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Abstract: Treatment of N-alkylazetidine 2-carboxplates with oxalyl chloride may yield acid 
chlorides, iminium salts or chloro-y-lactams depending on the stereochemistry and nature of 
the snbstitaentr on the azetidine ring. 

The reactions of a-tertiary amino acids with acid chloride-forming reagents may yield 

iminium salts by oridative decarbonylation. and this transformation has had a number of 

applications in synthesis. 1 In the case of unsubstitated N-alkyl-azetidine-2-carboxylic 

acids (1) re have recently shorn that the iminims salts (2) may be converted to azetidinones 

(2) by reaction with w-chloroperbenzoic acid and pyridine (Scheme I). 2 

clco.cocl Ar CO,H 

'R 
pyridine 

1 2 3 - - - 

During further studies on this procedure we have found that the reactions of 

4-substituted systems may take another course depending on the nature and stereochemistry of 

the substituents at the l- and 4- positions. Table I, summarizing the action of ClCOCOCl on 

a series of 4-substituted azetidine P-carboxylic acids, shows that the reaction may lead to 

fi) acid chloride, (or equivalent species)’ (ii) iminium salt (identified as azetidinonel or 

(iii) stereospecific ring expansion to a chloro-y-lactam. 

In evaluating the stereochemical features of these reactions we propose: (al that 

iminium salt formation takes place through a transition state ($1 in which the lone pair on 

nitrogen is disposed anti-periplanar to the acid chloride carbonyl group permitting 

decarbonylat ion as shown in path a;3 fb) that rearrangement to the v-lactam involves the 

fused-ring aziridinium salt (61 which undergoes SN2 ring opening by chloride ion as shown in 

path b.4 This picture of the ring expansion is in accord with our findings that 

m-N-t-butyl-4-methylazetidine-2-carborylic acid (la) leads stereospecifically to 

tr-N-t-butyl-3-chloro-5-methylpyrrolidone (?a). The w-relationship of substituents 
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Table I Ci) (ii) (iii) 

Reaction of Azetidine Carboxylic 
Acids (5) with Cxalyl Chloride 

O c’ 
R2 

d 

Jq@o Rq$o 

RI 
“\ H RI RI 

% 
% % 

7 
Azetidine carboxylic acid (1) I$ % 

3. - 
R3 

4a(m) 013 H t-Bu __ __ 69 

4b(cis) H CH3 t-Bu 70 -_ __ 

4c(=) ul3 
H CA2Ph 26 22 30 

4d [cis) H - C"3 CH2Ph 57 22 __ 

l 4e (tram) CH3 
H 

uI3 15 23 __ 

4f (cis) H - CH3 cH3 54 30 -_ 

4g (tram) C02He H CH2Ph __ __ 46 

4h (cis) H - CO2& CH2Ph __ __ 68 

41 (trans) C02Me H cyclohexyl __ __ 58 

4j (cis) H - co2Me cyclohexyl __ __ 59 

*In this case, considerable decomposition occurred under the reaction conditions. 

in 4a and Ia was firmly established by single crystal x-ray structure determinations on both 

of these materials. 5 

It is noteworthy that the acid chloride ’ formed from sb (&) is essentially 

unreactive both toward path a and path b processes. Here, formation of the iminium salt 

(path a) roold require a transition state @a) in rhich methyl (R2) and acid chloride groups 

are held in an unfavorable 2,4-pseudodiaxial interaction. 5b Furthermore, in this situation 

the t-butyl group is located & to tro other substituents. In the path b process. 

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

carbonyl-containing J-membered ring with the neighboring a-4-methyl group. In cases ld 

path a 

R2 

>c7c 

N n 
\ 

Rl *s p-JJ.Cfi- R@=O 
Rl 
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nnd /f whore the mothyl group is =&q to the carboxyl dorivatiro. and the N-alkyl snbstitoont 

is less bulky, the formation of some iminium salt is observod. 

In cases @a, &c, &o) where the crrborylato rosidoo is Qg~g to tho substituent at tho 

&position. there appears to bo a competition between paths a and b in which tho size of the 

R3 group (on nitrogen) is I significant factor. For example, 4a undorgoos oxclusivo ring 

oxpsnsion to tho chloro y-lactam (la). Here there is no unfavorable interaction of the 

proposed 3-memborod ring intermediate with the (&gR3)-methyl group (RI) a6 observed with 

a. Unlike the unroactivo cir cases where the acid chlorides should prefer that 

conformation which disposos both rubstituonts in pseudo-equatorial positions (FigA),” the 

w- isomers are oxpootod to oxist in two rrpidly oquilibriating conformers, (Fig B), buth 

of which have ono pseudoaxial group adjacent (a) to tho N-alkyl group. The m- isomers 

(R1=tz3;%=m would thus be oxpocted 

~-isomers, and this view is clearly 

to have highor ground state energy with respect to the 

supportod by our epimorization studios. 6 Tho ring 

expansion of *a may thus be associated with tho rolief of strain resulting from the storic 

congestion in the four membered ring. On the other hand, when the (R3) substitution on 

nitrogen is changed from a t-butyl to a bonzyl group ($0). iminium salt formation is 

observed, along with ring enlargement. Further rodaction in the size of R3 tc an N-methyl 

group ($0) loads to iminium salt with 110 accomprnying v-lactam. 

Both &-and m-isomers of axetidino carboxylic acids having a carbomethoxy group at 

the 4-position (entries lg- fi) yield only chloro-I-lactams. The behavior of tho m- 

isomers can bo explained on the same basis as that proposed for the m-l-methyl 

analoguos. The unexpected roarrangomont of the &-isomers may be 6ssooiatod with the need 

to allovisto uufavorsble dipole-dipole repulsions among carbomothoxy, acid-chloride group 

and the nitrogen lone pair (Fig.C). Similar dipole-dipole ropulsivo destabilization has 

boen observed oarlior by Allingor for a related cyclobutano system. * 




