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The stereochemical courses of the hydrogen chloride three-ring cleavage reactions at both the «- and the g-carbon atoms
of the cis- and trans-arylaroylaziridines to produce aminochloro ketone hydrochlorides, and the ring closures of such products
to reproduce the arylaroylaziridines have been established. Each ring opening and each ring closure involves a Walden
inversion at the carbon undergoing valency changes. It has been found that these ring cleavages at the «- and §-carbon
atoms are not simultaneous reactions proceeding wholly by the same mechanism. The evidence indicates, (1) the SN2 ring
cleavage reaction with hydrogen chloride is relatively more important for the production of a-chloro-g-amino ketone hydro-
chlorides than is the Sx1 mechanism for both the ¢is- and ¢rans-ethylenimine ketones; {2) the SN1 mechanism for both the
¢is and trans isomers is relatively more important than the SN2 process in the attack at the g-carbon atom to produce the
B-chloro-a-amino ketone hydrochlorides; (3) the three-ring carbonyl hyperconjugation effect in the irans structures acts in
opposition to the inductive effect and causes the SN2 process to be somewhat more important at the 8-carbon atom than it is

with the c¢is-arylaroylaziridines.

In the ionizing medium, methanol, the SN1 process is favored over the SN2 process and the

major products are the g-chloro-«-amino ketone hydrochlorides.

Preliminary investigations of the reactions of the
ethylenimine ketones (arylaroylaziridines) with
hydrogen halides under various conditions have
shown that the three-ring in these molecules cleaves
in the two possible directions.’®’ Unfortunately
all of these earlier investigations were made before
the geometrical configurations of the cis and frans
isomeric arylaroylaziridines had been established.?

The investigations reported here were mainly
concerned with, (1) establishing the stereochemical
course of the hydrogen chloride ring cleavage re-
actions of ¢is and frans pairs of the arylaroylaziri-
dines, (2) a study of the effect of chloride ion concen-
tration and solvent variation on product composi-
tion, and finally, (3) the establishment of the stereo-
chemistry of ring closures with the a-chloro-g-
amino ketones and the a-amino-B-chloro ketones.
It is the general purpose of these studies, and others
being continued in this Laboratory, to interrelate
the absorption spectra,®® mechanisms!® and stereo-
chemistry of ring cleavage reactions, and carbonyl
reactions’® with the geometrical configurations of
the arylaroylcyclopropanes, ethylene oxides and
aziridines.

The cis-arylaroylaziridines (ethylenimines) have
been found to give mainly a B-chloro-a-amino ke-
tone hydrochloride when treated with excess
amounts of dry hydrogen chloride in benzene—ether
mixtures. Careful treatment of these hydrochlo-
rides with one molar equivalent of a mildly basic
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amine in benzene or ether solution produces the
free bases, 8-chloro-a-amino ketones.® The hydro-
chlorides on warming with an absolute alcohol solu-
tion of morpholine reproduce the ¢is-arylaroylaziri-
dine. These experiments may be taken as evidence
that both ring cleavage and ring closure proceeded
with a Walden inversion at the carbon atom under-
going bond change. Thus the cis-arylaroylaziri-
dines under these conditions probably produce the
threo-B-chloro-a-amino ketone hydrochlorides as the
major products. These results and conclusions
bear a direct relationship to the stereochemical ob-
servations and conclusions reported by Lucas and
co-workers in two recent excellent papers.!? Us-
ing optically active materials in several instances it
was shown that one Walden inversion is associated
with a number of ring openings and closings, viz.,
opening of the imine ring of 2,3-dimethylethylenim-
ine with ammonia and with water, and the closing
of the same ring.*?*
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The trans form of 1-benzyl-2-phenyl-3-p-toluyl-
ethylenimine® under the same conditions described
above produced a mixed hydrochloride whose per-
centage composition and extent of reaction with
acidified potassium iodide solution at 66° in 15 min-
utes!® indicated it to be made up of about 369, «a-
chloro- B3 -benzylaminobenzyl- p - methylacetophen-
one hydrochloride and 649, of the 8-chloro-a-amino
isomer. The fact that treatment of this mixed hy-

(12) (a) F. H. Dickey, W. Fickett and H. J. Lucas, THIS JOURNAL,
T4, 944 (1952); (b) G. K. Helmkamp and H. J. Lucas, ibid., 74, 951
(1952).

(13; This method of determining the relative amounts of a-halo
and @-halo ketones in a mixture has been described and applied previ-

ously, see: (a) ref. 7; (b) N. H. Cromwell and R. A. Wankel, THIS
Journavr, 70, 1320 (1948); (c) ref. 5.
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drochloride with base reproduced the trams-ethyl-
enimine ketone indicates again that ring cleavage
and ring closure at both the a- and B-carbon atoms
proceeded by rearward attacks at the carbon atoms
undergoing bond change. Moreover, it follows
then that this frans-ethylenimine ketone produces
erythro-chloroamino ketone hydrochlorides.

0, 0, o]
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— HCL e d Ne o G-
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CeHs iq H CeHy H CeHb H
R
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In sharp contrast with the results from using excess
hydrogen chloride were those obtained with only
two equiv. of hydrogen chloride in acetone medium.
In a previous article’ it was reported that with
carefully controlled minimum amounts of hydrogen
chloride in acetone-ether solutions the arylaroyl-
aziridine higher melting geometrical isomers, since
shown to have the cis structures,®® undergo ring
cleavage to produce mixed chloroamino ketone hy-
drochlorides consisting mainly of the a-chloro-3-
amino ketone hydrochloride. The free bases were
readily obtained by treating the hydrochlorides
with one mole of benzylamine in dry ether solution.
Ring closure of the hydrochlorides with triethyl-
amine in benzene solution produced the cis-ethyl-
enimine ketones. Thus it was shown that ring
cleavage and closure proceed essentially by means
of rearward attacks at the carbon atoms undergoing
valence bond change, and that the chloroamino ke-
tones are of the threo form as produced under these
conditions. To date cis-1-benzyl-2-phenyl-3-ben-
zoylethylenimine, cis-1-benzyl-2-phenyl-3-p-toluyl-
ethylenimine and c¢is-1-cyclohexyl-2-phenyl-3-p-tol-
uylethylenimine have been studied in this manner.

When the lower melting frans-1-benzyl-2-phenyl-
3-p-toluylethylenimine was treated slowly with two
equivalents of hydrogen chloride in acetone-ether
solution at room temperature, or at —13° in a
benzene—ether solution, a mixed hydrochloride re-
sulted which was shown to con-
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a-chloro-G-amino ketone hydrochlorides. The a-
chloro-3-amino ketones are not as stable in ethanol
as they are in benzene and tend to decompose to
give the amine and the a-chloro-a,S-unsaturated
ketone.!®

It was established that both the a-chloro-8-
amino ketone hydrochlorides and the a-amino-g-
chloro ketone hydrochlorides are reasonably stable
on standing in benzene, ether, acetone or methanol
media. However, in a series of equilibration ex-
periments it was found that threo-o-benzylamino-3-
chlorobenzyl-p-methylacetophenone hydrochloride
in the presence of a molar equivalent of ¢is-1-ben-
zyl-2-phenyl-3-p-toluylethylenimine slowly rear-
ranges (or interacts with the ethylenimine ketone)
to produce the isomeric threo-a-chloro-3-benzylam-
inobenzyl-p-methylacetophenone  hydrochloride.
This change was most complete in acetone, less in
ethanol and least in methanol; see Table I. It has
been shown previously® that an a-chloro-8-amino ke-
tone is a stronger base than the isomeric a-amino-3-
chloro ketone, and that such compounds can be sep-
arated from each other by selective reaction with a
limited amount of hydrogen chloride. The fact
that auto ring closure of o-halo-8-amino ketones
leads to equivalent amounts of the hydrohalide of
the a-halo-B-amino ketones and the expected ethyl-
enimine ketone, indicates that the «-halo-8-amino-
ketones are stronger bases than their corresponding
ethylenimine ketones.!* Consequently, under con-
ditions of thermodynamic control (.e., two equiva-
lents of hydrogen chloride in acetone medium) in
non-homogeneous reaction mixtures in which the
hydrochlorides have sdme but not great solubility
in the medium one might expect the «-chloro-8-
amino ketone hydrochlorides to be favored in the
final equilibrium product mixture. In the reaction
chart given below it is implied that (D) competes
successfully with (E.IK.) and (B) for hydrogen
chloride to give (E). Thus (B) and/or {(C) can
eventually be converted to (E) under conditions of
thermodynamic control as indicated in the chart.

Reaction Course Under Conditions of Thermo-
dynamic Control

sist of approximately 569, a- 0 - o) .

chloro - § - benzylaminobenzyl- I ) [

p-methylacetophenone hydro- A’\ C—Ar A’\ /C—Af (!31 H
chloride and 449, of the a- (& — c—2¢( % —_— Ar—C—(!:—COAr/
benzylamino-B-chloro isomer. /N \, 1 AN <~ o

Ring closure of the mixed H N N H H NHR
product produced the frans- }leIK R/ \H A B

ethylenimine ketone. Again it + =

is indicated that ring cleavage HCl lT HCll

and closure have involved

Walden inversions at the car- RNH,Cl H &) or (© NHR}'I ¢k

bon atoms undergoing valency A, & coar <2 L L coar Ar—b—d—coar
changes, and that the chloro- !

amino ketones are of the H Cl (E) 5 H c H  NH:RCI

erythro form.

The ring closure reactions of
the chloroamino ketones using amines and absolute
alcohol proceed more rapidly than those carried out
in benzene solution. However, in the former sol-
vent medium the yields are considerably lower than
in the latter, in the case of the reactions with the

+
EIK.or B

Although the speeds of these reactions have been

surmised to be too fast to lend themselves to prac-

(14) See the auto ring closure reported by N. H. Cromwell and R. D.
Babson, THIS JoURNAL, 68, 312 (1943), for a-bromo-g-benzylamino-
benzylacetophenone,
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tical kinetic studies a series of product study experi-
ments designed to employ kinetic controls was de-
vised. With two molar equivalents of hydrogen
chloride to one molar equivalent of the ¢is-1-benzyl-
2-phenyl-3-p-toluylethylenimine in methanol it was
found that the proportion of a-chloro-g-aminoke-
tone hydrochloride in the product increased as the
solutions studied were made more concentrated;
see Table II. Also it was found that the propor-
tion of a-chloro-B-amino ketone hydrochloride in
the total ring cleavage product increased as the
amount of excess chloride ion supplied by added
tetraethylammonium chloride was increased in the
reaction mixture using this same c¢is-ethylenimine
ketone; see Table III. As a check on the course
of the reactions under these conditions products
from certain experiments were analyzed for percent-
age composition and ring-closed to reproduce the
cis-ethylenimine ketone.

The same type of product composition variation
was observed although the effect was less pro-
nounced when frans-1-benzyl-2-phenyl-3-p-toluyl-
ethylenimine was studied under these same condi-
tions with excess chloride ion added. Again analy-
ses indicated the correct percentage composition
for the ring cleavage products. Ring closure of
one of the mixed hydrochlorides from these latter
experiments reproduced the frans-ethylenimine
ketone; see Table IV.

Discussion of the Ring-Cleavage Reaction Mecha-
nisms

The results given in Tables II, IIT and IV seem
to constitute adequate proof that the simultaneous
cleavage reactions at the a- and B-carbon atoms
are not proceeding wholly by the same mechanism.
In methanol solution, at the higher chloride ion
concentrations for both the cis and trans forms of
these arylaroylaziridines, the SN2 ring cleavage re-
action with hydrogen chloride must be relatively
more important for the production of the a-chloro-
B-amino ketone hydrochloride than is the Sn1
(chloride ion concn. independent) reaction. It
may also be inferred that the SN2 mechanism is
relatively more important for the formation of the
a-chloro compounds than it is for the formation
of B-chloro compounds under these conditions.

Based upon the limited evidence at hand, and
ignoring for the present the possibility of important
salt effects, it is postulated that hydrogen chloride
cleavage of the arylaroylaziridines takes place by
way of SN2 and SN1 reaction types, both of which
involve essentially rearward attack at either the o-
or (-carbon atoms. In the homogeneous reaction
mixtures (methanol solution) where kinetic control
mainly determines the product composition, both
the cis- and the frans-1-benzyl-2-phenyl-3-p-toluyl-
ethylenimines produce largely the «e-amino-g8-
chloro ketone hydrochlorides.

In the case of the c¢is structure where three-ring
carbonyl hyperconjugation®® is not expected to aid
in developing a partial positive charge at the 8-
position, the inductive effect (.e., aroyl is electron
attracting, phenyl is electron releasing) apparently
controls the relative electron densities at the two
competitive carbon atoms of the imine ring in the
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ground state. Thus we might expect the SN2 re-
action to predominate in the attack at the «-carbon
atom while the SN1 process should be the major one
involving the p-carbon atom. In all cases the
ethylenimine ketone first forms the ethylenimo-
nium chloride which then undergoes ring cleavage
by the respective mechanisms.

SN1 Process for 3-Chloro-a-amino Ketone Produc-

tion
i N
Ar\ /CAr Ar CAr
\ / (1) \6@
\ H slow \
\i/‘ \ / / \\
l /‘!
R (H*) R

Initial state Transition state

(inductive effects indicated)
(2)l(c1-) fast
o]
Ar \\C-Ar
/e
Cl——-C—C\-— NHR

N H
H H

Final state

In step 1 of the SN1 process the B-carbon to ni-
trogen bond stretches becoming more ionic while
the a-carbon to nitrogen bond shortens becoming
more covalent, and the formal positive charge on
nitrogen is partially transferred to the B-carbon
unassisted by chloride ion. This partial positive
charge developed on the B-carbon atom in the tran-
sition state is supported by orbital overlap with the
w-electron orbitals of the aryl ring. Undoubtedly
the electron transfer to nitrogen is aided by the
presence of protons in the reaction mixture. The
chloride ion attaclies itself to the 8-carbon atom on
the side opposite to the carbon to nitrogen bond in
step 2 nearly simultaneously with the complete
charge transfer to carbon. The major driving force
for these B-ring cleavages is the stretching of the
carbon-to-nitrogen linkage resulting from the pro-
ton assisted electron transfer to nitrogen. Unlike
normal ¢-bond electrons which are mainly localized
symmetrically between two nuclei, the bent bond®
electrons between carbon and nitrogen may be
somewhat more susceptible to electrophilic attack
by protons.

Sn2 Process for a-Chloro-3-amino Ketone Pro-
duction

In the wholly concerted SN2 process the chloride
ion preferentially attacks the electron deficient a-
carbon atoms from the side opposite to the C-N
bond. As the chloride ion draws closer to this a-
carbon atom the electron transfer to nitrogen be-
gins, assisted again by the presence of protons in
the mixture. Here the major driving force for the
a-ring cleavage is supplied by the nucleophilic at-
tack of the chloride ions. This SN2 process is
probably a slower one than the SN1 reaction with
these cis isomers.
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The interpretation of the course of the ring cleav-
age reactions of the {frams-arylaroylaziridines is
made more complicated by the thought that three-
ring carbonyl hyperconjugation may play an impor-
tant part in determining the relative electron densi-
ties at the a- and B-carbon atoms in both the ground
and excited states.®® The hyperconjugation effect
would be expected to act in opposition to the in-
ductive effect described above, tending to develop
a partial positive charge or lowered electron density
at the B-carbon atomseven in the initial ground state
of the trans-arylaroylaziridines or their hydrochlo-
rides; see Chart 2, p. 419, ref. 8a.

The hyperconjugation effect in the trans struc-
tures would be expected to make the SN2 process
more important at the 8-carbon atom than it was
with the cis isomers. The fact that the amount of
a-chloro-g-amino ketone hydrochloride is increased
slightly in the total product produced from the frans
isomer in methanol when excess chloride ion is
added indicates that the SN2 process is still rela-
tively more important at the a-carbonthan itisat the
B-carbon atom. However, the fact that only a very
slight increase occurs bears out the thought that the
SN2 process is now of relatively greater importance
at the B-carbon atom in these frams structures
because of the hyperconjugation effect than it is
with the cis structures.

SN2 Process for 3-Chloro-a~-amino Ketone Pro-
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place in methanol with both the ¢is and trans iso-
mers is the SN1 process.

Studies with cis- and trams-arylaroylaziridines
having electron attracting and releasing groups in
the p-position of the B-aryl groups as well as salt
effect studies can be expected to aid in completing
our understanding of these complex competitive
reactions. Such studies are contemplated.

Acknowledgment.—A portion of the work de-
scribed here was supported by research grant
NSF-G57 from the National Science Foundation.
The senior author greatly appreciates the several
informative discussions of these reactions with Prof.
E. D. Hughes of University College, London, while
holding a John Simon Guggenheim Memorial Fellow-
ship and a Fulbright Advanced Research Scholarship
during the 1950-1951 academic year.

Experimental

Ring Cleavage of cis- and trans-Arylaroylaziridines with
Excess Amounts of Hydrogen Chloride in Benzene-Ether
Solution.—In general the ethylenimine ketones were dis-
solved in the ratio of 5.0 g. to 20 ml. of dry ether and 10 ml,
of dry benzene, The temperature of these solutions was
maintained between 23~25° while dry hydrogen chloride gas
was passed into them for a period of about ten minutes.

-The solutions developed a heavy white precipitate and were

allowed to stand at room temperature overnight. The
products were removed by filtration and studied without
further purification.

From cis-1-benzyl-2-phenyl-3-benzoylethylenimine, m.p.
108°,58> resulted a 919, yield of threo-a-benzylamino-g-
chlorobenzylacetophenone hydrochloride, m.p. 165-166°1;
iodine release value 0%, in 15 minutes at 66°.13% The free
base, threo -« - benzylamino - 8 - chlorobenzylacetophenone,
m.p. 92-93°, has been reported previously.® Ring closure
of this threo-hydrochloride (4 g.) by warming on the steam-
bath with 15 ml. of abs. ethanol solution of 2.7 g. of mor-
pholine reproduced 2.2 g. (689% yield) of c¢is-1-benzyl-2-
phenyl-3-benzoylethylenimine, m.p. 104-107°,

From c¢is-1-benzyl-2-phenyl- 3—p-toluy1ethy1emmme m.p.
116-118°,%> g 929, yield of ¢hreo mixed product, m.p. 167~
169°,1 resulted consisting of 969, threo-a-benzylamino-g-
chlorobenzyl-p-methylacetophenone hydrochloride and 49,
threo-a-chloro-8-benzylaminobenzyl- p - methylacetophenone
hydrochloride, based on iodine release values.!® Ring
closure of this mixed threo-hydrochloride product with mor-
pholine in abs. ethanol produced an 849, yield of c¢is-1-
benzyl-2-phenyl-3-p-toluylethylenimine, m.p. 115-116°.

From trans-1-benzyl-2-phenyl-3-p-toluylethylenimine,
m.p. 72-74°,% was obtained a 95% yield of an erythro mixed
product, m.p. 168-170°,¢ consisting of 36% «-chloro-8-
benzylaminobenzyl - p - methylacetophenone hydrochloride
and 64% «-benzylamino- 8 -chlorobenzyl-p - methylaceto-
phenone hydrochloride based on iodine release values.

duction A 0.6-g. sample of the mixed hydrochloride was mixed

o with 0.3 g. of triethyl-

'3 O\ amine in 10 ml. of benzene

H C— A N c A o and the solution allowed
m / r \ AT N ’fco stznd in ’}l;le darkhfcir

-Ar our days. e triethyl-

\ (Cl ) 8D H* /C amine hydrochloride was
C———— Cl—> O —> Cl=—C—CG==NH;R  removed by filtration.

/ \H/ \ / AN / \ A/ \H ® Concentration of the ben-
AY Ii}’éB Y Af \ N Y r zene solution gave 0.4 g.

® ®

Initial state(Hyperconjugation
effects indicated)

Methanol, which is a good ionizing medium,
might be expected to favor the SN1 process over
the SN2 reaction since the latter involves a charge
reduction in the formation of the transition state.
It seems probable that the major reaction taking

Transition state

(80% vyield) of trans-1-
benzyl-2-phenyl-3-p-tol-
uylethylenimine, m.p. 71~
74°,
(15) The analysis of this
compound has been reported
previouslyinref. 14 ascompound IX, erroneously assigned an a-chloro-8-
benzylaminobenzylacetophenone hydrochloride structure at that time.
(18) N. H. Cromwell and H. Hoeksema in ref. 6 have reported previ-
ous ring cleavage experiments with these ethylenimine ketones in which
they obtained mixed products of similar compositions and melting
points which had the expected correct percentage composition.

Final state
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From cus-1-cyclohexyl-2-phenyl-3-p-toluylethylenimine,
m.p. 111-112°38 g 779, yield of a mixed threo product,
m.p. 161-163°, resulted.

dnal. Caled. for CpHiNOClL: C, 67.34;
N, 3.57. Found: C, 67.36; H, 6.80; N, 3.44.

Iodine release values indicated this mixed product to con-
sist of 10.29, a-chloro-B-cyclohexyvlaminobenzyl-p-methyl-
acetophenone hydrochloride and 89.8%, «-cyclohexyl-
amino-B-chlorobenzyl-p-methylacetophenone hydrochloride.
Ring closure of the mixed threo product with morpholine in
abs. ethanol produced a 789 yield of the cis-ethylenimine
ketone, m.p. 110-112°,

Ring Cleavage of cis- and trans-Arylaroylaziridines with
Two Molecular Equivalents of Hydrogen Chloride in Ace-
tone-Ether Solutions.—In general the ethylenimine ke-
tones were dissolved in the ratio of 0.03 mole to 40 ml. of
acetone and 20 ml. of dry ether. To the stirred solution
0.03 mole of dry hydrogen chloride in 18 ml. of ether was
added all at once; after standing at room temperature for
four hours an additional 0.015 mole was added; after four
more hours an additional 0.0075 mole; and finally after two
more hours standing 0.0060 mole of hydrogen chloride in
dry ether was added slowly to the reaction mixture. The
colorless precipitates were removed by filtration and
studied without further purification.

From c¢is-1-benzyl-2-phenyl-3-benzoylethylenimine, m.p.
108°, was obtained a 97.5% yield of a mixed threo-hydro-
chloride, m.p. 148-149° which the iodine release value
indicated consisted of 939, threo-a-chloro-g-benzylamino-
benzylacetophenone hydrochloride and 7%, of the threo-8-
chloro isomer. Six grams of the mixed threo-hydrochloride

H, 6.94,

was warmed o the steam-bath for five minutes with 1.66 g.-

of benzylamine (one molar equiv.) in 75 ml. of dry ether.
Filtration of the precipitated benzvlamine hydrochloride
and concentration of the ether solution produced 3.8 g. (709,
vield) of threo-a-chloro-g-benzylaminobenzylacetophenone,

ni.p. 82-83°, recrystallized from benzene and petroleum
ether.
Anal. Caled. for Cp,HyNOCL: C, 75.52; H, 5.76; N,

+4.00. Found: C, 75.53; H, 5.94; XN, 4.10.

Ring closure of the mixed threo-liydrochloride with tri-
ethylamine in benzene produced an 809, vield of cis-1-ben-
zyl-2-phenyl-3-benzoylethylenimine, m.p. 107-108°.

From c¢is-1-benzyl-2-phenyl-3-p-toluylethylenimine, m.p.
116-118°, an 809% vield of mixed tkreo product, m.p. 167~
169°, resulted which iodine release values indicated to con-
sist of 899, threo-a-chloro-g-benzylaminobenzyl-p-methyl-
acetophetione hydrochloride and 119, threo-a-benzylamino-
B-chlorobenzyl-p-methylacetophenone hydrochloride. The
free base, threo-a-chloro-g-benzylaminobenzyl-p-methyl-
acetophenone was obtained in 729 vield by warming the
mixed hydrochloride on the steam-hbath for ten minutes with
an ether solution containing one molecular equivalent of
benzylamine, filtering off the benzylamine hydrochloride
and evaporating the ether. The product was recrystallized
rapiéily from bhenzene aud petroleumn ether mixtures, m.p.
115°.

Anal. Caled. for CuHNOCL: C, 75.91; H, 6.09; N,
3.85. Found: C, 75.74; H, 5.91; N, 3.96.

Ring closure of the threo mixed hydrochloride was accom-
plished by mixing 2.0 g. (0.005 mole) with 1.01 g. (0.01
mole) of triethylamine in 18 ml. of benzene. The reaction
mixture was allowed to stand in the dark at roon1 tempera-
ture for 96 hours. About 25 nil. of dry ether was added to
complete the precipitation of the triethylamine hydrochlo-
ride. Filtration and concentration of the solution produced
1.3 g. (769, vield) of cis-1-benzyl-2-pheuyl-3-p-toluyletliyl-
enimine, m.p. 115-116°, Repetition of this experiment
using ethanol us a solvent gave only a 839 vield of the cis-
ethivlenimine ketoue.

From {rans-l1-benzyl-2-phenyl-3-p-toluylethylenimine,
m.p. 72-74°, and 809, vield of u mixed erythro-hydrochlo-
ride, m.p. 168-170°, which iodine release studies indicated
consisted of 569, erythro-a-chloro-g-benzylaminobenzyl-p-
methylacetophenone hydrochloride and 449, erythro-c-
benzylamino-8-chlorobenzyl-p-methylacetophenone hydro-
chloride.

Anal.  Caled. for CyllyNOCL: C, 68.99; H, 5.79; N,

(17) This same product has been obtained previouslty, m.p. 149°,ina
somewhat lower yield, ref. (55), see anal. p. 715, top of first colummn.
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3.50; Cl, 17.72.
17.82.

Using a mixture of benzene and ether as a solvent and a
temperature of —13° the results were approximately the
same. Ring closure of the mixed erythro-hydrochloride
with triethylamine in benzene solution produced a 799,
vield of trans-1-benzyl-2-phenyl-3-p-toluylethylenimine,
m.p. 72-74°.

From c¢is-1-cyclohexyl-2-phenyl-3-p-toluylethylenimine,
m.p. 111-112°, a 769, yield of a mixed threo-hydrochloride,
m.p. 180-181°, resulted consisting of 79.6%, threo-a-
chloro-B-cyclohexylaminobenzyl-p-methylacetophenone hy-
drochloride and 20.49, of ¢hreo-a-cyclohexylamino-g-chloro-
benzyl-p-methylacetophenone hydrochloride.

Anal. Calcd. for C22H27NOC12: C, 67.34; H, 694;
N, 3.57. Found: C, 67.19; H, 7.07; N, 3.32.

Ring closure of this mixed threo-hydrochloride with tri-
ethylamine in benzene solution at room temperature pro-
ducgd a 729, yield of the cis-ethylenimine ketone, m.p. 111-
112°.

Equilibration Experiments with ¢4reo-a-Chloro-g-benzyl-
aminobenzyl-p-methylacetophenone Hydrochloride and
threo-a-Benzylamino-3-chlorobenzyl- p - methylacetophenone
Hydrochloride.—Solutions consisting of 20 ml. of solvent,
0.3 g. of the hydrochloride and 0.3 g. of cis-1-benzyl-2-
phenyl-3-p-toluylethylenimine were allowed to stand for
three days at room temperature. The solvent was removed
under reduced pressure at room temperature and the resi-
dues well washed with ether; wt. 0.23 to 0.25 g. The
iodine release values of the resulting materials were deter-
mined for comparison with the values known for the start-
ing hydrochlorides; see Table I. c¢is-Ethylenimine ketone
was recovered from the ether washings of the hydrochlo-
rides.

Found: C, 68.81; H, 5.78; N, 3.49; Cl,

TABLE I

REARRANGEMENT OF AN «-AMINO-8-CHLORO KETONE TO AN
«-CHLORO-3-AMINO KETONE

I.R. value of initial I.R. value of resulting
chloroamino ketone chloroamino ketone
HC1 HCl1
a-Chloro ketone, a-Chloro ketone,

Solvent % )
Methanol 73.6 71.0
0.0 9.6
Ethanol 73.6 80.5
0.0 16.2
Acetone 73.6 82.1
0.0 60.5°

@ Ring closure produced a 779, yield of cis-ethylenimine
ketone.

Ring Cleavage of cis-1-Benzyl-2-phenyl-3-p-toluylethyl-
enimine with Hydrogen Chloride in Methanol.—(1) A 0.3-g.
sample of the ¢is isomer, m.p. 116-118°, was dissolved in
10 ml. of methanol and 20 molar equivalents of hydrogen
chloride in 10 ml. of methanol added all at once. After
standing for 12 hours at room temperature the solvent was
evaporated under reduced pressure and the iodine release
(I.R.) values of the products determined. Run 1 product,
wt. 0.31 g., m.p. 167-168°, I.R. value 28.2%,; run 2 prod-
uct, wt. 0.33 g., m.p. 166-167°, I.R. value 26.59,.

(2) A 3.0-g. (0.00916 mole) sample of the cis-ethylen-
imine ketone was dissolved in 100 ml. of methanol and added
in 30 minutes to a three-neck flask equipped with a stirrer,
simultaieously with and at the same rate as 100 ml. of meth-
anol containing 0.0183 mole of hydrogen chloride. After
standing at room temperature for 24 hours the solvent was
removed under reduced pressure and the resultant product
well wasled witlt dry ether, wt. 3.34 g. (91.09, vield), m.p.
167-168°, 1.R. value 25.29%,. Ring closure of this product
with triethylamine in benzene solution produced a 76%,
vield of the c¢is-ethylenimine ketone, m.p. 116-117°. A
duplicate set of experiments gave nearly identical results.

(3) Samples of the cis-ethylenimine ketone (0.3 g.) along
with two molar equivalents of hydrogen chloride and various
amounts of methanol were quickly mixed at 25° in a thermo-
stat and allowed to stand for 24 hours before isolating the
product; see Table Il for results.

Ring Cleavage of c¢is- and {rans-1-Benzyl-2-phenyl-3-p-
toluylethylenimines with Hydrogen Chloride in the Pres-
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TasLE II

Errect OF IMMONIUM CHLORIDE CONCENTRATION ON
Propuct COMPOSITION

Chloroamino ketone
hydrochloride product
I.R. value

REeacTION OF CYANOGEN AND RELATED NITRILES WITH 1,3-DIENES
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hydrogen chloride and 0.3 g. (0.000916 mole) of the cis-
ethylenimine ketone were quickly mixed to give 20 ml. of
clear colorless solutions which were maintained in a thermo-
stat at 25° for 24 hours. No precipitate appeared. All of
the solvent was then evaporated from the solutions and the
residues shaken with a mixture of 25 ml. of ether, 25 ml. of
water and 0.098 g. (0.000916 mole) of benzylamine. The

Total -chl
volugltea, ml, Wt., g. M.p., °C. &fon‘lf°% ether layers were washed with two 15-ml. portions of water
Run I and dried over Drierite for 20 minutes. The dry ether
solutions were saturated with dry hydrogen chloride and the
10 0.33 168-169 8.5 precipitated products removed immediately by filtration,
40 .32 168-169 15.6 washed with ether and dried in a vacuum desiccator. The
80 33 169-170 2.6 I.R. values of the products were determined; see Table III
for the results.
Run II (2) Using Eor)ldmons and techniques identical with those
described in (1) above, samples of the #rans-ethylenimine
10 34 167-168 20.2 ketone (0.3 g., 0.000916 mole) were studied; see Table IV
40 .33 167-168 17.4 for results.
80 .34 168-169 10.8
TasLe I11 Tasre IV

Errect oF Excess Cl~ Appep as Et,NCl vpoN PropuCT
COMPOSITION FROM ¢is-ETHYLENIMINE KETONE

Errect or Excess Cl- Appep As Et,NCl uvpon PropucT
COMPOSITION FROM {rans-ETHYLENIMINE KETONE

Molar threo-Hydrochloride products Molar erythro-Hydrochloride products
equiv, I.R. value equiv. I.R. values
Et4NCl (a~chloro EtNC1 (a-chloro-
Expt. (excess ketone, Expt. (excess . ketone,
no. Cl1- ion) Wt., g. M.p., °C. %) no. Cl~ ion) Wt., g. M.p, °C. %)
1 0 0.34 170-171 13.8 1 0 0.33* 170-171 8.4
2 0 .33% 170-171 13.2 2 0 .32° 169-170 9.1
3 1 .84 170-171 14.5 3 1 .34° 168-169 11.4
4 1 .30 169-170 15.0 4 1 .33 168-169 12.0
5 8 .33° 170-171 32.9 5 8 .33 168-169 13.5
6 8 .34 167-168 32.9 6 8 .32 167-168 13.8
7 16 .34 169-170 40.7 7 16 .83° 169-170 14.9
8 16 .33° 169-170 39.0 8 6 .31 170-171 15.2
2 Anal. Caled. for CyHgNOCL: C, 68.99; H, 5.79. @ Ring closure of the erythro-hydrochloride product from

Found for expt. 2 product: C, 68.76; H, 5.83. Found
for expt. 5 product: C, 69.38; H, 5.90. °? Ring closure of
expt. 8 threo-hydrochloride with triethylamine in benzene
gave a 799, yield of c¢is-1-benzyl-2-phenyl-3-p-toluylethyl-
enimine, m.p. 114-116°.

ence of Excess Chloride Ion.—(1) Methanol, pure tetra- '

ethylammonium chloride, two molar equivalents of

expt. 1 and 2 with triethylamine in benzene solution pro-
duced a 769, yield of trans-1-benzyl-2-phenyl-3-p-toluyl-
ethylenimine, m.p. 71-73°, ?»A4nal. Caled. for CgHy
NOCl: C, 68.99; H, 5.79. Found for expt. 3 product:
C, 68.78; H, 5.61. Found for expt. 7 product: C, 68.72;
H, 5.70.

’
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The Reaction of Cyanogen and Related Nitriles with 1,3-Dienes.

V. Acrylonitrile

and Butadiene!

Bv G. J. Janz anp N. E. Duncan?
RECEIVED MaAyY 29, 1953

The reactions of acrylonitrile and butadiene in the temperature region of 400° and atmospheric pressure are reported. In
the uncatalyzed reaction, cyanocyclohexene only is formed, but in the presence of a chromia~alumina catalyst, vinylpyridine
und cyanocyclohexene are obtained. The experimental data are correlated with the thermodynamic free energies and rela-
tive rates calculated for these reactions. The results indicate a considerable preferential catalysis of the pyridinic cycliza-
tion since the reactivity of the (C==N) group is much more nearly that of the (C=C) group in presence of the catalyst than

in the uncatalyzed reaction.

The addition of acrylonitrile to butadiene to
yield 3-cyanocyclohexene (I) has been studied in
toluene solution®* and in aqueous dispersion.’
This is an example of a typical Diels—Alder reaction
in which a stable six-membered cyclic product is

(1) Abstracted in part from the thesis submitted by N. E. Duncan in
partial fulfilment of the requirements for the degree of Master of
Science in Chemistry at Rensselaer Polytechnic Institute, June, 1952,

(2) Cyanamid Research Fellow.

(3) A. A. Petrov and N. P. Sopov, J, Gen, Chem. (U.S.S.R.), 17,
2228 (1947).

(4) S. L. Jacobs, B.S. Thesis, Dept. of Chemistry, Rensselaer Poly-
technic Institute, Troy, N. Y. (1951).

(5) W. D. Wolfe, U. S. Patent 2,217,632 (1940).

formed by 1,4-addition of the (C=C) group to bu-
tadiene. Acrylonitrile has in fact been classified
by Alder and Rickert® as belonging in the group of
dienophiles having greatest reactivity in the Diels-

/ LH,
\ \CN NeN

Alder reaction. At 400°, Janz and associates have
found that the (C=N) group of nitriles adds to
butadiene yielding a 2-substituted pyridinic deriva-

(6) K. Alder and H. F. Rickert, Ann., 5483, 1 (1939).



