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by Harry H. Wasserman®, William T. Han, John M. Schaus and John W, Faller

Department of Chemistry, Yale University, 225 Prospect Street,

New Haven, Connecticut 06511-8118, U. S. A.
Abstract: Treatment of N-alkylazetidine 2-carboxylates with oxalyl chloride may yield acid
chlorides, iminium salts or chloro~y-lactams depending on the stereochemistry and nature of
the substituents on the azetidine ring.

The reactions of a-tertiary amino acids with acid chloride-forming reagents may yield
iminiom salts by oxidative decarbonylation, and this transformation has had a number of
applications in synthesis. 1 In the case of unsubstituted N-alkyl-azetidine—2-carboxylic
acids (1) we have recently shown that the iminium salts (2) may be converted to szetidinmones

(3) by reaction with meta-chloroperbenzoic acid and pyridine (Scheme I). 2
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During further studies on this procedure we have found that the reactions of
4-substituted systems may teke another course depending on the nature and stereochemistry of
the substituents at the 1- and 4~ positions. Table I, summarizing the action of C1COCOCl on
a series of 4-substituted azetidine 2-carboxylic acids, shows that the reaction may lead to
(i) acid chloride, (or equivalent species)9 (ii) iminium salt (identified as azetidinone) or
{iii) stereospecific ring expansion to a chloro—y-lactam.

In evaluating the stereochemical features of these reactions we propose: (a) that
iminium salt formation takes place through a transition state (5) in which the lome pair on
nitrogen is disposed anti-periplanar to the acid chloride carbonyl group permitting
decarbonylation as shown in path :;3 (b) that rearrangement to the y-lactam involves the
fused-ring aziridinium salt (6) which undergoes SNz ring opening by chloride ion as shown in
path b.4 This picture of the ring expansion is in accord with our findings that
trans-N-t-butyl-4-methylazetidine-2-carboxylic acid (4a) leads stereospecifically to

trnns—N—t-butyl—s-éhloro—S—nethylpyrrolidone (7a). The trans—~relationship of substituents
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Table I 1) (i1) (iii)
' ]
Reaction of Azetidine Carboxylic 2 S R R
Acids (4) with Oxalyl Chloride Rz o ] ‘
)4:::n: X
N H
N R, \a, R, XR
R’ Ry s
3 7
Azetidine carboxylic acid (4) Rl R, Ry - -
4a {trans) CM3 H t-Bu -~ -- 69
4b (cis) H CH, t-Bu 78 -- -
4c (trans) CN3 H CHzPh 26 22 30
4d (cis) H CH3 CHzPh 57 22 -
*4e (trans) CH3 H CH3 15 23 -
4F (cis) H CHy CHy 54 30 -
4g (trans) o, Me H CH,Ph -- - a6
ah (cis) H C0Me CH,Ph - - 8
4i (trans) €0 Me H cyclohexyl -- - 58
4j (cis) H €O e cyclohexyl - - 59

*In this case, considerable decomposition occurred under the reaction conditions,
in 4a 8nd 7a was firmly established by sinmgle crystal x—ray structure determinations on both
of these mnterials.s
It is noteworthy that the acid chloride 9 formed from 4b (cis) is essentially
unreactive both toward path a and path b processes. Here, formation of the iminium salt
{path a) wonld require a transition state (5a) in which methyl (Rz) and acid chloride groups
are held in an unfavorable 2,4-pseudodiaxial interactiom. 5b Furthermore, in this situation
the t-butyl group is located gis to two other substituents. In the path b process,

formation of 6 would 1likewise not be favored since this would involve crowding the

carbonyl-containing 3-membered ring with the neighboring cis—4-methyl group. In cases 4d
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and 4f where the methyl group is cis to the carboxyl derivative, and the N-alkyl substituent
is less bulky, the formation of some iminium salt is observed.

In cases (4a, 4c, 4¢) where the carboxylate residue is trans to the substituent at the

4-position, there appears to be a competition between paths a and b in which the size of the
Rs group (on nitrogen) is a significant factor. For example, 4a undergoes exclusive ring
expansion to the chloro y-lactam (72). Here there is no unfavorable interaction of the

proposed 3-membered ring intermediate with the (trans)-methyl group (Rl) as observed with

4b. Unlike the wunreactive cis cases where the acid chlorides should prefer that
conformation which disposes both substituents in pseudo—equatorial positions (Fig.A).Sb the
trans - isomers are expected to exist in two rapidly equilibriating conformers, (Fig B), both

of which have one pseudoaxial group adjacent (cis) to the N-alkyl group. The trans - isomers

cocCi
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(R1=Cﬂ3;R2=H) would thus be expected to have higher ground state energy with respect to the
cis-isomers, and this view is clearly supported by our epimerization studies.6 The ring
expansion of 4a may thus be associated with the relief of strein resulting from the steric
congestion in the four membered ring. On the other hand, when the (R3) substitution on
nitrogen is changed from a t-butyl to a benzyl group (4c), iminium salt formation is
observed, along with ring enlargement. Further reduction in the size of R3 to an N-methyl
group (4e) leads to iminium selt with no accompanying y-lactam.

Both cis-and trans-isomers of azetidine carboxylic acids having a carbomethoxy group at

the 4-position (entries 4g- 4j) yield orly chloro-y-lactams. The behavior of the trans-
isomers can be explained on the same basis as that proposed for the trans—4-methyl
analogues. The unexpected rearrangement of the cis-isomers may be associated with the need
to alleviate unfavorable dipole-dipole repulsions among carbomethoxy, acid-chloride group
and the nitrogen 1lone pair (Fig.C). Similar dipole-dipole repulsive destsbilization has

been observed earlier by Allinger for & related cyclobutane system. 8
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