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For studying the conformation of four-membered heterocycles [i] and the fragmentation of azetidines 
under electron impact [2] we synthesized the following N-alkylazetidine-2-carboxylic esters (Table 2). 

EhN N r I:tNH~ q- BrCg2cgzCHBrCO0ll' ~ It~'(CH~)~CHCO011 

R =.Me, Et, *-Pr I V = M e ( I ) ,  Eg(II)  

t-Bu, PhCH= ~-Pr (Ill), PrCHe (IV) 

The products ,  which do not requi re  additional purification, can be obtained under mild conditions, and 
also the N-methyl  der ivat ives  (V)-(VHI), which a re  not access ib le  under the conditions given in [3]. Com- 
pound (V) was obtained in [3] only by an indirect  route,  via the N-benzhydryl  der ivat ive.  

A nonequivalenee of the geminal  protons and groups of the substituent on ni t rogen is observed in aI1 
cases  in the NMR spec t ra  of the products  (Table 1), which is caused by the a s y m m e t r i c  induction of the 
chiral  C-2 center .  Here  the Au of the CH 3 groups of the isopropyl  substituent inc reases ,  while that of the 
CH2 protons of the ethyl and benzyl groups dec reases  with inc rease  in the s ize  of the substituent at C-2, 
A substantial ly sma l l e r  Av of the substituents in the carbalkoxyl group is observed only in the case  of (XV) 
and (XXII). For  the N-methyl - ,  ethyl- ,  and isopropylazet idineearboxyl ie  es te r s  the main decomposi t ion 
path under e lec t ron impact  is the cleavage of the carbalkoxyl radical  with the format ion of the amine f rag-  
ment (M--COOR), the peak of which is maximum in the spec t ra  at 30 and 12 eV (Fig. 1). 

\+./-/\ cooR,- 'ooc 7 \  
N N 
I I 
Me ' Me 
M + m]e 70 role 42 

Metastable peaks with a flat top (Fig. 2), which were  d iscussed  by us in [4], a re  always observed 
for the subsequent decomposi t ion of the amine fragment ,  with the ejection of C2H 4. In the case  of the N- 

ethyl- ,  i sopropyl - ,  and te r t -bu ty l - subs t i tu ted  azetidines another 
TABLE 1. P a r a m e t e r s  of Gem- 
inal Nonequivalence of Protons  
and Groups (for 15% solutions 
in benzene) 

Com- ~rou Av, Com- 
pound P Hz pound 3roup 

(IX) a 42,8 (XV) b 
(X) a 41 ~6 

(XI a 39,6 (XVI) b 
(XII 44,0 (XX 1 d 

(XIII ~ 8,0 (XXI) d 
(XIV b 9,5 (XXII) d 

C 

MeAMeBCHO (c), PhCHAHBN (d). 

Hz 

it,0 
0,2 
9,0 

57,2 
53,5 
50,2 
t,5 

type of amine f ragment  is formed as the resul t  of a - c l e a v a g e  in the 
substi tuent on nitrogen (Fig. 3). For  these der ivat ives  the tendency 

/ \  coo\'  - ~ ~  - ~ , o o c . / \  - c , ~ , / \  -c,~, + 2 , , . . / ~  ~ , ~  )~- , HC___- -NH \ + / - -  , - , - - - - - ,  \ + .  , \ + ~ /  , \ + / /  , 

N N N N 
il I i H 
CH~ Et E~ 

R ' =  Me, m/d.28 M + m/e84 (a), role56 (b), re~e28 

MeCH = N =CHCO0 W --CO0 R' -CO0 R' -R'OOC" 

R'=Et, m/e 128 N N 
11 I 

R'=~-Pr, m/e 142 CHMe i-Pr 
M+ 
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Fig .  1. M a s s  s p e c t r a  of m e t h y l  e s t e r s  of N - m e t h y l -  
(V) ,  N - e t h y l -  (IX), and N - i s o p r o p y l a z e t i d i n e - 2 - c a r - -  
b o x y l i c  a c i d s  (XIII): a) 12 eV; b) 30 eV.  

/ X --C,H, --CtH. 
"-,\+f , (a) �9 . (I~) 
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t-Pr m/e 98 - 'H" 

--Crib, + 
i-PrN=__CH 
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---c,u,N, CtR~ + -U,, CsHi + --H,, CaH~ + 
r ,, 
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fo r  t h e  (M--COOR) f r a g m e n t  to  d e c o m p o s e  wi th  a c l e a v a g e  of the  s u b s t i t u e n t  on n i t r o g e n  a s  the  o le f in  i s  
e n h a n c e d .  Both  of  t h e s e  p r o c e s s e s  a r e  d o m i n a t i n g  fo r  t he  N - t e r t - b u t y l  d e r i v a t i v e s .  In t he  N - b e n z y l  
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Fig. 2. Mass spec t rum of (V) in region of metastable  
peak with a fiat top, m /e  25.2 (calculated 25.2), and of 
metas table  peak with the usual shape, m / e  38.0 (calcu- 
lated 37.98), T = 0.23 eV. 

der ivat ives  the indicated main f ragmentat ion scheme is complicated by the following competing decomposi -  

RhCH2N =CHC00R '  �9 �9 - - \ \ + j - -  COOR' 
N 

I 
CHzPh 

M +  

+ --CzHI + --C~HsN . I --R'OOC" 
CsHs *- ' - -CTH~ ~-- I ? ~  

m/e 65 role 9i 
�9 + z/ 

PhCHN=~--CH <' I I 
role l i7  CH~Ph 

role i46 

tion p r o c e s s e s .  

E X P E R I M E N T A L  M E T H O D  

The mass  spec t ra  were  measu red  on an MX-1303 instrument  at 30 and 12 eV, the IR spec t ra  were 
taken on a UR-10 spec t rophotometer ,  and the NMR spec t ra  were taken on a Varian-HA-100 spec t rome te r  
(100 MHz, the chemical  shifts a re  given f rom HMDS). 

The methyl es te r  of c~ ,7 -d ib romobu ty r i c  acid (I) was obtained in 81% yield as descr ibed in [5], bp 
68-70 ~ (2 mm), nD 2~ 1.5040. 

The following were  obtained in a s imi l a r  manner :  ethyl es te r  of ~ ,7 -d ib romobutyr ic  acid (II) in 73% 
yield, bp 81-82 ~ (4 mm), nD 20 1.4885; isopropyl  es te r  of ~ ,7 -d ib romobu ty r i c  acid (III) in 83.5% yield, bp 
96-100 ~ (4 mm), nD 2~ 1.4890; benzyl e s t e r  of ~ ,7 -d ib romobu ty r i c  acid (IV) in 64% yield, bp 132-134 ~ (0.4 
ram), nD 2~ 1.5520, cf. [6]. 

A. Methyl Es te r  of 1 -Methylazc t id ine-2-carboxyl ic  Acid (V). A solution of 13 g (0.05 mole) of (I) 
and 6.2 g (0.2 mole) of methylamine in 100 ml of acetoni t r i le  was kept at 20 ~ for 4 days.  Then the cooled 
mixture  was f i l tered,  the f i l t rate  was evaporated to dryness  at 20 ~ (20 mm), and the res idue  was extracted 
with ether  (2 • 100 ml). After  removal  of the ether  the res idue was disti l led.  

B. Methyl Es te r  of 1 - I sopropylaze t id ine-2-carboxyl ic  Acid (XIII). A mixture  of 13 g (0.05 mole) of 
(I) and 8.85 g (0.15) mole of i sopropylamine in 200 ml of CH3CN was refluxed for 21 h and then worked up 

by method A. 

C. Ethyl Es te r  of 1 - I sopropylaze t id ine-2-carboxyl ic  Acid (XIV). A solution of 13.7 g (0.05 mole) 
of (H) and 8.85 g (0.15 mole) of i sopropylamine  in 200 ml of CH3CN was kept at 20 ~ for 6 days,  and then 
for  11 h as in the preceding experiment .  
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Fig. 3. Mass  s p e c t r a  of methyl  e s t e r s  of N - t e r t -  
butyl-  (XVII) and N-benzylaze t id ine-  2- carboxyl ic  
acids (XX): a) 12 eV; b) 30 eV. 

D. Methyl Es t e r  of 1 - T e r t - b u t y l a z e t i d i n e - 2 - c a r b o x y l i c  Acid (XVII). A mix tu re  of 13 g (0.05 mole) 
of (I), 3.65 g (0.05 mole) of t e r t -bu ty l amine ,  and 10.1 g (0.1 mole) of t r i e thy lamine  in 150 ml of CH3CN 
was kept at 20 ~ for  4 days and then worked up by method A. 

E. Methyl Es t e r  of 1 -Benzy laze t id ine -2 -ca rboxy l i c  Acid (XX). A solution of 13 g (0.05 mole) of (I) 
and 16 g (0.15 mole) of benzy lamine  in 200 ml  of CH3CN was kept  at 20 ~ for  10 days .  Af ter  the usual  work-  
up the e ther  ex t r ac t  was t r ea t ed  with 10.1 g (0.1 mole) of t r i e thy lamine ,  the solution was evapora ted ,  and 
the product  was again ex t rac ted  with e ther .  Then the solvent  was r e m o v e d  in vacuo and the product  was 
dis t i l led.  

F. Ethyl Es t e r  of 1 -Benzy laze t i d ine -2 -ca rboxy l i c  Acid (XXI). A mix tu re  of 13.7 g (0.05 mole) of 
(II) and 16 g (0.15 mole) of benzy lamine  in 200 ml of CH3CN was ref luxed for  22 h and then worked up as in 
expe r imen t  E. 

CONCLUSIONS 

1. Starting with the esters of ~,7-dibromobutyric acid and primary amines, the synthesis of N- 
alkylazetidine-2-carboxylie esters was extended to the simple amines. 

2. The geminal nonequivalence of the diastereotopic protons and groups, observed in the NM:R 
spectra of the N-alkylazetidine-2-earboxylic esters, is greater for the substituent on nitrogen than in the 
earbalkoxyl group. 

3. The characteristic processes for the fragmentation of N-alkylazetidine-2-carboxylic esters 
under electron impact are the formation of amine fragments via cleavage of the substituent at C-2 and ~- 
cleavage in the substituent on nitrogen. 
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