column, thin layer, and 
high-pressure liquid chromatography). The identification of the 
first-eluting component as vinylketene adduct 2  was deduced from 
the following evidence. Ir: besides bands assigned previously to 
compound 4 there appeared absorptions at 1770,1645, 970, and 930 
cm-1. NMR (CDC13): compatible with a 60:40 mixture of 2:4. Sub
tracting the contributions of 4 the difference spectrum of 2 is S 6.3, 
m, 1 H; 5.8, m, 2 H; 5.2, m, 2 H; 3.7, m, 2 H; 2.5, m, 3 H. The splitting 
pattern in the vinyl region is recognizably that of a CH=CH2 moiety, 
but overlapping signals from minor component 4 preclude exact as
signments.

Reduction to 5. The isomeric mixture (0.0513 g, 3.824 X 10~ 4 mol) 
absorbed 20.22 ml of H2, thus indicating 1.96 ±0.1 double bond. A 
larger sample of 0.40 g of the mixture was reduced in the Parr appa
ratus as described for isomers 3 and 4. Workup provided a yellow oil 
which had VPC (column B, 135 °C) characteristic of 12.0% exo- 5 and 
88.0% endo- 5. 4 4  Ir and NMR spectra of VPC-collected samples (col
umn A, 130 °C) were congruent with those of authentic material, 
prepared and identified as described below.

Anal. Calcd for C9 Hi0 O: C, 80.50; H, 7.51. Found: C, 80.27; H, 
7.31.

Pyrolysis. Heating the mixture to 85 °C for 2.5 h resulted in for
mation of 1,3-cyclcpentadiene and disappearance of the NMR signals 
assigned to adduct 2. Analysis of VPC (column B, 95 °C) showed, 
besides cyclopentadiene and its dimer, the five previously observed 
components in the area ratio (order of elution times) 1.37 (unknown 
A):1.64 (component 2):7.61 (component 4):79.38 (component 3):10.00 
(unknown B).

Isomerization Experiments. A. 2 —► 3 + 4. Addition of 2 pi of
triethylamine to a CDCI3 solution of 59.8% 2,1.1% 4, and 39.1% 3 after 
8  h resulted in the virtual disappearance of 2 as measured by NMR. 
VPC (column B, 95 °C) showed that the equilibrium mixture had been 
reached (1.37:1.65:23.70:63.29:10.00). Repetition of the experiment 
in a dry pentane solution afforded the same equilibrium mixture, but 
required nearly 7 days at room temperature before stabilization.

B. 3 — 3 + 4. Addition of 2 pi of triethylamine to a CDCI3 solution 
of VPC-purified 3 resulted after less than 30 min in attainment of 
equilibrium between 3 and 4 (73:27 by NMR and VPC). Only trace 
amounts of the other three components were observed.

C. 4 —1- 3 + 4. Addition of 2 pi of triethylamine to a CDC13 solution 
of VPC-purified 4 resulted after less than 30 min in attainment of the 
3:4 equilibrium (73:27). Again, only trace amounts of the other three 
components were detected.

Reaction of 3-Butenoyl Chloride with excess Triethylamine.
Under anhydrous conditions a solution of 0.51 g (5.02 mmol) of dry 
triethylamine in 1 0  ml of low-boiling petroleum ether was added 
dropwise to a well-stirred mixture of 0.50 g (4.8 mmol) of 3-butenoyl 
chloride, 1.60 g (24.3 mmol) of freshly dedimerized 1,3-cyclopenta
diene, and 50 ml of petroleum ether. A heavy, flocculent white solid
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was formed immediately. Stirring was continued for 1.5 h, and then 
the mixture allowed to stand at room temperature for 7 days. VPC 
analysis (column B, 95 °C) of the supernatant liquid showed the five 
product components previously observed, in the area ratio ( order of 
elution times) 1.38:1.62:23.71:63.29:10.00, and was virtually super- 
imposable with that obtained from the analogous reaction of trans- 
2-butenoyl chloride with excess triethylamine.

Suction filtration provided 0.52 g (79%) of triethylamine hydro
chloride (mp 251-255 °C). The filtrate was washed with water, dried 
over MgS04, and concentrated to an orange oil. Distillation in vacuo 
afforded 0.17 g (27%) of yellow oil, bp 46-55 °C (0.1 mm). Analysis by 
VPC showed no significant change in the area ratios of the five com
ponents due to fractionation during distillation.

Reaction of 3-Butenoyl Chloride with Insufficient Triethyl
amine. The reaction was carried out as described above except that 
0.46 g (4.54 mmol) of triethylamine was used, and workup begun after 
3.0 h. Filtration gave 0.45 g (68%) of triethylamine hydrochloride (mp 
253-256 °C), and VPC analysis of the filtrate (column B, 95 °C) 
showed components 2:3:4 to be present in the area ratio 59.7:1.2:39.1. 
Concentration and distillation afforded 0.14 g (22%) of yellow oil, bp 
45-55 °C (0.1 mm).

Preparation of 7-Ethylbicyclo[3.2.0]hept-2-en-6-one (6). Under 
anhydrous conditions a solution of 11.98 g (0.118 mol) of dry trieth
ylamine was added dropwise to a well-stirred mixture of 11.30 g (0.106 
mol) of butanoyl chloride, 19.44 g (0.294 mol) of freshly dedimerized 
cyclopentadiene, and 100 ml of dry benzene. There was immediate 
formation of a white precipitate, and the solution turned very dark. 
Addition required 20 min and stirring was continued for another 2.0 
h. The reaction mixture was then allowed to stand for 42 h at room 
temperature.

Suction filtration afforded 14.75 g (100%) of triethylamine hydro
chloride (mp 254-256 °C). The filtrate was concentrated by rotary 
evaporation to 14.20 g of dark oil, which was distilled in vacuo to 
provide 9.28 g (64%) of pale yellow oil, bp 30-145 °C (20 mm). The 
material was chromatographed on 34 g of silica gel using hexanes as 
eluent to remove 3.7 g of dicyclopentadiene. The remaining material 
was shown by VPC (column B, 135 °C) to be composed of three 
components in area ratio (order of elution times) 70.0:0.9:29.1. The 
first and third components were isolated by preparative VPC (column 
A, 130 °C) in >98% purity (checked by reinjection on column B) and 
assigned structures, respectively, as ethylketene /J-lactone dimer 7

Ch CHoCHj

° — k CHCĤ CHj
7

and endo-7-ethylbicyclo[3.2.0]hept-2-en-6-one (endo-6) on the basis 
of the following data.

Ethylketene /3-Lactone Dimer (7): ir 2970, 2940, 2880,1890,1880, 
1850,1730,1455,1290,1195,938, 910, 845 cm“ 1; NMR (CDC13) <5 4.72, 
d of t (J = 7.5,1.5 Hz), 1 H; 3.91, broadened t ( J = 7 Hz), 1 H; 2.4-1.6, 
m, 4 H; 1.06 and 1.03, overlapping triplets (J = 7.5, 7 Hz), 6 H.

Anal. Calcd for C8Hi202: C, 68.55; H, 8.63. Found: C, 68.73; H, 
8.70.

endo-7-Ethylbicyclo[3.2.0]hept-2-en-6-one (endo-6): ir 3050, 
2960, 2930, 2870, 1770, 1559, 795, 700 cm“ 1; NMR (CDC1,) 6 5.82, 
broad s, 2 H; 2.5, m, 3 H, 2.53, broad s, 2 H; 1.42, m, 2 H; 0.93, t (J = 
7 Hz), 3 H (-CH3).

Anal. Calcd for CsH^O: C, 79.37; H, 8.88. Found: C, 79.62; H, 
9.07.

exo-7-Ethylbicyclo[3.2.0]hept-2-en-6-one (exo-6). To a solution 
of 100.3 mg of VPC-purified endo- 6 in 10 drops of methanol was 
added 4 drops of 0.4 M sodium hydroxide in methanol. VPC analysis 
(column B, 100 °C) showed that after 2 days equilibration had oc
curred to form a 37.18:62.82 mixture of the second-eluting component 
from the cycloaddition described above and endo- 6. The yellow so
lution was taken up in 8 ml of ether, washed with two 1-ml portions 
of water, dried over sodium sulfate, transferred by pipet, and con
centrated by flash distillation to leave a cloudy, colorless oil, 99.3 mg. 
The minor, first-eluting component was isolated by preparative VPC 
(column A, 112 °C) and identified as exo-7-ethylbicyclo[3.2.0]hept- 
2-en-6-one (exo- 6) from its method of preparation and on the basis 
of the following properties: ir 3070,2980,2945,2890,2865,1780,1603, 
740,720 cm-1; NMR (CDCI3) 5 5.77, broadened s, 2 H; 3.7, m, 1 H; 3.2, 
m, 1 H; 3.0-2.3, m, 3 H; 1.62, q (J = 6.5 Hz), 2 H; 1.00, t (J = 6.5 Hz), 
3 H.

Anal. Calcd for C9HI20: C, 79.37; H, 8.88. Found: C, 79.08; H, 
8.83.

ea£?o-7-Ethylbicyclo[3.2.0]heptan-6-one (endo-5). A mixture 
of 1.50 g of partially isomerized 6 (5% exo, 95% endo) was dissolved 
in 100 ml of 95% ethanol and hydrogenated in a Parr apparatus over 
10% Pd/C at 45 psi. After 4.0 h a 0.8-psi pressure drop had occurred 
(ca. 1 molar equiv with this apparatus) and 1.51 g of yellow oil was 
isolated by suction filtration and rotary evaporation. VPC analysis 
(column B, 135 °C) showed two components in the area ratio (order 
of elution) 5:95. The larger, second-eluting component was isolated 
by preparative VPC (column A, 135 °C) and identified as endo- 5: ir 
2960, 2860, 1780 cm "1; NMR (CDCI3) 5 3.45, m, 1 H; 3.02, m, 2 H;
1.02-2.22, m, 8 H; 0.90, t (J = 6.5 Hz), 3 H.

Anal. Calcd for C9H14O: C, 78.21; H, 10.21. Found: C, 78.09; H,
10. 11.

exo-7-Ethylbicyclo[3.2.0]heptan-6-one (exo-5). To a solution 
of 95.0 mg of VPC-purified endo- 5 in 0.5 ml of methanol was added 
5 drops of 0.4 M sodium hydroxide in methanol. After 4.0 h VPC 
analysis (column A, 135 °C) showed two components in the area ratio 
(order of elution times) 71.6:28.4. The latter component corresponded 
in retention time to reactant endo- 5. The mixture was taken up in 5 
ml of ether, washed with two 1-ml portions of water, dried over sodium 
sulfate, transferred by pipet, and concentrated by flash distillation 
to provide 85.0 mg of clear, colorless oil. The first-eluting, major 
component was isolated by preparative VPC (column A, 112 °C) and 
identified as exo- 5 from its method of preparation and on the basis 
of the following properties: ir 2955, 2865,1770 cm-1; NMR (CDCI3) 
b 3.42, broad s, 1 H; 2.52, m, 2 H; 2.4-1.3, m, 8 H; 0.98, t (J = 6.5 Hz), 
3 H.

Anal. Calcd for C9H,40: C, 78.21; H, 10.21. Found: C, 78.49; H, 
10.37.

Registry No.—1, 50888-73-8; 2, 59796-68-8; 3, 59796-69-9; 4, 
59796-70-2; exo-5,54276-01-6; endo-5,54235-96-0; exo-6, 54275-98-8; 
endo-6, 25975-87-5; 7, 5659-15-4; trans-2-butenoyl chloride, 
33603-82-6; 1,3-cyclopentadiene, 542-92-7; triethylamine hydro
chloride, 554-68-7; 3-butenoyl chloride, 1470-91-3; butanoyl chloride, 
141-75-3.
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The lithium enolates of methyl-substituted acetophenones are metalated further by butyllithium in the presence 
of TMEDA to di- and trilithium derivatives. The sequence of preferential proton abstraction is o-methyl > o-E  
> p-methyl > m-methyl. A second proton can also be abstracted from the carbon a to the carbonyl group. The com
pound dilithiated a to the carbonyl undergoes a lithium oxide elimination to yield an acetylene. Abstraction of two 
protons from two o-methyl groups, or from one o- and one p-methyl groups, or from one o-methyl group and the 
a-methylene group, was also observed. The directive effects in these metalations are discussed in terms of charge 
alternation.

A preferential proton abstraction by base in hexamethyl- 
phosphoric triamide from the p-methyl group in 4-methyl- 
acetophenone (I) was reported by Dubois.1 On the other hand, 
abstraction of two protons from the methyl a to the carbonyl 
in 2,4,6-trimethylacetophenone (II) by butyllithium was 
claimed.2 This last result was not entirely reliable, since it was 
proved only by the production of III, which contained two 
deuterium atoms in the acetyl group, as confirmed by the 
NMR spectrum. However, the second proton could have been 
exchanged during the deuteration.

Our interest in polymetalation3 has prompted us to inves
tigate the possibility of polymetalation of the substituted 
acetophenones. Several other ketones such as acetophenone 
(IV), 2- (V) and 3-methylacetophenone (VI) were studied in 
addition to I and II.

In order to avoid the attack of butyllithium on the carbonyl 
group, it was necessary (except in the case of 2,4,6-trimeth
ylacetophenone, that was hindered enough to avoid addition 
of butyllithium to the carbonyl group) to carry out the ab
straction of the first proton with a different base to form the 
enolate. The following procedure was adopted. The enolates, 
obtained by the action of sodium hydride or lithium diiso- 
propylamide on the ketones, were converted into trimeth- 
ylsilyl enol ethers. Addition of 1 equiv of butyllithium to a 
solution of these o ethers transformed them into lithium en
olates.4 Further metalation of these enolates was performed 
by an excess of butyllithium in the presence of TMEDA.

Results

Metalation of II with butyllithium in hexane- TMEDA and 
subsequent treatment with trimethylchlorosilane yielded the 
disilyl (Vllb) and two trisilyl (VUIb and IXb) derivatives, that 
are the products of the reaction of the dilithium (Vila) and 
the trilithium (Villa and IXa) intermediates. Hydrolysis of 
these derivatives gave the corresponding ketones Xb, Xlb, and 
Xllb.

The metalation of II in ether made it possible to follow by 
NMR the transformation of II into XHIa and, after the ad
dition of TMEDA, the further lithiation to Vila. In the first 
stage the signals of XHIa appeared: aromatic at 6.63 (s), 
= C H 2 at 3.9 (s, 1 H) (the second vinylic proton was hidden 
by ether), the o-methyls at 2.24 (s), and the p-methyl at 2.07 
ppm (s). These signals disappeared on further metalation, 
giveing place to two aromatic signals at 5.37 (s) for the proton 
para and at 59.97 ppm ortho to the CH2Li. Meta coupling was 
observed by broadening of the singlets. The intensity of the
o-methyls singlet was reduced and a new singlet for the CH2Li 
appeared at 1.84 ppm. (s). Silylation of the ether solution led 
to Vllb. Similar results were obtained in THF (without 
TMEDA), but with an additional minor product XlVb formed 
by metalation of the p-methyl and subsequent silylation and 
hydrolysis of the enol ether.

The appearance of two aromatic signals in the product of 
dimetalation proved its structure Vila, since ring metalation 
or at the p-methyl would have led to a product showing one 
aromatic signal only. Quenching of the enolate XHIa with D20  
in our hands led to a mixture of mono-, di-, tri-, and undeu- 
terated products in the o-methvl group as shown by he M+ 
peaks obtained in the mass spectrum. In our conditions, the 
reported2 dideuterated II was not the product of dimetalation, 
but an artifact of exchange.

Preferential ring metalation at the position crtho to the 
enolate group was obtained on metalation of XVb in hex- 
ane-TMEDA. Treatment of the product of metalation with 
trimethylchlorosilane yielded preponderantly XVIb and two 
products of dimetalation, XVIIb (9%) and XVIIIb (10%). A 
small amount of an unidentified product was also formed.

The metalation at the ortho position was proved by the 
NMR of the ketone, product of deuterolysis of the metalated 
mixture. Instead of the A2B2 pattern of the aromatic protons 
in I, there appeared one proton only at the ortho position in 
this product. Metalation of XVb with butyllithium in THF
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and subsequent treatment with trimethylchlorosilane and 
hydrolysis yielded X lX b as the major product derived from 
the product of metalation at the p-methyl XIXa.

Metalation of the trimethylsilyl ether XXb derived from 
IV gave one product only, XXIa, metalated at the ortho po
sition. Silylation of the product of metalation yielded XXIb. 
Alkylation of XXIa with methyl bromide gave a mixture of
2-methylacetophenone (V), 2-methylpropiophenone (XXII), 
and 2-methylisobutyrophenone (XXIII). The two ketones V 
and XXIII were products of transmétalation during the al
kylation. The occurrence of transmétalation was proved by 
treatment of the enolate of 2-methylacetophenone with 
methyl bromide, that yielded the starting material, XXII, and 
XXIII.

A mixture of products was obtained on metalation of the 
silyl ether XXIVb of V and subsequent treatment with tri
methylchlorosilane, the most abundant being XXVb. In ad
dition, there was obtained XXVIb, formed from the product 
of dimetalation XXVia at the o-methyl, XXVIIb from the 
product of dimetalation XXVIIa at the methyl a to the car
bonyl, and an acetylenic derivative XXVIIIb devoid of oxygen. 
XXIX was clearly formed by elimination of lithium oxide from 
the intermediate XXVIIa yielding then XXVIIIa with bu- 
tyllithium and subsequently XXVIIIb with trimethylchlo
rosilane. An intermediate formed by abstraction of the lost

proton from the carbon a to the carbonyl in XXVIIa is less 
probable.

No attack on the methyl was observed in the reaction of the 
enolate of VI, that yielded a product XXXIa of metalation at 
the ortho position exclusively and XXIb on subsequent 
treatment with trimethylchlorosilane. The NMR spectrum 
of this compound in the aromatic range consisted of a doublet, 
part of an AB signal at 7.35, and a not well-separated doublet 
at ~7 ppm, as well as a singlet at ~7.05. Hydrolysis of the enol 
silyl group of XXXIb to the ketone XXXII confirmed the 
structure assigned. The NMR spectrum of XXXII showed a 
doublet at 7.22 (1H ,J  = 8 Hz), showing additional splitting 
of 2 Hz by a meta proton, a doublet at 7.52 (1H, J  = 8 Hz), and 
a singlet at 7.58 ppm (1 H, br s). Addition of Eu(fod)3 pro
duced a better resolved spectrum. The low-field singlet of the 
proton ortho to the carbonyl was shifted to lowerfield and the 
aromatic pattern showed in addition to it two doublets of the 
AB system. Deuterolysis of XXXIa introduced deuterium also 
at the ortho position. Alkylation with methyl bromide yielded 
a mixture of XXXIII, XXXIV, and XXV, which were sepa
rated and their structure determined by NMR. The aromatic 
pattern in the NMR spectra of these ketones showed a singlet 
(1 H) at lower yield, and a higher field singlet (2 H) in agree
ment with the NMR spectra of a series of similar compounds3’5 
with a 1,2,4-trisubstituted benzene ring. The NMR spectra
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Table I. Products of Metalatiou-Silylation of Acetophenones

Catalyst: Duration of
Substrate Solvent Ratio 1; ratio 2° metalation, h Products

II Hexane TMEDA: 4; 4 24 VII (56%); VIII (22%); IX (11%); 11% not identified.
II Hexane TMEDA: 2; 2 24 XIII (23%); VII (77%)
II Hexane TMEDA: 4; 1 48 VII (45.5%); VIII (34.5%); IX (17%)
II THF ~ : 4; — 24 II (28%); X (62.5%); XIV (9%)
II THF i-Pr2NLi: 4; - 24 XIII (90%)
XV Hexane TMEDA: 4; 2 24 XVI (71%); XVII (10%); XVIII (10%)
XV THF —: 4; — 24 I (50%); XIX (50%)
XX Hexane TMEDA: 4; 2 24 XXI (90%)
X X 6 Hexane TMEDA: 4; 2 24 IV (8%); V (34%); XXII (26%); XXIII (26%)
XXIV Hexane TMEDA: 4; 2 24 XXV (55%); XXVIII (20%); XXVI (13%); XXVII (6.5%)
XXIV Hexane TMEDA: 4; 1 24 XXV (85%)
V6 THF ¿-P^NLi: 1; — 1 V (25%); XXII (50%); XXIII (25%)
XXX Hexane TMEDA: 4; 2 24 XXXI (90%)
XXX Hexane TMEDA: 4; 1 24 XXXI (90%)
X X X 6 Hexane TMEDA: 4; 1 24 VI (7.5%); XXXIII (24.5%); XXXIV (18%); XXXV (38%)
“ Ratio 1, between BuLi considered as a monomer, and the substrate; ratio 2, between BuLi and TMEDA. b Alkylation with methyl 

bromide was performed instead of silylation.
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of these ketones were resolved in the presence of Eu(fod)3, and 
in all of them the signals of the aromatic protons consisted of 
a singlet shifted to low field (1 H) and an AB quartet (2 H) in 
the usual aromatic range. The other possible isomeric prod
ucts, e.g., 2,3-dimethylacetophenone (XXXVI), would have 
shown an entirely different pattern in the NMR spectrum.

Metalation of XXX b in ether made it possible to follow its 
transformation into the enolate XXXa, and, after the addition 
of TMEDA, the further lithiation to XXXIa. In the first stage, 
the signals of the enolate appeared: aromatic at 6.78-7.24 (m), 
= C H 2 at 3.91 (s) and 3.62 (s), and the methyl at 2.11 ppm (s). 
These signals disappeared on further metalation, giving place
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to an interesting pattern in the aromatic range: two doublets 
each of 1 H at 7.70 and at 6.66 ppm (J = 6 Hz), and a singlet 
(1 H) at 7.14 ppm. This spectrum confirmed the structure 
XXXIa, in which one proton ortho to the lithium is shifted 
to lower field6 7.70, and coupled with its neighbouring proton 
at 6.66 ppm. The proton between the enolate and the methyl 
appears as a singlet. Meta coupling was observed by broad
ening of the singlet and the higher field doublet.

Metalation with lithium diisopropylamide of an o -methyl 
in benzamides was reported.7 However, no such metalation 
could be performed by us in the case of the enolates studied 
here.

Discussion
The lithium enolates of aryl methyl ketones undergo further 

metalation in ether-TMEDA, despite the negative charge of 
the side chain, which is also partially delocalized into the ar
omatic ring. Abstraction of two additional protons with or- 
ganolithium compounds is observed in hexane-TMEDA. 
These metalations are strongly directed to the position ortho 
to the enolate, with a methyl at this position being metalated 
preferentially to the carbon ortho in the ring. These enolates 
therefore enter the class of directing groups in the metalation 
like amides7-10 or benzylamines.11-14 Chelation is probably 
the driving force for ortho metalation. The observation that 
abstraction of an additional proton occurs at the carbon of the 
side chain a to the carbonyl is of great interest. This is the first 
case observed for dimetalation of a methyl a to the carbonyl. 
Metalation is also observed in the p-, but not at the m- 
methyl.

We have therefore an additional directing effect to that for 
metalationat the ortho position. This effect discriminates 
between the m- and p-methyls, and we ascribe it to the pref
erence shown by conjugated systems to introduce additional 
charges on the same set of starred carbons, conserving in that 
manner the charge alternation that was present in the initial 
odd alternating ion. This can occur when a proton is ab
stracted from a p- but not a m-methyl. The same charge al
ternation is maintained after an additional abstraction of a 
proton from the carbon a to the carbonyl, or from the o- 
methyl in preference to that from the ortho carbon. The 
preference for creating polyanions by proton abstraction in 
such a manner as to create conjugated systems with charge 
alternation was observed previously in olefins leading to tri- 
methylenemethane dianions,15 to allyl dianion,16 add to 
propargylic di-17 and trianions.18 In the last case, proton ab
straction was shown to occur three times consecutively from 
the same carbon rather than from the other propargylic po
sition that would have led to a more even charge distribu
tion.

The influence of chelation and its dependence on the sol
vent is illustrated by the preferential metalation of the enolate 
of 4-methylacetophenone at the ortho position in hexane- 
TMEDA and at the p-methyl in THF. It was observed be
fore19 that TMEDA solvates lithium salts of delocalized 
carbanions very strongly externally to a solvated tight ion pair, 
but THF can produce solvent separated ion pairs. The cation 
in the solvent separated ion pair is obviously less effective in 
chelation, and the electronic effects, that prefer charge al
ternation, are therefore determining in THF the position of 
proton abstraction. The coordination of the cation in the tight 
ion pair with one molecule of TMEDA only, thus leaving a site 
on the lithium free for chelation, may be an additional reason 
for the difference between the chelating efficiency of lithium 
in the presence of TMEDA and THF. In THF solution all the 
available sites on the lithium cation cf an ion pair are probably 
coordinated with this ligand. The chelation through a sepa
rated ion pair in THF is sufficient to prefer metalation at the
o- to that at the p-methyl, since in both reactions an ion with

charge alternation is formed. However, the metalation rate 
at the p- relative to the o -methyl is larger in THF that in 
hexane-TMEDA, where tight ion pairs are present.

Steric effects intervene also in the metalation promoted by 
chelation. The attack on the enolate of 3-methylacetophenone 
by butyllithium takes place exclusively at the ortho position 
away from the ring methyl.

A charge in a ^-conjugated system not only does not prevent 
the addition of further charges to this system, if the charge is 
introduced on the same set of starred atoms,3’17,18,20 but makes 
it sometimes easier than the introduction of the first charge. 
Abstraction of a proton to create a carbon-metal a bond that 
is perpendicular to the ■k system containing a charge is not 
prevented. It is of interest hat the presence of such a carbon- 
metal bond in aryllithium compounds interferes not only with 
further metalation by abstraction of protons of the ring and 
the formation of additional <r carbon-lithium bonds in the 
same plane as the first one, but also with the introduction of 
charges into the perpendicular ir system,21 if the C-Li bond 
is on a carbon belonging to the unstarred set.

The conjugation between the enolate group and the ortho 
or para benzylic methylenes in the polyanions is of the 
crossed-conjugation type. This kind of conjugation was found 
to be more stable than the linear one in the polyanions, e.g., 
trimethylenemethane dianion15,20 relative to butadiene di
anion or m-xylylene dianion relative to its para isomer.3,5

Experimental Section
NMR spectra of all compounds except the lithium derivatives were 

recorded in CC14 on a Varian T60 apparatus using Me4Si as an internal 
standard. Gas chromatographic separations were performed on a 
Varian Aerograph A-90-P-3. Ir spectra were recorded on a Perkin- 
Elmer 337, and uv spectra on Unicam SP 800A spectrophotometers. 
Analyses were performed by Mrs. M. Goldstein of the Microanalytical 
Laboratory of the Hebrew University.

2,4,6-Trimethylacetophenone, 4-methylacetophenone, 3-meth
ylacetophenone, 2-methylacetophenone, and acetophenone were 
commercial samples (Aldrich) that were tested by us by GLC.

The enol silyl ethers were prepared by the procedure recommended 
by Stork4 using sodium hydride, but better yields were obtained when 
lithium diisopropylamide22 was used as the base for proton abstrac
tion. The first but not the second procedure failed with m-methyl- 
acetophenone.

An example for the general procedure for preparation of the enol 
silyl ethers is given for m-methylacetophenone.

Butyllithium (35 ml, 1.5 M) was added dropwise to 6.5 ml of di- 
isopropylamine in 20 ml of dry THF under an inert atmosphere and 
cooled to 0 °C in an ice bath; then 5 g of VI was added. After the ad
dition was complete, the mixture was left for 30-60 min at 0 °C; then
5.5 g of trimethylchlorosilane was added. After 30 min the reaction 
mixture was filtered. The organic phase was washed rapidly with 
water and an aqueous solution of sodium bicarbonate. After evapo
ration of the solvent, the residue was distilled at 110-120 °C (25 mm), 
yield 6.5g (84%) of [l-(m,-methylstyryl)oxy]trimethylsilane (XXX): 
NMR 5 7.08-7.05 (m, 4 H, ArH), 4.85 (s, 1 H, =C H ), 4.38 (s, 1 H, 
= C H ), 2.40 (s, 3 H, ArCH3), 0.28 [s, 9 H, 0Si(CH3)3]. Anal. Calcd for 
Ci2Hi8SiO: C, 69.9; H, 8.7. Found: C, 69.61; H, 8.68. Ir 850,1020,1250,
1310,1490,1590,1600,1620 cm-1. The other enol silyl ether deriva
tives were obtained by this procedure.

[l'-(2,4,6-Trimethylstyryl)oxy]trimethylsilane (XIII): NMR 5 6.68 
(s, 2 H, ArH), 4.54 (s, 1 H, =C H ), 4.11 (s, 1 H, = C H ), 2.34 (s, 3 H, 
■ArCH3), 0.28 [s, 9 H, OSi(CH3)3]; m/e 162 [M+ -  Si(CH3)3],

[l-(p-Methylstyryl)oxy]trimethylsilane (XV): NMR 5 7.01 (d, J 
= 8 Hz, 2 H, ArH), 7.38 (d, J = 8 Hz, 2 H, ArH), 4.75 (d, J = 2 Hz, 1 
H, =C H ), 4.35 (d, J  = 2 Hz, 1 H, =C H ), 2.35 (s, 3 H, ArCH3), 0.21 [s, 
9 H, OSi(CH3)3], Anal. Calcd for C12H18SiO: C, 69.9; H, 8.7. Found: 
69.7, H, 8.9. Ir 850, 1020, 1250, 1620 c m '1.

[l-(Phenylvinyl)oxy]trimethylsilane (XX): NMR 5 7.61-7.15 (m, 
5 H, ArH), 4.83 (d, J = 2 Hz, 1 H, = C H ), 4.36 (d, J = 2 Hz, 1 H, 
= C H ), 0.25 [s, 9 H, OSi(CH3)3]. Anal. Calcd for CnH 16OSi: C, 68.7; 
H, 8.3. Found: C, 68.90; H, 8.64, Ir 850,1010,1120,1250, 1320, 1620 
cm-1.

[l'-(2-Methylstyryl)oxy]trimethylsilane (XXIV): NMR & 7.08-7.05 
(m, 4 H, ArH), 4.85 (d, J = 2 Hz, 1 H, = C H ), 4.38 (d, J = 2 Hz, 1 H, 
=C H ), 2.40 (s, 3 H, ArCHg), 0.28 [s, 9 H, OSi(CH3)3]. Anal. Calcd for
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Ci2H18SiO: C, 69.9; H, 8.7. Found: C, 69.80; H, 8.86. Ir 850,1020,1090,
1140.1250.1270.1310.1620 cm“ 1.

Metalation. All metalations were carried out by a standard pro
cedure. An example for X X X  is given. To 13 ml of 1.5 M butyllithium 
in hexane under an inert atmosphere and cooled to —20 to —30 °C,
2.6 ml of TMEDA was added, and then 1 g of X XX. The reaction 
mixture was left at room temperature for 24 h, then cooled to 0 °C in 
an ice bath and 5 g of trimethylchlorosilane was added. The reaction 
mixture was left at room temperature for several hours, then filtered 
and the organic solution washed rapidly with water. The solvent was 
evaporated and the product in the residue (1.4 g) separated by pre
parative GLC at 180 °C on a 2 m X 0.25 in. column of 15% SE-30 on 
Chromosorb W, mesh size 60/80. The following products of metalation 
and subsequent silylatiion were obtained in this manner.

[l-(2'-Trimethylsilylmethylene-4',6'-dimethylsytryl)oxy]trimeth- 
ylsilane (VII): NMR 6 6.64 (brs, 2 H, ArH), 4.54 (s, 1 H, =C H ), 4.11 
(s, 1 H, =C H ), 2.28 (s, 6 H, ArCH3), 2.21 (s, 2 H, ArCH2Si), 0.18 [s, 
9 H, OSi(CH3)3], -0.03 [s, 9 H, CH2Si(CH3)3j; m/e 234 [M+ -  
Si(CH3)3]; ir 850,1050,1080,1170,1250,1300,1600,1620 cm -1. Anal. 
Calcd for C17H3oOSi2: C, 66.3; H, 9.8. Found: C, 66.38; H, 9.96.

[l-Bis(2',6'-trimethylsilylmethylene)-4-methylstyryl)oxy]tri- 
methylsilane (VIII): NMR 6 6.51 (s, 2 H, ArH), 4.47 (s, 1 H, =C H ),
4.07 (s, 1 H, = C H ), 2.21 (s, 3 H, ArCH3), 2.14 (s, 2 H, ArCH,Si), 0.21 
(s, 9 H, OSi(CH3)3], -0.06 [s, 9 H, CH,Si(CH3)3]; m/e 306 [M+ -  
Si(CH3)3]; ir 850,1050,1075,1160,1250,1300,1620 cm“ 1. Anal. Calcd 
for C20H38OSi3: C, 63.4; H, 10. Found: C, 63.42; H, 10.33.

(l-(2'-Trimethylsilyl-4'-methylstyryl)oxy]trimethylsilane (XVI): 
NMR b 7.14 (s, 1 H, ArH), 4.32 (brs, 2 H = C H 2), 2.34 (s, 3 H, ArCH3), 
0.31 [s, 1 H, ArSi(CH3)3], 0.21 [s, 9 H, OSi(CH3)3]; ir 845,1255,1260, 
1260 cm-1. Anal. Calcd for CisH260Si2: C, 64.7; H, 9.36. Found: C, 
64.65; H, 9.27.

l-(Trimethylsiloxy)-2-(trimethylsilyl)-l-(2'-trimethylsilyl-4'- 
methylphenyl)ethylene (XVII): NMR <5 7.09 (s, 1 H, ArH), 6.93 (s, 2
H, ArH), 4.41 (s, 1 H, =C H ), 2.37 (s, 3 H, ArCH3), 0.30 [s, 9 H, Ar- 
Si(CH3)3], 0.14 [s, 9 H, OSi(CH3)3], -0.06 [s, 9 H, =CSi(CH 3)3],

[l-(2'-Trimethylsilyl-4'-trimethylsilylmethylenestyryl)oxy]tri- 
methylsilane (XVIII): NMR b 6.7-6.9 (m, 3 H, ArH), 4.26 (s, 2 H, 
= C H 2), 2.0 [s, 2 H, CH2Si(CH3)3], 0.30 [s, 9 H, ArSi(CH3)3], 0.22 [s, 
9 H, OSi(CH3)3], 0.04 [s, 9 H, ArCH2Si(CH3)3],

[l-(2'-Trimethylsilylstyryl)oxy]trimethylsilane (XXI): NMR b 
7.44-7.24 (m, 1 H, ArH), 7.03-7.08 (m, 3 H, ArH), 4.38 (brs, 2 H, 
= C H 2), 0.31 [s, 9 H, ArSi(CH3)3], 0.21 [s, 9 H, OSi(CH3)3]; ir 840,1130,
1260.1620 cm-1. Anal. Calcd for Ci4H240Si2: C, 63.6; H, 9.09. Found: 
C, 64.31; H, 9.64.

[l-(2'-Trimethylsilylmethylenestyryl)oxyjtrimethylsilane (XXV): 
NMR a 6.98 (m, 4 H, ArH), 4.41 (s, 1 H, =C H ), 4.28 (s, 1 H, =C H ), 
2.25 (s, 2 H, ArCH2Si), 0.11 [s, 9 H, OSi(CH3)3], -0.05 [s, 9 H, Ar- 
CHSi(CH3)3]; ir 850,1015,1110,1250,1310,1620 cm "1. Anal. Calcd 
for Ci6H26OSi2: C, 64.7; H, 9.36. Found: C, 65.1; H, 9.4.

[l-(2',2'-Bis(trimethylsilylmethylenestyryl)oxy]trimethylsilane 
(XXVI): NMR a 6.71-6.81 (m, 4 H, ArH), 4.25 (s, 1 H, =C H ), 4.08 (s,
1 H, = C H ), 1.98 [s, 1 H, ArCH(Si)2], 0.15 [s, 9 H, OSi(CH3)3], -0.01 
[s, 18 H, ArCH(Si(CH3)3)2],

l-(Trimethylsiloxy)-2-(trimethylsilyl)-l-(2'-trimethylsilylmethy- 
lene)styrene (XXVII): NMR a 6.85-6.98 (m, 4 H, ArH), 4.45 (s, 1 H, 
=CH ), 2.21 (s, 2 H, ArCH2Si), 0.15 [s, 9 H, OSi(CH3)3], -0.01 [s, 9 H, 
ArCH2Si(CH3)3], -0.05 [s, 9 H, =CSi(CH 3)3].

1- (2'-Trimethylsilymethylenephenyl)-2-(trimethylsilyl)acety- 
lene (XXVIII): NMR a 6.98-7.2 (m, 4 H, ArH), 2.26 (s, 2 H, ArCH2Si), 
0.2 [s, 9 H, =CSi(CH 3)3], 0.0 [s, 9 H, ArCH2Si(CH3)3]; ir C =C  2160 
cm-1.

[l-(2'-Trimethylsilyl-5'-methylstyryl)oxy]trimethylsilane (XXXI): 
NMR a 7.35 (d, J = 6 Hz, 1 H, ArH), 6.96 (d, 1 H, ArH), 7.05 (s, 1 H, 
ArH), 4.38 (brs, 2 H, = C H 2), 2.34 (s, 3 H, ArCH3), 0.21 [s, 9 H, 
OSi(CH3)3], 0.24 [s, 9 H, ArSi(CH3)3]; ir 860,1020,1265,1320 cm“ 1. 
Anal. Calcd for Ci6H26OSi2: C, 64.7; H, 9.3. Found: C, 64.81; H, 
9.33.

The hydrolysis of the enol silyl ethers to the corresponding ketones 
was carried out with p-toluenesulfonic acid in an aqueou methanolic 
solution.4

2- Trimethylsilvlmethylene-4,6-dimethylacetophenone (X): NMR 
a 6.63 (m, 2 H. ArH), 2.31 (s, 3 H, COCH3), 2.23 (s, 3 H, ArCH3), 2.15 
(s, 3 H, ArCH3), 1.88 (s, 2 H, ArCH2Si), -0.03 [s, 9 H, ArCH2Si(CH3)3]; 
m/e 234 (M+); ir 850, 1250, 1350, 1700 cm-1. Anal. Calcd for 
C14H22OSi: C. 71.8; H, 9.4. Found: C, 71.99; H, 9.38.

2,6-Bis(trimethylsilylmethylene)-4-methylacetophenone (XI): 
NMR a 6.51 (s, 2 H, ArH), 2.35 (s, 3 H, COCH3), 2.27 (s, 3 H, ArCH3),
I. 88 (s, 4 H, ArCH2Si), -0.03 [s, 18 H, Ar[CH2Si(CH3)]2]; m/e 306 
(M+); ir 850,1150, 1250, 1350, 1420, 1695 cm -1.

2,4-Bis(trimethylsilylmethylene)-6-methylacetophenone (XII):

NMR 5 6.51 (m, 2 H, ArH), 2.38 (s, 3 H, COCH3), 2.21 (s, 3 H, ArCH3), 
1.98 (s, 2 H, ArCH2Si), 1.91 (s, 2 H, ArCH2Si), 0.02 [s, 9 H, Si(CH3)3], 
0.0 [s, 9 H, Si(CH3)3]; ir 850,1160,1250 1350,1420,1690 cm -1; m/e 
306 (M+).

Reaction with Methyl Bromide. The metalation mixture was 
cooled in an acetone-dry ice bath and gaseous methyl bromide was 
bubbled through the solution for 10 min. The reaction mixture was 
brought to room temperature and left for several hours. Water was 
then added, and the organic layer was separated and washed with 
aqueous 5% hydrochloric acid and with aqueous sodium bicarbonate. 
The solvent was evaporated and the products in the residue (1.1 g) 
separated by GLC at 145 0 C on a 2 m X 0.25 in. column of 15% SE-30 
on Chromosorb W. The products of metalation and subsequent al
kylation of acetophenone were separated preparatively at 155 °C on 
a 5 m X 0.25 in. column of 20% Carbowax 20m on Chromosorb W, total 
yield 75%.

2.5- Dimethylacetophenone (XXXIII): NMR d 7.41 (s, 1 H, ArH),
7.08 (s, 2 H, ArH), 2.3 (s, 3 H, ArCH3), 2.45 (s, 3 H, ArCH3), 2.48 (s, 
3 H, COCH3).

2.5- Dimethylpropiophenone (XXXIV): NMR <5 7.38 (s, 1 H, ArH),
7.06 (s, 2 H, ArH), 2.31 (s, 3 H, ArCH3), 2.38 (s, 3 H, ArCH3), 2.8 (q, 
2 H, COCH2), 1.15 (t, 3 H, CH2CH3).

2.5- Dimethylisobutyrophenone (XXXV): NMR 5 7.28 (s, 1 H, 
ArH), 7.11 (s, 2 H, ArH), 2.38 (s, 6 H, ArCH3), 3.31 [quintet, 1 H, 
CH(CH3)2], 1.13 [d, 6 H, (CH3)3CH],

2-Methylacetophenone (V): NMR data were compared with a 
commercial sample (Aldrich).

2-Methylpropiophenone (XXII): NMR b 7.41-7.61 (m, 1 H, ArH), 
7.21 (m, 3 H, ArH), 2.45 (s, 3 H, ArCH3), 2.8 (q, J  = 6 Hz, 2 H, 
CH2CO), 1.19 (t, 3 H, CH3CH2).

2-Methylisobutyrophenone (XXIII): NMR b 7.41-7.61 (m, 1 H, 
ArH), 7.21 (m, 3 H, ArH), 2.4 (s, 3 H, ArCH3), 3.3 [quintet, 1 H, 
CH(CH3)2], 1.16 [d, J = 6 Hz, 6 H, (CH3)2CH[.

Metalation with Butyllithium in THF. Hexane was evaporated 
in vacuo from 16.5 ml (24.7 mmol) of a 1.5 M solution of butyllithium 
in hexane. The residue was cooled in an acetone-dry ice bath andl5 
ml of dry THF was added. The temperature was brought to 0 °C by 
changing the dry ice-acetone bath to an ice bath and 1 g of II was 
added. (The same procedure was used for XV.) Subsequent silylation 
and isolation of products was performed by the same procedure as 
described before, but only ketones were isolated from THF.

2.6- Dimethyl-4-(trimethylsilylmethylene) acetophenone (XlVb); 
NMR b 6.4 (s, 2 H, ArH), 2.3 (s, 3 H, COCH3), 2.13 (s. 6 H, ArCH3), 
1.93 (s, 2 H, ArCH2Si), 0.0 [s, 9 H, CH2Si(CH3)3].

4-(Trimethylsilylmethylene)acetophenone (XlXb): NMR b 7.86 
(d, J = 8 Hz, 2 H, ArH), 7.06 (d, J = 8 Hz, 2 H, ArH), 2.53 (s, 3 H, 
COCH3), 2.2 (s, 2 H, ArCHaSi), 0.0 [s, 9 H, ArCH2Si(CH3)3[; m/e 206 
(M+); ir 1680 c n r 1 (C = 0 ).

The NMR spectra of Xllla, Vila, XXXa, and XXXIa were re
corded by carrying out the metalation of II and XXXb, respectively, 
in NMR tubes. The metalation was also performed with BuLi in ether 
in the presence of TMEDA. Under this procedure it was possible to 
use catalytic amounts of TMEDA and to overcome the difficulties 
caused by precipitates formed when catalytic amounts of TMEDA 
in hexane were used. Chemical shifts have been determined relative 
to added Me4Si.

The shift reagent used was Eu(fod)3, i.e., tris(6,6,7,7,8,8-hep- 
tafluoro-2,2-dimethyl-3,5-octanedionato)europium. Small portions 
of this shift reagent were added to CC14 solutions of the samples in 
NMR tubes until well-resolved spectra were obtained, and addition 
of further catalytic amounts had no significant influence on the 
spectra. (Excess must be avoided so as not to cause considerable line 
broadening.)

Registry No.— II, 1667-01-2; V, 577-16-2; VI, 585-74-0; Vllb, 
59796-73-5; VUIb, 59790-43-1; Xb, 59790-44-2; Xlb, 59790-45-3; Xllb, 
59790-46-4; X lllb , 59790-47-5; XlVb, 59790-48-6; XVb, 54731-27-0; 
XVI, 59790-49-7; XVII, 59790-50-0; XVIII, 59790-51-1; X lXb, 
1833-48-3; XXb, 13735-81-4; XXIb, 59790-52-2; XXII, 2040-14-4; 
XXIII, 2040-21-3; XXIVb, 59790-53-3; XXVb, 59790-54-4; XXVIb, 
59790-55-5; XXVIIb, 59790-56-6; XXVIIIb, 59790-57-7; X XX b, 
59790-58-8; XXXIb, 59790-59-9; XXXIII, 2142-73-6; XXXIV, 
35031-52-8; XXXV, 5445-46-5; trimethylchlorosilane, 75-77-4.

References and Notes
(1) J. E. Dubois and G. Dodin, J. Am. Chem. Soc., 94, 7520 (1972).
(2) E. M. Kaiser, L. E. Solter, R. A. Swarz, R. D. Beard, and C. R. Hauser, J. Am.

Chem. Soc., 93, 4237 (1971).
(3) J. Klein, A. Medlik, and A. Y. Meyer, Tetrahedron, 32, 51 (1976).
(4) G. Stork and P. F. Hudrlik, J. Am. Chem. Soc., 90, 4462. 4464 (1968).
(5) J. Klein and A. Mediik-Balan, to  be published.



3312 J. Org. Chem., Vol. 41, No. 20,1976 Caswell, Howard, and Onisto

(6) J. A. Ladd, Spectrochim. Acta, 22, 1157 (1966); J. A. Ladd and R. G. Jones, 
ibid., 22, 1964 (1966); J. Parker and J. A. Ladd, J. Organomet. Chem., 19, 
1 (1969).

(7) R. E. Ludt, J. S. Griffiths, K. N. McGrath, and C. R. Hauser, J. Org. Chem., 
38, 1668 (1973).

(8) W. H. Puterbaugh and C. R.Hauser, J. Org. Chem., 29, 853 (1964).
(9) R. L. Vaulx, W. H. Puterbaugh, and C. R. Hauser, J. Org. Chem., 29, 3514

(1964).
(10) D. W. Siocum and F. E. Stonemark, J. Org. Chem., 38, 1677 (1973).
(11) F. N. Jones, M. F. Zinn, and C. R. Hauser, J. Org. Chem., 28, 663 (1963);

F. N. Jones, R. L. Vaulz, and C. R. Hauser, ibid., 28, 3461 (1963); K. P. Klein 
and C. R. Hauser, ibid., 32, 1479 (1967); R. L. Gay and C. R. Hauser, J. Am. 
Chem. Soc., 89, 2297 (1967); R. E. Ludt and C. R. Hauser, J. Org. Chem., 
36, 1607(1971).

(12) N. S. Narasimahan and A. C. Ranade, Tetranedron Lett., 603 (1966).

(13) A. R. Lepley et al., J. Org. Chem., 31, 2047, 2061 (1966).
(14) R. T. Hawkins and D. B. Stroup, J. Org. Chem., 34, 1173 (1969).
(15) J. Klein and A. Medlik, J. Chem. Soc., Chem. Commun., 275 (1973).
(16) J. Klein and A. Medlik-Balan, J. Chem. Soc., Chem. Commun., 877 

(1975).
(17) J. Klein and S. Brenner, J. Am. Chem. Soc., 91, 3094 (1969); J. Organomet. 

Chem., 18, 291 (1969); Tetrahedron, 26, 2345 (1970); 26, 5807 (1970);
J. Klein and E. Gurfinkel, J. Org. Chem., 34, 3952 (1969); J. K lein and J. 
Y. Becker, Tetrahedron, 5385 (1972).

(18) J. Klein and J. Y. Becker, J. Chem. Soc., Perkin Trans. 1, 599 (1973).
(19) J. Smid in "Ions and Ion Pairs in Organic Reactions” , M. Szwarc, Ed., 

W iley-lnterscience, New York, N.Y., 1972, p. 105.
(20) J. Klein and A. Medlik-Balan, submitted for publication.
(21) R. West and P. C. Jones, J. Am. Chem. Soc., 90, 2656 (1968).
(22) P. L. Greger, J. Am. Chem. Soc., 92, 1396 (1970); 89, 2500 (1967).
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The near-ultraviolet spectra of 13 aliphatic carboxylic acids, 13 ethyl esters, and 16 alkyl acetates were deter
mined for solutions in re-hexane, acetonitrile, and water. The carbonyl n —*■ x* transition for these compounds was 
found in the vicinity of 206 nm under hydrogen-bonding conditions, and around 212 nm in the absence of hydrogen 
bonding. The spectra of the carboxylic acids in acetonitrile solution showed that the carboxyl group is not involved 
in hydrogen bonding in this solvent. The absorption band of alkyl acetates was red shifted by increasing bulkiness 
of the O-alkyl group. The values of imax ranged from 40 to 100 and were determined principally by the electron-do
nating abilities of the C-alkyl groups, for both acids and esters. The spectra of these compounds as neat liquids 
showed a very weak transition (imax ^ 10-2) in the vicinity of 275 nm.

The electronic absorption spectra of saturated aliphatic 
carboxylic acids and their alkyl esters display three absorption 
bands. The best known of these bands is the transition ob
served between 200 and 220 nm, with a molar absorptivity of
50-60.1A variety of arguments have been used to assign this 
band to the carbonyl n -*• ir* transition of both the acids2’3 and 
the esters.4 In agreement with this assignment, this band in 
the spectra of esters is blue shifted with increasing solvent 
polarity.5 Variation of either the C-alkyl or the O-alkyl group 
in the ester structure produces variations in the transition 
energy which appear to be more closely related to the overall 
conformation of the molecule than to variation of the electrical 
effects of these substituents.5’6

The n — it* absorption band is superimposed upon the end 
absorption of a much stronger band with its peak in the vac
uum ultraviolet. This absorption band has been studied by 
Nagakura and his co-workers,7’8 who found peaks in the range
155-165 nm, with molar absorptivities from 2500 to 4200, in 
the spectra of the vapors of formic and acetic acids, and of 
ethyl acetate. Theoretical considerations led these authors to 
the conclusion that this band is of mixed character, involving 
intramolecular charge transfer from the singly bonded oxygen 
to the carbonyl group, combined with a smaller contribution 
from the ir -*• ir* transition of the carbonyl.8

In 1931, Hartleb published a study of the absorption spectra 
of neat liquid carboxylic acids.9 This study showed the pres
ence of a shoulder on the end absorption, at 270-280 nm. The 
molar absorptivity at this shoulder was of the order of mag
nitude of 10-2. The only ester which was examined in the 
study, tributyrin, failed to show this shoulder, which led 
Hartleb to the conclusion that the shoulder was due to an 
absorption band of the carboxylate anion. Since the spectra 
of salts of carboxylic acids do not show an absorption band in 
the vicinity of this shoulder, this interpretation is not tenable.

No further mention of this shoulder has appeared in the lit
erature.

Although Closson and co-workers5’6 made an extensive 
examination of solvent and substituent effects upon the 
spectra of aliphatic esters, no comparable study of the spectra 
of the corresponding acids has been described. Since the hy
drogen bonding and steric interactions in carboxylic acids are 
quite different from those of esters, it is to be expected that 
solvent and substituent variation will have different effects 
upon the n -*• ir* transition of acids than upon this transition 
of esters. In order to examine these effects, we have under
taken the measurement of the spectra of a number of car
boxylic acids and their esters in three different solvents. These 
solvents were re-hexane, as a representative nonpolar solvent, 
acetonitrile, as a representative polar aprotic solvent, and 
water, as a representative polar hydrogen-bonding solvent. 
With supplies of these carboxylic acids and their esters 
available, it was also convenient to examine the spectra of 
these compounds as neat liquids, in the region of the shoulder 
described by Hartleb.9

Results and Discussion
The near-ultraviolet absorption spectra of 13 aliphatic 

carboxylic acids (Table I), 13 ethyl esters (Table II), and 16 
alkyl acetates (Table III) were determined for solutions in 
re-hexane, acetonitrile, and water, and for neat liquids. All of 
the measurements were made with the samples thermostated 
at 20.0 °C,10 in 1-cm rectangular cells. The wavelengths of the 
peaks, Amax, were reproducible within ±0.3 nm; and the molar 
absorptivities, emax, of these peaks for the solution spectra were 
reproducible within ±8. Since the excitation energies are 
proportional to the wavenumbers of the peaks, i>max, these 
latter values expressed in kilokaysers have been calculated, 
and are recorded in the tables.
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Table I. Ultraviolet Absorption Spectra of Alkanoic Acids, RCO2H, at 20.0 °C

Neat liquid In n-hexane In acetonitrile In water

Registry ^m ax? ^max) ^ m ax j ^raax? ^max> J'max» ^ m axt ^m ax)
R no. nm kK em ax nm kK €max nm kK % a x nm kK ^max

H 64-18-6 a 206.8 48.36 4 5 . 1 214.5 46.62 48.3 205.9 48.57 48.2
C1(CH2)2 107-94-8 b —208c -48.1 a -207c -48.3
c h 3 64-19-7 a 202.6 49.36 50.3 2 1 0 . 8 47.44 36.7 a
c 2h 5 79-09-4 273.6 36.55 0.0184 204.6 48.88 57.8 2 1 1 . 4 47.30 37.6 2 0 2 . 8 49.31 52.4
u-C3H7 107-92-6 268.9 37.19 0.0522 205.1 48.76 59.3 213.1 46.93 43.5 203.8 49.07 51.2
¿-C4H9 503-74-2 273.8 36.52 0.0455 206.8 48.36 68.4 213.8 46.77 45.4 204.9 48.80 63.8
n-C4H9 109-52-4 -275 c -36.4 206.5 48.43 63.9 211.7 47.24 48.1 205.0 48.78 61.3
n-CgHji 142-62-1 a 205.6 48.64 68.7 213.0 46.95 46.0 202.1 49.48 63.7
Cyclohexyl 98-89-5 a 207.0 48.31 87.5 218.8 45.70 66.9 -208c -48.1
¿-C3H7 79-31-2 270.2 37.01 0.0592 206.1 48.52 74.5 212.9 46.97 54.2 206.2 48.50 68.7
Cyclo- 3400-45-1 a 207.6 48.17 95.1 214.8 46.55 75.3 206.8 48.34 81.0

pentyl 
s e c -C4H9 116-53-0 -277 c -36.1 206.4 48.45 86.5 213.4 46.86 60.4 208.2 48.03 77.0
Î-C4H9 75-98-9 b 207.9 48.10 99.1 213.9 46.75 68.1 208.7 47.92 84.4
Average11 271.6 36.82 0.0438 206.1 48.53 71.4 213.5 46.84 52.5 205.4 48.68 65.2

± 2.5 ±0.33 ± 0.0178 ± 1.5 ± 0.33 ± 17.5 ± 2.1 ± 0.45 ± 12.5 ±  2.2 ± 0.48 ± 12.6
a End absorption only. b Solid at 20.0 °C. c Shoulder. d ± One standard deviation; calculated only for peaks.

Table II. Ultraviolet Absorption Spectra of Ethyl Alkanoates, RCO2C2H5, at 20.0 °C

Neat liquid In n-hexane In acetonitrile In water

R
Registry

no.
^max>
nm

i'maxt
kK % a x

^m axi
nm

^maxj
kK €max

^max)
nm

^max)
kK €max

^max)
nm

^maxi
kK ^max

H 109-94-4 a 215.6 46.38 78.9 213.6 46.82 6 8 .5 208.1 48.05 7 3 . 3
ckch2)2 623-71-2 271.9 36.78 0.0956 212.8 46.99 58.3 211.2 47.35 58.1 202.6 49.36 65.6
ch3 141-78-6 a 210.5 47.51 58.4 209.0 47.85 58.1 202.9 49.29 62.7
c2h6 105-37-3 -282 6 -35.50 208.0 48.08 67.3 208.1 48.05 65.3 204.3 48.95 77.6
n-C3H7 105-54-4 281.7 35.50 0.0208 213.3 46.88 66.2 212.4 47.08 63.8 206.2 48.50 74.3
¡'-C4H9 108-64-5 ~272 b -36.8 208.3 48.01 69.0 208.2 48.03 77.6 205.4 48.69 85.8
n-C4H9 539-82-2 271.8 36.79 0.0501 212.4 47.08 65.3 211.8 47.21 67.2 205.9 48.57 73.0
n -C5H„ 123-66-0 —284 b -35.2 211.6 47.26 71.8 209.2 47.80 73.6 204.4 48.92 c
Cyclohexyl 3289-28-9 a 218.0 45.87 90.4 215.7 46.36 92.0 207.0 48.31 c
¿-C3H7 97-62-1 279.3 35.80 0.0317 213.4 46.86 80.4 209.1 47.82 80.4 207.6 48.17 107
Cyclopentyl 5453-85-0 a 214.8 46.55 88.3 212.6 47.04 89.7 208.6 47.94 92.3
sec-C4H9 7452-79-1 -275 b -36.4 214.0 46.73 77.1 212.2 47.13 90.3 207.9 48.10 102
Î-C4H9 3938-95-2 a 215.0 46.51 101 214.3 46.66 95.0 208.1 48.05 96.7
Average d 276.2 36.22 0.0496 212.9 46.98 74.8 211.3 47.32 75.4 206.1 48.53 82.8

±5.1 ±0.67 ± 0.0330 ± 2.8 ±0.63 ± 12.8 ± 2.4 ±0.55 ± 13.1 ±2.0 ±0.48 ± 14.9
a End absorption only. b Shoulder. c Saturated solution. d ± One standard deviation; calculated only for peaks.

The only spectra which showed fine structure were those 
of formic acid, ethyl formate, and methyl acetate. The fine 
structure blurred with increasing polarity of the medium and 
disappeared from the spectra of methyl acetate in polar sol
vents. The fine structures of the spectra of formic acid11 and 
of alkyl formates5 have been described elsewhere.

Only four compounds provided high enough concentrations 
in the vapor phase, under the conditions of these measure
ments, to give satisfactory results in the determination of the 
vapor spectra. These compounds were formic acid, Amax 204.0 
nm (rmax 49.02 kK); ethyl formate, Amax 215.5 nm (Pmax 46.40 
kK); methyl acetate, Amax 208.7 nm (hmax 47.92 kK); and ethyl 
acetate, Amax 209.8 nm (i>max 47.66 kK). The red shifts of the 
spectra of these compounds in going from the vapor state to 
solutions in n-hexane are attributable to the dispersion effects 
of the solvent.12 These effects for a nonpolar solvent with low 
dielectric constant, such as n-hexane, are generally sufficiently 
small, in comparison with dipole-dipole and hydrogen
bonding effects, that the spectra in this solvent may be taken 
as approximating the vapor spectrum for purposes of com
parison with spectra for polar solvents.

Using a set of four methyl esters, Closson and Haug5 de
scribed a correlation between the excitation energies, E t , and

the Taft polar substituent constants,13 a * , for the C-alkyl 
groups of the esters. In order to facilitate search for such re
lationships, the data in Tables I—III were assembled in order 
of decreasing <r* of the alkyl groups, that is, in order of in
creasing electron-donating ability. The wavenumbers of the 
excitations, i>max, in kilokaysers, are directly proportional to 
the excitation energies, and can be converted to kilocalories 
per mole by multiplying by 2.859.14 If the correlation of E t 
with tr* of the C-alkyl group actually existed, we would expect 
to see a gradual decline in the values of i>max from top to bot
tom in Tables I and II, and constancy of Z>max in Table III. In 
fact, the variation of i>max for the carboxylic acids (Table I) and 
for the ethyl esters (Table II) is no greater than the variation 
for the alkyl acetates (Table III), as long as all measurements 
are made in the same solvent.

It has therefore been assumed that for each set of com
pounds i>max has a constant value for each solvent, and, further, 
that the two sets of esters can be considered as a single group 
for purposes of comparing solvent effects and for comparison 
with the carboxylic acids. By comparing the average values 
of the transition energy for a set of compounds in two different 
solvents, using only those compounds which show well-defined 
peaks in both solvents, we can achieve a measure of the solvent
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Table III. Ultraviolet Absorption Spectra of Alkyl Acetates, CH3CO2R, at 20.0 °C

Neat liquid In n-hexane In acetonitrile In water

Registry A max* Pm axj V n a x , ^m ax, ^ m axt i'm ax, ^ m a x i ^m axj

R no. nm kK ^max nm kK ^max nm kK em ax nm kK ^max

C 1 ( C H 2 ) 2 542-58-5 a 209.9 47.64 5 7 . 7 207.9 48.10 5 5 . 4 203.0 49.26 58.3
c h 3 79-20-9 276.5 36.17 0.0989 210.2 47.57 5 4 .6 206.5 48.43 63.4 202.7 49.33 55.3
C 2 H 5 141-78-6 a 210.5 47.51 58.4 209.0 47.85 58.1 202.9 49.29 62.7
n - C 3 H 7 109-60-4 273.5 36.56 0.0465 211.3 47.33 57.9 207.8 48.12 57.5 203.0 49.26 59.4
¿ - C 4 H 9 110-19-0 a 211.1 47.37 60.5 207.0 48.31 65.5 201.3 49.68 59.5
¿ - C s H n 123-92-2 313.4 31.91 0.106 212.1 47.15 59.9 209.4 47.76 59.0 201.3 49.68 60.7
1 1 - C 4 H 9 628-63-7 a 210.5 47.51 60.6 208.5 47.96 56.9 202.3 49.43 61.9
W -C 5 H 1 1 142-92-7 a 212.6 47.04 53.8 209.2 47.80 62.7 202.5 49.38 57.6
Cyclohexyl 622-45-7 -324 6 —30.96 211.7 47.24 65.0 210.2 47.57 63.9 -208 6 -48.1
C 2 H 5 C H - 624-41-9 a 211.6 47.26 57.2 208.7 47.92 54.2 a

( C H 3 ) C H 2

( C H 3 ) 3 C C H 2 926-41-0 277.6 36.02 0.115 208.7 47.92 66.8 209.1 47.82 64.2 a

¿-c3h 7 108-21-4 a 211.4 47.30 58.8 208.5 47.96 56.1 204.2 48.97 59.5
Cyclopentyl 933-05-1 296.9 33.68 0.0846 212.2 47.13 63.2 210.4 47.53 61.8 a

s e c - C 4 H 9 105-46-4 -281 b -35.6 212.2 47.13 65.2 210.9 47.42 63.8 204.1 49.00 61.1
t - C 4 H 9 540-88-5 a 218.0 45.87 57.2 215.2 46.47 66.0 208.9 47.87 55.4
Í - C 5 H 1 1 926-41-0 a 215.9 46.32 63.1 213.7 46.79 67.0 210.0 47.62 57.1
Average0 287.6 34.87 0.0902 211.9 47.21 60.0 209.5 47.74 61.0 203.8 49.06 59.0

±  17.1 ±  2.00± 0.0268 ±  2.3 ±0.50 ± 3.8 ±  2.3 ± 0.51 ± 4.2 ± 2.8 ± 0.65 ±  2.4

a End absorption only. b Shoulder. c ± One standard deviation; calculated only for peaks.

effects upon the spectra. In the case of the esters, the overall 
average value of the blue shift from n -hexane to acetonitrile 
was 0.45 ±  0.27 kK, or 1.3 ±  0.8 kcal/mol.15 Such a shift is in 
agreement for the effect of a polar solvent on an n —* ir* 
transition in the absence of hydrogen bonding.

Hydrogen-bonding effects must be considered in the case 
of water as the solvent and with the carboxylic acids, since the 
nonbonding pair of electrons of the carbonyl is the acceptor 
site for the hydrogen bond. Brealey and Kasha16 have shown 
that the excitation energy of an n - »  ir* transition in a hy
drogen-bonding solvent includes the energy which must be 
added to break the hydrogen bond. In water this hydrogen- 
bond energy constitutes most of the energy difference of the 
blue shift from a nonpolar solvent. The overall average value 
of the blue shift for the esters in the current study was 1.71 ±
0.48 kK, or 4.9 ±  1.4 kcal/mol, for the difference between n -  
hexane and water.

Carboxylic acids exist as hydrogen-bonded dimers in the 
vaper state and in solution in nonpolar solvents, as well as 
having the ability for hydrogen-bonding interaction with 
water. Comparison of the spectra of the acids with those of the 
esters shows that the spectra of the acids in n-hexane and in 
water are very similar to the spectra of the esters in water, that 
is, under hydrogen-bonding conditions. An unanticipated 
finding is noted, however, in the spectra of the acids in ace
tonitrile, which are similar to those of the esters in n-hexane. 
It must be concluded that the carboxylic acids are not involved 
in hydrogen-bonding interactions of any sort in acetonitrile. 
This conclusion is supported by nuclear magnetic resonance17 
and infrared18 spectral studies of acetonitrile solutions of 
carboxylic acids. A study19 of the vapor spectrum of acetic acid 
at elevated temperatures has shown a shift of Amax from 200 
nm for the dimer at 75 °C, to 210 nm at 200 °C, where acetic 
acid is almost entirely monomeric.20 Reference to Table I 
shows 202.6 nm for the dimer in n-hexane, and 210.8 nm for 
the monomer in acetonitrile. These values are excellent 
agreements if one allows for the dispersion effects of the sol
vents. Similar solvent effects upon the ir —» ir* transitions of 
three a,/3-unsaturated acids have also been observed, and 
similarly interpreted.21

Using only data for acids that gave well-formed peaks in 
each pair of solvents, calculation of the blue shift from mo

nomer in acetonitrile to dimer in hexane, and of the blue shift 
from acetonitrile to water, gave the same value for both shifts,
1.69 ±  0.35 kK, or 4.8 ±  1.0 kcal/mol, a remarkably good 
agreement with the value of the blue shift for esters. Using 
similar methods, Balasubramanian and Rao22 have obtained 
a value of 4.8 kcal/mol for the energy of the hydrogen bond 
between acetone and water. Two conclusions must be made 
from this remarkable coincidence of values: first, for the sys
tems examined here (though not necessarily under all condi
tions), water and carboxylic acids have comparable hydro
gen-bond donating abilities; and, second, the nonbonding 
electrons of the singly bonded oxygen cannot be involved in 
either the hydrogen-bonding or the n —>- ir* excitation of the 
acids and esters. The latter conclusion is further supported 
by protonation studies.23 The infrared and Raman spectra of 
acetic acid in strong sulfuric acid solutions showed that the 
carboxyl is protonated on the carbonyl oxygen to give 
CH3C(OH)2 +, rather than the less symmetrical CH3(CO)- 
OH2+ ion which would result from the protonation of the 
singly bonded oxygen. This protonation of the carbonyl oxy
gen also suppressed the n - »  ir* absorption band. In the cur
rent study, it was found that protonation of ethyl acetate by 
hydrochloric acid at concentrations as low as 0.1 N was suffi
cient to suppress the n —► ir* transition, leaving only end ab
sorption.

Balasubramanian and Rao22 found that the solvent-induced 
blue shifts of the n —» 7r* transitions of methyl ketones, 
RCOCH3, correlate fairly well with the a* values for the alkyl 
groups, R, of these ketones. Despite the evidence that an 
electronically comparable transition is present in the ab
sorption spectra of the acids and the esters, no such correla
tions could be detected in the spectral data for these com
pounds. The Taft a* functions are measures solely of elec
tronic influences of alkyl groups upon the carbonyl groups to 
which they are bonded. The failure of these functions to cor
relate with either the excitation energies or the solvent-in
duced changes in excitation energies means that other factors, 
in addition to the electronic effects of the C-alkyl groups, are 
significant in determining the experimental values of the ex
citation energies. Two such factors can be identified. The first 
of these is the increment of the experimental transition energy 
added by the end absorption of the 160-nm absorption band.



No rational correction for this end absorption can be made 
without a knowledge of the course and shape of this band deep 
into the vacuum ultraviolet for each compound and for the 
same experimental conditions. Such information is not ex
perimentally accessible for spectra of solutions.

The second influencing factor is steric distortion of the 
chromophore away from a fully coplanar geometry. Since the 
n —►ir* transition of the carbonyl group is symmetry forbid
den, some sort of small distortion of the group geometry, 
probably vibrational in origin, is necessary for the transition 
to be spectroscopically observable. Since the molar absorp- 
tivities of carboxylic acids and their esters are some five to six 
times larger than those of simple aldehydes and ketones, ad
ditional factors must be at work in the former compounds to 
enhance the probability of the transition. It has been shown24 
that acyclic esters prefer the s-trans conformation (1) to the 
s-cis (2). The studies of Closson and co-workers6 with lactones

n + 7T* Transition of Aliphatic Carboxylic Acids and Esters

R'
1  2

have shown that the s-cis conformation has a transition energy 
some 4 kcal/mol less than the s-trans. This difference is pre
sumably largely due to the differences between the ground- 
state energies of the two conformations, with the s-trans 
conformation having the lower ground state energy. The 
preferred s-trans conformation places the 0 -alkyl group of 
the ester on the same side of the molecule as the carbonyl 
oxygen. The resulting steric interaction distorts the molecule 
out of coplanarity by an appreciable amount.24 In the car
boxylic acids, this distortion should be much smaller, but the 
generally accepted structure for the hydrogen-bonded dimer 
of these compounds requires that they also have the s-trans 
conformation in the dimeric state.

Increasing bulk of the 0 -alkyl group should increase the 
steric interaction of this group with the carbonyl oxygen, and 
result in further deviation from coplanarity in the ester group. 
This will necessarily result in a decline of resonance stabili
zation energy, and will increase the energy of the ground state. 
The presence of bulky O-alkyl groups should thus produce a 
decline in excitation energy, assuming that these steric factors 
do not similarly affect the excited state energy. A good ex
ample of this effect may be observed with the alkyl acetates 
(Table III). Using dipole moment data, Pinkus and Lin25 have 
recently calculated the dihedral angles, or angles of twist about 
the C- 0  single bond, in four alkyl acetates to be methyl ace
tate, 31°; ethyl acetate, 38°; isopropyl acetate, 39°; and t e r t -  
butyl acetate, 45°. The excitation energies of these esters, in 
kilocalories per mole, for solutions in n-hexane, acetonitrile, 
and water, respectively, are methyl acetate, 136.0,138.5, and 
141.0; ethyl acetate, 135.8,136.8, and 140.9; isopropyl acetate,
135.2,136.7, and 140.0; and feri-butyl acetate, 131.1,132.9, 
and 136.9. The steric effect in the t e r t -butyl acetate is large 
enough that resonance interaction in this molecule is largely 
inhibited. It would be interesting to learn how this inhibition 
affects the charge-transfer band in the vacuum ultraviolet.

Ethyl formate has a smaller excitation energy than most of 
the other ethyl esters (Table II). The data of Closson and 
Haug5 show that methyl formate also has a lower excitation 
energy than other methyl esters, and that alkyl formates 
generally have smaller excitation energies than the corre
sponding alkyl acetates. If the inductive effect of the C-alkyl 
group, as measured by the a* function, were the dominating 
factor in determining the excitation energy, we would expect 
to see larger excitation energies for the alkyl formates, rather 
than smaller ones. There is evidence26 that the preferred

conformation of alkyl formates may be s-cis rather than s- 
trans. Such a conformation certainly appears reasonable, since 
the hydrogen atom should offer less steric hindrance to the
O-alkyl group than the carbonyl oxygen. The excitation 
energies of alkyl formates may thus not be electronically 
comparable with those of other esters as the result of a quite 
different geometry of charge distribution. It is interesting to 
note that the excitation energy of formic acid is similar to that 
of other carboxylic acids in «-hexane, but is considerably 
smaller in acetonitrile. In n -hexane, the formic acid should 
be locked into the s-trans conformation in the hydrogen- 
bonded dimer, but in the absence of hydrogen bonding in 
acetonitrile, each molecule is free to find its stablest confor
mation. In addition to these conformational effects, the ex
citation energies of formic acid and the formates are also 
lowered by the absence of C-alkyl hyperconjugation with the 
carbonyl group. The absence of this hyperconjugation, which 
raises the it* level, has been used to explain why the excitation 
energy of acetaldehyde is less than that of acetone.27

Examination of the standard deviations for the average 
molar absorptivity values in each of the tables reveals an in
teresting difference. The average of the standard deviations 
from the average of each set of emax values for carboxylic acids 
and ethyl esters is ±13.9, while the average for the alkyl ace
tates is only ±3.5, only one-fourth as much. Recalling that the 
estimated experimental error in measurement of emax was ±8, 
it must be concluded that emax can be considered constant for 
the alkyl acetates, but is variable for the carboxylic acids and 
their ethyl esters. Generalizing this conclusion leads to the 
prediction that, under comparable conditions of measure
ment, the value of the molar absorptivity is determined by the 
C-alkyl group, and the contributions of the O-alkyl group to 
its value are negligible. The data of Closson and Haug5 for the 
molar absorptivities of six alkyl formates in isooctane, with 
an average value of 77 ±  4, support this conclusion.

Closer inspection of the data in Tables I and II shows that 
the tmax values for each solvent increase rather regularly with 
increasing electron-donating ability of the C-alkyl group, in 
both the series of carboxylic acids and ethyl esters. Since this 
is the sequence of decreasing a* values, it was of interest to 
determine if the emax values for these sets of compounds could 
be correlated with the emax values for the C-alkyl groups. We 
therefore assumed the simple straight-line relationship

i  =  ±c max H  u  1 c max

and calculated the least-squares slopes p * , intercepts 6°max, 
and correlation coefficients r, using the points for seven alkyl 
groups: ethyl, n-propyl, isobutyl, n-butyl, isopropyl, sec-butyl, 
and t e r t -butyl. Three of the data sets yielded correlation 
coefficients which met Jaffe’s criterion28 for a “ satisfactory” 
correlation, namely r > 0.95. These sets were for the carboxylic 
acids in n-hexane, with p * = —209 ±  9, e°max = 38, and r =
0.977; carboxylic acids in acetonitrile, with p *  = —144 ±  7, 
e°max = 27, and r = 0.974; and ethyl esters in «-hexane, with 
p * = —173 ±  9, e(,max = 46, and r  = 0.965. The correlation 
coefficients for the other three data sets, carboxylic acids in 
water, ethyl esters in acetonitrile, and ethyl esters in water, 
were all less than 0.9, Jaffe’s minimum limit for a “ fair” cor
relation. It is not surprising that the correlations are better 
with the carboxylic acids than with the esters, considering the 
difference between steric effects in the two classes of com
pounds. It is also not surprising that the best correlations exist 
where the magnitude of interaction with the solvent is least. 
But it is surprising that these correlations exist at all. Their 
existence supports the conclusion that emax for carboxylic acids 
and their esters is determined mainly by the electrical effects 
of the C-alkyl group.

Since ethyl acetate was the reference compound in evalu
ation of the a* values, the methyl group is automatically as
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signed a a* value of zero.13 This leads to the expectation that 
the intercepts 6°max should equate with the imax values for 
acetic acid and ethyl acetate. Inspection of Tables I and II 
shows that the experimental cmax values are significantly larger 
than the calculated e°max values for these compounds. The 
sparse data for the only two available groups with positive a* 
values, C1CH2CH2 and H, suggest that the cmax vs. a* curve 
may pass a minimum somewhere between a* = —0.1 and a* 
= 0, and show a positive slope for positive a* values. An al
ternate explanation is that the methyl group is actually more 
electron donating than is implied by the zero value for a* that 
is obtained when methyl is compared with itself; that is, the 
“real” value of a* for the methyl group should lie between —0.1 
and 0.0.

A possible source of error which must be considered 
throughout these measurements is the effect of the rapid 
opening of the slits that occurs as the scan approaches the 
cutoff point of the instrument at 200 nm, especially in the 
205-200-nm range.5 Measurements of the slit widths for the 
three solvents were determined at 5-nm intervals between 215 
and 200 nm and are recorded in the Experimental Section. 
The slit opening was serious only for n -hexane in the 200- 
205-nm range. Since, however, this affects only two spectra 
(acetic and propionic acids in n -hexane), we do not feel that 
the slit-opening effect has any seriously significant bearing 
on the experimental data or the general interpretation 
thereof.

The n —>- Jr* transition of the carbonyl group is totally 
submerged when there is present in the molecule a stronger 
chromophore insulated from the carbonyl group, but with its 
Amax near that of the carbonyl group. We examined the ab
sorption spectra of phenylacetic and (3-phenylpropionic acids 
and their ethyl esters, and of benzyl and /3-phenethyl acetates. 
The spectra of these compounds were very similar to the 
spectra of toluene and ethylbenzene, with a very small blue 
shift of the \max values. This blue shift became smaller as the 
number of carbon atoms between the carbonyl group and the 
ring increased. The emax values were nearly identical with the 
values for the 205-nm band of the alkylbenzenes. Similar ef
fects were observed for the 260-nm aromatic absorption 
band.

All of the acids and esters which are liquid at 20 °C showed 
evidence of an absorption band in the vicinity of the shoulder 
described by Hartleb9 in the spectra of neat liquid fatty acids. 
In many cases this band was detectable only as a straightening 
out of the curvature of the end absorption, for which no spe
cific Amax value could be defined. In other cases there were 
shoulders similar to those described by Hartleb. A few cases 
gave very broad, low peaks in the vicinity of 275 nm.29 In
spection of the data for alkyl acetates (Table III) shows that 
this peak is subject to red shifts by bulky O-alkyl groups, 
suggesting that the excitation energy is decreased by steric 
interaction between the O -alkyl group and the carbonyl 
oxygen. The extremely small molar absorptivity for this ab
sorption band suggests that it is due to a singlet —- triplet 
transition of the carbonyl group.

Experimental Section
T h e  n - h e x a n e  u s e d  in  t h e s e  s t u d i e s  w a s  A l d r i c h  G o l d  L a b e l  s p e c -  

t r o p h o t o m e t r i c  g r a d e .  T h e  a c e t o n i t r i l e  w a s  B u r d i c k  a n d  J a c k s o n

“ d i s t i l l e d  i n  g l a s s ”  u v  g r a d e .  T h e  c a r b o x y l i c  a c i d s  a n d  m o s t  o f  t h e  

e s t e r s  w e r e  t h e  h i g h e s t  p u r i t y  g r a d e s  c o m m e r c i a l l y  a v a i l a b l e .  F o u r  

e s t e r s ,  e t h y l  a - m e t h y l b u t y r a t e ,  e t h y l  c y c l o h e x a n e c a r b o x y l a t e ,  e t h y l  

c y c l o p e n t a n e c a r b o x y l a t e ,  a n d  c y c l o p e n t y l  a c e t a t e ,  w e r e  a l s o  s y n 

t h e s i z e d  in  o u r  l a b o r a t o r y ,  u s i n g  s t a n d a r d  e s t e r i f i c a t i o n  m e t h o d s .

A l l  a b s o r p t i o n  s p e c t r a  w e r e  d e t e r m i n e d  w i t h  a  C a r y  M o d e l  1 5  r e 

c o r d in g  s p e c t r o p h o t o m e t e r ,  u s in g  a  m a t c h e d  p a i r  o f  1 - c m  r e c t a n g u l a r  

c e l l s .  S o lu t i o n s  w e r e  p r e p a r e d  u s in g  v o lu m e t r i c  g l a s s w a r e  c a l i b r a t e d  

f o r  2 0  ° C ,  a n d  t h e  s a m p l e  c e l l  w a s  t h e r m o s t a t e d  a t  2 0 .0  ±  0 . 1  ° C  

d u r i n g  m e a s u r e m e n t  o f  a l l  s p e c t r a . 10  P r i o r  t o  e a c h  m e a s u r e m e n t ,  a  

b a s e l i n e  w a s  e s t a b l i s h e d  b y  a  b l a n k  s c a n  t h r o u g h  t h e  s p e c t r a l  r e g i o n  

o f  i n t e r e s t ,  u s in g  s o lv e n t  in  b o t h  c e l ls .  T h e  b a s e l in e  a b s o r b a n c e  a t  e a c h  

p e a k  w a s  d e d u c t e d  f r o m  t h e  a b s o r b a n c e  a t  t h e  p e a k .  T h e  r e s u l t i n g  

c o r r e c t e d  a b s o r b a n c e s  w e r e  u s e d  f o r  c a l c u l a t i n g  a b s o r p t i v i t i e s  o n l y  

i f  t h e y  f e l l  w i t h in  t h e  r a n g e  0 .2 - 0 .9 .  T h e  s p e c t r a  w e r e  d e t e r m i n e d  w i t h  

a  s c a l e  e x p a n s i o n  o f  1  n m  p e r  d i v i s i o n  o f  t h e  c h a r t  p a p e r .  S l i t  w i d t h s  

w e r e  t h o s e  a u t o m a t i c a l l y  p r o g r a m m e d  b y  t h e  in s t r u m e n t .  T h e s e  w e r e  

f o r  n - h e x a n e  0 . 1 3  m m  a t  2 1 5  n m ,  0 . 1 9  m m  a t  2 1 0  n m ,  0 .2 9  m m  a t  2 0 5  

n m ,  a n d  0 . 5 1  m m  a t  2 0 0  n m ; f o r  a c e t o n i t r i l e ,  0 . 1 2  m m  a t  2 1 5  n m ,  0 . 1 4  

m m  a t  2 1 0  n m ,  0 .2 0  m m  a t  2 0 5  n m ,  a n d  0 . 3 1  m m  a t  2 0 0  n m ;  a n d  f o r  

w a t e r ;  0 . 1 2  m m  a t  2 1 5  n m , 0 . 1 3  m m  a t  2 1 0  n m , 0 . 1 8  m m  a t  2 0 5  n m ,  a n d  

0 .2 4  m m  a t  2 0 0  n m .
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Glycine ortho esters have found a wide use2 in the synthesis 
of glycyl derivatives of ribonucleosides,2a’b ribonucleotides,20 
and ribooligonucleotides.2d_h The application of the ortho 
ester exchange method which provides the basis of the syn
thetic approach23 to the above mentioned compounds for 
amino acids other than glycine has been hampered for a long 
time by a lack of general method for the preparation of amino 
acid ortho esters.3

A brief report4 describing a synthesis of some amino acid 
ortho esters has prompted us to investigate (a) N-protection 
of such derivatives, (b) synthesis of dipeptide ortho esters, and
(c) synthesis of 2'(3,)-0-aminoacyl ribonucleosides via the 
corresponding cyclic ortho ester derivatives. The resuls from 
all three areas are the subject of this communication. In ad
dition, a facile preparation of /V-benzyloxycarbonyl-L- 
phenylalaninal dimethyl acetal (17) as well as the reaction of 
aldehyde 16 with adenosine in the presence of ethyl ortho
formate is also described.

Ethyl DL-orthophenylalaninate (4a) was prepared as in

dicated in Scheme I (1 —► 2 —* 3 —► 4a) according to a proce
dure described briefly for some other amino acid ortho esters.4 
Hydrocinnamonitrile (1) was converted in 98% yield to the 
corresponding imido ester hydrochloride5 (2) which, in turn, 
was chlorinated6 with aqueous NaCIO at pH 7.0 to give an 
N-chloroimido ester (3) in 98% yield. The latter afforded the 
ortho ester 4a by heating with sodium ethylate in ethanol for 
2 h at 80 °C in S9% yield. Thus, the overall yield (1 —► 4a) was 
95%. The structure of 4a was confirmed by ir which revealed 
a strong band at 1065 cm-1 indicating C-O-C grouping but 
absence of ester. NMR indicated the undistilled 4a to be of 
a high (ca. 95%) purity. Distillation of 4a afforded an analytical 
sample but led to an extensive decomposition. From the 
higher boiling fraction, a pyrazine derivative 5 was obtained 
and characterized by ir and NMR spectra. This observation 
contradicts the claim of the Soviet literature7 that amino acid 
ortho esters as free bases are “ very stable compounds and do 
not change even on long heating” .

The reaction of ortho ester 4a with benzyloxycarbonyl 
chloride in ether and in the presence of triethylamine gave 
ethyl ¿V-benzyloxycarbonyl-DL-orthophenylalaninate (6a) 
in 66% yield. The same reaction was extended to the prepa
ration of ethyl N-benzyloxycarbonylorthoglycinate23 (6b) 
from ortho ester4 4b in 38% yield.

The structure of 6a was confirmed by ir (urethane carbonyl 
band, strong C-O-C absorption) and NMR spectra. The latter 
showed the methyl protons of the ethoxy function as a sharp 
triplet; however, the signal for the methylene protons (quar
tet) was split (Figure 1), which was not the case in ethyl N-
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Figure 1. (a) Methylene proton signal of ethoxy group in ortho ester 
Ga; (b) methylene proton signal of ethoxy group in ester 7.

2',3,-cyclic ortho ester creates a new asymmetric center at the 
“ ortho ester” carbon which presents the possibility of four 
diastereoisomers for compound 11. TLC indicated, however, 
that such a mixture would be difficult to resolve. Compound 
11 moved as a single spot. 14  Hydrolysis of 11 in dioxane-acetic 
acid-water (2:3:3) mixture gave 2 '(3 ')-0 -(/V-benzyloxycar- 
bonyl)-DL-phenylalanyluridine1 5  (12) in 95% yield which 
had the same mobility on TLC as the corresponding L-phe- 
nylalanyl derivative. 38

In connection with our experiments on the ortho ester ex
change of 6a with ribonucleosides, it was of interest to examine 
an analogous acetalation reaction of aldehyde 16. IV-Ben- 
zyloxycarbonyl-L-phenylalanine (15) was converted to the 
corresponding imidazolide which was reduced in situ with 
LiAlH4 to aldehyde 16 in 50% yield following the procedure 
described for Afn-benzyloxycarbonyl-N“-nitroargininal. 16  In 
addition, IV-benzyloxycarbonyl-L-phenylalaninol (19)17-18 was 
also obtained (23% yield) as the final reduction product of 
aldehyde 16 (Scheme II). The ir spectrum of 16 showed dis-

benzyloxycarbonylorthoglycinate (6 b) or ethyl IV-benzyl- 
oxycarbonyl-DL-phenylalaninate (7). The splitting pattern 
observed in our case (Figure 1) is also different from that de
scribed for some alicyclic ethyl esters.8 ’9 The most likely ex
planation for the splitting is the assumption of Z - E  isomerism 
of the urethane bond10  (cf. formulas 13 and 14). Additional

Scheme II

\
‘ C(0CH2 CH3 ) 3

13

\

E-isomer

C(0CH2 CH3 ) 3

14

Z-isomer

confirmation for the structure of 6 a derives from its hydrolysis 
with 10% HC1 to the corresponding known1 1  ester 7.

The condensation of ortho ester 4a with N-benzyloxycar- 
bonyl-L-phenylalanine p-nitrophenyl ester1 2  (8 ) in the pres
ence of triethylamine in CH2C12 gave the dipeptide ortho ester 
9 in 63% yield. The latter was characterized by spectral (ir and 
NMR) data which confirmed the presence of urethane and 
amide groups in addition to ethoxy functions. Compound 9 
was hydrolyzed with 1 0 % HC1 to the corresponding dipeptide 
ester 10 whose structure was corroborated by NMR spectrum. 
Again, a secondary splitting of the methylene protons of the 
ethoxy group in 9 was observed although the resolution was 
lower than in the case of ortho ester 6a. Thus, the situation 
is analogous to that noted with the urethane derivative 6a. In 
addition to Z - E  isomerism of the urethane grouping, a pos
sibility of a similar isomerism can readily be visualized for 9 
in view of the fact that the partial double bond character of 
the peptide bond is well established. 1 3  However, this case is 
more complex because 9 is a mixture of two diastereoiso
mers.

It is also of interest to utilize ¿V-benzyloxycarbonyl ortho 
ester 6a for the synthesis of 2'(3')-0-phenylalanylribonucle- 
osides. As shown previously, an ortho ester exchange reaction 
of ethyl N-benzyloxycarbonylorthoglycinate (6 b) with ri
bonucleosides or ribonucleotides can be readily accomplished 
in dimethylformamide (DMF) using CHgSOsH2® or 
CF3COOH2c as catalysts. In a model experiment with uridine 
(catalysis with CF3 COOH), compound 6a afforded the ex
pected 2',3'-cyclic ortho ester 11 in 51% yield. The starting 
ortho ester 6a is a racemate (DL mixture) and formation of the
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tinctly separate aldehyde and urethane carbonyl bands. The 
assignments follow from the spectrum of acetal 17 which 
contains only a urethane carbonyl band. The NMR exhibited 
a typical low-field singlet of an aldehyde group. The fact that 
the optical rotation of 19 was slightly higher than that of an 
authentic sample1 7 -18  indicates that no racemization of the 
aldehyde 16 occurred during reaction with LiAlH4. However, 
after isolation (chromatography on silica gel19) the aldehyde 
was almost completely (93%) racemized19  as shown by LiAlH4 

reduction to alcohol 19 and comparing its rotation with opti
cally pure L-compound. The reaction of 16 with dimethyl- 
formamide-dimethyl sulfate complex and methanol following 
the procedure20 for acetalation of simple aliphatic aldehydes 
gave the corresponding acetal 17 in 60% yield. 2 1  Both the ir
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and NMR spectra of 17 lack the bands characteristic of an 
aldehyde. It is of interest to note that the NMR spectrum of 
17 exhibits two separate signals (singlets) for acetal methoxy 
groups. This finding probably reflects Z - E  isomerism of the 
urethane bond10 (cf. formulas 13 and 14). A similar splitting 
of signals was observed with ortho ester 6a (see Figure 1).

Acetalation of adenosine with aldehyde 16 in the presence 
of ethyl orthoformate and trifluroacetic acid as catalyst in 
DMF afforded only 2,,3/-0-ethoxymethyleneadenosine22 
(18a) in 73% yield in addition to the N,0 mixed acetal 18b 
obtained in 21% yield. The structure of the latter followed 
from analysis and uv max which is bathochromically shifted 
relative to 18a. NMR shows the presence of two phenyl groups 
and two ethoxy functions. The absence of a free amino group 
was confirmed by the failure of 18b to react with dimethyl- 
formamide dimethyl acetal.23’24 In acid, compound 18b is 
hydrolyzed24 to adenosine 2/(3')-formate and aldehyde 16.

It is of interest to note that a similar reaction (formation of 
N,0 mixed acetal derivative) was observed when adenosine 
was treated with p-nitrobenzaldehyde under similar condi
tions.24 It appears therefore that alkoxycarbonium ions (see 
Scheme I, ref 24) derived from aldehydes carrying an elec
tronegative substituent in the vicinity of aldehyde function 
are less reactive toward 2,,3/-cis diol grouping of adenosine 
than toward a weakly basic amino group of the adenine moi
ety. Contrariwise, the corresponding dialkoxycarbonium ions 
derived from analogous ortho esters [e.g., from ethyl iV-ben- 
zyloxycarbonyl-DL-orthophenylalaninate (6a)] react smoothly 
with the 2' and 3' hydroxy groups of ribonucleosides (cf. 
compound 11).

Experimental Section
General Methods. E v a p o r a t i o n s  w e r e  c a r r i e d  o u t  in  a  B ü c h i  r o t a r y  

e v a p o r a t o r  in  v a c u o  a t  a  b a t h  t e m p e r a t u r e  b e lo w  4 0  ° C .  M e l t i n g  p o in t s  

w e r e  d e t e r m i n e d  o n  a  T h o m a s - H o o v e r  a p p a r a t u s  ( c a p i l l a r y  m e t h o d )  

a n d  a r e  u n c o r r e c t e d .  A n a l y s e s  w e r e  p e r f o r m e d  b y  M i c r o - T e c h  L a b 

o r a t o r ie s ,  I n c . ,  S k o k i e ,  1 1 1 .  S a m p l e s  f o r  a n a l y s i s  w e r e  d r ie d  a t  1 0 - 3  m m  

o v e r  P 2 O 5  a t  r o o m  t e m p e r a t u r e .  T h i n  l a y e r  c h r o m a t o g r a p h y  ( T L C )  

w a s  p e r f o r m e d  o n  6  X  2  c m  p r e c o a t e d  s i l i c a  g e l  F - 2 5 4  a lu m i n u m  f o i l s  

( M e r c k ,  D a r m s t a d t ,  G e r m a n y )  in  s o l v e n t  S i  ( d ie t h y l  e t h e r - p e t r o l e u m  

e t h e r ,  1 : 1 ) , S 2  ( c h l o r o f o r m - m e t h a n o l ,  9 : 1 ) ,  S 3 ( c h l o r o f o r m - m e t h a n o l ,  

4 : 1 ) ,  S 4 ( C H C I 3 ) , a n d  S 5  ( C H C l 3- M e O H ,  9 7 :3 ) .  P r e p a r a t i v e  T L C  a n d  

c o lu m n  c h r o m a t o g r a p h y  w e r e  p e r f o r m e d  w i t h  s i l i c a  g e l  7 0 - 3 2 5  m e s h  

A S T M  ( M e r c k ,  D a r m s t a d t ,  G e r m a n y ) ;  f o r  T L C  1 %  (w /w )  f l u o r e s c e n t  

i n d i c a t o r ,  L u m i l u x  G r ü n  Z S  S u p e r  ( R i e d e l - D e  H a e n  A G ,  S e e l z e -  

H a n n o v e r ,  G e r m a n y )  w a s  a d d e d .  D e t e c t i o n  w a s  p e r f o r m e d  in  u v  l ig h t  

( M i n e r a l i g h t )  o r  w i t h  i o d i n e  v a p o r s .  P e t r o l e u m  e t h e r  w a s  o f  a  3 0 - 6 0  

° C  b o i l i n g  r a n g e .  O p t i c a l  r o t a t i o n s  w e r e  d e t e r m i n e d  w i t h  a  P e r k i n -  

E l m e r  M o d e l  1 4 1  p o l a r i m e t e r .  T h e  i r  s p e c t r a  w e r e  m e a s u r e d  in  C C I 4 

in  a  P e r k i n - E l m e r  M o d e l  2 1  s p e c t r o m e t e r .  N M R  s p e c t r a  w e r e  o b 

t a i n e d  u s i n g  a  V a r i a n  A - 6 0 A  s p e c t r o m e t e r  in  C C 1 4 o r  C D 3 C O C D 3 , 

u n l e s s  s t a t e d  o t h e r w i s e ;  ( C H 3) 4S i  w a s  u s e d  a s  a n  i n t e r n a l  s t a n d a r d .  

E t h a n o l  a n d  D M F  w e r e  d r i e d  w i t h  L i n d e  m o l e c u l a r  s i e v e s .  T e t r a 

h y d r o f u r a n  ( T H F )  w a s  d i s t i l l e d  f r o m  L i A l H 4 a n d  s t o r e d  o v e r  s o d i u m  

w ir e .  N - B e n z y l o x y c a r b o n y l - L - p h e n y l a l a n i n e  w a s  a  p r o d u c t  o f  S i g m a  

C h e m i c a l  C o . ,  S t .  L o u i s ,  M o .  A '- B e n z y l o x y e a r b o n y l - L - p h e n y l a l a n i n e  

p - n i t r o p h e n y l  e s t e r  w a s  p r e p a r e d  a c c o r d i n g  t o  t h e  l i t e r a t u r e . 1 2  H y -  

d r o c i n n a m o n i t r i l e  w a s  a  p r o d u c t  o f  E a s t m a n  K o d a k  C o . ,  R o c h e s t e r ,  

N . Y .

Ethyl Hydrocinnamimidate Hydrochloride (2). T h e  d e s c r i b e d  

p r o c e d u r e 5  w a s  m o d i f i e d  a s  fo llo w s .  A  s o lu t io n  o f  h y d r o c in n a m o n it r i le  

[ 1 , f r e s h l y  d i s t i l l e d  f r o m  P 2 O 5  i m m e d i a t e l y  b e f o r e  u s e ,  b p  9 8 - 1 0 0  ° C  

( 0 . 1  m m ) ,  2 3 .9 3  g , 0 . 1 8 2  m o l]  in  e t h a n o l  ( 1 2 . 7  m l ,  0 .2 2  m o l)  w a s  c o o le d  

in  a n  ic e  b a t h  a n d  a  s lo w  s t r e a m  o f  H C 1  w a s  in t r o d u c e d  d i r e c t l y  f r o m  

a  t a n k  w i t h  s t i r r i n g  t o  s a t u r a t i o n .  T h e  r e s u l t a n t  t h i c k  o i l  w a s  k e p t  

o v e r n i g h t  a t  0  ° C .  T h e  w h i t e ,  c r y s t a l l i n e  p r o d u c t  2 w a s  f i l t e r e d  o f f  

a f t e r  a d d i t i o n  o f  d r y  e t h e r  ( c a . 5 0 0  m l) ,  a n d  w a s h e d  w i t h  e t h e r  a n d  

d r ie d  in  v a c u o  o v e r  P 2O 5  a n d  K O H  in  a  d e s ic c a t o r :  y i e l d  3 8 . 4 1  g  (9 8 % ); 

m p  1 4 4  ° C  d e c  ( l i t .5 1 3 0  ° C ) ;  N M R  ( C D 3 S O C D 3 , s o d i u m  2 ,2 - d i -  

m e t h y l - 2 - s i l a p e n t a n e - 5 - s u l f o n a t e  a s  a n  i n t e r n a l  s t a n d a r d )  5 7 . 3 3  ( s , 

5 ,  C 6H 6) , 4 .4 6  ( q , 2 ,  O C H 2) , 1 . 3 2  ( t ,  3 ,  C H 3 ).
Ethyl iV-Chlorohydrocinnamimidate ( 3 ) .  T h e  p r o c e d u r e  d e 

s c r i b e d 6 f o r  t h e  p r e p a r a t i o n  o f  e t h y l  N - c h l o r o p h e n y l a c e t i m i d a t e  w a s  

f o l l o w e d .  T o  t h e  c o o le d  ( 5  ° C )  s o l u t i o n  o f  N a C I O  f r e s h l y  m a d e  f r o m

N a O H  ( 1 0 0  g ,  2 .5  m o l)  a n d  c h lo r i n e  ( 1 1 4 . 4  g ,  1 . 6 1  m o l)  in  w a t e r  (8 0 0  

m l)  c o m p o u n d  2 w a s  a d d e d  p o r t io n w is e  w i t h  s t i r r i n g  ( 3 2 . 1  g , 0 . 1 5  m o l)  

a t  0 - 1 0  ° C  ( i c e - s a l t  b a t h  w a s  u s e d ) .  I t  i s  i m p e r a t i v e  t o  k e e p  t h e  p H  

o f  t h e  N a C I O  s o l u t i o n  a t  7 .0  ( p H  m e t e r )  d u r i n g  t h e  a d d i t i o n  o f  h y 

d r o c h lo r i d e  2  t o  a v o i d  c o n c o m i t a n t  h y d r o l y s i s  t o  t h e  c o r r e s p o n d i n g  

e s t e r .  T h e  m i x t u r e  w a s  t h e n  s t i r r e d  f o r  3 0  m i n ,  p e t r o l e u m  e t h e r  ( 1 0 0  

m l)  w a s  t h e n  a d d e d ,  a n d  t h e  l a y e r s  w e r e  s e p a r a t e d .  T h e  a q u e o u s  

p o r t i o n  w a s  e x t r a c t e d  w i t h  p e t r o l e u m  e t h e r ,  a n d  t h e  c o m b i n e d  e x 

t r a c t s  w e r e  d r i e d  ( M g S 0 4) a n d  e v a p o r a t e d  t o  g i v e  3  a s  a  c o lo r le s s  o i l:  

3 1 . 0 4  g  ( 9 8 % ) ; n 30D  1 . 5 2 1 0 ;  i r  n o  a b s o r p t i o n a t  1 6 5 0 - 1 8 0 0  ( a b s e n c e  o f  

C O  e s t e r )  a n d  3 1 0 0 - 4 0 0 0  ( a b s e n c e  o f  N H ) ,  1 6 0 0  c m - 1  ( s t r o n g ,  

C = N — C l ,  c f . r e f  6 ) ; N M R  ( C C 1 4) <5 7 . 1 7  ( s , 5 ,  C 6H 5), 4 .0 9  ( q , 2 ,  O C H 2),

2 .8 4  ( s ,  4 ,  C H 2), 1 . 2 0  ( t .  3 ,  C H 3 ).

Ethyl DL-Orthophenylalaninate (4a) and 2,5-Dibenzyl-3,6- 
diethoxy-2,5-dihydropyrazine (5). T h e  p r o c e d u r e 4 f o r  p r e p a r a t i o n  

o f  a m i n o  a c i d  o r t h o  e s t e r s  w a s  e x t e n d e d  t o  t h e  p h e n y l a l a n i n e  d e r i v 

a t i v e  4a. T h e  s o lu t io n  o f  c o m p o u n d  3 ( 2 1 . 1 7  g , 0 . 1  m o l)  in  e t h a n o l  ( 5 0  

m l)  w a s  a d d e d  d r o p w is e  w i t h  s t i r r i n g  a n d  e x t e r n a l  ic e  c o o l in g  t o  1 . 2 5  

M  s o d i u m  e t h y l a t e  ( f r e s h l y  p r e p a r e d  f r o m  s o d i u m ,  2 .8 8  g ,  0 . 1 2 5  m o l,  

a n d  1 0 0  m l  o f  e t h a n o l) .  T h e  s o lu t io n  w a s  s t i r r e d  f o r  1 . 5  h  a t  3 0 - 4 0  ° C  

( b a t h  t e m p e r a t u r e ,  N a C l  s t a r t e d  t o  p r e c i p i t a t e )  a n d  2  h  a t  8 0  ° C .  T h e  

r e a c t io n  m ix t u r e  w a s  k e p t  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e ,  p o u r e d  in t o  

w a t e r  ( 2 5 0  m l) ,  a n d  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  ( 3  X  1 0 0  m l) .  

C o m b i n e d  o r g a n ic  l a y e r s  w e r e  d r i e d  ( M g S 0 4) a n d  e v a p o r a t e d  t o  g iv e  

4a a s  a  y e l lo w ,  r u m l i k e  s m e l l i n g  o i l :  n 28D  1 . 4 7 9 0 ;  2 6 .4 6  g  ( 9 9 % ) ; i r  n o  

a b s o r p t i o n  b e t w e e n  1 6 5 0  a n d  1 8 0 0  ( a b s e n c e  o f  C O  e s t e r ) ,  1 0 6 5  c m - 1  

( s t r o n g ,  C - O - C ) ;  N M R  ( C C 1 4) b 7 . 1 3  ( s ,  5 ,  C 6H 5 ) , 3 .6 5  ( q ,  6 , O C H 2),

3 .0 3  (m , 2 ,  C H 2) 2 .3 5  (q , 1 ,  C H ) ,  1 . 1 3  ( t ,  1 1 ,  C H 3  o v e r la p p e d  w it h  N H 2, 

a f t e r  a d d i t io n  o f  D 20  t h e  t r i p l e t  b e c a m e  s y m m e t r i c  a n d  i t  in t e g r a t e d  

f o r  9  p r o t o n s ) .  T h i s  p r o d u c t  w a s  s u f f i c i e n t l y  p u r e  ( c a . 9 5 % )  t o  b e  u s e d  

in  s u b s e q u e n t  s t e p s  ( p r e p a r a t i o n  o f  6a a n d  9) w i t h o u t  f u r t h e r  p u r i 

f ic a t io n .  D is t i l l a t io n  o f  t h i s  p r o d u c t  a t  1 0 7 - 1 1 0  ° C  ( 0 .2 5  m m )  a f f o r d e d  

o r t h o  e s t e r  4a in  t w o  f r a c t io n s  ( 5 .3 2  g , 2 0 % ). T h e  s e c o n d  f r a c t io n  ( n 27D 
1 . 4 8 1 3 )  w a s  a n a l y z e d .

A n a l .  C a lc d  f o r  C 1 5 H o 5 N 0 3  ( 2 6 7 .4 ) :  C ,  6 7 .3 8 ;  H ,  9 .4 3 ;  N ,  5 .2 4 .  F o u n d :  

C ,  6 7 .3 0 ;  H ,  9 .2 7 ;  N ,  5 .4 8 .

C o n t i n u e d  d i s t i l l a t i o n  a f f o r d e d  a n  a d d i t i o n a l  f r a c t i o n  (2 . 1  g )  o f  4 a  

c o n t a m i n a t e d ,  a c c o r d i n g  t o  i r ,  w i t h  5. T h e  l a s t  f r a c t i o n  ( t h i c k  s y r u p ,  

n 26D  1 . 5 4 6 9 ) ,  w h ic h  w a s  a n a l y z e d ,  w a s  d i s s o l v e d  in  p e t r o l e u m  e t h e r  

a n d  t h e  s o l u t i o n  c o o le d  t o  —2 0  ° C  t o  g i v e  5 ( 0 .9 7 5  g , 5 .6 % ) :  m p 25 

4 0 - 1 0 0  ° C ;  i r  1 7 0 3  c m “ 1  ( C = N ) ;  N M R  ( C C 1 4) b 7 .0 5  ( m , 1 0 ,  C 6H 6),

4 .0 7  ( m , 4 , C H 2  o f  C 2 H 5 0 ) ,  1 . 2 3  ( m , 6 , C H 3  o f  C 2 H 5 0 ) . 2S

A n a l .  C a lc d  fo r  C22H26N202-y4H20 ( 3 5 5 .0 ) :  C ,  7 4 .4 4 ; H ,  7 .5 3 ;  N ,  7 .8 9 . 

F o u n d :  C ,  7 4 .5 0 ;  H ,  7 . 3 5 ;  N ,  8 . 1 5 .

Ethyl JV-Benzyloxycarbonyl-DL-orthophenylalaninate (6a). 
A  s o lu t io n  o f  b e n z v lo x y c a r b o n y l  c h lo r id e  ( 7 .5  g ,  0 .0 4 4  m o l)  in  d r y  e t h e r  

( 2 0 0  m l)  w a s  a d d e d  d r o p w is e  w i t h  s t i r r i n g  a n d  e x t e r n a l  ic e  c o o l in g  t o  

a  m i x t u r e  o f  o r t h o  e s t e r  4a ( 1 0 . 6 8  g ,  0 .0 4  m o l ) ,  t r i e t h y l a m i n e  ( 1 2  m l ,  

0 . 1 2  m o l) ,  a n d  d r y  e t h e r  ( 2 0 0  m l)  d u r i n g  4 0  m in .  T h e  s t i r r i n g  c o n 

t i n u e d  f o r  1  h  a t  0  ° C  a n d  a f t e r  a d d i t i o n  o f  e t h a n o l  ( 1 0  m l)  f o r  3 0  m in  

a t  r o o m  t e m p e r a t u r e .  T h e  p r e c i p i t a t e  ( r i e t h y l a m i n e  h y d r o c h l o r i d e )  

w a s  f i l t e r e d  o f f  a n d  w a s h e d  w i t h  e t h e r  a n d  t h e  f i l t r a t e  w a s  e x t r a c t e d  

w i t h  w a t e r  ( 1 5 0  m l) .  D r i e d  ( M g S 0 4) e t h e r  l a y e r  w a s  e v a p o r a t e d  a n d  

t h e  r e s u l t a n t  s o l id  c r y s t a l l i z e d  f r o m  p e t r o l e u m  e t h e r  ( 4 0  m l)  a t  0  ° C  

t o  g iv e  1 0 .4 9  g  (6 6 % ) o f  o r t h o  e s t e r  d e r i v a t i v e  6 : m p  7 7 - 7 9  ° C ;  i r  3 5 0 0  

( N H ) ,  1 7 3 5  ( C O , u r e t h a n e ) ,  1 5 1 2 ,  1 5 2 0  ( a m i d e  I I  b a n d  o f  u r e t h a n e  

p lu s  a r o m a t i c s ) ,  1 0 5 8  c m - 1  ( C - O - C ) ;  N M R  ( C C 1 4) b 7 . 1 5  ( 2  s ,  1 0 ,  

C 6H 5 ), 4 .9  ( s ,  2 ,  C H 2  o f  C 6H 5 C H 20 ) ,  3 . 6 5  (d  o f  q ,  6 , C H 2  o f  C 2 H 5 0 ) ,

2 .8  ( m , 2 ,  C H o ) ,  1  1 3  ( t ,  9 , C H 3 o f  C 2 H s O ).

A n a l .  C a l c d  f o r  C 2 3 H 3 i N 0 5  ( 4 0 1 .5 ) :  C ,  6 8 .8 0 ; H ,  7 .7 8 ;  N ,  3 .4 9 . F o u n d :  

C ,  6 8 .9 8 ; H ,  7 .9 0 ;  N ,  3 .4 8 .
Ethyl TV-Benzyloxycarbonylorthoglycinate (6b). T h e  p r o c e 

d u r e  d e s c r i b e d  f o r  o r t h o  e s t e r  6a w a s  f o l l o w e d  s t a r t i n g  f r o m  e t h y l  

o r t h o g ly c i n a t e 4 4b ( 1 2 . 6 3  g ,  0 . 0 7 1  m o l)  t o  g i v e ,  a f t e r  c r y s t a l l i z a t i o n  
f r o m  p e t r o le u m  e t h e r ,  t h e  ,Y  b e n z v l o x y c a r b o n y l  d e r i v a t i v e  6b ( 1 1 . 8 2  

g , 3 8 % ) ,  m p  3 5 - 4 0  ° C  ( l i t . 2a 3 8 - 4 0  ° C ) ,  w h i c h  w a s  i d e n t i c a l  w i t h  a n  

a u t h e n t i c  s p e c i m e n : 28 N M R  ( C C 1 4) b 7 . 1 9  ( s , 5 ,  C e H 5 ), 4 .9 8  ( d , 2 ,  C H 2 

o f  C 6H 5 C H 20 ) ,  3  5 0  ( q ,  6 , C H 2  o f  C 2H 5 0 ,  p a r t i a l l y  o v e r l a p p e d  w i t h  

C H 2  o f  t h e  g l y c i n e  p o r t i o n ) ,  3 . 3 2  ( d ,  2 , C H 2  o f  g l y c i n e ,  p a r t i a l l y  o v 

e r l a p p e d  w i t h  C H 2 o f  C 2 H - ,0 ) .
Ethyl JV-Benzyloxycarbonyl-DL-phenylalaninate ( 7 ) .  A  s o 

lu t io n  o f  o r t h o  e s t e r  6a ( 0 .2  g , 0 .5  m m o l)  in  C H 2C 1 2  ( 2 0  m l)  w a s  s t i r r e d  

w i t h  1 0 %  H C 1  ( 1 0  m l)  f o r  3 0  m in  a t  r o o m  t e m p e r a t u r e .  T h e  l a y e r s  w e r e  

t h e n  s e p a r a t e d ,  a n d  t h e  C H 2 C 1 2  p o r t i o n  w a s  w a s h e d  w i t h  w a t e r  ( 2  X  

1 0  m l)  a n d  s a t u r a t e d  s o lu t io n  o f  N a H C 0 3  ( 1 0  m l) .  T h e  d r ie d  ( M g S 0 4) 

o r g a n ic  p h a s e  w a s  e v a p o r a t e d  t o  a  s y r u p  w h ic h  w a s  d i s s o l v e d  in  e t h e r  

( 5  m l) .  P e t r o l e u m  e t h e r  ( 5  m l)  w a s  a d d e d  a n d  t h e  m i x t u r e  c o n t a in in g  

a  s y r u p y  p r e c i p i t a t e  w a s  k e p t  o v e r n i g h t  a t  — 2 0  ° C  w h e r e u p o n  i t  

c r y s t a l l i z e d .  E v a p o r a t i o n  in  v a c u o  g a v e  c r y s t a l l i n e  e s t e r  7 :  m p  7 7 - 7 9  

° C  ( l i t . 1 1  7 7 - 7 9  ° C ) ;  m i x t u r e  m e l t in g  p o i n t  w i t h  o r t h o  e s t e r  6 a  w a s  6 5
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° C ;  0 . 1 3  g  ( 8 0 % ) ; N M R  ( C C 1 4) & 7 . 2 5  a n d  7 . 1 4  ( 2  s ,  1 0 ,  C 6H 5) , 5 .0 3  (s , 

2 , C H 2  o f  C 6H 5C H 20 ) ,  4 .5 3  (m , 1 ,  C H ) ,  4 .0 9  ( q , 2 , C H 2 o f  C 2 H 50 ) ,  1 . 1 7  

( t ,  3 ,  C H 3  o f  C 2H 5 0 ) .

Ethyl JV-Benzyloxycarbonyl-L-phenylalanyl-DL-ortho- 
phenylalaninate (9). T h e  c o o le d  s o l u t i o n  o f  o r t h o  e s t e r  4a ( 0 .5 3 6  g , 

2  m m o l)  a n d  t r i e t h y l a m i n e  (0 . 2 0 2  g , 2  m m o l)  in  d i c h lo r o m e t h a n e  ( 1 0  

m l)  w a s  t r e a t e d  w i t h  p - n i t r o p h e n y l  e s t e r 1 2  8  ( 0 .9 2 5  g , 2 .2  m m o l)  in  

d i c h l o r o m e t h a n e  ( 1 0  m l) .  T h e  r e a c t i o n  m i x t u r e  w a s  k e p t  f o r  5  h  a t  

r o o m  t e m p e r a t u r e ,  w h e r e u p o n  i t  w a s  e x t r a c t e d  w i t h  a  s a t u r a t e d  s o 

lu t io n  o f  N a H C 0 3  ( 3  X  1 0  m l)  a n d  N H 4O H  ( d i lu t e  1 : 1 ,  3  X  1 0  m l) .  T h e  

o r g a n ic  l a y e r  w a s  d r i e d  ( M g S 0 4) a n d  e v a p o r a t e d  t o  g i v e  a  s o l id  w h ic h  

a s  f i l t e r e d  a f t e r  a d d i t i o n  o f  e t h a n o l :  0 .6 9  g  ( 6 3 % ) ,  h o m o g e n e o u s  o n  

T L C  ( S i ) ;  m p  1 1 4 - 1 1 8  ° C  w a s  u n c h a n g e d  a f t e r  r e c r y s t a l l i z a t i o n  f r o m  

c y c l o h e x a n e ;  [ a ] 24D  —2 7 . 4 °  (c  0 .5 ,  a c e t o n e ) ;  i r  ( K B r )  3 3 7 0  ( N H ) ,  1 7 0 5  

( C O , u r e t h a n e ) ,  1 6 6 0  ( C O , a m i d e ) ,  1 5 5 3 , 1 5 4 3  c m - 1  ( a m i d e  I I  b a n d s  

o f  u r e t h a n e  a n d  p e p t i d e  b o n d  a n d  a r o m a t i c s ) ;  N M R  ( C D 3 C O C D 3 ) 

5 c a .  7 . 2 2  ( m , 1 5 ,  C e H 5) , 4 .9 5  ( s ,  2 ,  C H 2 o f  C 6H 5 C H 20 ) ,  3 .6 3  ( p o o r l y  

r e s o l v e d  d  o f  q ,  6 , C H 2  o f  C 2 H 5 0 ) ,  1 . 0 8  ( t ,  9 , C H 3 ).

A n a l .  C a l c d  f o r  C 3 2 H 40N 2 O 6 ( 5 4 8 .7 ) :  C ,  7 0 . 0 5 ;  H ,  7 . 3 5 ;  N ,  5 . 1 1 .  

F o u n d :  C ,  7 0 . 0 7 ;  H ,  7 .3 8 ;  N ,  5 . 1 3 .

Ethyl IV-Benzyloxycarbonyl-L-phenylalanyl-DL-phenylala- 
ninate (10). A  s o lu t io n  o f  d i p e p t i d e  o r t h o  e s t e r  9 ( 7 0  m g , 0 . 1 3  m m o l)  

in  C H 2C 1 2  ( 1 0  m l)  w a s  s t i r r e d  w i t h  1 0 %  H C 1  ( 1 0  m l)  f o r  3 0  m in  a t  r o o m  

t e m p e r a t u r e .  T h e  l a y e r s  w e r e  s e p a r a t e d ,  t h e  a q u e o u s  o n e  w a s  e x 

t r a c t e d  w i t h  C H 2C 1 2  ( 1 0  m l) ,  a n d  t h e  c o m b in e d  o r g a n ic  p o r t io n s  w e r e  

w a s h e d  w i t h  a  s a t u r a t e d  s o l u t i o n  o f  N a H C C >3 ( 1 0  m l)  a n d  w a t e r  ( 1 0  

m l) .  T h e  d r i e d  ( M g S 0 4) s o lu t io n  w a s  e v a p o r a t e d ,  l e a v i n g  a  w h i t e  s o l id  

10, m p  1 0 0 - 1 0 3  ° C ,  T L C  ( S i )  h o m o g e n e o u s  a n d  d i f f e r e n t  ( s lo w e r )  

f r o m  o r t h o  e s t e r  9. C r y s t a l l i z a t i o n  f r o m  b e n z e n e - c y c l o h e x a n e  ( 2 : 1 )  

g a v e  2 5  m g  (4 0 % ) o f  m a t e r i a l : 26 m p  1 2 8 - 1 3 0  ° C ;  [ a ] 24D  +  1 . 7 5 °  (c  0 .9 1 ,  

e t h y l  a c e t a t e ) ;  N M R  ( C D 3C O C D 3 ) 5 7 .2 7  a n d  7 .2 0  ( 2  s , 1 5 ,  C 6H 5 ) , 4 .9 8  

( s ,  2 ,  C H 2  o f  C 6H 5 C H 2 0 ) ,  4 . 5 5  ( m , 2 ,  C H ) ,  4 .0 9  ( q , 2 ,  C H 2  o f  C 2H 5 0 ) ,  

1 . 3 1  ( t ,  3 ,  C H 3  o f  C 2 H - 0 ) .

Reaction of Uridine with Ortho Ester 6a. A s o l u t i o n  o f  u r i d i n e  

( 0 . 1 2  g ,  0 .5  m m o l) ,  o r t h o  e s t e r  6a ( 0 .4  g , 1  m m o l) ,  a n d  CF3COOH ( 5  

d r o p s )  in  D M F  ( 5  m l)  w a s  k e p t  f o r  1 5  h  a t  r o o m  t e m p e r a t u r e .  T r i 

e t h y l a m i n e  ( 0 .5  m l)  w a s  t h e n  a d d e d ,  t h e  s o l u t i o n  w a s  e v a p o r a t e d  a t

0 .  1  m m , a n d  t h e  r e s i d u e  w a s  p a r t i t i o n e d  b e t w e e n  C H 2C 1 2  ( 2 0  m l)  a n d  

s a t u r a t e d  N a H C O s  ( 1 0  m l ) . T h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i t h  

C H 2 C 1 2  ( 1 0  m l) ,  a n d  t h e  c o m b i n e d  o r g a n i c  p o r t i o n s  w e r e  d r i e d  

( M g S 0 4) a n d  e v a p o r a t e d .  T h e  s y r u p y  r e s i d u e  w a s  c h r o m a t o g r a p h e d  

o n  o n e  2 0  X  2 0  c m  2 - m m  t h i c k  l a y e r  o f  S t a h l ’s  s i l i c a  g e l  G F - 2 5 4  in  

s o l v e n t  S 2  ( 0 . 1  m l  o f  t r i e t h y l a m i n e / 1 0 0  m l) .  T h e  m a jo r  s lo w e r  m o v in g  

u v - a b s o r b i n g  b a n d  w a s  e l u t e d  w i t h  t h e  4 : 1  m i x t u r e  o f  t h e  s a m e  s o l 

v e n t s  a n d  t h e  e l u a t e  w a s  e v a p o r a t e d  t o  g iv e  a  s y r u p .  T r i t u r a t i o n  w i t h  

e t h e r - p e t r o l e u m  e t h e r  a f f o r d e d  2 ' , 3 ' - c y c l i c  o r t h o  e s t e r  1 1  a s  a n  

a m o r p h o u s  s o l id ,  0 . 1 4  g  ( 5 1 % ) ,  h o m o g e n e o u s  o n  T L C  ( S 2, S 3 ) , u v  m a x  

( e t h a n o l )  2 6 0  n m  (e 8 7 0 0 ) ,  m i n  2 3 0  (e 1 8 0 0 ) .

A n a l .  C a l c d  f o r  C 28H 3 i N 30 9  ( 5 5 3 . 6 ) :  C ,  6 0 .7 5 ;  H ,  5 .6 5 ;  N ,  7 .5 9 .  

F o u n d :  C ,  6 0 . 6 1 ;  H ,  5 .9 0 ;  N ,  7 . 3 3 .

2'(3')-0-(JV-Benzyloxycarbonyl-DL-phenylalanyl)uridine
(12). A  s o l u t i o n  o f  2 ' , 3 ' - c y c l i c  o r t h o  e s t e r  11 ( 8 3  m g ,  0 . 1 5  m m o l)  in  

d i o x a n e - a c e t i c  a c i d - w a t e r  ( 2 :3 :3 )  m i x t u r e  (4  m l)  w a s  k e p t  f o r  2 2  h  a t  

r o o m  t e m p e r a t u r e .  T h e  s o l u t i o n  w a s  t h e n  l y o p h i l i z e d ,  t h e  r e s i d u e  

d i s s o l v e d  in  C H C 1 3, a n d  e t h e r - p e t r o l e u m  e t h e r  a d d e d  t o  p r e c i p i t a t e  

12 a s  a n  a m o r p h o u s  p o w d e r ,  7 7  m g  ( 9 5 % ) ; t h e  m o b i l i t y  o n  T L C  ( S 2, 

S3) w a s  i d e n t i c a l  w i t h  t h a t  o f  a n  a u t h e n t i c  s a m p l e 38 o f  t h e  c o r r e 
s p o n d i n g  L - p h e n y l a l a n y l  d e r i v a t i v e .

IV-Benzyloxycarbonyl-L-phenylalaninal (16) and JV-Ben- 
zyloxycarbonyl-t-phenylalaninol (19). A  s o l u t i o n  o f  iV - b e n -  

z y l o x y c a r b o n y l - L - p h e n y l a l a n i n e  (15, 7  g , 0 .0 2 3  m o l)  in  t e t r a h y d r o -  

f u r a n  ( 4 5  m l)  w a s  c o o le d  t o  1 0  ° C  a n d  N . N '- c a r b o n y l d i i m i d a z o l e  (4  

g , 0 .0 2 5  m o l)  w a s  a d d e d .  T h e  r e s u l t i n g  m i x t u r e  w a s  s t i r r e d  f o r  2 0  m in  

a t  1 0  ° C ,  t h e n  c o o le d  t o  - 2 0  ° C  a n d  a  s o lu t io n  o f  L i A l H 4 ( 1 . 9  g , 0 .0 5 0  

m o l)  in  t e t r a h y d r o f u r a n  (8 0  m l)  w a s  a d d e d  d r o p w is e  o v e r  a  p e r i o d  o f  

3 0  m in . T h e  s t i r r in g  o f  t h e  r e a c t io n  m i x t u r e  t h e n  c o n t in u e d  f o r  1 5  m in  

a t  — 2 0  ° C  w h e r e u p o n  2  M  H C 1  (8 0  m l)  w a s  a d d e d .  E v a p o r a t i o n  in  

v a c u o  g a v e  a  s o l id  w h ic h  w a s  e x t r a c t e d  w i t h  c h lo r o f o r m  ( t o t a l  3 5 0  m l) .  

T h e  c o m b i n e d  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  ( 1 0 0  m l) ,  d r i e d  

( M g S 0 4), a n d  e v a p o r a t e d .  T h e  r e s i d u e  w a s  d i s s o l v e d  in  c h lo r o f o r m  

( 1 0  m l)  a n d  t h e  s o l u t i o n  w a s  p u t  o n  t h e  t o p  o f  t h e  c o lu m n  m a d e  f r o m  

s i l i c a  g e l  ( 1 2 0  g ,  3  X  3 0  c m ) .  E l u t i o n  w i t h  c h lo r o f o r m  ( 2 5 0  m l)  a f t e r  

e v a p o r a t i o n  g a v e  a  c r y s t a l l i n e  s o l i d  w h i c h  w a s  c r y s t a l l i z e d  f r o m  

e t h e r - p e t r o l e u m  e t h e r  ( 1 : 2 )  t o  a f f o r d  a l d e h y d e  16 ( 3 . 3  g ,  5 0 % ) : m p  

7 6 - 7 7  ° C ;  [ a ] 22D  - 1 . 8 °  (c  0 .4 5 ,  C H C I 3 ) ; 19  i r  ( K B r )  3 3 7 0  ( N H ) ,  1 7 3 6  

( C O , a l d e h y d e ) ,  1 6 8 3  c m “ 1  ( C O , u r e t h a n e ) ;  N M R  ( C D C 1 3 ) S 9 . 3 5  ( s ,

1 ,  C H = 0 ) ,  7 . 3 1 - 6 . 9 4  ( m , 1 0 ,  C g H s ) ,  5 .0 3  ( s ,  2 , C H 2  o f  b e n z y l o x y c a r -  

b o n y l ) ,  4 . 3 7  ( q , 1 , C H ) ,  3 .0 4  ( d , 2 , C H 2 ).

A n a l .  C a lc d  f o r  C 1 7 H 1 7 N 0 3 ( 2 8 3 .3 ) :  C ,  7 2 . 0 7 ;  H ,  6 .0 5 ; N ,  4 .9 4 . F o u n d :  
C ,  7 1 . 9 1 ;  H ,  6 .0 8 ;  N ,  4 .8 7 .

F u r t h e r  e l u t i o n  w i t h  c h lo r o f o r m  ( 1 0 0  m l)  g a v e  I V - b e n z y l o x y c a r -  

b o n y l - L - p h e n y la la n in o l  (19,1 . 5 3  g , 2 3 % ) ,  m p  9 2 - 9 2 . 5  ° C  ( l i t . 1 7 ’ 18  9 0 - 9 2  

a n d  9 0  ° C ,  r e s p e c t i v e l y ) ,  [ a ] 22D  - 4 5 . 9 °  [ l i t . 1 7  —4 1 . 5 °  (c  1 . 4 ,  e t h a n o l) ] ,  

[ a ] 22D  —4 4 .6 °  [ l i t . 1 8  —4 2 °  (c  2 .0  m e t h a n o l ) ] .

T h e  r e d u c t i o n  o f  a l d e h y d e  1 6  in  a  s t a n d a r d  f a s h i o n  ( s e e  a b o v e )  w i t h  

L i A l H 4 g a v e  a l c o h o l  19, m p  7 6 - 7 7  ° C ,  [ a ] 22D  —3 . 4 °  (c  1 . 4 ,  e t h a n o l ) ,  

i r  c o r r e s p o n d e d  t o  t h a t  o f  o p t i c a l l y  p u r e  1 9 .
JV-Benzyloxycarbonyl-L-phenylalaninal Dimethyl Acetal 

(17). A l d e h y d e  16 ( 0 .4  g ,  1 . 4  m m o l)  w a s  a d d e d  p o r t i o n w i s e  t o  a  m i x 

t u r e  o f  d i m e t h y l f o r m a m i d e  d i m e t h y l  s u l f a t e  c o m p l e x 28 ( 0 . 3 1  g ,  1 . 5 5  

m m o l)  a n d  a n h y d r o u s  m e t h a n o l  (6 5  m g , 2  m m o l)  a t  r o o m  t e m p e r a t u r e  

w i t h  s t i r r i n g  w h i c h  t h e n  c o n t i n u e d  f o r  2 .5  h . T h e  m i x t u r e  w a s  k e p t  

o v e r n i g h t ,  a n d  t h e  c r y s t a l l i z e d  p r o d u c t  w a s  w a s h e d  w i t h  p e t r o 

le u m  e t h e r  a n d  r e c r y s t a l l iz e d  f r o m  p e t r o le u m  e t h e r - e t h e r  ( 1 : 1 ) t o  g iv e  

a c e t a l  17 ( 0 .2 8  g , 6 0 % ) : m p  5 8 - 6 0  ° C ;  [ « ] 22d  - 8 . 4 °  ( c  1 . 2 2 ,  C H C 1 3) ; i r  

( K B r )  3 3 5 0  c m - 1  ( N H ) ,  1 6 9 0  ( C O , u r e t h a n e ) ,  1 5 5 0  ( a m i d e  I I  b a n d ,  

u r e t h a n e ) ;  N M R  ( C D C 1 3 ) 5 7 . 2 5  a n d  7 . 1 6  ( tw o  s ,  1 0 ,  C 6H 5 ) , 5 .0 0  ( s ,  2 ,  

C H 2  o f  b e n z y l o x y c a r b o n y l ) ,  4 .0 8  ( m , 2 , C H ) ,  3 . 4 1  a n d  3 . 3 5  ( t w o  s ,  6 , 

O C H 3) , 2 .8 5  ( m , 2 ,  C H 2).

A n a l .  C a l c d  f o r  C i 9H 2 3 N 0 4 ( 3 2 9 .4 ) :  C ,  6 9 .2 8 ; H ,  7 .0 4 ; N ,  4 .2 5 .  F o u n d :  

C ,  6 9 .2 0 ;  H ,  7 . 1 0 ;  N ,  4 . 1 7 .

Reaction of Adenosine, Aldehyde 16, and Ethyl Orthoformate.
A  s o l u t i o n  o f  a l d e h y d e  1 6  ( 0 .4  g , 1 . 4  m m o l ) ,  e t h y l  o r t h o f o r m a t e  ( 0 .4 6  

g , 3 . 1  m m o l) ,  a d e n o s i n e  ( 0 .3 7 6  g , 1 . 4  m m o l ) ,  a n d  t r i f l u o r o a c e t i c  a c i d  

( 0 .2 4  g , 2 . 1  m m o l)  in  D M F  ( 1 0  m l)  w a s  k e p t  a t  r o o m  t e m p e r a t u r e  f o r  

3 9  h . T r i e t h y l a m i n e  w a s  t h e n  a d d e d  t o  a d j u s t  p H  t o  8 - 9  ( i n d i c a t o r  

p a p e r )  a n d  t h e  v o l a t i l e  c o m p o n e n t s  w e r e  e v a p o r a t e d  a t  0 . 1  m m  a n d  

r o o m  t e m p e r a t u r e .  T h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  o n  t w o  lo o s e  

l a y e r s  o f  s i l i c a  g e l  ( 3 5  X  1 5  c m , 3  m m  t h i c k )  in  s o l v e n t  S 5  c o n t a i n i n g  

0 .2 %  o f  t r i e t h y l a m i n e  ( d o u b le  d e v e lo p m e n t ) .  T h e  f a s t e r  m o v in g  b a n d  

w a s  e lu t e d  w i t h  t h e  s o lv e n t  a n d  e v a p o r a t e d  t o  g iv e  a m o r p h o u s  p r o d u c t  

1 8 b  ( 0 . 1 8 5  g , 2 1 % ) :  T L C  ( S 2) h o m o g e n e o u s ;  u v  m a x  ( e t h a n o l )  2 6 5  n m  

(e 1 6  5 0 0 ) ,  m in  2 2 8  ( 2 1 0 0 ) ;  N M R  ( C D 3 C O C D 3 +  D 2 0 )  5 8 . 1 5  ( s , 2 , H s 

+  H 2) , 7 . 1 3  ( m , 1 0 , C 6H 5 ) , 6 . 3 5  ( d , 1  , J =  3 . 5  H z ,  H r ) , 1 . 1 0  a n d  1 . 4 2  

( t w o  t ,  C H 3  o f C 2 H 5 0 ) .

A n a l .  C a l c d  f o r  C ® H 3 8 N 6 0 9  ( 6 3 4 .7 ) :  C ,  6 0 .5 5 ;  H ,  6 .0 4 ;  N ,  1 3 . 2 4 .  

F o u n d :  C ,  6 0 . 4 1 ;  H ,  6 . 1 7 ;  N ,  1 3 . 1 3 .

E l u t i o n  o f  t h e  s lo w e r  m o v in g  b a n d  w i t h  s o l v e n t  S 2 c o n t a i n i n g  0 .2 %  

o f  t r i e t h y l a m i n e  g a v e  2 ' , 3 ' - 0 - e t h o x y m e t h y l e n e a d e n o s i n e  ( 1 8 a ,  0 . 3 3  

g ,  7 3 % )  i d e n t i c a l  w i t h  a n  a u t h e n t i c  s a m p l e 22  ( T L C ,  u v ,  a n d  m e l t i n g  

p o in t ) .

Attempted Reaction of 18b with Dimethylformamide Di
methyl Acetal. A  s o l u t i o n  o f  c o m p o u n d  18b ( 2  m g )  a n d  d i m e t h y l 

f o r m a m i d e  d i m e t h y l  a c e t a l  ( 0 .0 5  m l)  in  D M F  ( 0 .2  m l)  w a s  k e p t  f o r  

1 6  h  a t  r o o m  t e m p e r a t u r e .23  A f t e r  e v a p o r a t i o n  t h e  u v  s p e c t r u m  o f  t h e  

r e s i d u e  ( e t h a n o l )  w a s  i d e n t i c a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i a l  18b.
Hydrolysis of Compound 18b. A  s o l u t i o n  o f  18b ( 5  m g )  in  8 0 %  

f o r m i c  a c i d  ( 0 .5  m l)  w a s  k e p t  a t  r o o m  t e m p e r a t u r e  f o r  3 0  m in .  A  

s a m p le  o f  t h e  m ix t u r e  w a s  c h r o m a t o g r a p h e d  ( T L C )  in  s o lv e n t s  S 4  a n d  

S 5  a l o n g  w i t h  a u t h e n t i c  s a m p l e s  o f  18b, a d e n o s i n e  2 ' ( 3 ' ) - 0 - f o r m a t e  

p r e p a r e d  in  s i t u  f r o m  18a b y  t h e  s a m e  p r o c e d u r e , 24 a n d  a l d e h y d e
16.
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Orientation of the Nitrogen Lone-Pair Electrons 
in Cannivonine

Table I. Ni(acac)2 Induced 13C Contact Shifts for 1 a

C Relative induced shift

1 52.17 +1.00
NCH3 43.81 +1.62
3 56.24 +1.40
4 129.73 -0.52
5 131.34 -0.44
6 65.51 +0.84
7 25.40 +0.40
8 26.87 -0.33
9 25.65 +0.02
10 24.92 -1.38
11 25.17 -0.41
T 130.71 +0.08
2' 121.37 -0.17
3' 13.41 +0.14
l " 25.02 +0.08
2 " 12.10 0.00

° Identification from off-resonance !H; see Experimental 
Section for details of calculations.

Scheme I

s y n -1 a n ti-1

metal relative to the double bond. The CNDO-MO calcula
tions, carried out by the same authors, confirmed the prefer
ential anti position of the nitrogen lone pair.5’6 However, for 
cannivonine b, acetylacetonate can easily lie between the ni
trogen and oxygen atoms and force the nitrogen lone pair into 
syn orientation (endo using Morishima nomenclature).

The syn orientation of the nitrogen lone pair is deduced 
from the 13C NMR spectra of cannivonine (Table I).

The acetylacetonate relative induced shift of ¡3 carbons, with 
respect to the lone pair, is bigger if the lone pair is oriented 
trans (anti-coplanar) to this carbon. However, the gauche or 
eclipsed orientation shows a rather small contact shift 
(Scheme II). There are four carbons atoms (S to the nitrogen

K .  J a n k o w s k i *

Centre d 'Ê tu des Nucléaires de Saclay, Service de Biochim ie, 
91190 G if-su r-Y vette , France

R eceived N ovem ber 5 ,1 9 7 5

The structure of cannivonine b (1) has been reasonably 
established using *H NMR spectra recorded in the presence 
of shift reagents.1-3 The cannivonine b is a tricyclic alkaloid 
having a l-cyclohexen-3-ol ring fixed on the azabicyclo-
[2.2.2]octane skeleton. Such a tricyclic compound can undergo 
syn-anti equilibration (Scheme I).

In the presence of the shift reagents, syn oriented nitrogen 
lone-pair electrons contribute to the formation of the eight- 
coordinate two donor atoms complex that involves O and N.3 
Recently Morishima and Yoshikawa4 have found that the 
nitrogen lone pair of N-methyl-2-azabicyclo[2.2.2]oct-5-ene 
(and its dihydro derivative) is oriented in an anti position.

The NMR spectra, XH and 13C, recorded in the presence of 
nickel bisacetylacetonate do not show the orientation of the

* Permanent address: Département de Chimie, Université de Moncton, 
Moncton, N. B., Canada.

Scheme II

t r a n s  e c l i p s e d  g a u c h e

a n t i - c o p l a n a r

lone pair (C-4, C-8, C-10, and C -ll) and two d to the oxygen 
lone pairs (C-5 and C-7). Thus, the large C-10 relative induced 
shift of —1.38 is now understandable compared with the C -ll, 
C-8, or C-4 induced shifts.

The oxygen atom has lone pairs oriented in such a manner 
that at the same time they are trans and eclipsed to C-5 and 
C-7. As a result, an average (~0.4) relative induced shift is 
observed.7

Finally, examination of steric repulsion in the 1-syn and
1-anti conformers shows that the syn conformers is effectively 
more stable. The interaction of 10-ethyl-NCH3 and H-9/3- 
NCH3 in the syn conformer is smaller than the total interac
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tion of the cyclohexene part-NCH3 in the anti conformer. 
Since the lone pair electrons of the nitrogen atom have such 
an important effect on the (1 carbon situated in the anti-co- 
planar position, this effect could be used in the investigation 
by C-13 spectroscopy of the preferential orientation of the 
nonbonded electrons in different cyclic amines.

Experimental Section
T h e  c a n n iv o n i n e  b  ( 1 )  s a m p le  w a s  is o la t e d  a s  p r e v i o u s l y  d e s c r ib e d . 1 

N i c k e l  b i s a c e t y l a c e t o n a t e  ( A l d r i c h  C h e m i c a l  C o .)  w a s  d r i e d  u n d e r  

r e d u c e d  p r e s s u r e  f o r  2 4  h  a t  t h e  t e m p e r a t u r e  o f  b o i l i n g  a c e t o n e .  T h e  

13 C  N M R  s p e c t r a  w e r e  o b t a i n e d  o n  B r u c k e r  H F - X - 1 0  a n d  J e o l c o  F T  

s p e c t r o m e t e r s  ( 2 2 .6  a n d  2 5 . 1  M H z ,  r e s p e c t iv e ly )  w i t h  a n  i n t e r n a l  lo c k  

2 H . T h e  5 c  w e r e  m e a s u r e d  in  p a r t s  p e r  m i l l i o n  u s i n g  M e 4S i  a s  a  

s t a n d a r d .  S o lu t i o n s  o f  1  ( 1 0 .0 % )  i n  C D C 1 3  in  s t a n d a r d  t u b e s  ( 1 0  m m  

o r  8  m m )  a t  a  t e m p e r a t u r e  o f  2 5  ±  1  ° C  w e r e  u s e d .  T h e  N i ( a c a c >2 

r e l a t i v e  in d u c e d  s h i f t s  f o r  a l l  c a r b o n s  w e r e  m e a s u r e d  f r o m  t h e  s lo p e s  

o f  l i n e a r  p lo t s  o f  o b s e r v e d  1 3 C  c o n t a c t  s h i f t s  v s .  c o n c e n t r a t i o n  o f  

a c e t y l a c e t o n a t e  ( i n d u c e d  I3 C  c o n t a c t  s h i f t s  in  h e r t z  p l o t t e d  v s .  c o n 

c e n t r a t i o n  o f  N i ( a c a c ) 2  e x p r e s s e d  in  m i l l i m o l e s ) .  T h e  “ t r u e ”  s h i f t  o f  

2 .2 0  p p m  w a s  o b s e r v e d  f o r  0 .0 2 5  m o l  o f  N i ( a c a c ) 2  f o r  C - l  a n d  w a s  

n o r m a l i z e d  t o  u n i t y .
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Configuration of the Photoisomers of 
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Benzylideneanilines (ArCH=NAr/) are formally related 
to stilbenes (ArCH=CHAr') and azobenzenes (ArN=NAr'), 
but are different from the latter two in the respect that Z  (cis) 
and E  (trans) isomers have not been isolated. It was reported 
that the irradiation of a solution of benzylideneaniline at low 
temperature converts it reversibly to a photoisomer of dif
ferent uv absorption,1® but no concrete evidence as to its 
structure has been presented although a Z  structure has been 
assigned to the photoisomer of 4,4,-dichlorobenzylideneaniline 
on the basis of dipole moment measurements.2

We have determined the uv spectra of photoisomers of 
many substituted benzylideneanilines in an EPA matrix 
(ether-isopentane-ethanol) at —196 °C and showed that the 
imino arene ring of the photoisomer is about 90° rotated from 
the ArCH =N - plane around the N-Ar' bond.3 However, it 
was not possible to determine whether or not the photoisomer 
has a Z  structure.

As described in our previous paper,3 the photoisomers are 
stable in a matrix at —196 °C for a long period and stable for 
several hours in solutions (EPA, methylcyclohexane, or ace-

F i g u r e  1 .  N M R  s p e c t r a  o f  ( a )  1  a n d  (b )  i t s  p h o t o i s o m e r  l a .

tone) at —72 °C. Therefore, the configuration of the pho
toisomers was studied by determining JH NMR spectra in 
acetone-d6. Since this photoisomerization is complete only 
in dilute concentrations (~10-3 M), spectra were determined 
by use of a Fourier transform instrument (accumulation, 
500-1000 sweeps). When the photoisomers produced at —196 
or —72 °C were warmed to room temperature, the !H NMR 
and uv spectra showed that the photoisomers were completely 
converted back to the original E  isomers. This change can be 
reproduced many times.

p-Dimethylaminobenzylideneaniline (1) and its methyl

1, R2 = R/ = R /=R 5' = R6' = H
2 , R /  =  R 6'  =  M e ;  R 2 =  R /  =  R /  =  H

4 ,  R a  =  R /  =  R s '  =  H ) R 3'  =  R r/  =  M e

5 ,  R j  =  M e ;  R /  =  R /  =  R /  =  R 6'  =  H

Me,N
H,

/

V
N — t - B u

derivatives were chosen for our study because they have strong 
absorption maxima at wavelengths greater than 300 nm, and 
are almost completely converted to their photoisomers upon 
irradiation in acetone-d6 solutions with a high-pressure 
mercury lamp. In order to ascertain the assignments of aro
matic NMR absorptions, some derivatives of 1 deuterated at 
suitable positions were synthesized and their spectra were 
determined.

Results and Discussion
Figure la is the NMR spectrum of 1 in acetone-d6 at —75 

°C; Hj (s, 8.41 ppm from internal Me4Si); H2 and H6 (q, 7.85 
ppm); H3 and H5 (q, 6.84 ppm); other ArH (m, ca. 7.4 ppm). 
Figure lb is the NMR spectrum of the photoisomer of 1 (la),
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Table I. Chemical Shifts of Benzylideneanilines and Their Photoisomers“

______________ <5_____________  AS S AS S AS S AS
1 1 -2 ' ,4 ' ,6 '-d 3 la la-2 ' ,4 ' ,6 '-d 3 (1 -  la) 2 2a (2-2 a )  4 4a (4 -  4a) 5 5a (5 -  5a)

Hi 8.41 8.41 8 . 2 1  8 . 2 1 0 . 2 0 8.15 8.37 - 0 . 2 2 8.42 8.18 0.24 8.63 8 .53 0 . 1 0

h2 7.85 7.85 7.09 0.76 7.87 5 7.03 b 0 .8 7.88e 7.13“ 0.24
h6 8.03 d 6.65 d 1.38
h 3 6.84 6.84 6.59 0.25 e 6.58h 6 .8 “ 6.58“ 0 .2 6.64 6.63 0 . 0 1

h5 6.71d 6 . 2 0  d 0.51
H2',H6' 7.4 6 .8 6  6.39 0.47 7.31 6.82 0.49
H3',H6' 7.4 7.44 7.42 0 .0 2 e 7.03 7.42 7.32 0 . 1 0

H4' 7.4 e 6 .8 7 7

“ Downfield shift from internal Me4Si in acetone-ds in parts per million. b =7h2,h3 = dH H = 8.79 Hz (quartet). “ d H 2 , H 3

II X

= 8.79 Hz (quartet). d ^ H 5 , H 6 = 8.79 Hz (quartet). “ 7.08-6.96.

Figure 2 .  N M R  s p e c t r a  o f  ( a )  l-2',4',6'-d3 a n d  ( b )  i t s  p h o t o i s o m e r .

in which the absorption of H, is shifted to higher field (8.21 
ppm). In order to assign other aromatic absorptions, 2',4',6 '- 
trideuterated 1 was prepared, and its NMR spectrum and that 
of its photoisomer were determined (Figure 2). The chemical 
shifts of 1  and 2,,4',6'-trideuterated 1  and their photoisomers 
are compared in Table I.

The absorptions of H2, H6, H3, and H5 are AA'BB' type 
quartets, and this shows that ring A freely rotates around the 
Ar-C bond within the NMR time scale: J h 2,h 3 =  Th5ih6 = 8.79 
Hz. In the NMR spectrum of \ -2 ' ,4 ' ,6 ' -d z , H3' and H-/ are 
equivalent, and this can be interpreted in two ways: ring B also 
rapidly rotates around the Ar-N bond, or as proposed in our 
previous paper3 the stable conformation of la has ring B about 
90° rotated around the Ar-N bond. The data shown in Table 
I can be reasonably explained if one assumes that la has the 
Z  structure shown in Figure 3. Although the possibility of the 
rapid rotation of ring B in la cannot be rejected from the 
NMR data alone, examination of its molecular model suggests 
that it is unlikely, since its uv spectrum shows that ring A and 
the C H =N - group lie in the same plane.

In the case of cis-stilbenes no such twist of ring B has been 
invoked. One of the factors for stabilizing this twisted con
formation for the photoisomers of benzylideneanilines must 
be the conjugation between the lone pair of the imino nitrogen 
and ring B. An x-ray analysis showed that ring B of benzyli-

deneaniline (E  isomer) itself is rotated by about 50° from the 
PhCH =N - plane. 4

Although ring B in 1 is probably rotated around the Ar-N 
bond to some extent from the ArCH =N- plane,5  Hi must be 
strongly shifted to a lower field by the paramagnetic de
shielding of the ring current. In accordance with such esti
mation, the methine proton Hi of p-Me2NC6H4CH=N-f-Bu
(3) (to be discussed later) absorbs at 8.21 ppm at —75 °C in 
acetone-dfi. If la has the Z  structure shown above, the Hi 
should not be affected by the ring current of ring B; the upfield 
shift (0 . 2 0  ppm) observed is quite reasonable.

The significant changes in H2 and H6 (0.75 ppm) can be 
ascribed to the diamagnetic shielding by ring B. If la  has the 
Z  structure, H2 and He may be situated right above ring B, and 
such diamagnetic shielding is expected. H3 and H5  must be 
affected similarly by such diamagnetic shielding, but owing 
to the greater distance from ring B the upfield shift observed 
was smaller (0.25 ppm).

The comparison of the NMR spectra of 4-dimethylamino- 
benzylidene-2 ',6 '-dimethylaniline (2) and its photoisomer (2a) 
shown in Table I further supports our assignment of la to the 
Z  structure. 2 has an E  structure as to the C = N  bond, but 
because of the steric repulsion between 2 ',6 ,-methyls and Hi 
the ring B is greatly rotated around the Ar-N bond from the 
ArCH =N - plane. This can be readily understood from its 
molecular model, but is also further supported from the fact 
that the uv spectrum of 2  is quite similar to those of p -  
Me2NC6H4CH=N-f-Bu (3) and la. Therefore, Hi of 2 is af
fected by the diamagnetic shielding effect of ring B and the 
downfield shift upon irradiation (0 . 2 2  ppm) can be ascribed 
to the loss of such diamagnetic shielding in Hx of Z-structured 
2a. The upfield shift (0.8 ppm) of H2 and H6 upon irradiation 
is about the same as that observed in the case of 1 to la.

Then, in order to clarify the changes in the absorptions of 
H2' and H6', the NMR spectra of 4-dimethylaminobenzyli- 
dene-3',5'-dimethyIaniline (4) and its photoisomer (4a) were
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9.0 8.0 7.0 S.0 ppm
F i g u r e  4 . N M R  s p e c t r a  o f  (a )  5-3,5,2',4',6'-ds  a n d  (b )  i t s  p h o t o is o m e r  

( b e c a u s e  o f  i n c o m p l e t e  i s o m e r i z a t i o n ,  a  w e a k  s i g n a l  o f  t h e  o r i g i n a l  

a z o m e t h i n e  s i g n a l  i s  o b s e r v e d .)

investigated. The magnitude of the upfield shift in (0.24 
ppm) upon irradiation is about the same as that observed in 
the case of 1. The large upfield shift in H2 and He (0.75 ppm) 
upon irradiation is comparable to those observed in the case 
of 1 and 2. The comparison of the NMR spectra of 4 and 4a 
shows that the absorptions of H2' and K g ' of ring B suffer an 
upfield shift of 0.47 ppm. This upfield shift can be explained 
as follows. The paramagnetic deshielding due to the ring 
current of the C =N  bond affects the H2' and Hf/  in 4, but not 
the H2' and He' in 4a, which has a twisted Z  structure as shown 
in the case of la. H2' and Hs' are greatly rotated out of the 
ArCH=N-plane.

In 1,2, 4, or their photoisomers, ring A rotates around the 
Ar-C bond rapidly within the NMR time scale. Therefore, the 
upfield shift observed in the absorptions of H2 and H6 of 1 and 
4 upon irradiation must be the average of the shifts of the He 
affected by the diamagnetic shielding from the ring B and the 
H2 not affected by such shielding. If the rotation of ring A 
around the Ar-C bond could be restricted, the real upfield 
shift in H6 upon irradiation would be shown. Therefore, the 
changes in the NMR spectra of 2-methyl-4-dimethylamino- 
benzylideneaniline (5), its 2',4',6'-trideuterio derivative, and 
3,5,2',4',6'-pentadeuterio derivative upon irradiation were 
investigated. If the photoisomer of 5 has a Z  structure shown 
in Figure 3, the 2-methyl group should be situated far from 
ring B. Figure 4 shows the NMR spectra of 5-3,5 ,2 ',-4 ',6 '- < ¿ 5  and 
its photoisomer.

The absorption of H(; suffers a large upfield shift of 1.38 
ppm, which is approximately twice the upfield shift observed 
in the H2  and Hr in 1,2, or 4 (0.75 ppm) in accordance with our 
expectation. The upfield shift in H5 (0.51 ppm) is also about 
two times that observed in the H3 and H5 in 1 or 4 (0.2-0.25 
ppm). This is reasonable because H5 in 5 is not equivalent with 
H3 owing to the restriction of the rotation. The structure of 
5a postulated is consistent with the fact that the absorption 
of the H3 was not shifted upon the photoisomerization. The 
upfield shift in H2' and H6' (0.49 ppm) is comparable to that

observed in 4 (0.47 ppm), and this can be explained in terms 
of the loss of the paramagnetic deshielding by the C =N  group 
upon isomerization.

Thus, the shifts observed in the absorptions of the methine 
proton and aromatic protons in 1,2,4, and 5 upon irradiation 
can be rationalized if one assumes that the photoisomer has 
the Z  structure and the ring B is rotated around the Ar-N 
bond from the ArCH=N plane by about 90°. Therefore, we 
may conclude that, as in the cases of stilbenes and azoben
zenes, benzylideneanilines do have Z isomers, which are stable 
only below —70 °C and consequently have not been isolated 
as such.

Experimental Section
M a t e r i a l s .  B e n z y l i d e n e a n i l i n e s  1 , 2 , 4 ,  a n d  5  a n d  t h e i r  d e u t e r a t e d  

d e r i v a t i v e s  w e r e  p r e p a r e d  b y  h e a t i n g  e q u i m o l a r  m i x t u r e s  o f  t h e  c o r 

r e s p o n d i n g  a l d e h y d e s  a n d  a m i n e s  w i t h o u t  s o l v e n t  a t  1 5 0  ° C  f o r  1 0  

h , a n d  r e c r y s t a l l i z e d  s e v e r a l  t i m e s  f r o m  h e x a n e .  T h e  m e l t i n g  p o i n t s  

fo llo w : 1 , 9 8 - 9 9  ° C  ( l i t .7 9 9 - 1 0 0 . 5  ° C ) ;  l-2 ',4 ',6 '-d 3, 9 7 - 1 0 0  ° C ;  2 , 6 8 - 6 9  

° C ;  4 , 6 8 - 7 0  ° C ;  5 , 8 3 - 8 5  ° C ;  5 -2 ',4 ',6 '-d s, 8 1 . 5 - 8 4  ° C ;  5-3,5 ,2',4 ',6 ’-d 5, 
8 1 - 8 3  ° C .  2 , 4 ,  a n d  5  a r e  n e w  c o m p o u n d s ,  a n d  t h e i r  i d e n t i t i e s  a r e  

s u p p o r t e d  b y  t h e i r  s a t i s f a c t o r y  e l e m e n t a l  a n a l y s e s  d a t a  a n d  N M R  

s p e c t r a .  3  w a s  p r e p a r e d  b y  h e a t i n g  p - d i m e t h y l a m i n o b e n z a l d e h y d e  

a n d  f e r t - b u t y l a m i n e  a t  t h e  b o i l i n g  p o i n t  o f  t h e  a m i n e  f o r  4 8  h ,  a n d  

p u r i f i e d  b y  v a c u u m  d i s t i l l a t i o n  a t  1 4 3 - 1 4 5  ° C  ( 7 .5  m m H g ) .

4 - D i m e t h y l a m i n o - 2 - m e t h y l b e n z a l d e h y d e ,  u s e d  f o r  s y n t h e s i z i n g  

5 ,  w a s  p r e p a r e d  f r o m  m - t o l u i d i n e  b y  m e t h y l a t i o n  w i t h  m e t h y l  

p h o s p h a t e  a n d  f o r m y l a t i o n  o f  t h e  S - m e t h y l - J V . N - d i m e t h y l a n i l i n e 8 

w i t h  f o r m a l d e h y d e  a n d  p - d i m e t h y l a m i n o n i t r o s o b e n z e n e  a c c o r d i n g  

t o  t h e  m e t h o d  o f  f o r m y l a t i n g  N , i V - d i m e t h y l a n i l i n e .9

2 , 4 , 6 - T r i d e u t e r i o a n i l i n e  w a s  p r e p a r e d  b y  r e f l u x i n g  a n i l i n i u m  

c h lo r i d e  in  D 2 O 1 0  ( t h e  e x t e n t  o f  e x c h a n g e ,  o v e r  9 5 % ) .  2 - M e t h y l - 3 , 5 -  

d i d e u t e r i o - 4 - d i m e t h y l a m i n o b e n z a l d e h y d e  w a s  p r e p a r e d  b y  r e f l u x i n g  

2 - m e t h y l - 4 - d i m e t h y l a m i n o b e n z a l d e h y d e  in  e x c e s s  D 20  a n d  a c e t i c  

a c i d  ( t h e  e x t e n t  o f  e x c h a n g e ,  o v e r  9 5 % ) .

A n  a c e t o n e - d g  s o l u t i o n  o f  a  b e n z y l i d e n e a n i l i n e  in  a  P y r e x  t u b e  ( 1 0  

m m )  w a s  c o o le d  in  a  d r y  i c e - a c e t o n e  b a t h  a n d  i r r a d i a t e d  t h r o u g h  a  

q u a r t z  D e w a r  b o t t l e  w i t h  a  5 0 0 - W  h i g h - p r e s s u r e  m e r c u r y  l a m p  t i l l  

a b o u t  1 0 0 %  i s o m e r i z a t i o n  ( 5 - 1 0  h ) .  T h e n  i t s  7H  N M R  s p e c t r u m  w a s  

i m m e d i a t e l y  d e t e r m i n e d  a t  —7 5  ° C  w i t h  a  J E O L  F o u r i e r  t r a n s f o r m  

N M R  s p e c t r o p h o t o m e t e r  F X - 6 0 .

R e g i s t r y  N o . — 1 ,  1 6 1 3 - 9 9 - 6 ;  1  -2 ',4 ',6 '-d 3, 5 9 8 1 2 - 5 2 - 1 ;  l a ,  

4 0 3 3 9 - 4 5 - 5 ;  l a -2 ',4 ',6 '-d 3, 5 9 8 1 2 - 5 3 - 2 ;  2 ,  5 9 8 1 2 - 5 4 - 3 ;  2 a ,  5 9 8 1 2 - 5 5 - 4 ;  

3 ,  5 9 8 1 2 - 5 6 - 5 ;  4 ,  5 9 8 1 2 - 5 7 - 6 ;  4 a ,  5 9 8 1 2 - 5 8 - 7 ;  5 ,  5 9 8 1 2 - 5 9 - 8 ;  5 -  

3 ,5 ,2 ',4 ',6 '-d s, 5 9 8 1 2 - 6 0 - 1 ;  5 a ,  5 9 8 1 2 - 6 1 - 2 ;  5sL -3 ,5 ,2 ',4 ',6 '-d s, 
5 9 8 1 3 - 3 3 - 1 ;  p - d i m e t h y l a m i n o b e n z a l d e h y d e ,  1 0 0 - 1 0 - 7 ;  f e r i - b u t y l -  

a m i n e ,  7 5 - 6 4 - 9 ;  4 - d i m e t h y l a m i n o - 2 - m e t h y l b e n z a l d e h y d e ,  1 1 9 9 - 5 9 - 3 ;

2 , 4 , 6 - t r i d e u t e r i o a n i l i n e ,  7 2 9 1 - 0 8 - 9 ;  2 - m e t h y l - 3 , 5 - d i d e u t e r i o - 4 -  

d i m e t h y l a m i n o b e n z a l d e h y d e ,  5 9 8 1 2 - 6 2 - 3 .
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compositions of the corresponding compounds 4a, 4b, and 4c. 
When 8a-c were heated at 180 °C for 1 h, excellent yields of 
4a-c were obtained. These results together with the spectral 
data suggest that compounds 8 have the structures of 1,3- 
dimethyl- l,2-dihydroquinoline-2-spiro-2'-(T-substituted 
3'-methyl)aziridines. A similar thermal rearrangement of
l,2-diphenylazaspiro[2.2]pentane has been reported by 
Crandall et al.4

In a previous paper,1 we reported a convenient synthetic 
method for the preparation of 1-benzazepines from 1,2- 
dihydroquinolines by the use of ethyl azidoformate. It was also 
revealed that the reaction proceeded by way of the interme
diate l,3-dialkyl-2-alkylidene-l,2-dihydroquinolines which 
were easily prepared by the treatment of 1,2,3-trialkyl- 
quinolinium chlorides with alkali. Successful employment of 
phenyl and benzoyl azides in the same ring expansion reaction 
is described in this paper with some mechanistic consider
ations.

When a mixture of l,3-dimethyl-2-ethylidene-l,2-dihy- 
droquinoline (3) with phenyl or benzoyl azide was heated at
110-120 °C, l,3,4-trimethyl-2-phenylimino- (or benzoylim- 
ino-) 2,3-dihydro- lH-l-benzazepine (4b or 4c) was produced 
in a good yield. Alkaline hydrolysis of 4b or 4c gave a high yield 
of l,3,4-trimethyl-2-oxo-2,3-dihydro-l//-l-benzazepine (5) 
with elimination of aniline or benzamide. The yields are shown 
in Scheme I together with that previously reported for the case 
of ethyl azidoformate.1

Ph heat£Xu- p h

N— Ph

'Ph

Because the aziridines 8 are stable at 120 °C, they are not 
intermediates in the thermal reaction of 3 with the azides. The 
azide addition via 6 and 7 may therefore be a more reasonable 
mechanism for the thermal reaction.

Experimental Section
N M R  s p e c t r a  w e r e  r e c o r d e d  u s i n g  a  J N M - M H - 1 0 0  ( J E O L )  s p e c 

t r o m e t e r  w i t h  M e 4S i  a s  i n t e r n a l  s t a n d a r d .  I r  s p e c t r a  w e r e  t a k e n  o n  

a  I R A - 2  ( J A S C O )  s p e c t r o m e t e r .  F r a c t i o n a l  d i s t i l l a t i o n  w a s  a c c o m 

p l i s h e d  b y  a  B ü c h i  G K R - 5  K u g e l r o h r  d i s t i l l a t i o n  a p p a r a t u s .  A l l  

p r o c e d u r e s  w e r e  c a r r i e d  o u t  u n d e r  a  n i t r o g e n  a t m o s p h e r e .

l,3,4-Trimethyl-2-phenylimino-2,3-dihyd ro-l/i-l-benzazepine 
(4b). T o  a  s o lu t io n  o f  l , 3 - d i m e t h y l - 2 - e t h y l q u i n o l i n i u m  c h l o r i d e 5  (2, 
1 . 5 0  g ,  6 . 8  m m o l)  in  1 0  m l  o f  w a t e r  w a s  a d d e d  1 0  m l  o f  2 0 %  p o t a s s i u m  

h y d r o x id e  a t  0 - 5  ° C .  l , 3 - D i m e t h y l - 2 - e t h y l i d e n e - l ,2 - d i h y d r o q u i n o l i n e

Scheme I

M e M e

r t i k i . f i Che-KNH2

1 N — R 1 > )
M e M e

4a, 94% 5 a, R =  COOEt
b, 68% b, R =  Ph
c, 80% c, R =  PhCO

Compound 4b was also obtained in 40% yield by the reaction 
of l,3-dimethyl-2-ethyl-l,2-dihydroquinoline (1) with an 
excess of phenyl azide. However, a similar treatment of 1 with 
benzoyl azide gave no 4c but phenyl isocyanate which is a 
thermal decomposition product of the azide.2 This result 
would be attributable to the different thermal stabilities of 
azides employed.2

The half-life of the unimolecular decomposition of ethyl 
azidoformate to ethoxycarbonyl nitrene may be estimated to 
be 1-2 h at 120 °C based on Breslow’s work.3 The thermal 
reaction of 3 with azide may proceed either via a 1,3-dipolar 
addition process giving the triazoline 6 or via a cycloaddition 
process of a nitrene to give the aziridine 8 (Scheme II). Uv 
irradiation of a mixture of 3 and an azide at low temperature 
was expected to direct the reaction exclusively into the nitrene 
pathway.

A solution of 3 and an azide (ethyl azidoformate, phenyl 
azide, or benzoyl azide) in petroleum ether was thus irradiated 
with a high-pressure mercury lamp at 0-10 °C to give a yellow 
oil (8a, 8b, or 8c), which could be distilled between 120 and 
150 °C under reduced pressure without appreciable decom
position. The empirical formulas of these oils agreed with the

Scheme II

b, 62%
c, 60%
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(3 )  w a s  l i b e r a t e d  im m e d ia t e ly  a s  a  y e l lo w  o i l ,  w h ic h  w a s  e x t r a c t e d  w it h  

4 0  m l  o f  l i g r o i n  ( b p  1 1 0 - 1 2 0  ° C ) .  T o  t h e  b o i l i n g  l ig r o in  s o l u t i o n  w a s  

a d d e d  d r o p w i s e  1 . 6 1  g  ( 1 3 . 5  m m o l)  o f  p h e n y l  a z i d e  a n d  t h e  m i x t u r e  

w a s  r e f l u x e d  f o r  3  h . F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  

g a v e  1 . 2 8  g  (6 8 % ) o f  4b: b p  1 5 2 - 1 5 6  ° C  ( 0 .0 3  m m ) ;  N M R  ( C D C 1 3 ) 5 
0 .7 6  (d , 3 ,  J  =  7 .5  H z , C - 3  C H 3) , 1 . 7 8  (s , 3 ,  C - 4  C H 3), 3 .4 9  ( s , 3 ,  N C H 3), 

3 .4 9  ( q ,  1 , J  =  7 .5  H z ,  C - 3  H ) ,  6 . 3 1  ( s ,  1 ,  C - 5  H ) ,  a n d  6 . 6 3 - 7 . 3 0  ( m , 9 , 

a r o m a t i c  H ) .

A n a l .  C a l c d  f o r  C 1 9 H 20N 2 : C ,  8 2 .5 7 ;  H ,  7 .2 9 ;  N ,  1 0 . 1 4 .  F o u n d :  C ,  

8 2 .3 8 ;  H ,  7 .3 0 ;  N ,  1 0 . 3 1 .

l,3,4-Trimethyl-2-benzoylimino-2,3-dihydro-ljF4-l-benzaze- 
pine (4c). I n  a  s i m i l a r  m a n n e r  a s  d e s c r i b e d  a b o v e  f o r  4b, 3 p r e p a r e d  

f r o m  2 ( 1 . 0 0  g , 4 . 5  m m o l)  w a s  t r e a t e d  w i t h  b e n z o y l  a z id e  ( 1 . 2 9  g , 8 . 8  

m m o l)  t o  g i v e  1 . 1 0  g  ( 8 0 % )  o f  4c: b p  1 5 8 - 1 6 2  ° C  ( 0 .0 3  m m ) ;  N M R  

( C D C lg )  b 0 . 8 1  ( d , 3 ,  J  =  7 .0  H z ,  C - 3  C H 3 ), 1 . 9 8  ( s , 3 ,  C - 4  C H 3 ), 3 . 5 2  

( s ,  3 ,  N C H 3 ), 3 . 8 2  ( q , 1 ,  J  =  7 .0  H z ,  C - 3  H i ,  6 .3 8  ( s , 1 ,  C - 5  H ) ,  a n d  

6 .8 0 - 8 . 2 0  ( m , 9 , a r o m a t i c  H ) .

A n a l .  C a l c d  f o r  C 20H 20N 2 O : C ,  7 8 .9 2 ;  H ,  6 .6 2 ;  N ,  9 .2 0 .  F o u n d :  C ,  

7 8 .6 3 ;  H ,  6 .7 3 ;  N ,  9 .2 5 .

Hydrolysis of 4b or 4 c .  A  s o l u t i o n  o f  4b ( 5 5 0  m g , 2 .0  m m o l)  in  5 %  

p o t a s s i u m  h y d r o x i d e  in  5 0 %  e t h a n o l  ( 2 0  m l)  w a s  r e f l u x e d  f o r  1 2  h . 

A f t e r  r e m o v a l  o f  t h e  e t h a n o l ,  t h e  a q u e o u s  s o lu t io n  w a s  e x t r a c t e d  w i t h  

c h lo r o f o r m .  T h e  e x t r a c t  w a s  w a s h e d  w i t h  w a t e r ,  d r i e d ,  a n d  c o n c e n 

t r a t e d .  F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e s i d u e  g a v e  6 5  m g  ( 3 5 % )  o f  a n 

i l in e  a n d  3 6 2  m g  (9 0 % ) o f  5 ,  b p  1 0 5 - 1 0 9  ° C  ( 0 .0 3  m m )  [ l i t . 1  b p  1 0 3 - 1 0 5  

° C  ( 0 .0 2 5  m m ) ] .

I n  a  s i m i l a r  m a n n e r ,  4 c  ( 2 5 7  m g ,  0 .8 4  m m o l)  g a v e  4 9  m g  ( 4 8 % )  o f  

b e n z a m i d e  a n d  1 5 8  m g  ( 9 3 % )  o f  5 .

1.3- Dimethyl-l,2-dihydroquinoline-2-spiro-2'-( l'-ethoxycar- 
bonyl-3'-methyl)aziridine (8a). E t h y l  a z i d o f o r m a t e  0 .9 6  g , 9 .0  

m m o l)  w a s  a d d e d  t o  a  s o l u t i o n  o f  3 [ p r e p a r e d  f r o m  1 . 0 0  g  ( 4 .5  m m o l)  

o f  2] in  4 0  m l  o f  p e t r o l e u m  e t h e r .  T h e  m i x t u r e  w a s  i r r a d i a t e d  w i t h  a  

h i g h - p r e s s u r e  m e r c u r y  l a m p  ( 1 0 0  W )  a t  0 - 1 0  ° C  f o r  6  h .  T h e  s o l v e n t  

w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  g a v e  

8 3 2  m g  (7 4 % )  o f  8a: b p  1 1 8 - 1 2 5  ° C  ( 0 .0 3  m m ) ;  i r  ( n e a t )  1 7 0 8  c m - 1 ; 

N M R  ( C D C 1 3) 5 0 .8 6  (d , 3 ,  J  =  7 .5  H z , C - 3 '  C H 3), 1 . 3 7  ( t ,  3 ,  J  =  7 .0  H z ,  

e t h o x y  C H 3 ), 2 . 1 6  (s , 3 ,  C - 3  C H 3) , 3 . 1 4  ( s , 3 ,  N C H 3 ), 4 .0 7  ( q , 1 ,  J  =  7 .5  

H z ,  C - 3 '  H ) ,  4 . 3 2  ( q ,  2 , J  =  7 .0  H z ,  e t h o x y  C H 2) , a n d  6 . 8 3 - 7 . 4 0  ( m , 5 , 

C - 4  a n d  a r o m a t i c  H ) .

A n a l .  C a l c d  f o r  C i 6H 20N 2 O 2 : C ,  7 0 . 5 6 ;  H ,  7 .4 0 ;  N ,  1 0 . 2 9 .  F o u n d :  C ,  

7 0 . 3 2 ;  H ,  7 . 4 1 ;  N ,  1 0 . 3 4 .

1.3- Dimethyl-l,2-dihydroquinoline-2-spiro-2'-(l'-phenyl-3'- 
methyl)aziridine (8b). I n  a  s i m i l a r  m a n n e r  a s  d e s c r i b e d  f o r  8a, a  

s o l u t i o n  o f  3 [ p r e p a r e d  f r o m  1 . 0 0  g  ( 4 .5  m m o l)  o f  2] a n d  p h e n y l  a z id e  

( 1 .0 8  g , 8 .4  m m o l)  in  p e t r o le u m  e t h e r  w a s  t r e a t e d  g i v i n g  7 7 2  m g  (6 2 % )  

o f  8b: b p  1 2 5 - 1 3 2  ° C  ( 0 .0 3  m m ) ;  N M R  ( C D C 1 3 ) b 1 . 3 6  ( d , 3 ,  J  =  7 .5  

H z ,  C - 3 '  C H 3 ), 1 . 7 2  ( s ,  3 ,  C - 3  C H 3) , 2 .3 6  ( s ,  3 ,  N C H 3) , 4 . 2 8  ( q ,  1 ,  J  =

7 . H z ,  C - 3 '  H ) ,  a n d  6 . 4 0 - 7 .4 8  ( m , 1 0 ,  C - 4  a n d  a r o m a t i c  H ) .

A n a l .  C a l c d  f o r  C 1 9 H 20N 2 : C ,  8 2 . 5 7 ;  H ,  7 .2 9 ;  N ,  1 0 . 1 4 .  F o u n d :  C ,  

8 2 .4 3 ;  H ,  7 .2 9 ;  N ,  1 0 . 2 8 .

1.3- Dimethyl-1,2-dihydroquinoline-2-spiro-2'-( l’-benzoyl-3'- 
methyl)aziridine (8c). I n  a  s i m i l a r  m a n n e r  a s  d e s c r i b e d  a b o v e  f o r  

8a, t r e a t m e n t  o f  3 [ p r e p a r e d  f r o m  1 . 0 0  g  ( 4 .5  m m o l)  o f  2] w it h  b e n z o y l  

a z id e  ( 1 . 3 3  g , 8 .4  m m o l)  g a v e  8 2 1  m g  (6 0 % ) o f  8c: b p  1 4 3 - 1 4 9  ° C  ( 0 .0 4  

m m ) ;  i r  ( n e a t )  1 6 6 0  c m - 1 ; N M R  ( C D C 1 3) b 0 .8 2  ( d , 3 ,  J  =  7 .5  H z ,  C - 3 '  

C H 3), 2 .2 3  (s , 3 ,  C - 3  C H 3), 2 .9 8  (s , 3 ,  N C H 3), 4 .0 3  ( q , 1 ,  J  =  7 .5  H z  C - 3 '  

H ) ,  a n d  6 . 7 3 - 8 . 0 5  ( m , 1 0 ,  C - 4  a n d  a r o m a t i c  H ) .

A n a l .  C a l c d  f o r  C 2o H , 0N o O : C ,  7 8 .9 2 ;  H ,  6 .6 2 ;  N ,  9 .2 0 .  F o u n d :  C ,  
7 8 .7 4 ;  H ,  6 .6 4 ; N ,  9 .2 3 .

Thermal Rearrangement of 8a, 8b, and 8c to 4a, 4b, and 4c. F i v e  

h u n d r e d  m i l l i g r a m s  o f  8a, 8b, o r  8c w a s  s e a l e d  in  a  g l a s s  t u b e  u n d e r  

r e d u c e d  p r e s s u r e  a n d  h e a t e d  a t  1 8 0  ° C  f o r  1  h . D i s t i l l a t i o n  o f  t h e  

r e a c t a n t  g a v e  4 5 0  m g  (9 0 % )  o f  4a [ b p  1 3 8 - 1 4 2  ° C  ( 0 .0 7  m m ) ,  l i t . 1 b p  

1 3 0 - 1 3 2  ° C  ( 0 .0 3  m m ) ] ,  4 9 0  m g  (9 8 % )  o f  4b, o r  4 5 7  m g  ( 9 1 % )  o f  4c. 
T h e y  w e r e  i d e n t i f i e d  b y  s p e c t r o s c o p i c  c o m p a r i s o n s  w i t h  a u t h e n t i c  

s a m p l e s  o b t a i n e d  b y  t h e  t h e r m a l  r e a c t i o n  o f  3  w i t h  e t h y l  a z i d o f o r 

m a t e , 1 p h e n y l  a z i d e ,  o r  b e n z o y l  a z i d e ,  r e s p e c t i v e l y .

Reaction of l,3-Dimethyl-2-ethyl-l,2-dihydroquinoline5 (1) 
with Phenyl Azide or Benzoyl Azide. P h e n y l  a z id e  ( 4 .7 6  g , 4 0  m m o l)  

w a s  a d d e d  d r o p w i s e  t o  a  b o i l i n g  s o l u t i o n  o f  1  ( 1 . 8 7  g , 1 0  m m o l)  in  2 0  

m l  o f  l i g r o i n  ( b p  1 1 0 - 1 2 0  ° C ) .  T h e  m i x t u r e  w a s  h e a t e d  a t  r e f l u x  f o r  

6  h . F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e a c t io n  m ix t u r e  w a s  r e p e a t e d  t o  g iv e  

1 . 1 1  g  ( 4 0 % )  o f  4b, w h i c h  w a s  i d e n t i f i e d  w i t h  a n  a u t h e n t i c  s a m p l e  

p r e p a r e d  b y  t h e  t h e r m a l  r e a c t i o n  o f  3 w i t h  p h e n y l  a z id e .

A  s i m i l a r  t r e a t m e n t  o f  1  ( 1 . 8 7  g , 1 0  m m o l)  w i t h  b e n z o y l  a z id e  ( 5 .8 8  

g , 4 0  m m o l)  g a v e  3 .8 2  g  ( 8 0 % )  o f  p h e n y l  i s o c v a n a t e  a n d  1 . 8 3  g  (9 8 % )  

o i l .

Registry No.—1, 5 1 9 0 4 - 9 5 - 1 ;  2, 5 5 5 3 9 - 7 6 - 9 ;  3, 5 7 0 9 1 - 7 2 - 2 ;  4b, 
5 9 1 8 1 - 4 8 - 5 ;  4c, 5 9 1 8 3 - 0 3 - 5 ;  5, 5 7 0 9 1 - 6 5 - 3 ;  8a, 5 9 1 8 1 - 4 9 - 6 ;  8b,

59813-04-6; 8c, 59181-51-0; phenyl azide, 622-37-7; benzoyl azide,
582-61-6; ethyl azidoformate, 817-87-8.
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A General Method for the Synthesis of Reactive 
a,(3-Unsaturated Diazomethyl Ketones: Allenyl 

Diazomethyl Ketone and Vinyl Diazomethyl Ketone1
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D epartm ent o f Chem istry, U niversity o f California, Los Angeles, 
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In the course of our photochemical studies, we required 
two unknown a,/3-unsaturated diazomethyl ketones, allenyl 
diazomethyl ketone (1) and vinyl diazomethyl ketone (2).

0 OII II
H C / C ^ C H H C ^ C H  

Il II

C  N +
Il II

H 2C  n +Il II II
H 2C  N “ N ~

1  2

Synthesis of a,d-unsaturated diazomethyl ketones poses 
special problems. The Arndt-Eistert reaction of diazomethane 
with fty/f-unsaturated acid chlorides does not compete effec
tively with the cycloaddition of diazomethane to the conju
gated double bond.2-3 The normal Arndt-Eistert reaction 
prevails only in a few highly substituted a,/3-unsaturated acid 
chlorides.3-6 Alternative procedures based on diazo transfer,2-7 
tosylhydrazone anion decomposition,8 and the modified 
Forster9 reaction have been developed for certain a,/3-unsat
urated diazo ketones. We wish to describe a facile method for 
the conversion of a,/3-unsaturated carboxylic acids to the 
corresponding oyfl-unsaturated diazomethyl ketones which 
is applicable to the synthesis of even the most reactive a,/3- 
unsaturated diazomethyl ketones. The method uses a pro
tected double bond in the Arndt-Eistert reaction and takes 
advantage of the stability of diazomethyl ketones in base in 
the regeneration of the double bond.

Addition of hydrogen bromide to 2,3-butadienoic acid (3)10 
gives 3-bromo-3-butenoic acid (4). Successive treatment of 
4 with oxalyl chloride and diazomethane gives 5 which on 
treatment with DBN (l,5-diazabicyclo[4.3.0]non-5-ene)n in 
ether at —20 °C gives allenyl diazomethyl ketone (1). The 
maximum yield of allenyl diazomethyl ketone (1) was obtained 
when 5 was treated with 1 equiv of DBN in ether at —20 °C 
followed by warming to room temperature over 20 min. Use 
of potassium ferf-butoxide in ether gave a lower yield of 1.

A similar sequence starting from 3-bromopropionic acid 
(6a) gives vinyl diazomethyl ketone (2) via 7a. Vinyl diazo
methyl ketone proved to be very reactive at room temperature. 
It forms a glassy solid in 30 min at room temperature even in



Notes J. Org. Chem., Vol. 41, No. 20,1976 3327

H C — C 0 2H

II
c

II

c h 2c o 2h

H B r I

< 5 »  < jB r

C H , C H ,

3 4 0

II
— C — 11 . ( o o c n , C H 2C O C H N 2

DBN
E t,0

H C -

II
c

II

c6h 6 I -20  °C

2. CH2N,
ELO U

59%

0 T  C H , H ,C
85% 5

1

the absence of light and oxygen. The utility of our method for 
substituted vinyl diazomethyl ketones is illustrated by the
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synthesis of the previously described l-diazo-4-phenyl-3- 
buten-2-one (8)7’9 from commercially available 3-bromo-3- 
phenylpropionic acid.

Experimental Section
3- Bromo-3-butenoic Acid (4). A n h y d r o u s  h y d r o g e n  b r o m id e  w a s  

p a s s e d  f o r  3  m i n  in t o  a  s t i r r e d  s o l u t i o n  o f  310 ( 3 . 7 5  g ,  0 .0 4 4 7  m o l)  in  

1 5 0  m l  o f  a n h y d r o u s  e t h e r  a t  0  ° C .  R e m o v a l  o f  t h e  s o l v e n t  a n d  e x c e s s  

a c i d  u n d e r  r e d u c e d  p r e s s u r e  g a v e  a  s o l i d  r e s i d u e ,  w h i c h  w h e n  r e -  

c r y s t a l l i z e d  f r o m  h e x a n e  g a v e  4  ( 6 .5  g ,  8 8 % ) a s  w h i t e  p la t e l e t s :  m p

4 5 . 5 - 4 7  ° C  ( l i t . 1 2  m p  4 6 - 4 7  ° C ) ;  i r  ( C H C lg )  1 7 2 0  ( s ,  C = 0 ) ,  1 6 3 4  c m “ 1  

( m , C  - C ) ;  * H  N M R  ( C D C I 3 ) 6 3 .5 4  ( d ,  2  H ,  J  =  1  H z ,  C H 2) , 5 .6 4  ( d , 

1  H , J  =  2  H z ,  v i n y l  H ) ,  5 .7 8  ( m , 1  H ,  v i n y l  H ) ;  m o l e c u l a r  io n  m /e  1 6 4  

a n d  1 6 6 .

A n a l .  C a l c d  f o r  C 4 H 5 B r 0 2 : C ,  2 9 . 1 2 ;  H ,  3 .0 5 ;  B r ,  4 8 . 4 3 .  F o u n d :  C ,  

2 9 . 3 3 ;  H ,  3 . 1 0 ;  B r ,  4 8 .2 2 .

4- Bromo-l-diazo-4-penten-2-one (5). A  s o lu t io n  o f  4 ( 3 .3 0  g , 0 .0 2  

m o l)  a n d  o x a l y l  c h lo r i d e  (2 . 8  g , 0 . 0 2 2  m o l)  in  b e n z e n e  ( 1 2  m l)  w a s  

s t i r r e d  a t  3 8  ° C  u n t i l  t h e  i r  s p e c t r u m  o f  t h e  s o l u t i o n  s h o w e d  n o  a c i d  

c a r b o n y l  b o n d  ( 1 2 - 1 4  h ) .  A b o u t  2 0 %  o f  t h e  s o l v e n t  w a s  r e m o v e d  u n d e r  

v a c u u m ,  a n d  t h e  s o l u t i o n  w a s  a d d e d  r a p i d l y  t o  a  v i g o r o u s l y  s t i r r e d  

s o lu t io n  o f  d i a z o m e t h a n e  ( 2 .0  g , 0 .0 4 8  m o l)  in  1 7 0  m l  o f  e t h e r  a t  0  ° C .  

A f t e r  1 0  m in  o f  s t i r r i n g ,  r e m o v a l  o f  t h e  e t h e r  u n d e r  r e d u c e d  p r e s s u r e  

a t  0  ° C  g a v e  a n  o r a n g e  l i q u i d .  D i s t i l l a t i o n  in  a  c o ld  f i n g e r  s t i l l  a t  0 . 1  

m m  w it h  p o t  t e m p e r a t u r e  5 0 - 7 5  ° C  g a v e  5 ( 3 . 2 1  g ,  8 5 % )  a s  a  y e l lo w  

l i q u i d :  i r  ( C H C lg )  2 1 1 0  ( s ,  0 = N 2), 1 6 4 2  ( s ,  0 = 0 ) ,  1 3 6 0  c m " 1  ( s ) ;  > 11 

N M R  ( C D C I 3 ) 6  3 .4 8  (d , 1  H ,  J  <  1  H z ,  C H 2), 5 .4 8  (s , 1  H ,  C H N 2), 5 .6 6  

( d , 1  H , J  =  2  H z ,  v i n y l  H ) ,  5 .8 0  ( m , 1  H ,  v i n y l  H ) ;  n o  m o l e c u l a r  io n  

o b s e r v a b l e ,  f r a g m e n t  io n  m /e  1 4 7  a n d  1 4 9  ( lo s s  o f  C H N 2 ) . 1 3

4-Bromo-l-diazo-2-butanone (7a). 3 - B r o m o p r o p a n o i c  a c id  ( 4 .5 9  

g ,  0 .0 3  m o l)  w a s  r e a c t e d  b y  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  p r e p a r a 

t io n  o f  5. T h e  p r o d u c t  w a s  d i s t i l l e d  in  a  s h o r t - p a t h  s t i l l  t o  g iv e  7a ( 4 .2  

g ,  7 9 % )  a s  a  y e l lo w  l i q u i d :  b p  4 3  ° C  ( 0 .0 3  m m ) ;  i r  ( C H C I 3 ) 2 1 1 2  ( s , 

C = N 2), 1 6 4 0  ( s ,  C = 0 ) ,  1 3 7 5  c m “ 1  ( s ) ;  J H  N M R  ( C D C 1 3 ) & 2 .8 8  ( t ,  2  

H ,  J  =  6  H z ,  C H 2), 3 . 5 8  ( t , 2 H , J  =  6  H z ,  C H 2) , 5 .3 6  ( s ,  1  H ,  C H N 2), 

s p l i t t i n g  is  o b s e r v a b l e  in  e a c h  p e a k  o f  t h e  t r i p l e t s ;  m o l e c u l a r  io n  m / e  

1 7 5 . 9 5 9 1  ( c a l c d  f o r  C 4H 5B r N 20 , 1 7 5 . 9 5 8 6 ) . 13

4-Bromo-l-diazo-4-phenyl-2-butanone (7b). 3 - B r o m o - 3 -  

p h e n y lp r o p a n o ic  a c i d  ( 5 .7 3  g , 0 .0 2 5  m o l)  w a s  r e a c t e d  b y  t h e  p r o c e d u r e  

d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  5 ,  e x c e p t  t h a t  t h e  a c i d  c h lo r i d e  w a s  

fo r m e d  a t  5 0  ° C .  T h e  p r o d u c t ,  a  y e l lo w  s o l id ,  w h e n  r e c r y s t a l l iz e d  f r o m  

y6 b e n z e n e / h e x a n e  g a v e  7b ( 4 .8 7  g , 7 7 % )  a s  l i g h t  y e l lo w  n e e d l e s :  m p

6 8 . 5 - 7 0  ° C ;  i r  ( C H C 1 3 ) 2 1 1 0  ( s , C = N 2) , 1 6 4 2  ( s , C = 0 ) ,  1 3 7 8  c m “ 1  ( s ) ;  

rH  N M R  ( C D C I 3 ) 5 3 . 1 4  ( d , 1  H ,  J  =  6  H z ,  C H 2) , 3 . 2 2  ( d ,  1  H ,  J  =  8  

H z , C H 2) , 5 . 2 1  ( s ,  1 H ,  C H N 2 ) , 5 . 4 1  ( d  o f  d ,  1 H ,  J  =  8  a n d  6  H z ,  C H ) ,  

7 . 3 2  ( b r o a d  s ,  5  H ,  p h e n y l ) ;  m o l e c u l a r  io n  m /e  2 5 2  a n d  2 5 4 .

A n a l .  C a l c d  f o r  C i o H 9B r N 2 0 :  C ,  4 7 .4 5 ;  H ,  3 .5 8 ;  B r ,  3 1 . 5 7 ;  N ,  1 1 . 0 9 .  

F o u n d :  C ,  4 7 .7 6 ,  H ,  3 . 5 7 ;  B r ,  3 1 . 7 2 ;  N ,  1 1 . 0 4 .

l-Dizao-3,4-pentadien-2-one (1). A  s o l u t i o n  o f  5 ( 0 .6 7 2  g , 0 .0 0 3 5  

m o l)  a n d  h y d r o q u in o n e  ( 0 .0 2  g) in  4 0  m l  o f  a n h y d r o u s  e t h e r  w a s  c o o le d  

t o  - 2 0  ° C  u n d e r  N 2 . W i t h  v i g o r o u s  s t i r r i n g ,  f r e s h l y  d i s t i l l e d  D B N  

( 0 .4 3 5  g , 0 .0 0 3 5  m o l)  w a s  a d d e d  d r o p w i s e  o v e r  1  m i n .  A  p r e c i p i t a t e  

f o r m e d  im m e d i a t e l y .  T h e  s o lu t io n  w a s  w a r m e d  t o  r o o m  t e m p e r a t u r e  

o v e r  2 0  m in  a n d  f i l t e r e d ,  a n d  t h e  s o l v e n t  w a s  r e m o v e d  u n d e r  v a c u u m  

a t  0  ° C  g i v i n g  a  y e l lo w  l i q u i d .  T h e  f l a s k  c o n t a i n i n g  t h e  l i q u i d  w a s  

i m m e d i a t e l y  c o n n e c t e d  t o  a  U - t u b e  l e a d i n g  t o  a  v a c u u m  p u m p .  W it h  

t h e  t u b e  a t  1 5  ° C  t h e  s y s t e m  w a s  e v a p o r a t e d  t o  0 . 1  m m , a n d  t h e  f l a s k  

w a s  w a r m e d  o v e r  1 5  m in  t o  7 0  ° C .  T h e  p r o d u c t  ( 1 , 0 . 2 2 4  g , 5 9 % )  w a s  

c o l le c t e d  a s  a  y e l lo w  l iq u id :  i r  ( C H C I 3 ) 2 1 1 2  (s , C = N 2), 1 9 6 8  a n d  1 9 3 5  

( m , C = C = C ) ,  1 6 2 0  ( s , C = 0 ) ,  1 3 6 8  c m " 1  ( s ) ;  * H  N M R  l 5 .2 0  ( b r o a d  

d ,  2  H ,  J  =  7  H z ,  a l l e n y l  C H a ) ,  5 . 5 2  ( s ,  1  H ,  C H N 2) ,  5 . 7 1  ( d  o f  d ,  1  H , 

J  =  7  a n d  8  H z ,  a l l e n y l  C H )  ( t h e  a l l e n y l  * H  N M R  p a t t e r n  is  s i m i l a r  

t o  t h a t  o f  3); m o l e c u l a r  io n  (1) m /e  1 0 8 . 0 3 3 1  ( c a l c d  f o r  C s H 4N 2 0 ,

1 0 8 . 0 3 2 4 )  . 1 3  T h e  p r o d u c t  ( 1 )  c o u ld  b e  k e p t  f o r  a  f e w  d a y s  a t  —3 0  ° C .  

A l l e n y l  d i a z o m e t h y l  k e t o n e  ( 1 , 0 .0 2 5  g )  c o u l d  b e  c h r o m a t o g r a p h e d  

o n  a c t i v i t y  III a l u m i n a  ( 2 .0  g )  w i t h  r a p i d  e l u t i o n  b y  2 0 %  b e n z e n e  in  

p e n t a n e  ( 7 5 %  r e c o v e r y ) .  A l u m i n a  o f  g r e a t e r  a c t i v i t y  e n t i r e l y  d e c o m 

p o s e d  1 .

I-Diazo-3-buten-2-one (2). R e a c t i o n  o f  7a ( 1 . 3 3  g ,  0 .0 0 7 5  m o l)  

a n d  D B N  ( 0 .9 3 0  g , 0 .0 0 7 5  m o l)  b y  t h e  m e t h o d  u s e d  t o  p r e p a r e  1  g a v e ,  

u p o n  r e m o v a l  o f  s o lv e n t ,  a  y e l lo w  l i q u i d .  T h i s  l i q u i d  w a s  i m m e d i a t e l y  

t r a n s f e r r e d  t o  a  5 - m l  p e a r - s h a p e d  f l a s k  f i t t e d  w i t h  a  N 2  c a p i l l a r y  

e b u l l a t o r  a n d  c o n n e c t e d  t h r o u g h  a  c o ld  t r a p  t o  a  v a c u u m  p u m p .  T h e  

s y s t e m  w a s  p r o t e c t e d  f r o m  l i g h t .  T h e  t r a p  w a s  c o o le d  t o  - 7  ° C ,  t h e  

s y s t e m  e v a c u a t e d  t o  0 . 1  m m , a n d  t h e  f l a s k  w a r m e d  o v e r  1 0  m in  t o  3 5  

° C .  T h e  p r o d u c t  (2, 0 .2 3  g , 3 2 % )  w a s  c o l l e c t e d  a s  a  y e l lo w  l i q u i d :  i r  

( C H C I 3 ) 2 1 0 0  ( s ,  C = N 2) , 1 6 4 5  ( s ,  C = C ) ,  1 6 1 0  ( s ,  C = 0 ) ,  1 3 4 8  c m - 1 

( s ) ;  ' H  N M R  ( C D C 1 3) <5 5 .3 4  ( s ,  1 ,  C H N 2) , 5 .5 6  ( d  o f  d ,  1  H ,  J  =  5  a n d  

7  H z , v in y l  C H ) ,  6 . 2 2 , 6 . 1 9 ,  a n d  6 . 1 1  (m , 2  H ,  v i n y l  C H 2) ( th e  v i n y l  C H 2 

p a t t e r n  is  i n t e r p r e t a b l e  a s  t w o  d o u b l e t s ,  w i t h  t h e i r  u p f i e l d  p e a k s  s u 

p e r i m p o s e d ;  t h e  o le f in  ] H  N M R  p a t t e r n  i s  s i m i l a r  t o  t h a t  o f  3 -  

b u t e n - 2 - o n e ) ;  m o l e c u l a r  io n  (2) m /e  9 6 .0 3 2 6  ( c a l c d  f o r  C 4H 4 N 2 0 ,

9 6 .0 3 2 4 )  . 1 3  T h e  p r o d u c t  (2 )  d e c o m p o s e d  s i g n i f i c a n t l y  in  2  d a y s  w h e n  

s t o r e d  a t  —3 0  0 C .

l-Diazo-4-phenyl-3-butene-2-one ( 8 ) .  R e a c t i o n  o f  7b ( 1 . 5 2  g , 

0 .0 0 6 , m o l)  a n d  D B N  ( 0 .7 5 8  g , 0 .0 0 6 1  m o l)  u s in g  t h e  p r o c e d u r e  f o r  t h e  

p r e p a r a t i o n  o f  2  g a v e ,  o n  r e m o v a l  o f  s o l v e n t ,  a  y e l lo w  s o l i d ,  w h ic h  

w h e n  r e c r y s t a l l iz e d  f r o m  h e x a n e  g a v e  8  ( 0 .7 9  g , 7 7 % )  a s  y e l lo w  n e e d le s :  

m p  6 6 .5 - 6 8 .5  ° C  ( l i t .9 m p  6 8 - 6 9  ° C > ;  i r  ( C H C 1 3 ) 2 1 0 2  ( C = N 2) , 1 6 4 2  

( C = C ) ,  1 5 9 2  c m - 1  ( C = 0 ) .
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Our interest in the selective reducing properties of cyano
borohydride coupled with the recent attention accorded the 
reduction of a,/?-unsaturated systems1 prompts this report 
of the capability of cyanoborohydride for the facile and se
lective reduction of certain conjugated double bonds to the 
corresponding saturated derivatives.

The reduction of alkenes conjugated with strong electron- 
withdrawing groups such as esters,5 nitriles,5 sulfonate esters,6 
or nitro groups7 has been observed with borohydrides or 
lithium aluminum hydride.8 Thus, a,/J-unsaturated esters are 
reduced by borohydride to the saturated derivatives if an 
additional cyano or ester is located at the a  position.5 Fur
thermore, conjugated cyano esters are often reduced to the 
saturated cyano alcohols. 5d’e The highly electronegative cyano

group evidently renders the normally resistant carbethoxy 
substituent electrophilic enough to suffer attack by borohy
dride. Recently, lithium tri-sec-butylborohydride (L-Selec- 
tride) at low temperatures has been found to effectively reduce 
conjugated carbonyl compounds, including esters, to the 
saturated derivatives,9 Finally, Dittmer6® has reported re
duction of the double bond in the strained ring thiete 1,1- 
dioxide with borohydride; acetylenic sulfones, however, ap
parently are reduced clearly to trans «,/j-unsaturated sul- 
fones.6b

Sodium cyanoborohydride is such an extremely non- 
aggressive reducing agent that even normally sensitive groups 
such as aldehydes and ketones are effectively reduced only 
when the electrophilicity of the carbonyl is increased by pro
tonation.410 Even under acidic conditions, however, other 
carbonyl derivatives, including esters, acids, and amides, re
main unmolested. We envisioned that the reactivity of car
bon-carbon double bonds of a(l8-unsaturated carbonyl sys
tems might be susceptible to activation by protonation and 
consequently enable the selective conversion of such systems 
to the saturated derivatives without affecting other functional 
groups. This note describes the successful realization of this 
conception using NaBH3CN in acidic ethanol at ambient 
temperature. The general procedure utilized was mild and 
convenient. The substrate, a 10% mole excess of NaBHgCN, 
and a small quantity of bromocresol green were stirred in 
ethanol and concentrated HC1 added dropwise until the so
lution was acidic as indicated by a color change to yellow.

T a b l e  I . S e l e c t i v e  R e d u c t i o n  o f  C o n j u g a t e d  A l k e n e s  w i t h  S o d i u m  C y a n o b o r o h y d r i d e 3

R R" R
N a B H 3CN 

C2Hs0H , H * R' h R"

R e g i s t r y R e g i s t r y
n o . %  y i e l d * n o .

( a l k e n e ) E n t r y R R ' R ” R " ' T ’ i m e ,  h ( G L C ) ( p r o d u c t )

5 2 9 2 - 5 3 - 5 1 c 6 h 5 H c o 2 c 2 h 5 C 0 2 C 2 H 5 1 . 0 ( 9 0 ) 6 0 7 - 8 1 - 8

2 C 6 H s H c o 2 c 2 h 5 c o 2 c 2 h 5 4 . 0 8 5

3 C 6H s H C O j C j H j c o 2c 2 h 5 2 . 0 * ( 6 9 )

1 7 4 2 2 - 5 6 - 9 4 o - N 0 2 C 6H 5 H c o 2 c 2 h 5 c o 2 c 2 h 5 1 . 0 7 8 5 9 8 0 3 - 3 5 - 9

2 2 3 9 9 - 0 0 - 4 5 p -n o 2 g , h , H c o 2 c 2 h 5 c o 2 c 2 h s 0 . 7 5 9 8 7 5 9 8 - 7 0 - 1

6 3 3 1 - 4 5 - 9 6 m - N 0 2 C 6 H s H c o 2 c 2 h s c o 2c 2 h s 1 . 0 8 4 5 9 8 0 3 - 3 6 - 0
2 2 5 1 1 - 2 2 - 4 7 p - C H 3 C O N H C 6H s H c o 2 c 2 h 5 c o 2c 2 h 5 2 . 5 8 0 5 9 8 0 3 - 3 7 - 1

5 9 8 0 3 - 3 1 - 5 8 m - C N C 6H s H c o 2 c 2 h , C 0 2 C 2 H s 1 . 0 8 4 5 9 8 0 3 - 3 8 - 2
2 0 2 5 - 4 0 - 3 C 6 H s H c o 2 c 2 h s C N 1 . 0 6 7 6 7 3 1 - 5 8 - 4

1 8 9 2 5 - 0 0 - 3 9 m - N O , C , H s H c o 2 c 2 h 5 C N 1 . 0 8 2 5 9 8 0 3 - 3 9 - 3
6 6 2 9 - 5 3 - 4 1 0 p - C H 3 C O N H C 6 H 5 H c o 2c 2 h s C N 1 . 0 8 0 5 9 8 0 3 - 4 0 - 6

5 9 8 0 3 - 3 2 - 6 1 1 o - B r C 6 H 5 H c o 2 c 2 h 5 C N 1 . 0 8 8 5 9 8 0 3 - 4 1 - 7
7 3 2 4 - 8 9 - 2 1 2 2 , 4 - d i - C l C 6 H 5 H c o 2 c 2 h 5 C N 1 . 0 9 9 d 5 9 8 0 3 - 4 2 - 8

7 0 9 - 7 9 - 5 1 3 c 6 h 5 H c o n h 2 C N 1 . 5 7 2 7 2 1 6 - 4 6 - 8
7 0 5 - 6 0 - 2 1 4 c 6 h 5 H n o 2 c h 3 1 . 0 6 7 1 7 3 2 2 - 3 4 - 8

6 8 0 2 - 7 5 - 1 1 5 c h 3 c h 3 c o 2 c 2 h 5 c o 2 c 2 h 5 5 . 0 3 1 e 7 5 9 - 3 6 - 4
1 0 3 - 3 6 - 6 1 6 c 6 h s H H c o 2 c 2 h 5 1 . 0 Of 2 0 2 1 - 2 8 - 5

^  _  n o c 6H,

5 9 8 0 3 - 3 3 - 7 1 7 wocc0
1 . 5 8 6 5 9 8 0 3 - 4 3 - 9

5 9 8 0 3 - 3 4 - 8 1 8

" " ' T O T “

1 . 5 8 1 5 9 8 0 3 - 4 4 - 0

1 8 4 6 - 7 4 - 8 1 9 ccC 4 . 0 5 7 7 2 1 6 - 4 7 - 9

3  T h e  r e d u c t i o n s  w e r e  c o n d u c t e d  a t  a m b i e n t  t e m p e r a t u r e  a s  0 . 4  M  s o l u t i o n s  o f  t h e  c o m p o u n d  i n  e t h a n o l  u s i n g  a  1 0 %  

m o l e  e x c e s s  o f  N a B H 3 C N .  B r o m o c r e s o l  g r e e n  w a s  e m p l o y e d  a s  a n  i n d i c a t o r  a n d  t h e  s o l u t i o n s  w e r e  a c i d i f i e d  w i t h  c o n c e n 

t r a t e d  H C 1 .  *  I s o l a t e d  y i e l d s ,  p u r i f i e d  b y  d i s t i l l a t i o n  o r  r e c r y s t a l l i z a t i o n .  G L C  y i e l d s  a r e  c o r r e c t e d  f o r  d e t e c t o r  r e s p o n s e  a n d  

u t i l i z e d  a n  i n t e r n a l  s t a n d a r d .  A l l  k n o w n  c o m p o u n d s  c o r r e s p o n d e d  t o  l i t e r a t u r e  d e s c r i p t i o n s .  N e w  c o m p o u n d s  g a v e  s a t i s 

f a c t o r y  e l e m e n t a l  a n a l y s e s  c o p i e s  o f  w h i c h  h a v e  b e e n  p r o v i d e d  t o  t h e  E d i t o r  ( e x c e p t i o n ,  e n t r y  1 0 ) .  c N o  a c i d  u s e d .  d R e 

a c t i o n  w a s  c o n d u c t e d  i n  m e t h a n o l ;  y i e l d  o f  c r u d e  p r o d u c t .  e 6 9 %  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l .  / 9 3 %  r e c o v e r y  o f  s t a r t i n g  
m a t e r i a l .
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Additional HC1 was added as required to maintain the solu
tion acidity. After an appropriate time period, usually 1 h, the 
products were isolated by dilution with water followed by 
filtration or extraction with ether. Table I presents results for 
a variety of structural types. As evident, the method appears 
suitable for conjugated derivatives which are activated by a 
nitro group (entry 14) or by two a-positioned electron-with
drawing substituents including ester, cyano, lactone, ketone, 
or amide in varying combinations. Singly substituted double 
bonds as in ethyl cinnamate (entry 16) are resistant and aryl 
substitution enhances the reduction rate (entry 15). The 
method is quite selective in that other functional groups are 
unaffected including amido (entries 7, 10, 13), aromatic and 
aliphatic nitro (entries 4-6, 9,14,17) or cyano (entries 8-13) 
moieties, esters (entries 1-12,15,16), lactones (entries 17-19), 
or aryl ketones (entries 17-19). Furthermore, in contrast to 
analogous reductions with NaBH4,5d’e cyano esters are not 
further reduced to the corresponding cyano alcohols. The use 
of acid, although not essential, results in higher yields (com
pare entries 1 and 3), ostensibly by rapid protonation of ini
tially produced stable a  carbanions before side reactions can 
intervene. This is evidenced by the relatively high yield of
l-methyl-2-phenylnitroethane obtained (entry 14) compared 
to previous investigations73’15 coupled with the absence of di
meric Michael products which are concomitantly produced 
with other hydride reagents.7a>n
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Oxidation of Sterically Hindered 
Alcohols to Carbonyls with Dimethyl 
Sulfoxide-Trifluoroacetic Anhydride

Materials. N a B H g C N  w a s  o b t a i n e d  f r o m  A l d r i c h  C h e m i c a l  C o .  

a n d  u s e d  w i t h o u t  p u r i f i c a t io n .  S t a r t i n g  m a t e r i a l s  w e r e  e i t h e r  o b t a i n e d  

c o m m e r c i a l l y  o r  p r e p a r e d  b y  s t a n d a r d  p r o c e d u r e s . 1 2  A l l  n e w  c o m 

p o u n d s  g a v e  s a t i s f a c t o r y  e l e m e n t a l  a n a l y s i s  a n d  s h o w e d  s p e c t r a l  ( ir  

a n d  N M R )  d a t a  c o n s i s t a n t  w i t h  t h e  s t r u c t u r e s .  E l e m e n t a l  a n a l y s e s  

w e r e  p r o v i d e d  b y  C h e m a l y t i c s ,  I n c . ,  T e m p e ,  A r i z . ,  c o p i e s  o f  w h ic h  

h a v e  b e e n  p r o v i d e d  t h e  E d i t o r .

General Reduction Procedure. T h e  g e n e r a l  p r o c e d u r e  u t i l i z e d  

is  p r e s e n t e d  in  t h e  t e x t  a n d  is  d e s c r i b e d  b e l o w  f o r  t h e  r e d u c t i o n  o f

6 - n i t r o - 3 - b e n z o y l c o u m a r i n .

6-Nitro-3-benzoyl-3,4-dihydroeoumarin. A  s l u r r y  o f  6 - n i t r o -

3 - b e n z o y l c o u m a r i n  ( 2 .9 5  g ,  1 0  m m o l ) ,  N a B H g C N  ( 0 .6 9  g , 1 1  m m o l) ,  

a n d  a  s m a l l  a m o u n t  o f  b r o m o c r e s o l  g r e e n  i n d ic a t o r  in  2 5  m l  o f  e t h a n o l  

w a s  m a g n e t i c a l l y  s t i r r e d  w h i le  c o n c e n t r a t e d  H C 1  w a s  a d d e d  d r o p w is e  

u n t i l  t h e  c o l o r  c h a n g e d  t o  y e l lo w .  P e r i o d i c a l l y ,  a d d i t i o n a l  H C 1  w a s  

a d d e d  in  o r d e r  t o  m a i n t a i n  t h e  y e l lo w  c o lo r .  A f t e r  1 . 5  h  t h e  r e a c t i o n  

m i x t u r e  w a s  d i lu t e d  w i t h  c a .  1 5 0  m l  o f  w a t e r  a n d  c o o le d  a n d  t h e  r e 

s u l t i n g  w h i l e  n e e d l e s  w e r e  f i l t e r e d  a n d  d r i e d  u n d e r  v a c u u m  ( 2 .5 4  g , 

8 6 % ). T h e  i r  a n d  N M R  i n d i c a t e d  c o m p l e t e  r e d u c t i o n  o f  t h e  d o u b l e  

b o n d .

A n a l .  C a l c d  f o r  C i e H n N 0 5: C ,  6 4 .6 5 ;  H ,  3 . 7 3 .  F o u n d :  C ,  6 4 .7 0 ;  H ,  

3 .5 5 .
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As an outgrowth of our earlier study of a new synthesis of 
iminosulfuranes,1 we have investigated a new reagent for the 
oxidation of alcohols to aldehydes or ketones which appears 
to be generally useful, operationally simple, highly selective, 
and efficient.2 This new reagent, dimethyl sulfoxide-trifluo- 
roacetic anhydride (Me2 SO-TFAA), complements previous 
reagents3-13 for the conversion of alcohols to dimethylal- 
koxysulfonium salt intermediates (I) which, on treatment with 
base under mild conditions, are rapidly converted to carbonyls 
in high yields (eq 1);

( C H A S O C H R 'R 2

I

C H ,
\ + > ^ v

/ ' s “ ° x V R 1 R 2

— ►  t C H  ) ,S  +  R 1R 2C = 0  ( 1 )

R 1 , R 2 =  a l k y l ,  a r y l ,  a r a l k y l ,  H ,  a l i c y c l i c ,  e t c .
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None of the previous methods gives satisfactory results with 
all classes of primary and secondary alcohols. The new re
agent, dimethyl sulfoxide-trifluoroacetic anhydride, now 
appears to be a most generally useful reagent for the facile 
conversion of primary and secondary alcohols to carbonyls in 
high to quantitative yields. In assessing the scope and limi
tations of this new reagent, the oxidation of some model 
sterically hindered alcohols was studied. In this note we are 
reporting the results obtained thus far.

Yields of carbonyls from hindered alcohols (>80-100%) are 
higher than those from previously studied unhindered alco
hols and by-product formation is reduced (usually to <5%) 
(Table I). We find that (a) the more hindered the alcohol, the 
higher the yield and alcohols (5, 6) with bulky groups on both 
sides of the carbinol carbon give quantitative yields; (b) no 
difficulty is experienced in oxidizing primary and secondary
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A l c o h o l

T a b l e  I

Y i e l d ,  %

C a r b o n y l  p r o d u c t  P r o c e d u r e  G L C  D N P a I s o l a t i o n

4 - f e r f - B u t y l c y c l o h e x a n o l  ( 1 )  

( m i x t u r e  o f  c i s  a n d  t r a n s )

2 . 2 -  D i m e t h y l - l - p h e n y l -  

p r o p a n y l  ( 2 )

3 . 3 -  D i m e t h y l - 2 - b u t a n o l  ( 3 )  

2 , 2 - D i m e t h y l - l - p r o p a n o l  ( 4 )

Ptr

c
c

88

9 7

88

9 5

8 4

8 1

2 , 4 - D i m e t h y l - 3 - p e n t a n o l  ( 5 ) 100 4 2 86

2 , 6 - D i m e t h y l c y c l o h e x a n o l  ( 6 ) 

( m i x t u r e  o f  i s o m e r s )

100 7 6 8 9

1 - B o r n e o l  ( 7 ) 9 8 8 1 9 3

d H s o b o r n e o l  ( 8 ) 9 3 8 5 88

88

« c o - N o r b o m e o I  ( 9 )

N o r b o r n e o l  ( 1 0 )

( m i x t u r e  o f  e x o  a n d  e n d o )

2 - A d a m a n t a n o l  ( l l ) 0

C

C

9 5

9 6

9 6

8 3

8 5

9 5

1 - A d a m a n t a n e m e t h a n o l  ( 1 2 ) c 86

2 - M e t h y l c y c l o h e x a n o l  ( 1 3 )  

( m i x t u r e  o f  c i s  a n d  t r a n s )

✓  CH, 8 4 8 0

í r a n s - 2 - M e t h y l c y c l o h e x a n o l  ( 1 4 ) 8 0 7 1

a B y  i s o l a t i o n  o f  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e .  b A d d e d  a s  a  s o l u t i o n  i n  M e 2S O  ( 1 0  m l ) - C H 2C l 2 ( 1 0  m l ) .  c A d d i t i o n a l  
C H 2 C 1 2 ( 1 0  m l )  w a s  u s e d  i n  t h e  r e a c t i o n  s y s t e m  t o  e f f e c t  s o l u t i o n .

neopentyl-type alcohols (2, 3, 4, 12); (c) no substantial dif
ference is noted in oxidizing both exo and endo hydroxyl 
groups (7,8, 9,10,13); and (d) seemingly equally good results 
are obtained in the oxidation of both equatorial and axial 
hydroxyl groups (1, 6,13).1

The literature is sparse on the oxidation of sterically hin
dered alcohols with the previously reported oxidizing reagents. 
Me2SO-DCC and Me2S0 -S 0 3  are reported to oxidize highly 
hindered hydroxyl groups reluctantly owing to the bulk of the 
initial adducts and hence are inert, for example, to axial 
11/3-hydroxyprogestrone.4 Me2S0 -A c 2 0  is often well suited 
for the oxidation of rather hindered alcohols; however, poor

results were obtained in the oxidation of two hindered alco
hols, 3,3-dimethyl-2-butanol (3)14 and 2,2,3-trimethyl-2- 
butanol.15

In view of the excellent yields of carbonyls from the hin
dered alcohols studied thus far, Me2SO-TFAA is clearly su
perior to the other reagents and is the reagent of choice for the 
oxidation of highly hindered alcohols. We believe that this is 
a consequence both of the smaller size of the Me2SO-TFAA 
adduct and the outstanding leaving group property of triflu- 
oroacetate ion.

In addition, the Me2SO-TFAA reaction occurs instanta
neously at very low temperature (< —50 °C) thus making it
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possible to oxidize alcohols which form stable sulfonium salts 
o n ly  at low temperatures. The oxidation of dZ-isoborneol is 
a good illustration of this point. The sulfonium salt (II) is 
solvolyzed at room temperature (or above) and camphene, the 
rearrangement-elimination product, is obtained when pro
cedure C (room temperature addition of TEA) is employed. 
But d l -camphor, the anticipated oxidation product, can still 
be obtained in high yield by addition of TEA at low temper
ature (< —65 °C). The reaction course is depicted as follows 
(eq 2):

Procedures for Oxidation of Alcohols. Procedure A. T o  a  s o 

lu t io n  o f  d r y  M e 2S O  ( 2 0  m m o l)  in  d i s t i l l e d  d r y  C H 2 C I 2  ( 1 0  m l)  c o o le d  

b e lo w  - 6 5  ° C  w i t h  a  d r y  i c e - a c e t o n e  b a t h ,  T F A A  ( 1 5  m m o l)  in  

C H 2 C I 2  ( 5  m l)  w a s  a d d e d  w i t h  e f f i c i e n t  m e c h a n i c a l  s t i r r i n g  in  c a .  1 0  

m in . A f t e r  1 0  m in  b e lo w  —6 5  ° C ,  a  s o l u t i o n  o f  a n  a l c o h o l  ( 1 0  m m o l)  

in  C H 2C I 2 ( 5 - 1 0  m l)  w a s  a d d e d  t o  t h e  m i x t u r e  in  c a .  1 0  m in .  T h e  r a t e  

o f  a d d it io n  o f  T F A A  o r  a lc o h o l  w a s  c o n t r o l le d  t o  k e e p  t h e  t e m p e r a t u r e  

b e lo w  —6 5  ° C .  T h e  m i x t u r e  w a s  s t i r r e d  b e lo w  —6 5  ° C  f o r  3 0  m in ,  

f o l l o w e d  b y  a d d i t i o n  o f  T E A  (4  m l)  d r o p w i s e  in  c a .  1 0  m in .  T h e  t e m 

p e r a t u r e  w a s  m a i n t a i n e d  b e lo w  —6 5  ° C  u n t i l  a d d i t i o n  o f  T E A  w a s  

c o m p l e t e .  T h e  c o o l in g  b a t h  w a s  t h e n  r e m o v e d  a n d  t h e  r e a c t i o n  m i x 

t u r e  w a s  a l lo w e d  t o  w a r m  u p  t o  r o o m  t e m p e r a t u r e  ( c a .  4 0  m i n ) ,  t h e n  

w a s h e d  w i t h  H 2O  ( 2 0  m l)  a n d  t h e  a q u e o u s  l a y e r  w a s  b a c k w a s h e d  w i t h  

C H 2C I 2 ( 5  m l) .  T h e  c o m b in e d  o r g a n ic  s o lu t io n s  w e r e  s u b j e c t e d  t o  G L C  

a n a l y s i s  a s  p r e v i o u s l y  r e p o r t e d . 2

Procedure C .  T h i s  p r o c e d u r e  w a s  i d e n t i c a l  w i t h  p r o c e d u r e  A  

t h r o u g h  t h e  a d d i t i o n  o f  a l c o h o l .  S t i r r i n g  w a s  c o n t i n u e d  f o r  a n  a d d i 

t i o n a l  5  m i n  b e lo w  —6 5  ° C ;  t h e  d r y  ic e  b a t h  w a s  r e m o v e d  a n d  t h e  

s t i r r e d  m i x t u r e  w a s  a l l o w e d  t o  w a r m  u p  t o  r o o m  t e m p e r a t u r e  ( c a .  4 0  

m in ) .  A f t e r  a n o t h e r  3 0  m i n  o f  s t i r r i n g ,  a t  r o o m  t e m p e r a t u r e ,  T E A  (4  

m l)  w a s  a d d e d  d r o p w i s e  ( c a . 1 0  m in )  a t  r o o m  t e m p e r a t u r e .  T h e  r e 

m a i n d e r  o f  t h e  w o r k u p  w a s  t h e  s a m e  a s  in  p r o c e d u r e  A .

2,4-Dinitrophenylhydrazones.2 T h e  p r e c i p i t a t e  w a s  f i l t e r e d ,  

w a s h e d ,  a n d  d r i e d .  I r  a n d  m e l t i n g  p o i n t  w e r e  c o m p a r e d  w i t h  t h o s e  

o f  a u t h e n t i c  s a m p l e s .

Isolation of Carbonyls. E t h e r  w a s  a d d e d  t o  t h e  r e a c t i o n  m i x t u r e  

w h i c h  w a s  t h e n  w a s h e d  w i t h  d i lu t e  H C 1 ,  N a 2 CC>3 , a n d  H 20  in  s u c 

c e s s io n . T h e  o r g a n ic  l a y e r  w a s  d r ie d  o v e r  m a g n e s iu m  s u l f a t e  a n d ,  a f t e r  

e v a p o r a t i o n  o f  s o lv e n t ,  a  c r u d e  p r o d u c t  w a s  o b t a i n e d  a s  a  r e s i d u e .  T h e  

p u r e  p r o d u c t  w a s  i s o l a t e d  e i t h e r  b y  d i s t i l l a t i o n  o r  s h o r t - c o l u m n  

c h r o m a t o g r a p h y  o n  s i l i c a l  g e l  w i t h  p e t r o le u m  e t h e r / C F ^ C b  a s  e lu e n t .  

P h y s i c a l  c h a r a c t e r i s t ic s  ( ir , N M R ,  m e l t in g  p o in t )  w e r e  c o m p a r e d  w i t h  

t h o s e  o f  a u t h e n t i c  s a m p l e s  o f  c a r b o n y l s .
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Ferrocenecarboxylic Acids from Substituted 
Ferrocenes. A Convenient and Versatile 
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There are only very few examples known in which ferro
cenecarboxylic acids can be prepared via side chain oxidation 
of ferrocenes. The oxidation is limited to ferrocenecarboxal- 
dehydes2 and acetylferrocenes3’4 giving only low yields of 
carboxylic acids.

We now wish to report a convenient and versatile method 
for the oxidation of hydroxymethyl, formyl, acetyl, and 
A/.A'-dimethylaminomethyl substituted ferrocenes to ferro
cenecarboxylic acids. The oxidation is performed with mo
lecular oxygen at 80 °C in hexamethylphosphoric triamide 
(HMPT) as a solvent and in the presence of potassium t e r t -

( 0 > ~ R> ( O ) -C 0 0 H7 T  0 2/K-i-OC4H,/HMPT '-----'
r e  ------------------------------- >- F e

la, Rj =  CH2OH; R  =  H 2a. R  =  H
b, R, =  CHO; R  =  H b. R3 =  COOH
c, R, =  COCH3; R  =  H
d, R, =  CH2N(CH3}2; R2 =  H
e, R, =  R  =  CH2OH
f, R, =  R  =  CHO
g, R, =  R  =  COCH3

butoxide. The results which are summarized in Table I were 
obtained after a reaction time of 24 h by using 10 equiv of 
potassium t e r t -butoxide per equivalent of substituent to be 
oxidized. Lowering the amounts of base gave inferior yields 
and required longer reaction times.

The oxidation reaction with hydroxymethyl, formyl, and 
acetyl substituted ferrocenes proceeded with almost quanti
tative conversions. The lower yields of ferrocenecarboxylic 
acids (2a,b) (see Table I) obtained from the oxidation of ac-
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Table I. Ferrocenecarboxylic Acids via Oxygenation

Reaction
Yield,“

% Reaction
Yield,“

%

la — 2a 80 le — 2b 83
l b — 2a 86 I f — 2b 86
lc — 2a 51 lg  — 2a 34
Id — 2a 25 2b 17

“ Satisfactory analytical and ir data were obtained.

etylferrocenes are due to a keto cleavage which acetylferro- 
cenes partially can undergo in the presence of strong base.5

R C jC H ,  +  ’ O H  — *■  R H  +  - O C C H ,

O  0

Thus, oxidation of lc gave 40% ferrocene and only 51% 2a. 
The oxidation of lg yielded 26% ferrocene, 34% 2a, and only 
17% 2b.

The high conversions of la-c and le,f are very surprising 
because the corresponding oxidation of mono- and dimeth- 
ylferrocenes to ferrocenecarboxylic acids never yielded more 
than 25%.6 As we could show the lower yields are due to an 
inhibiting effect caused by oxidation products of HMPT.7

Obviously this inhibiting effect does not exist during oxi
dation of hydroxymethyl, formyl, and acetyl substituted fer- 
rocenes but seems to exist during oxidation of N , N - dimeth- 
ylaminomethylferrocene (Id) which yielded only 25% of 2a. 
This result leads to the assumption that oxidation products 
of N.N-dimethylamino groups, which are present in HMPT 
and in Id, may inhibit the base-catalyzed oxidation. The in
hibiting effect is under further investigation.

Experimental Section
General Procedure. T o  a  s o lu t io n  o f  f r e s h l y  s u b l i m e d  p o t a s s i u m  

i e r t - b u t o x i d e  ( 1 5 0  m m o l ,  f o r  o n e  s u b s t i t u e n t  t o  b e  o x i d i z e d )  in  1 1 0  

m l  o f  f r e s h l y  d i s t i l l e d  H M P T  w a s  a d d e d  u n d e r  i n e r t  a t m o s p h e r e  a  

s o l u t i o n  o f  la-g ( 1 5  m m o l)  in  2 0  m l  o f  H M P T .  A f t e r  s t i r r i n g  f o r  3 0  

m in  a t  r o o m  t e m p e r a t u r e  d r y  o x y g e n  w a s  b u b b l e d  t h r o u g h  t h e  m i x 

t u r e  w h i c h  t h e n  w a s  h e a t e d  t o  8 0  ° C  f o r  2 4  h . T h e  r e a c t i o n  p r o d u c t s  

w e r e  p o u r e d  o n  ic e ,  a n d  t h e  r e s u l t i n g  a l k a l i n e  s o lu t io n  w a s  e x t r a c t e d  

w i t h  e t h e r .  T h e  a q u e o u s  p h a s e  w a s  a c i d i f i e d  w i t h  d i lu t e  h y d r o c h lo r ic  

a c id .  F e r r o c e n e c a r b o x y l i c  a c i d s  2a,b p r e c i p i t a t i n g  u p o n  a c i d i f i c a t i o n  

w e r e  f i l t e r e d  o f f  a n d  d r i e d  o v e r  p h o s p h o r u s  p e n t o x i d e .  T h e  a c i d  s o 

lu t io n  w a s  e x t r a c t e d  w i t h  e t h e r ,  a n d  t h e  c o m p o u n d s  2  w e r e  o b t a i n e d  

a f t e r  e v a p o r a t i o n  o f  t h e  e t h e r  e x t r a c t s .  R e c r y s t a l l i z a t i o n  f r o m  e t h a -  

n o le  w a s  n o t  n e c e s s a r y  (2a, m p  2 0 2 - 2 0 4  ° C ,  l i t . 2  m p  2 0 5 - 2 1 0  ° C ;  2b, 
m p  2 5 0  ° C  d e c ,  l i t . 3b m p  2 5 0  ° C  d e c ) .  M i x t u r e s  f r o m  2a a n d  2b, o b 

t a i n e d  f r o m  t h e  o x i d a t i o n  o f  l , l ' - d i a c e t y l f e r r o c e n e ,  c a n  b e  s e p a r a t e d  

b y  e x t r a c t i o n  w i t h  h o t  b e n z e n e ,  in  w h i c h  t h e  m o n o c a r b o x y l i c  a c i d  is  
s o l u b l e .

Registry N o . — la, 1 2 7 3 - 8 6 - 5 ;  lb, 1 2 0 9 3 - 1 0 - 6 ;  lc, 1 2 7 1 - 5 5 - 2 ;  I d ,  

1 2 7 1 - 8 6 - 9 ;  le, 1 2 9 1 - 4 8 - 1 ;  I f ,  1 2 7 1 - 4 8 - 3 ;  lg, 1 2 7 3 - 9 4 - 5 ;  2a, 1 2 7 1 - 4 2 - 7 ;  
2b, 1 2 9 3 - 8 7 - 4 .
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Among the most unusual and promising catalysts for ho
mogeneous hydrogenation of olefins and aromatics are the 
transition metal stearates reported by Tulupov.1“4 A good 
brief summary can be found in James’ book5 and Tulupov has 
published on the kinetics and mechanism of the reaction6 and 
on the interaction of the metals with cyclohexene7 in addition 
to two reviews.8 We have attempted to repeat some of Tulu- 
pov’s work and failed.

Briefly, Tulupov reported the reduction of cyclohexene in 
ethanol by hydrogen at ca. 1 atm at room temperature in the 
presence of stearate salts of Ni(II), Cu(II), Co(II), Cr(III), 
Fe(III), Sc(III), Ti(IV), and Zn(II). He also reports the hy
drogenation of benzene catalyzed by stearate salts of Ni(II), 
Co(II), Fe(III), and Pb(II). There is little precedent for these 
observations in the literature. It is well known that Cu(I) 
carboxylate salts catalyze the reduction of benzoquinone9 in 
quinoline and this reaction has been studied by two 
groups.10’11 Also Rh(II) acetate is known to catalyze the hy
drogenation of olefins in a variety of solvents.12 A number of 
salts reported as active in ethanol by Tulupov have been re
ported to be inactive in aqueous systems,13 consistent with 
Tulupov’s claim of inhibition by water. Neither the Rh(II) nor 
Cu(I) work serves as confirmation of Tulupov’s reports since 
the Cu(I) system was run in a solvent very different from 
ethanol and Tupulov did not study any rhodium systems. A 
thorough literature search yielded no reports of attempts to 
repeat Tulupov’s studies.

Results
A number of stearate salts were prepared using Koenig’s 

procedure,14 the same one used by Tulupov. After a number 
of washings, pure salts having acceptable analyses were ob
tained. When we attempted to dissolve the Ni(II) stearate in 
anhydrous ethanol (Tulupov2 reports the solubility as 4.21 X 
10~3 M/l.), the ethanol remained colorless and all the salt was 
recovered by filtration. Two very tiny crystals of Ni(II) stea
rate were placed in an Erlenmeyer flask with ca. 100 ml of 
ethanol and allowed to stand for 6 h with occasional shaking. 
They did not dissolve. Warming the flask until the Ni(II) 
stearate melted did not result in any room temperature sol
ubility. Similar observations were made with Cu(II) stearate 
(reported3 solubility 4.02 X 10-4 M/l.) except that we did note 
some small solubility in hot ethanol. Koenig14 reports that 
these two salts are insoluble in methanol but soluble in amyl 
alcohol.

A number of attempts were made to hydrogenate cyclo
hexene and some of them are reported in Table I. All reactions 
were run in Parr hydrogenators in which other catalytic hy
drogenations had successfully been carried out. In no case was 
any reaction observed. With reaction no. 7, assuming that 
Tulupov’s3 reported reaction rate in ethanol would be un
changed in isobutyl alcohol, we can calculate a pressure drop 
of ca. 5.3 psi under our reaction conditions. We could detect 
a pressure drop of ca. 0.2 psi. The reactions were run with 
commercial anhydrous ethanol and with ethanol dried by 
refluxing over Mg and distillation under dry N2 onto molec
ular sieves (3A). Two different batches of sodium stearate were 
used. The cyclohexene gave only two peaks on gas chroma
tography; one, having a slightly larger retention time than



Notes J. Org. Chem., Vol. 41, No. 20,1976 3333

Table I. Attempted Catalytic Hydrogenation of Cyclohexene Using Tulupov’s Catalysts

Rxn

R x n “ C a t a l y s t ” S o l v e n t T e m p ,  ° C

H 2  p r e s s u r e ,  

p s i a

t i m e ,

h

P r e s s u r e  

d r o p ,  p s i

1 N i ( I I )  s t e a r a t e H e x a n e s ~ 2 3 3 7 4 8 0

2 N i ( I I )  s t e a r a t e H e x a n e s 6 0 3 8 6 0 0

3 N i C l 2 E t h a n o l ~ 2 3 4 5 3 7 0

4 N i C l 2 - 6 H 20 E t h a n o l ~ 2 3 4 7 4 3 0

5 N i C l 2/ s t e a r i c  a c i d 2 E t h a n o l ~ 2 3 4 5 3 6 0

6 N i C l 2 - 6 H 2 0 / s t e a r i c  a c i d E t h a n o l ~ 2 3 3 5 2 4 0

7 C u ( I I )  s t e a r a t e I s o b u t y l  a l c o h o l 5 0 3 8 2 8 0

8 C o C l 2 E t h a n o l ~ 2 3 4 6 6 7 0

9 C o C l 2/ s t e a r i c  a c i d E t h a n o l ~ 2 3 4 7 3 6 0

1 0 N i ( I I )  s t e a r a t e 0 H e x a n e s ~ 2 3 4 9 4 2 0

0 T h e  o l e f i n  u s e d  w a s  n o r b o r n e n e .

cyclohexene, had an area less than 0 .1 % of the cyclohexene 
peak area.

Discussion
We have been unable to reproduce Tulupov’s reported re

actions or catalyst solubilities. Since both NiCl2 and stearic 
acid are quite soluble in ethanol, the reported solubility may 
be due to impure Ni(II) stearate contaminated with the 
compounds from which it is made. It does take extensive 
washing to remove these.

It is more difficult to explain our failure to hydrogenate 
cyclohexene. Obviously, neither the salts nor their precursors 
showed any catalytic activity. Since Tulupov observed reac
tivity with a variety of salts, and we with none, the place to 
look for the explanation is in those compounds common to all 
systems: the sodium stearate and cyclohexene. The use of two 
different batches of sodium stearate from two different 
manufacturers greatly reduces the probability that there was 
an inhibitor present. Likewise, use of a second olefin (nor
bornene, rxn 1 0 ) with the same results reduces the possibility 
of an inhibitor being present in the reactant. It is possible that 
something is present in Tulupov’s stearic acid which is causing 
the reaction. Having been unable to obtain samples of catalyst 
from Tulupov, we are not able to investigate this aspect of the 
problem further. In any event, it is quite clear that all is not 
well with the reported use of transition metal stearate salts 
as homogeneous catalysts for olefin hydrogenation.

Experimental Section
M e l t i n g  p o i n t s  w e r e  t a k e n  o n  a  M e l - T e m p  a p p a r a t u s  a n d  w e r e  

u n c o r r e c t e d .  A n a l y t i c a l  g a s  c h r o m a t o g r a p h y  u t i l i z e d  a  V a r i a n  A e r o 

g r a p h  M o d e l  1 4 0 0  i n s t r u m e n t  e q u i p p e d  w i t h  a  f l a m e  io n i z a t i o n  d e 

t e c t o r  a n d  u s i n g  a  0 . 1 2 5  in . X  7  f t  5 %  S E - 3 0  o n  6 0 - 8 0  m e s h  C h r o m o -  

s o r b  W  c o lu m n .  M i c r o a n a l y s e s  w e r e  p e r f o r m e d  b y  G a l b r a i t h  L a b o 

r a t o r i e s ,  I n c . ,  K n o x v i l l e ,  T e n n .  E t h a n o l  w a s  d r i e d  b y  r e f l u x i n g  o v e r  

m a g n e s iu m  a n d  d i s t i l l a t i o n  u n d e r  d r y  n i t r o g e n  o n t o  m o l e c u l a r  s ie v e s  

( 3 A ) .  H e x a n e s  a n d  i s o b u t y l  a lc o h o l  w e r e  d r i e d  o v e r  m o l e c u l a r  s i e v e s  

( 3 A ) .

Metal Stearates. S o d i u m  s t e a r a t e  ( 1 3 . 5  g ,  F i s c h e r )  w a s  d i s s o l v e d  

in  9 0 0  m l  o f  w a t e r  a n d  t h e  m i x t u r e  w a s  h e a t e d  a n d  s t i r r e d  u n t i l  t h e  

s o l u t i o n  w a s  c l e a r .  T h e  h o t  s o a p  s o l u t i o n  t h e n  w a s  p o u r e d  w i t h  v i g 

o r o u s  s t i r r i n g  o n t o  a  s o l u t i o n  c o n t a i n i n g  6  g  o f  N i S 0 4 -6 H 2 0  o r  4  g  o f  

C u S 0 4 in  6 0 0  m l  o f  w a r m  w a t e r .  T h e  p r e c i p i t a t e s  w e r e  w a s h e d  b y  

d e c a n t a t i o n  w i t h  w a t e r  a n d  d r i e d  in  t h e  a i r  a t  1 1 5  ° C  f o r  1 5  h . N i c k e l  

s t e a r a t e  w a s  a ls o  m a d e  f r o m  t h e  s o d i u m  s t e a r a t e  p r e p a r e d  f r o m  s t e a r ic  

a c i d  ( E m e r y )  a n d  s o d i u m  h y d r o x i d e .

N i c k e l ( I I )  s t e a r a t e :  g r e e n  s o l i d ;  m p  1 0 0  ° C ;  y i e l d  8 4 % . A n a l .  C a l c d  

f o r  N i C 36H 7o 0 4: C ,  6 9 .0 9 ;  H ,  1 1 . 3 4 .  F o u n d :  C ,  6 9 .7 7 ;  H ,  1 0 .7 0 .

C o p p e r ( I I )  s t e a r a t e :  l i g h t  b l u e  s o l i d ;  m p  1 0 6 - 1 0 8  ° C ;  y i e l d  8 0 % . 

A n a l .  C a l c d  f o r  C u C 36H 7o0 4 : C ,  6 8 .5 6 ;  H ,  1 1 . 2 1 .  F o u n d :  C ,  6 8 . 5 1 ;  H ,

11.66.

Attempted Catalytic Hydrogenation of Cyclohexene. T o  a

s t e a r a t e  s a l t  ( ~ 1  g )  in  ~ 1 1 0  m l  o f  w a r m  s o l v e n t  w a s  a d d e d  1 2  g  o f  c y 

c l o h e x e n e  ( E a s t m a n  K o d a k ) .  T h e  s o l u t i o n  w a s  p o u r e d  i n t o  a  5 0 0 - m l  

h y d r o g e n a t i o n  b o t t l e  a n d  t h e  b o t t l e  w a s  t h e n  m o u n t e d  o n  a  lo w -

p r e s s u r e  P a r r  h y d r o g e n a t o r .  A i r  w a s  r e m o v e d  f r o m  t h e  s y s t e m  b y  

a l t e r n a t i v e l y  f i l l i n g  t h e  s y s t e m  w i t h  h y d r o g e n  t o  3 5  p s i  a n d  v e n t i n g  

i t  a t  l e a s t  t h r e e  t im e s .  T h e  s o lu t io n  w a s  s h a k e n  a t  c a . 3  a t m  h y d r o g e n  

p r e s s u r e .  S i m i l a r  p r o c e d u r e  w a s  a l s o  c a r r ie d  o u t  f o r  t h e  h y d r o g é n a t io n  

o f  b i c y c l o [ 2 .2 . 1 ] - 2 - h e p t e n e  ( A l d r i c h ) .  T h e  p r e s s u r e  o f  t h e  s y s t e m  w a s  

m o n it o r e d .
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An Aberrant Rearrangement in the Reaction of
1,2-Dibromo-3,3-difluoropyclopropene with 

Anthracene1
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I n  a n  a t t e m p t  t o  d e v e l o p  a  r a t i o n a l  s y n t h e s i s  o f  t h e  a s  y e t  

u n k n o w n ,  b u t  p o t e n t i a l l y  u s e f u l  s y n t h o n  3 , 3 - d i f l u o r o c y -  

c l o p r o p e n e  (la), w e  h a v e  e x a m i n e d  t h e  r e a c t i o n  o f  a n t h r a c e n e  

w i t h  l , 2 - d i b r o m o - 3 , 3 - d i f l u o r o c y c l o p r o p e n e  (lb).2 I t  w a s  a n 

t i c i p a t e d  t h a t  t h e  [ 4  +  2 ]  c y c l o a d d u c t  2  w o u l d  p e r m i t  a  c l a s 

s i c a l  a p p r o a c h  t o  t h e  e l u s i v e 3  c y c l o p r o p e n e  (la) v i a  r e d u c t i v e
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debromination and subsequent thermal cycloreversion of the 
dibenzohomobarrelene derivative 3. We now report that 
contrary to expectations the reaction of anthracene with lb  
affords a rearranged adduct of a type previously unobserved 
in cycloadditions with tetrahalocyclopropenes.

The reaction of anthracene with excess lb  was carried out 
in carbon tetrachloride solution in a sealed tube at 120-130 
°C until complete consumption (NMR) of anthracene (7 
days). Chromatography and recrystallization of the reaction 
residue afforded a crystalline 1:1 adduct (40%) whose 19F 
NMR spectrum immediately suggested a rearranged struc
ture. Cycloadducts of lb typically show well-separated (15-40 
ppm) AB quartets in their 19F spectra centered at around
110-120 ppm (upfield from external CFCI3 ) . 4 By contrast the 
anthracence-lb adduct showed only a fluorine singlet at 5 
47.0! The proton spectrum of this adduct consisted of two 
one-proton singlets at <5 5.27 and 5.11 for the bridgehead hy
drogens, in addition to complex aromatic absorptions, 
suggesting an unsymmetrical structure for the adduct.

l a ,  Y  =  H ;  X  =  F  

b, Y  = B r ;  X  =  F
2 ,  X  =  B r

3 ,  X  =  H

While the above spectral results clearly eliminate adduct 
2 from further consideration, the 19F data are equally in
consistent with the most obvious rearranged structure 4 which 
would be derived by electrocyclic ring opening with 1 ,2 -fluo
rine migration. This mode of ring opening has been frequently 
observed for tetrahalocyclopropene adducts where at least one 
of the geminal halogens is chlorine4 ’5  or bromine.4® However, 
owing to the low ionization propensity of the C-F bond all of 
the previous cycloadducts of 3,3-difluoro-substituted cyclo
propenes have been observed to be thermally stable to elec
trocyclic ring-opening reactions.4 ’6

An alternative mode of ring opening involving rupture of 
one of the peripheral cyclopropane bonds of 2  could presum
ably lead to the dibenzobarralene derivative 5, a structure 
consistent with the observation of a singlet in the fluorine 
spectrum. That 5 is indeed the structure of this unusual ad
duct is supported by spectral data for the tri-n-butyltin hy
dride debrominated adduct 6 . The 100-MHz :H NMR spec
trum of 6  revealed a triplet centered at 8 6 . 1  with a coupling 
constant (Jh f ) of 56 Hz while the fluorine spectrum showed 
a doublet of doublets at 5 117.1, J hf = 56 and 4 Hz. These

results are in complete keeping with the presence of a -CF2H 
grouping. The smaller doublet splitting ( J h f  = 4 Hz) is as
signed to allylic fluorine coupling to the vinyl proton (Hv) 
which is unfortunately obscured in the aromatic region of the 
proton spectrum. The bridgehead protons Ha and Hb are ob
served as a pair of doublets, J h 8h v = 6  H z  and J h i ,h v = 2 Hz, 
at 5.16 and 5.30, respectively.7 Final corroboration of structure 
is provided by the mass spectrum of 6 , which shows a base 
peak at m/e 203 corresponding to loss of the CF2H radical.

Although diradical rupture of a peripheral cyclopropane 
bond of 2  followed by 1 ,2 -bromine shift provides an adequate 
rationale for formation of 5, we cannot at present rule out the 
possible rearrangement of lb  to l,3-dibromo-3,3-difluo- 
ropropyne under the forcing conditions of the reaction. 8 To 
our knowledge, however, such a rearrangement of a tetra
halocyclopropene, while not unreasonable, is unprecedent
ed.

Experimental Section
P r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r a  w e r e  r e c o r d e d  o n  V a r í a n  A - 6 0 A  

a n d  V a r í a n  X L - 1 0 0  s p e c t r o m e t e r s ;  c h e m i c a l  s h i f t s  a r e  r e p o r t e d  in  

p a r t s  p e r  m il l io n  d o w n f i e ld  f r o m  in t e r n a l  M e 4S i .  A l l  19F  N M R  s p e c t r a  

w e r e  r e c o r d e d  o n  t h e  X L - 1 0 0  i n s t r u m e n t  a t  9 4 . 1  M H z  w i t h  c h e m i c a l  

s h i f t s  r e p o r t e d  in  p a r t s  p e r  m i l l i o n  u p f i e l d  f r o m  e x t e r n a l  C F C I 3 . I n 

f r a r e d  s p e c t r a  w e r e  d e t e r m i n e d  o n  a  P e r k i n - E l m e r  M o d e l  1 3 7  i n 

s t r u m e n t  a s  K B r  w a f e r s .  M a s s  s p e c t r a  w e r e  r e c o r d e d  o n  a n  A E I - M S  

3 0  s p e c t r o m e t e r  a t  7 0  e V .  E l e m e n t a l  a n a l y s e s  w e r e  p e r f o r m e d  b y  

A t l a n t i c  M i c r o l a b s ,  I n c . ,  A t l a n t a ,  G a .

l ,2 - D i b r o m o - 3 ,3 - d i f lu o r o c y c lo p r o p e n e  (lb) w a s  p r e p a r e d  b y  a  s l i g h t  

m o d i f i c a t i o n  o f  t h e  p u b l i s h e d  p r o c e d u r e 2  u s i n g  f r e s h l y  s u b l i m e d  

a n t i m o n y  t r i f l u o r i d e .

Reaction of Anthracene with lb. A n t h r a c e n e  ( 0 .8 9 0  g , 5 .0 0  

m m o l) ,  l ,2 - d i b r o m o - 3 ,3 - d i f l u o r o c y c l o p r o p e n e  (lb, 1 . 7 5  g ,  7 .4 7  m m o l) ,  

a n d  2 5  m l o f  c a r b o n  t e t r a c h lo r id e  w e r e  p la c e d  in  a  F i s c h e r - P o r t e r  t u b e  

w h i c h  w a s  c a p p e d  a n d  h e a t e d  a t  1 2 0  ° C  f o r  4  d a y s .  N M R  a n a l y s i s  o f  

t h e  r e a c t io n  m i x t u r e  a t  t h i s  p o i n t  in d i c a t e d  c a . 5 0 %  c o n v e r s io n  o f  t h e  

a n t h r a c e n e .  A d d i t i o n a l  lb ( 1 . 0  g ) w a s  a d d e d ,  t h e  t u b e  r e c a p p e d ,  a n d  

h e a t i n g  r e s u m e d  a t  1 3 0  ° C .  A f t e r  3  d a y s  a t  t h i s  t e m p e r a t u r e  t h e  a n 

t h r a c e n e  w a s  c o m p l e t e l y  c o n s u m e d .  T h e  d a r k  r e a c t i o n  m i x t u r e  w a s  

c o n c e n t r a t e d  a n d  c h r o m a t o g r a p h e d  o n  s i l i c a  g e l  w i t h  b e n z e n e  a s  

e lu t a n t .  C o n c e n t r a t i o n  o f  t h e  f i r s t  f r a c t i o n  g a v e  1 . 9 4  g  (9 4 % )  o f  a  o i ly  

b r o w n  s o l i d  w h ic h  o n  c r y s t a l l i z a t i o n  f r o m  h e x a n e  a f f o r d e d  0 .8 2 3  g  

( 3 9 .9 % )  o f  h a r d  b r o w n  c r y s t a l s .  R e c r y s t a l l i z a t i o n  f r o m  h e x a n e  a f f o r d e d  

a n a l y t i c a l l y  p u r e  5: m p  9 4 - 9 7  ° C  v 1 6 1 6 , 1 4 5 6 , 1 3 0 8 , 1 2 7 6 , 1 1 2 0 , 9 9 0 ,  

9 5 9 ,  8 6 4 , 8 2 0 ,  7 4 2 ,  6 2 2  c m - 1 ; m a s s  s p e c t r u m  m / e  ( r e l  i n t e n s i t y )  4 1 4

( 3 . 1 ) ,  4 1 2  ( 6 .7 ) ,  4 1 0  ( 3 .5 ) ,  3 3 4  ( 4 9 .5 ) ,  3 3 2  ( 5 0 .5 ) ,  2 5 2  ( 8 2 .6 ) ,  2 0 2  ( 1 0 0 ) ,  

2 0 0  ( 7 4 .5 ) ,  1 7 9  ( 6 5 . 5 ) ,  1 5 0  ( 7 8 .9 ) ,  1 2 7  ( 3 0 .3 ) ,  1 1 1  ( 4 4 .8 ) ;  5 ( C D C L 3 )

7 . 5 - 6 . 8  ( m , 8 , a r o m a t i c ) ,  5 . 2 7  (s , 1 ,  H b ) , 5 . 1 1  ( s ,  1 ,  H a ); (¡cfciJC D C U
4 7 . 0 1  ( s ,  - C F 2B r ) .

A n a l .  C a l e d  f o r  C i 7 H i o B r 2 F 2: C ,  4 9 . 5 5 ;  H ,  2 .4 5 ;  B r ,  3 8 .7 9 .  F o u n d :  

C ,  4 9 .6 5 ;  H ,  2 . 5 1 ;  B r ,  3 8 .9 6 .

7-Difluoromethyldibenzotricyclo[2.2.2]octa-2,5,7-triene (6).
A  m a g n e t i c a l l y  s t i r r e d  m i x t u r e  o f  t r i - n - b u t y l t i n  h y d r i d e  ( 2 .2 4  g , 7 .6 8  

m m o l)  a n d  5  ( 1 . 0 6  g , 2 .5 6  m m o l)  c o n t a i n i n g  a  c a t a l y t i c  a m o u n t  o f  d i-  

t e r i - b u t y l  p e r o x i d e  w a s  h e a t e d  a t  9 0  ° C  f o r  1 5  h . C h r o m a t o g r a p h y  

o f  t h e  r e a c t io n  m ix t u r e  o n  n e u t r a l  a lu m in a  u s in g  b e n z e n e - h e x a n e  ( 1 : 1  

v / v )  a s  e lu e n t  fo l lo w e d  b y  r e c r y s t a l l iz a t io n  f r o m  h e x a n e  a f f o r d e d  0 .2 4 5  

g  ( 3 7 .3 % )  o f  a  y e l lo w  s o l id .  A  s e c o n d  r e c r y s t a l l i z a t i o n  f r o m  h e x a n e -  

m e t h a n o l  g a v e  0 . 1 3 7  g  o f  6 , m p  1 3 7 . 5 - 1 3 8  ° C  a s  w h i t e  f l a k e s  h o m o 

g e n e o u s  t o  t h in  l a y e r  c h r o m a t o g r a p h y :  v 1 6 4 0 , 1 4 5 2 , 1 3 6 8 , 1 3 2 0 , 1 2 8 8 ,  

1 0 5 9 , 9 9 4 , 7 3 8  c m - 1 ; m a s s  s p e c t r u m  m /e  ( r e l  in t e n s i t y )  2 5 4  ( 5 4 .6 )  2 3 3  

(6 .6 ) , 2 0 3  ( 1 0 0 ) ,  2 0 2  ( 6 3 .5 ) ,  1 7 8  ( 1 2 . 7 ) ,  1 5 2  ( 3 .2 ) ,  1 5 1  ( 3 . 3 ) ,  1 0 2  ( 5 .0 ) ,  

1 0 1  ( 8 .5 ) ,  8 7  ( 3 .2 ) ,  7 6  ( 3 .2 ) ;  5 ( C C 1 4, 1 0 0  M H z ) ,  7 . 4 4 - 6 . 8 4  ( m , 9 , a r o 

m a t ic ,  H v), 6 .2 2  ( t , J h f  =  5 6  H z , - C F 2H ) ,  5 .3 0  (d , J HhHv =  2  H z , 1 ,  H b), 

5 . 1 6  (d , Jhbh„ = 6  H z ,  1, H a) , ¡>cfci3(CDC13) 1 1 7 . 1  ( d d ,  J hf = 5 6 ,  J fh, 
=  4  H z ,  1 , - C F 2- ) .

A n a l .  C a l e d  f o r  C i v H i 2 F 2: C ,  8 0 .3 0 ;  H ,  4 . 7 6 .  F o u n d :  C ,  8 0 .4 0 ;  H ,  
4 .7 5 .
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Interest in the carbonyl insertion1  chemistry of organosil- 
icon compounds has only recently developed in spite of the 
central role the carbonyl function plays in organic synthesis.2^ 1 

Of particular interest to us has been the generality of the 
anion-initiated carbonyl insertion process illustrated below 
(eq 1). To date we have demonstrated that the reaction of

R / R '  O S i M e 3

^ C = 0  + MeaSiX \ \  (1)
R  1  /  X

2

trimethylsilyl cyanide (1, X  = CN) with an extensive variety 
of aldehydes and ketones is readily initiated by both cyanide 
and fluoride ion.2a-b The only other silicon pseudohalide which 
has been found to react in an analogous fashion has been tri
methylsilyl azide ( 1 , X  = N3 ) which forms aldehyde adducts 
2 (X = N3; R' = H) in excellent yields.2b Recently, we have 
found that thiosilanes 1 (X = SR), in the presence of anionic 
initiators, will also form aldehyde adducts 2 (X = SR) in ex
cellent yields.4® As has recently been demonstrated, these 
organosilane-carbonyl adducts are valuable intermediates in 
chemical synthesis.5 '6

We now wish to report that the carbonyl insertion reactions 
of ethyl a-trimethylsilyldiazoacetate (3a) can be effected (eq
2 ), and that the reaction is subject to specific anion initiation. 
Wenkert and McPherson have shown7 that ethyl diazoacetate 
adds to aldehydes in the presence of a catalytic amount of 
sodium hydroxide. Unfortunately, the reaction affords an 
equilibrium mixture of the aldol product 4b and starting

0 O O Y  0

II
1  II

J k , c .
H C  O E t R  C

II II
N z n 2

3 4

O E t
(2)

a ,  Y  =  S i M e 3; b , Y  =  H ; c , Y  =  S n M e 3

materials where adduct formation is quite unfavorable for 
some aldehydes and most ketones. Based upon crude ther
modynamic approximations, it was predicted that the silyl- 
diazoacetate addition reactions (3a —► 4a) should be m o r e  
exothermic than the analogous diazoacetate addition pro
cesses (3b —* 4b). These predictions have now been verified. 
The addition of 3a8 to both aromatic and aliphatic aldehydes 
occurs exothermically at room temperature in nearly quan
titative yield when catalyzed by the potassium cyanide-18- 
crown- 6  complex. 2 5  For sensitive substrates (i.e., the isobu
tyraldéhyde adduct), which were unstable to the heat gener
ated by the reaction, solvents such as chloroform were used 
to moderate the temperature. Removal of the solvent at room 
temperature afforded essentially pure aldol adduct 4a. Ana
lytical samples were obtained by column chromatography on 
Florisil, b u t p a r tia l  h y d r o ly s is  o f  4a to  th e  c o r r e sp o n d in g  
a lc o h o l 4b w as u s u a lly  o b s e r v e d . Table I compares the 
chromatographed yields of the silyldiazo ester insertions with 
Wenkert’s protiodiazo ester reactions where possible. Not only 
are the yields consistently higher, but the reaction conditions 
are nonaqueous and essentially neutral. Preliminary results 
indicate that even tigaldehyde survives the reaction to afford 
a moderate yield of the 1,2 adduct; no 1,4 adduct could be 
detected.

Less reactive carbonyl systems such as acetophenone, cy
clohexanone, 3-pentanone, and 3-methyl-3-penten-2-one all 
failed to produce detectable adducts (by NMR). In hope of 
achieving a still more favorable equilibrium, the analogous 
reactions of ethyl a-trimethylstannyldiazoacetate9 (3c) were 
examined, but 3-pentanone was inert to the reagent and 
hexanal was slowly polymerized. 10  Since the completion of our 
work, Schollkopf has shown that 3 (Y = Li, MgX) will add to 
both aldehydes and ketones under very carefully controlled 
conditions to afford the corresponding aldol-type products 
in high and moderate yields, respectively. 1 1  Both thermal and 
Lewis acid catalyzed reaction conditions failed to generate the 
aldol adducts 4 from either the silyl or stannyldiazo esters 3a 
or 3c. This is in marked contrast to related carbonyl insertions 
by other organosilanes. 2 4

The presumed mode of catalysis by anionic initiators such 
as cyanide ion (Scheme I) involves the generation of catalytic 
amount of diazo ester enolate 5 via either of the processes il
lustrated in eq 3 and 4 followed by carbonyl addition and 
subsequent silicon transfer steps to regenerate 5. It is pre-

T a b l e  I .  C a r b o n y l  A d d i t i o n  R e a c t i o n s  o f  3 a  ( E q  1 )

R C H = 0

R e g i s t r y

n o .

%  y i e l d  o f  
4 a f l . & %  y i e l d  o f  4 b c

C H 3 ( C H 2 )4C H O 6 6 - 2 5 - 1 8 6  ( 6 3 : 3 7 ) 6 8  ( R  =  C 6 H 1 3 )

( C H 3 )2 C H C H O 7 8 - 8 4 - 2 9 3  ( 7 6 : 2 4 ) 8 0

c 6 h 5c h o 1 0 0 - 5 2 - 7 8 6  ( 8 4 : 1 6 ) 6 0

p -c i c 6 h „ c h o 1 0 4 - 8 8 - 1 9 3  ( 7 8 : 2 2 ) 2 5

p -c h 3 o c „ h 4 c h o

c h 3

1 2 3 - 1 1 - 5 8 3  ( 1 0 0 : 0 )

c h 3 c h = c c h o 4 9 7 - 0 5 - 0 4 4  ( 1 0 0 : 0 )

a C a l c u l a t e d  o n  i s o l a t e d  y i e l d s  o f  a d d u c t .  6  V a l u e s  i n  p a r 

e n t h e s e s  r e f e r  t o  t h e  r a t i o n  o f  4 a  : 4 b  i s o l a t e d  f r o m  c h r o m a 

t o g r a p h y .  P r i o r  t o  c h r o m a t o g r a p h y  o n l y  4 a  w a s  p r e s e n t .  

c Y i e l d s  f o r  t h e  b a s e - c a t a l y z e d  a d d i t i o n  o f  3 b  t o  i l l u s t r a t e d  

a l d e h y d e s  ( r e f  7 ) .
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Scheme I
A. Initiation

0

MeiSi'V , / ' C\ , , T, +  -CN ^  Me3SiCN +OEt OEt

N, N,
3a

RCHO +  ~CN

0 "“ O S

tCHCN RCF

R H

5 (3)
0SiMe3

RCHCN RCHCN + 5 (4)
B. Catalysis

OEt

0 I o oII I II
~C OEt R ÇII H II
0 n2

5
i f 3a
\ SiMe3

0 o '  OII I II
+

~C  OEt R - V C-
II II
N2 n2

4a

OEt

sumed that fluoride ion would also serve as an efficient initi
ation catalyst.

In conclusion, the use of silyldiazo ester 3b as a masked 
carbon nucleophile in carbonyl addition reactions establishes 
a valuable precedent for the design of related masked carbon 
nucleophiles. The extremely mild catalytic conditions under 
which these insertions occur make them particularly valuable 
in organic synthesis. In the present case not only is a carbon- 
carbon bond formed, but the /3-hydroxy-a-diazocarbonyl 
function created is of practical interest.7’11’12

Experimental Section
Ethyl 2-Diazo-3-trimethylsiloxy-3-phenylpropionate (4a, R

=  C g H s ) .  T o  a  n i t r o g e n - b l a n k e t e d  s o l u t i o n  o f  0 . 1 7 6  g  ( 1 . 6 6  m m o l)  o f  

f r e s h l y  d i s t i l l e d  b e n z a ld e h y d e  a n d  0 .3 0 8  g ( 1 . 6 6  m m o l)  o f  e t h y l  2 -  

t r i m e t h y l s i l y l - 2 - d i a z o a c e t a t e  (3a)8 i n  2  m l  o f  c h lo r o f o r m  w a s  a d d e d  

0 .0 0 5  g  ( a  c a t a l y t i c  a m o u n t )  o f  1 8 - c r o w n - 6 - p o t a s s i u m  c y a n i d e  c o m 

p l e x . 211 T h e  s o l u t i o n  w a r m e d  i n s t a n t l y  u p o n  t h e  a d d i t i o n  o f  t h e  c a t 

a ly s t .  T h e  y e l lo w  s o lu t io n  w a s  s t i r r e d  a t  a m b i e n t  t e m p e r a t u r e  f o r  1 . 7 5  

h  w h e r e u p o n  t h e  s o l v e n t  w a s  r e m o v e d  a t  r e d u c e d  p r e s s u r e  a n d  t h e  

y e l lo w  o i l  w a s  c h r o m a t o g r a p h e d  o n  5 0  g  o f  F i o r i s i l  e l u t i n g  w i t h  1 %  

e t h e r , in  h e x a n e .  T h i s  e l u e n t  a f f o r d e d  0 .3 4 8  g  ( 7 2 % )  o f  p r o d u c t  4a ( R  

=  C g H s )  a s  a  c l e a r  y e l lo w  o i l .  T h e  e l u t i n g  s o l v e n t  w a s  c h a n g e d  t o  1 : 1  

e t h e r - h e x a n e  a n d  0 .0 9 5 5  g  ( 1 4 % )  o f  t h e  c l e a r  y e l lo w  a l c o h o l  4b ( R  =  

C e H 5) w a s  o b t a i n e d .  T h e  t r i m e t h y l s i l o x y  a d d u c t  h a d  t h e  f o l l o w i n g  

p r o p e r t i e s :  i r  ( n e a t )  2 1 0 0  ( C — N 2), 1 6 9 5  ( - C 0 2 E t ) ,  a n d  1 2 5 5  c m “ 1 

( S i G H 3) ; N M R  ( C C 1 4) 7 . 3 3  ( s ,  5 ,  a r y l  H ) ,  5 . 3 8  ( s ,  1 ,  O C H C 6H 5 ) , 4 . 2 8  

( q , 2 ,  J  =  7 .0  H z ,  O C H 2) , 1 . 3 3  ( t ,  3 ,  J  =  7 .0  H z ,  C H 2C H 3 ) , 0 . 1 8  p p m  

( s ,  9 ,  S i C H 3 ).

A n a l .  C a l c d  f o r  C 1 4 H 20N 2 O 3S i :  C ,  5 7 . 5 1 ;  H ,  6 .8 9 . F o u n d :  C ,  5 7 . 3 1 ;  

H ,  6 . 7 1 .

Ethyl 2-Diazo-3-trimethylsiloxy-3-(4-methoxyphenyl)pro- 
pionate (4a, R = p-CH.jOCgHj). T h e  a d d i t io n  w a s  c a r r ie d  o u t  in  8 3 %  

b y  t h e  g e n e r a l  m e t h o d  d e s c r i b e d  a b o v e :  i r  i n e a t )  2 0 9 0  ( C = = N 2), 1 6 8 5  

( C 0 2E t ) ,  a n d  1 2 4 5  c m “ 1  ( S i C H 3 ); N M R  ( C C 1 4) 5 7 . 3 1  ( d ,  2 , J  =  9  H z ,  

O C — C - C H ) ,  6 .8 4  ( d , 2 ,  J  =  9 H z ,  O C = C H ) ,  5 .7 8  ( s ,  1 ,  C H O S i ) ,  4 . 2 5  

( q , 2 ,  J  =  7  H z ,  O C H 2) ,  3 . 7 7  ( s , 3 ,  O C H 3) , 1 . 3 0  ( t ,  3 ,  J  =  7  H z ,  

C H 2C H 3) , 0 . 1 5  ( s ,  9 , S i C H 3 ).

A n a l .  C a l c d  f o r  C i 5 H 22 N 2 0 4S i :  C ,  5 5 .8 7 ;  H ,  6 .8 8 . F o u n d :  C ,  5 6 .0 8 ;  

H ,  6 .9 5 .

Ethyl 2-Diazo-3-trimethylsiloxy-3-(4-chlorophenyl)propa- 
noate (4a, R =  p-ClC3H4). T h e  a d d i t i o n  w a s  c a r r i e d  o u t  a c c o r d i n g  

t o  t h e  g e n e r a l  m e t h o d  d e s c r i b e d  a b o v e  in  7 3 %  y i e l d  a l o n g  w i t h  2 0 %  

o f  t h e  c o r r e s p o n d in g  a lc o h o l  4b: i r  ( n e a t )  2 1 0 5  ( C = N 2), 1 6 9 5  ( C 0 2E t ) ,

a n d  1 2 5 0  c m “ 1  ( S i C H 3); N M R  ( C D C 1 3) 6 7 . 3 2  (s , 4 ,  a r y l  H ) ,  5 .8 2  ( s , 1 ,  

0 C H C 6H 4C 1 ) ,  4 . 2 5  ( q , 2 ,  J  =  7 .0  H z ,  O C H 2) ,  1 . 2 7  ( t ,  3 ,  J  =  7 .0  H z ,  

C H 2C H 3) , a n d  0 . 1 2  ( s ,  9 ,  S i C H 3 ).

A n a l .  C a l c d  f o r  C i 4H i 9C l N 20 3 S i :  C ,  5 1 . 4 5 ;  H ,  5 .8 6 .  F o u n d :  C ,  5 2 .0 5 ;  

H ,  5 . 7 1 .

Ethyl 2-Diazo-3-trimethylsiloxyoctanoate (4a, R = n-CjHn).
F o l lo w i n g  t h e  g e n e r a l  p r o c e d u r e  t h e  a d d u c t  w a s  o b t a i n e d  in  5 4 %  y i e l d  

b y  t h e  g e n e r a l  m e t h o d  d e s c r i b e d  a b o v e  a l o n g  w i t h  3 2 %  o f  t h e  c o r r e 

s p o n d i n g  a lc o h o l  4b: i r  ( n e a t )  2 0 8 5  ( C = N 2), 1 6 9 0  ( - C 0 2E t ) ,  a n d  1 2 5 4  

c m “ 1 ( S i C H 3) ; N M R  ( C C 1 4) <5 4 . 5 4  ( t ,  1 , J  =  6 H z ,  C H O S i ) ,  4 . 1 8  ( q ,  2 ,  

J  =  7  H z ,  O C H 2) , 0 .0 6  ( s , 9 , S i = C H 3).

A n a l .  C a l c d  f o r  C i 3 H 2g N 2 0 3 S i :  C ,  5 4 . 5 1 ;  H ,  9.15. F o u n d :  C ,  5 4 .6 7 ;  

H ,  9 .2 2 .

Ethyl 2-Diazo-3-trimethylsiloxy-4-methylpentanoate (4a, R 
=  J-C3H7). F o l l o w i n g  t h e  g e n e r a l  p r o c e d u r e  t h e  a d d u c t  w a s  o b t a i n e d  

in  7 1 %  y i e l d  b y  t h e  g e n e r a l  m e t h o d  d e s c r i b e d  a b o v e  a l o n g  w i t h  a  2 2 %  

y i e l d  o f  t h e  c o r r e s p o n d i n g  a lc o h o l  4b: i r  ( n e a t )  2 1 0 0  ( C = N 2) ,  1 6 9 5  

( - C 0 2E t ) ,  a n d  1 2 8 0  c m " 1 ( S i C H 3 ); N M R  ( C C 1 4) 6 4 . 2 0  ( d ,  1 ,J  =  7 .0  

H z ,  C H O S i ) ,  4 . 1 6  ( q , 2 , J  =  7  H z ,  O C H 2) , 1 . 7 3  [m , 1 , C H ( C H 3 ) s j ,  1 . 2 5  

( t ,  3 ,  J  =  7  H z ,  C H 3 C H C H 3 ), 0 .0 7  ( s ,  9 , S i C H 3 ).

A n a l .  C a l c d  f o r  C n H 22 N 2 0 3S i :  C ,  5 1 . 1 3 ;  H ,  8 .5 8 .  F o u n d :  C ,  5 1 . 1 6 ;  

H ,  8 .4 5 .

Ethyl 2-Diazo-.3-trimethylsiloxy-4-methyl-(E)-4-hexenoate 
[4a, R =  C ( C H 3 ) = C H C H 3 ] .  T h e  a d d u c t  w a s  p r e p a r e d  in  4 4 %  y i e l d  

b y  t h e  g e n e r a l  m e t h o d  d e s c r i b e d  a b o v e :  i r  ( n e a t )  2 1 0 0  ( C = N 2), 1 6 9 5  

( - C 0 2E t ) ,  a n d  1 2 5 0  c m “ 1  ( S i C H 3); N M R  ( C C 1 4) h 5 .6 4  ( q ,  1 ,  J  =  7  H z ,  

C H 3 C H = C ) ,  4 . 9 3  ( s ,  1 , C H O S i ) ,  4 . 2 0  ( q , 2 , J  =  7 H z ,  O C H O , 1 - 6 5  ( d , 

3 ,  J  =  7  H z ,  C H 3 C H = C ) ,  1 . 5 8  ( s , 3 ,  C H 3C = C H ) ,  1 . 2 8  ( t ,  3 ,  J  =  7  H z ,  

O C H 2C H 3) , a n d  0 . 1 2  (s , 9 , S i C H 3). C o m b u s t i o n  a n a l y s i s  w a s  n o t  o b 

t a i n e d  o w in g  t o  t h e  u n s t a b l e  n a t u r e  o f  t h e  a d d u c t .
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Carbonyl Homologation with a Substitution.
A New Approach to Spiroannelation

S u m m a r y . A novel approach is described for the geminal al
kylation of a ketone carbonyl group to give a quaternary car
bon atom bearing substituents suitably functionalized for the 
d irec t spiroannelation of a cyclohexenone ring.

S ir : Within the past few years, a wide variety of natural 
products belonging to the several classes of spiro sesquiter
penes have been discovered. Representative examples of these 
classes include acorone (an acorane) (l),1 fl-vetivone (a vet- 
ispirane) (2),2 and a-chamigrene (a chamigrane) (3).3 Since

these compounds, along with other members of their respec
tive classes, exhibit a diversity of both skeletal and functional 
variations, there has been a demand for efficient, general 
methods for the construction of substituted spirocyclic sys
tems.4-5 However, many recent approaches toward spiroan
nelation may be characterized as multistep procedures which 
are frequently limited in scope because they are designed for 
the synthesis of specific spiro sesquiterpenes.1̂ 3’6

Owing to its synthetic utility, the carbonyl group has 
evolved as one of the most important and readily accessible 
functional groups in organic chemistry. Thus, a synthetic 
procedure for the transformation of a carbonyl group into a 
quaternary carbon center possessing substituents suitably 
functionalized for subsequent spiroannelation operations 
would be especially desirable. We now wish to report an effi
cient procedure for the direct conversion of ketones into 
4,4-disubstituted 2-cyclohexen-l-ones. Application of this 
approach to cyclic ketones affords a facile method for the 
construction of spirocyclic ring systems. Furthermore, the 
newly formed six-membered ring possesses an «,/3-unsatu- 
rated ketone which may be exploited by subsequent conden
sation or addition reactions to introduce additional substit
uents and functional groups.

We recently described the utility of diethyl pyrrolidi- 
nomethylphosphonate as a reagent for the conversion of ke
tones 4 into the pyrrolidine enamines of the homologous a -  
disubstituted aldehydes 5.7 Treatment of these enamines with 
allyl bromide gave a-allyl dialkylaldehydes 6 in good yields 
(eq 1). Although the newly introduced alkyl appendages of 6

4 5
can be modified for eventual cyclization to spirocyclic systems, 
the procedure requires extensive functional group manipu
lation.511 A method for introducing geminal substituents 
suitably functionalized for direct elaboration to cyclic com
pounds would have obvious advantages. For example, the 
introduction of a 3-oxobutyl group would afford a 1,5-dicar
bonyl compound which could then be readily converted into 
a 2-cyclohexen-l-one by aldol-cyclodehydration.8’9

Unfortunately, our initial efforts to react the pyrrolidine 
enamines 5 with methyl vinyl ketone gave unsatisfactory re
sults. We investigated, therefore, the reaction of ketones 4 with 
diethyl lithiomorpholinomethylphosphonate10 (7) and ob
tained the expected morpholine enamines of the homologous 
aldehydes 8, which were isolated by flash distillation. Treat
ment of the crude enamines 8 with methyl vinyl ketone 
(MVK) followed by acid-catalyzed hydrolysis of the inter
mediate adduct afforded the 5-keto aldehydes 9 which spon
taneously underwent cycloaldolization and dehydration to 
give the 4,4-disubstituted 2-cyclohexen-l-ones 10 (eq 2).

Li 0

^ N C H H O E t ) ,
/ " ' R \

\  / ~ A
'-R, N 0

( 2)

This spiroannelation procedure, which may be executed 
without the purification of any intermediates, is generally 
applicable to a wide variety of acyclic, cyclic, aromatic, and 
«,/3-unsaturated ketones, and the product 4,4-disubstituted 
2-cyclohexenones may be isolated in fair to moderate o v er a ll  
yields (see Table I).11 Preliminary results have also indicated

Table I. Spiroannelation of Ketones 
Ketone 4 Cyclohexenone 10 % yield“

CACCXClttCHa
Q H5V / = \>0=°

CHaiOWa

CHjiCHACCKCIUCH.j
CHalCHa),

CHafCHa)'

CH iOiCH ^jCH ^CH a
CH3

CH2=C H (C H 2)2

O* 00»Ĉ0 qo>
t-GO

35

36

33

41

36

41

“ Isolated yield based upon ketone but not optimized.
* Obtained as an ~ 9 /l mixture of diastereomers. “ Obtained 
as an — 9/1 mixture of diastereomers. d As judged by NMR, 
is > 9 5 %  one diastereomer.

3337
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that this synthetic sequence proceeds with a considerable 
degree of stereoselectivity. For example, 4-iert-butylcyclo- 
hexanone ( 1 1 ) was smoothly converted to a diastereomeric 
mixture of the spiro[5.5]undecenones 13 and 14 in a ratio of 
9:1 (eq 3) . 1 2  This result is in accord with the expectation that

the initial reaction of methyl vinyl ketone with the enamine 
1 2  will occur from the less hindered, equatorial face of 1 2 .

The application of this new spiroannelation procedure to 
the synthesis of spiro sesquiterpene natural products as well 
as alkaloid natural products containing spirocyclic rings and 
quaternary carbon atoms is presently under investigation.
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Mercury(II)-Catalyzed 3,3-Sigmatropic 
Rearrangements of Allylic iV.N-Dimethylcarbamates. 
A Mild Method for Allylic Equilibrations and 
Contrathermodynamic Allylic Isomer Enrichments

S u m m a r y : Allylic iV.N-dimethylcarbamates undergo allylic 
equilibration in high yield when treated at 25 °C in THF with 
catalytic amounts of mercuric trifluoroacetate. In certain cases 
the use of excess mercuric trifluoroacetate allows the less 
stable allylic isomer to be trapped.

S ir: The 1,3-isomerization of allylic alcohols and allylic alcohol 
derivatives has been investigated mechanistically for years, 1 - 3  

and plays a key role in several synthetic4 and commercial 
processes.5 Popular methods for affecting this transformation 
include Lewis acid, protic acid, and transition metal catalyzed 
isomerization of allylic alcohols, or the corresponding acetates. 
Overall yields vary from 25 to 85%, and isomer conversions 
often only approach the equilibrium values. 1 - 5  Although 
methodology is well established6 for the contrathermodynamic 
isomerization of alkenes, to our knowledge, no method exists 
for achieving contrathermodynamic a lly lic  isomerizations.

The first examples of mercuric ion catalyzed [3,3]-sigma- 
tropic rearrangements were recently reported from our lab
oratory. 7 This study revealed that trichloroacetimidic esters 
of 2-alken-l-ols 1 (X = O, Y = NH, Z = CCI3 ) underwent rapid 
isomerization to the corresponding allylic trichloroacetamides 
3 (X = 0 , Y = NH, Z = CCI3 ) when treated in an aprotic sol
vent, at room temperature, with a catalytic amount of mer
curic trifluoroacetate. The intramolecular iminomercura- 
tion-deoxymercuration mechanism of eq 1 (X = 0 , Y = NH,

+ HgX2

3  ( 1 )

Z = CCI3 ) was suggested for this catalyzed transformation. 7 -9  

We anticipated that mercury(II) salts would catalyze the al
lylic isomerization (1 —* 3) of other functional groups, and 
subsequent work in this laboratory has confirmed this ex
pectation. In this communication we wish to report that 
mercuric trifluoroacetate is an effective catalyst at room 
temperature for the allylic equilibrium of jV./V-dimethylcar- 
bamic esters of allylic alcohols. Moreover, we wish to report 
that in certain cases a modification of this process results in 
the first approach to achieving contrathermodynamic allylic 
isomerizations.

Treatment of the allylic carbamate isomers 4a and 5a at 
room temperature for 4-11 h with 0.4 equiv of a n h y d r o u s  
mercuric trifluoroacetate in dry tetrahydorfuran (THF) re-
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Table I. Anhydrous Mercuric Trifluoroacetate Catalyzed Allylic Isomerization of 2-Alken-l-yl 
IV,iV-Dimethylcarbamates (RjR2C=CHCH20C0NMe2) °

Quenched product composition*
Starting internal alkene isomer

Ri r 2 N o.
Equiv6

ofHgXa Solvent*
Reaction 
tim e, hr % yield  d

% terminal 
alkene

% internal 
alkene

n-C3H7 H 4a 0.3 THF 9 (97) 34 6 6  f
n-C3H7 H 4a 1 . 1 THF 9 (80) 58 42 /
n-C3 H7 H 4a 1 . 1 THF 16 (98) 65 35 i
/Î-C3H7 H 4a 3.0 THF 8 87 81 W
n-C3H7 H 4a 1 . 1 c 6h 6 8 89 83 n <
c6h 5 c h 2 H 1 0 1 . 1 THF 9 (8 8 ) 57 4 3  /
c6h 5c h 2 H 1 0 1.1 c6h 6 8 86 71 29 f
c h 3 CH3 8 1.2 THF 8-17 (66) 2 98
° Carbamate, 0.1 M. Reactions were quenched by adding 3.6 equiv of Ph(P, dissolved in a small volume of the solvent, per equivalent 

of catalyst. Bis(triphenylphosphine)bis(trifluoroacetato)mercury(II) precipitates within minutes when induced by scratching and 
cooling. Chromatography is necessary to remove the last traces of this complex. b Prepared by the procedure of Brown,20 mp 166-167 
°C, and stored in a desiccator over KOH.c THF was distilled from sodium and benzophenone immediately before use. Benzene was 
distilled from CaH2 and stored over molecular sieves. If water is not rigorously excluded considerable carbamate hydrolysis occurs. 
d Isolated yields, after chromatography, of the isomer mixture. Yields in parentheses refer to percent recoveries based on GLC or 'H 
NMR analysis. e Internal/terminal isomer ratios were determined by both 'H NMR and GLC analysis. In all cases the two methods 
agreed within 3%. f A n  E /Z  isomer mixture.

suited in the formation, in >90% yield, of the apparent equi- erate (25 °C, 8 h) yielded the product mixture shown in eq
librium mixture10 of isomers shown in eq 2. Similar treatment 4.14

OCOX

n-C3H7

OCOX
4a, X = NMe2 (52 ±  4%) 5a, X = N M e2(41 ±  3%)

b , x = ch3 R x = ch3
C, X = 4-C6H4OCH3 c, X =4-C6H4OCH3

% / !

n
n-C3H7 OCONMe2 

6 (7 ±  1%)

of acetate 4b or anisate 4c with up to 1.2 equiv of Hg- 
(OCOCF3 )2 afforded <10% of the corresponding terminal 
isomers 5b or 5c. A comparison of the initial rate of the cata
lyzed isomerization of 4a in THF with the thermal, gas phase 
isomerization of several 2-butenyl derivatives,12 allows one 
to make a rough estimate13 for the rate enhancement of the 
catalyzed process (1 M catalyst) of 1013. Under similar con
ditions (0.3 equiv of Hg(OCOCF3)2, 30 min, 25 °C) the tertiary 
allylic carbamate 7 is converted in 95% yield into a mixture 
of carbamate isomers containing 98.5% of the more stable2b’4c 
trisubstituted alkene isomer 8.

C=CHCH2OCONMe2 (3)
7 (1.5%) CH3

8 (98.5%)

Permissive evidence that the mercuric catalyzed equili
brations are occuring by the two-step mechanism of eq 1 (X 
= Y = O, Z = NMe2), comes from our inability to trap allylic 
carbonium ions in the mercuric catalyzed reaction. For ex
ample, treatment (8 h, 25 °C) of carbamate 4a in m-xylene as 
solvent with 0.4 equiv of Hg(OCOCF3)2 resulted in production 
(93% recovery) of the equilibrium mixture of carbamate iso
mers shown in eq 2. No trace of the allyl cation-Friedel-Crafts 
product, 9, could be found. In contrast, treatment of carba
mate 4a in m-xylene with 2.5 equiv of boron trifluoride eth-

OCONMe2

(CH3)2CCH=CH2
CH;

\

BF
4a-------— ► 4a (56%)

m-xylene

+ 5a (5%) + 6(4%) +  (4)

9 (35%)

Equilibrium constants for formation of covalent alkene- 
mercuric trifluoroacetate adducts have been measured in 
THF15 and benzene,16 and are considerably higher for mono- 
than for disubstituted alkenes. The addition of mercuriophilic 
reagents [for example norbornene,15 pyridine,15 or triphen- 
ylphosphine (Ph3P)7] to these covalent adducts has also been 
shown to result in quantitative liberation of the alkene. Thus, 
treatment of an internal allylic carbamate such as 4a with an 
excess of Hg(OCOCF3)2, followed by the addition of a mer- 
curiophile, should yield an isomer mixture rich in the con- 
trathermodynamic terminal isomer 5a. That is, the excess 
catalyst is expected to preferentially trap the terminal alkene 
isomer as a covalent adduct,17 thus selectively removing it 
from the equilibrating isomer pool. That this expectation has 
indeed been realized is apparent from the data in Table I. 
Thus, treatment of carbamate 4a with 1.1 equiv of Hg- 
(OCOCF3)2 in benzene for 8 h at room temperature, followed 
by quenching with Ph3P and chromatographic workup, af
forded, in 89% yield, an isomer mixture containing 83% ter
minal isomer, 5a. Two trends are apparent. The contrather- 
modynamic isomer preference in THF increases with in
creasing catalyst concentration, and, for the same catalyst 
concentration, this preference is higher in benzene than THF. 
Both trends would be expected if this isomerization occurred 
as we have suggested since a larger fraction of the alkene iso
mers should, at comparable catalyst concentrations, be bound 
as covalent adducts in benzene15"16 and also at higher catalyst 
concentrations. The mildness of this method is well demon
strated by the allylic isomerization of carbamate 10 to the 
corresponding terminal alkene isomer without the formation 
of even a trace of the more stable styrene isomer. This method 
fails, however, if the starting 2-alken-l-yl carbamate is di
substituted at C-3. Thus carbamate 8 yields only a trace of the 
tertiary allylic isomer 7 (i.e., the reverse of eq 3) when treated 
with 1.2 equiv of Hg(OCOCF3)2 in THF.18
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The mercuric trifluoroacetate promoted19 allylic carbamate 
equilibrium is notable for the mildness of the reaction con
ditions and the high isolated yields. Unwanted skeletal 
isomerizations would appear precluded since allylic carbonium 
ions are not intermediates. The method reported here for 
contrathermodynamic allylic isomer enrichment is limited to 
the conversion of carbamic esters of 2-alken-l-ols, which 
contain a disubstituted double bond, to the correspondinng
l-alken-3-ol derivatives. Although this method represents a 
general approach for achieving contrathermodynamic allylic 
isomerizations, the reaction conditions we have thus far in
vestigated do not specifically afford only the contrathermo
dynamic isomer. One can imagine, however, that similar cat
alysts, which have even higher selectivities for binding spe
cifically the terminal alkene isomer, may overcome this limi
tation.
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to 25 °C , plotting the logarithm of these extrapolated rate constants vs. 
a m (correlation coefficient, 1.00), and estimating K^rmai for the conversion 
of 4 a  to 5 a  from this plot using the om constant for the N(CH3)2 group; 
^the rm a l =  3 X  10—17 S~1.

(14) Details will be reported in the subsequent full paper and the Ph.D. thesis 
of C. B. Campbell.

(15) H. C. Brown and M.-H. Rei, J. Chem. Soc., Chem. Common., 1296
(1969) .

(16) H. C. Brown, M.-H. Rei, and K.-T. Liu, J. Am. Chem. Soc., 92, 1760
(1970) .

(17) A variety of structures would appear possible for these postulated covalent 
adducts. This aspect is under investigation.

(18) This result is not unexpected. The equilibrium constant for the formation 
of the mercuric trifiuoroacetate complex of 3,3-dimethyl-1-butene is nine 
times less than that of 1-hexene.15 A competing oxidation reaction also 
becomes important here at long reaction times.

(19) Winstein and coworkers11a have reported that the crotyl and a-methyl allyl 
acetates may be equilibrated by treatment at 75 °C  for 23 h with 1 .1 -1 .3  
equiv of mercuric acetate in acetic acid. Less than 48%  of the allylic esters 
were recovered from this treatment. An intermolecular acetoxymercura- 
tion-deactoxymercuration mechanism was suggested for this process.

(20) H. C. Brown and M.-H. Rei. J. Am. Chem. Soc., 91, 5646 (1969).
(21) A. P. Sloan Foundation Fellow, 1975-1977.
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Reductive Trapping in the Ozonolysis of 
Diphenylacetylene

S u m m a r y : Evidence is presented that establishes the exis
tence of a relatively stable (half-life ~35 min, —42 °C) re
ducible intermediate in the ozonolysis of diphenylacetyl
ene.

S ir : The reaction of ozone with alkenes has been the subject 
of extensive study.1 By comparison the number of mechanistic 
studies of the ozonolysis of alkynes has been relatively small, 
although recently there has been renewed interest.2-10 The 
mechanism suggested by Criegee and Lederer is analogous to 
that for alkenes and a slightly modified version is depicted in 
Scheme I.5
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The intermediacy of I, an «-carbonyl carbonyl oxide, is 
supported by solvent trapping,s-6 reductive trapping,8’9 10 and 
spectroscopic work.7 The stability of I, whether it is a long- 
lived intermediate, and its mode of rearrangement to the an
hydride products are open questions. In this work the reaction 
of diphenylacetylene and ozone has been studied in an effort 
to answer some of those questions.

Previous work has shown the products of the reaction of 
diphenylacetylene and ozone to be benzil, benzoic anhydride,
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Figure 1 .  P l o t  o f  p r o d u c t  m i x t u r e  c o m p o s i t i o n  v s .  t e m p e r a t u r e  f o r  

O 3  +  D P A  w i t h  s u b s e q u e n t  a d d i t i o n  o f  P I v jS :  D P A  ( □ ) ,  ( P h C O ^ O  

+  P h C 0 2H  ( • ) ,  a n d  ( P h - C O ) 2 ( O ) .

and benzoic acid. 2 4-8 In addition Yang and Libman have 
shown that ozonolysis of diphenylacetylene in the presence 
of TCNE at low temperature (—78 °C) in ethyl acetate gives 
rise to TCNE epoxide and benzil. 8 Our results confirm the 
earlier work with yields of benzoic anhydride/benzoic acid in 
the range of 70-80%. Solvents used include diethyl ether, ac
etone, and methycyclohexane. The ozonolyses, whether car
ried out at ambient temperatures or performed at low tem
peratures (—93, —42 °C) and then warmed, yield approxi
mately the same product mixtures (see Table I).

Table I. Product Compositions of O3 + 
Diphenylacetylene Reaction in Acetone

Benzoic
Expt T , °C Benzil, % anhydride, %“

1 2 0 26 45
2 -42 18 43
3 -93 27 35

a Benzoic acid present but not determined quantitatively.

In the low temperature reduction experiments using either 
PI1 3 P or Ph2S as reductant (both of which are known to effi
ciently reduce peroxides), varying amounts of benzoic anhy
dride, benzil, and diphenylacetylene were recovered, de
pending on either the temperature of the reaction or the time 
before addition of the reducing agent. 1 1 1 2  The product mix
tures were independent of the amount of reducing agent added 
in excess of molar ratios of 1 :1 .

Figure 1 is a plot of the product mixture content vs. tem
perature in those experiments in which reducing agent (Ph2S) 
was added after a fixed period of time ( 2  min) after ozone 
addition (—30 min). The plot indicates the production of 
benzil reached a maximum (~85%) at —42 °C. At lower tem
peratures increasing amounts of diphenylacetylene were re
covered, indicating insufficient time for the completion of 
reaction of ozone with the acetylene, and at higher tempera
tures increasing amounts of benzoic anhydride are isolated. 
The reactions of ozone with alkynes are known to be signifi
cantly slower than ozone’s reactions with alkenes. 10  The lack 
of reaction at the lowest temperature is therefore not sur
prising. The increasing benzil/benzoic anhydride ratios with
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Table II. Ratio of Benzil to Benzoic Anhydride Acid on 
Addition of Ph2S 2 Min after Ozonolysis

O O

Benzil/
benzoic anhydride 

acid T, °C

Benzil/
benzoic anhydride 

acid

+ 2 0 0.59 -42 5.7
0 1 . 8 -62 8 . 1

-23 3.8 -93 16.

decreasing temperature (see Table II) can only be explained 
by the trapping (by reduction) of some thermally unstable 
species. Reasonably stable at —42 °C, it is, on warming or 
carrying out the reaction at higher temperatures, converted 
to benzoic anhydride.

Product trapping by reduction as a function of time at a 
fixed temperature was performed. Addition of ozone to a so
lution of diphenylacetylene in acetone kept at —42 ±  2°C, with 
subsequent periodic withdrawals of aliquots of solution, was 
carried out. The aliquots were added to individual solutions 
of diphenyl sulfide in acetone at —42 °C. Workup and analysis 
of the quenched (by reduction) aliquots showed decreasing 
amounts of benzil and increasing amounts of benzoic anhy
dride as shown in Table III. If it is assumed that at -42  °C the

Table III. Percent Yield of Benzil on Addition of Ph2S 
after Varying Periods of Time after Ozonolysis

T.me, min % yield of benzil (-42 °C)

0 79
15 59
30 55
45 31
60 25

ozone and diphenylacetylene reacted rapidly to give a ther
mally unstable species, and that the yield of benzil produced 
by reduction represents the concentration of that thermally 
unstable species, then the rate constant for disappearance of 
the unstable precursor can be obtained from a plot of the log 
of the benzil yield vs. time. Such a plot is linear (see supple
mentary material) and the slope gives a rate constant of 3.3 
±  0.8 X 10- 4  s_ 1  and a half-life of ~35 ±  10 min at —42 °C. -

The nature of the transformation of this precursor species 
to benzoic anhydride has been further probed using energy 
acceptors capable of fluorescence. A solution of the precursor 
was prepared in acetone at —42 °C; excess or unreacted ozone 
was swept out by passing a stream of dry cooled nitrogen 
through the solution. To these solutions was added 9,10-di- 
phenylanthracene, a known singlet energy acceptor. 1 3  On 
warming, the solutions were observed to chemiluminesce with 
the characteristic yellow-green color of the 9,10-diphenylan- 
thracene fluorescence. Control experiments indicated the 
necessary presence of the benzoic anhydride precursor and 
the fluorescer to observe chemiluminescence.

Scheme II summarizes the suggested mechanism for the 
reaction. It is constructed in analogy with the well-studied 
reactions of alkenes, as well as solvent trapping and product 
study work done by others (already mentioned) on alkyne- 
ozone reactions. Species II, a 1,2,3-trioxolene, is just the
1,3-dipolar cycloaddition product of ozone and the alkyne and 
is analogous to the 1,2,3-trioxolane product from the addition 
of ozone to an alkene. Species III is an a-carbonyl carbonyl 
oxide. It is not clear whether II and III are in fact in equilib
rium as suggested by Keay and Hamilton, and are the pre
cursor to the benzoic anhydride.9
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It is also possible species IV is the relatively stable benzoic 
anhydride precursor. Its formation is analogous to the addition 
of the carbonyl oxide to ketones and aldehydes in alkene 
ozonolyses to produce 1,2,4-trioxolanes (secondary ozonides) 
as shown below. Also the rate constant for transformation of
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Il II
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' 0
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a species like IV to products would be relatively insensitive 
to polar substituent and solvent effects, a characteristic found 
for simple alkynes.10 The exceptional stability (considering 
their strain and peroxidic nature) of dioxetanes (for cis-di- 
ethoxydioxetane 11 / 2  = 10 min at 50 °C) also lends support for 
the possible existence of IV.13 In addition, the observation of 
chemiluminescence on decomposition of the precursor in the

presence of fluorescers serves as a direct indication of the 
presence of IV, even if only as a fleeting species.

It should be noted that the scheme presented in speculative. 
Other possibilities also present themselves. As noted by a 
referee species III may be a direct precursor to the chemilu
minescence and the benzoic anhydride, although there is little 
precedent for the reaction. Also homolytic cleavage of species 
II to give a diradical is a possibility. This type of cleavage is 
suggested in gas phase ozone reactions.14

In conclusion the evidence presented lends supports for the 
existence of the relatively stable precursor t y 2  = 35 min, —42 
°C) to the isolable products from the ozonolysis of diphe- 
nylacetylene.
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EEDQ {N-Ethoxycaibonyl- 
2-ethoxy-l ,2-dihydroquinoiine}

r  Ti 'n
^ N ^ O C H jC H j

C-OCH2CH3 
II 3o

EEDQ

EEDQ is a convenient coupling reagent for the synthesis of 
peptides and amides. It enables the coupling of acyl amino 
acids and amino acid esters in high yield in a single operation 
without racemization of products.1 This facile coupling reac
tion can be carried out at room temperature in benzene, 
ethanol, methanol, THF or any other nonacidic solvent.2

although somewhat less effective than the monomeric form, 
is comparable to the widely used dicyclohexylcarbodiimide- 
/V-hvdroxysuccinimide combination.4

The preparation of amides using EEDQ is superior to 
the classical acid anhydride method as well as the isocyanate 
and dicyclohexylcarbodiimide methods. Amides of litho- 
cholic acid-3-formate were reported to be synthesized in 
satisfactory yields using EEDQ.5

EEDQ was found to be a powerful, centrally active, 
irreversible a-adrenergic blocking agent in animals when ad
ministered by the parenteral route.6 9

EEDQ is preferred to other coupling agents in that no 
solid by-products are formed, thereby eliminating com
plicated isolation procedures. The quinoline, carbon dioxide 
and ethanol formed as by-products are volatile and easily 
removed by flash-distillation of the reaction mixture.

We also offer the analogous IIDQ (2-isobutoxy-l- 
isobutoxycarbonyl-l,2-dihydroquinoline) as well as DCC 
and many other coupling reagents. Fora complete listing of 
Aldrich Peptide Reagents, see p970 of the 1977-78 
Catalog/ Flandbook.

In the Merrifield solid-phase coupling of BOC-amino 
acids and peptide resins, EEDQ is preferred over the com
monly used dicyclohexylcarbodiimide (DCC) for the follow
ing reasons:3
a) All operations can be performed with a highly swollen 

resin to obtain better yield and quality of products.
b) A single solvent suffices as opposed to the several 

different solvents needed when DCC is used.
c) Only a 100% molar excess of BOC-amino acid and EEDQ 

is needed for quantitative coupling.
d) Threonine, serine, and tyrosine can be used without side- 

chain protection to give good yields of peptide.
EEDQ has also been incorporated into an insoluble 

polymer derived from styrene and divinylbenzene for the 
solid-phase coupling of peptides. The polymeric form.
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Coupling Reactions with EEDQ1
Starting Acid and Amine Product % Yield

i) Benzoic +  Aniline Benzanilide 85
ii) L-Bz-Leu +  Gly-OEt L-Bz-Leu-Gly-OEt 95

iti) Bz-Gly +  Gly-OEt Bz-Gly-Gly-OEt 99
iv) Bz-Glv +  Aniline Bz-Gly-anilide 90
V ) CBZ-L-Ala +  L-Ala-OEt CBZ-L-Ala-L-Ala-OEt 98

vi) CBZ-L-Ala +  Gly-OEt CBZ-L-Ala-Gly-OEt 90
vii) /r-Nitrobenzoic +  DL-Ser-OEt p-Nitro-Bz-Ser-OEt 60

viii) Cinnamic +  imidazole Cinnamoylimidazole 60
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