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Reaction of N-arylsulfonylaziridines with dimethylsulfonium- 
e thox y carbon yl me th ylide: regio- and stereo-selec tive synthesis 
of 1-arylsulfonyl-2-ethoxycarbonyl azetidines 
Upender K. Nadir* and Anjali Arora 
Department of Chemistry, Indian Institute of Technology, Delhi, Hauz Khas, New Delhi - I10 016, India 

Synthesis and characterization of 4-aryl-, 3,4-diaryl- and 3-alkyl-4-aryl-N-arylsulfonylazetidines, bearing a 
2-ethoxycarbonyl group are described. The methodology used involves transfer of an ethoxycarbonyl 
substituted methylene group from dimethylsulfoniumethoxycarbonyl methylide to N-arylsulfonylaziridines. 
The synthesis is both regio- and stereo-selective. 

Azetidines are an important group of nitrogen heterocycles for 
which few general syntheses are known.’-3 Previously we have 
shown that methylene transfer from dimethylsulfoxonium 
methylide to N-arylsulfonylaziridines leads, in a fairly simple 
and general way, to nucleophilic attack of the ylide on the 
aziridine to give an intermediate 1 which undergoes a 4-exo-tet 
ring closure to the corresponding azetidine (Scheme 1). To 
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investigate the versatility of this approach it was considered 
desirable to explore the possibility of preparing functionalized 
azetidines through this procedure. We now report the results of 
efforts in this direction. 

Results and discussion 
Based on the rationale of a synthesis which we developed 
(Scheme l), two approaches (A and B) could be envisaged to 
extend the synthesis to functionalized azetidines. These are 
outlined in Scheme 2.  

In (A), an aziridine carrying a functionality such as an ester 
group, which can be transformed relatively easily to other 
functional groups and does not itself react readily with the 
ylide,’ could be treated with dimethylsulfoxonium methylide 
2 to yield the corresponding azetidine. On the other hand 
approach (B) would involve reaction of the appropriate 
aziridine with a ylide such as 3, carrying an ester functionality 
on the ylide carbon, which is known to transfer ‘-I1 substituted 
methylene to suitable substrates. 

Approach (A) was studied through preparation of the 
aziridine 4 by a literature procedure” and allowing it to react 

X = COzEt Ri-fRz 
Scheme 2 

with dimethylsulfoxonium methylide under different reaction 
conditions. However, in each case a complex mixture was 
obtained from which no pure product could be isolated, even 
after careful chromatography. This, together with the fact that 
aziridines like 4 are relatively difficult to prepare,13 led us to 
focus our attention on approach (B). 
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Aziridines 5a-h were prepared, according to our previously 
reported procedure and treated with dimethyl sulfoniumeth- 
oxycarbonyl methylide 3 in dry DMF at 5OoC for 2-3 h 
followed by stirring at room temperature for 18 h. Work-up, 
followed by column chromatography, led to the corresponding 
azetidines 6a-h in 5 4 %  isolated yields (Table 1) (Scheme 3). 

The azetidine structures were assigned on the basis of spectral 
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Table 1 

Azetidine 6, 6, Yield (79 
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6a 

6b 

6c 

6d 

6e 

6f 

6g 

6h 

1.27(t, J7,3H,C0,CH,CH3)2.29(m, 1 H,CH,),2.82 
(m, 1 H, CH,), 4.22 (q, J 7 , 2  H, C02CH,CH3), 4.78 (t, 
J 8, 1 H, CHCO,C,H,), 5.17 (t, J 8, 1 H, PhCH), 7.10- 
7.96 (m, 10 H, ArH). 
1.25 (t, J 7, 3 H, CO,CH,CH,), 2.38 (s, 3 H, 
SO,PhCH,), 2.60 -2.89 (m, 2 H, CH,), 4.22 (q, J 7 ,  2 
H, CO,CH,CH,), 4.64 (t, J 8.1, 1 H, CHCO,C,H,) 
5.06 (t, J 8.1, 1 H, PhCH), 7.05-7.78 (rn, 9 H, ArH). 
1.25 (t, J 7, 3 H, COZCH,CH,), 2.30 (m, 1 H, CH,), 
2.81 (m. 1 H, CH,), 4.23 (q, 1 7 ,  2 H. CO,CH,CH,), 
4.78 (dd, J ,  8, J ,  9, 1 H. CHCO,C,H,), 5.17 (t, J 8 , l  H, 
PhCH) and 7.25-7.96 (m, 9 H, Arm.  
1.24 (t, J 7, 3 H, CO,CH,CH,). 2.25 (m, 1 H, CH,), 
2.81 (m, 1 H, CH,), 4.22 (4. J 7, 2 H, CO,CH,CH,), 
4.69 (t, 1 H, J 8.3, CHCO,C,H,), 5.16 (t, 1 H, J 8.3, 
PhCH) and 7.18-7.82 (m, 9 H, ArH). 
1.23 (t, J 7 . 2 ,  3 H, CO,CH,CH,), 2.24 (m, 1 H, CH,), 
2.80 (m, 1 H, CH,), 4.21 (q, J7.2,  2 H, CO,CH,CH,), 
4.71 (dd, J ,  7.9, J ,  8.9. 1 H, CHCO,C,H,), 5.09 (t, J 8 .  
1 H, PhCH), 7.20-7.8 (m, 9 H, ArH). 
1.23 (t. J 7, 3 H, CO,CH,CH,), 2.24 (m. 1 H. CH,), 
2.33(s,3H,PhCH3),2.80(m, 1 H,CH2) ,4 .22(q .J7 ,2  
H, CO,CH,CH,), 4.70 (t, 3 8 ,  1 H, CHCO,C,H,), 5.09 
(t, J 8, 1 H, PhCH), 7.21-7.89 (m, 9 H, ArH). 
1.26 (t, J7 .2 ,  3 H. CO,CH,CH,), 2.28 (m, 1 H, CH,), 
2.84 (m, 1 H, CH,), 4.24 (9, J 7.2, 2 H, CO,CH,CH,), 
4.73 (dd, J ,  8.05 and J ,  9.03, 1 H, CHCO,C,H,), 5.22 
(t, J 8 ,  1 H, PhCH) and 7.26-8.24 (m, 9 H, ArH). 
1.15 (d, J 2.0, 3 H, CH,CH), 1.25 (t, J 3.5, 3 H, 
CO,CH,CH,) 2.102 (m, 2 H, CH,), 2.41 (s, 3 H, 
SO,PhCH,), 3.92 (m, 3 H, CO,CH,CH, and PhCH). 
4.08 (dd, 1 H, CH,CH) and 7.25-7.77 (m, 4 H. ArH). 

14.0 (q, CO,CH,CH,), 29.4 (t, CH,), 56.9 (t. 
COZCH,CH,) 61.5 (d, CHCO,C,H,), 62.4 (d, PhCH), 
126.7, 129.7, 130.4, 130.8, 131.2, 135.2, 139.3(ArC)and 
176.0 (s, C=O). 
14.0 (q, CO,CH,CH,), 21.5 (4, PhCH,), 29.6 (t, CH,), 

PhCH), 126.7, 127.4, 128.2, 128.6, 129.1 and 129.3 
(ArO. 

56.9 (t, CO,CH,CH,), 61.4 (d, CHCO,C,H,), 62.3 (d, 

14.0 (4, COICHZCH,), 29.4 (t, CH,), 56.9 (t, 
C02CH,CH3), 61.5 (d, CHCOZCZH,), 62.4 (d. PhCH), 
126.7, 127.5, 127.8, 128.4, 128.8, 129.5. 137 (Arc) and 
169.9 (C=O). 
14.0 (q, CO,CH,CH,), 29.4 (t, CH,), 56.9 ( t ,  
COOCH,CH,), 61.5 (d, CHCO,C,H,), 62.3 (d, 
PhCH), 128, 128.4, 128.5, 129.8and 133.1 (Arc). 

14.0 (q, CO,CH,CH,), 29.4 (t, CH,). 56.9 (t, 
CHCO,C,H,). 62.6 (d, PhCH), 126.8, 127.9, 128.4, 
128.7, 129.2, 129.7, 133.1 and 134.4(ArC). 

14.0 (q, CO,CH,CH,), 21.2 (q, PhCH,). 29.4 (t ,  CH,), 
56.8 (t, COZCHZCH,), 61.5 (d, CHC02C,H,), 62.4 (d, 
PhCH), 127.1. 127.8, 128.2, 129.1, 130.1, 138.8 (Arc). 

14.0 (4. CO,CH,CH,), 29.4 ( t ,  CH,), 56.9 (t, 
CO,CH,CH,), 61.5 (d, CHCO,C,H,), 62.4 (d. 
PhCH), 121.2, 124.4. 126.6, 126.8, 128.1, 129.2, (Arc) 
and 169.7 (C=O). * 
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* Not enough material to characterize it 
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data and elemental analysis. The regio-structure was decided in 
favour of 6,  as against 7, on the basis of 'H N M R  evidence. For 
7, HE is expected to appear as a doublet and HB and HC as 

triplets or doublet of doublets, whereas in 6a-g, HE appears as a 
triplet ( J  8 Hz) or a doublet of doublets ( J 1  8 Hz, J ,  9 Hz), HF 
appears as triplet ( J  8 Hz) and HB and HC as multiplets. The cis 
relationship of R and the ester group was derived from the 
following observations. (a) Refluxing 6c with sodium ethoxide in 

ethanol for 24 h led to no epimerization. This is in accord with 
the reported l 4  observation that the cis-isomers of such 
azetidines are more stable than the trans-isomers and so do not 
epimerize readily. (b) In case of the cis-isomers the difference in 
the chemical shift of HB and HC would be expected to be more 
than in the trans isomer 8. In the case of 6 ,  chemical-shift 

differences of 0.51-0.56 ppm were observed, which are close to 
0.55 ppm reportedI5 for the cis-isomer of methyl 1,4- 
diphenylazetidine-3-carboxylate; for the trans-isomer the value 
reported is 0.28 ppm. Also the chemical-shift difference between 
HE and HF is expected to be more for the trans than for the cis 
isomer. We observed a chemical-shift difference of 0.47 ppm 
which is close to 0.37 ppm reported for the cis isomer of methyl 
1,4-diphenylazetidine-3-carboxylate; for the trans isomer the 
corresponding value is 1.22 ppm. 

Formation of the regioisomer 6 indicates that the ylide 
carbon attacks the unsubstituted carbon of the aziridines in 
preference to the substituted carbon. This is in accord with our 
previous observations.6 Alternatively, it could also mean that 
the intermediate derived from attack at the unsubstituted 
carbon goes to the product azetidine whereas that from attack 
at the substituted carbon prefers other competing reactions. A 
distinction between the two cannot be made because, except 
azetidine, no other pure product could be isolated and 
characterized. The stereochemical course of the reaction 
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Table 2 Reaction of 2,3-disubstituted-N-arylsulfonylaziridines with dimethylsulfoniumethoxycarbonyl methylide 

Aziridine Azetidine 6, 6, Yield (%) 

9a 

9b 

9c 

9d 

9e 

9f 
9g 
9h 
9i 

10a 

10a 

1 oc 

1oc 

10e 

- 
- 
- 
- 

1.32 (t, J 7.1, CO,CH,CH,), 4.21 (m, 3 H, 
CO,CH,CH,, PhCH), 5.04 (d, J 4, 1 H, 
CHC02C2H,), 5.86 (d, J8, 1 H, PhCHNS0,Ph) 
and 6.8-7.52 (m, 15 H, ArH). 
1.32 (t, J 7.1, CO,CH,CH,), 4.21 (m, 3 H, 
CO,CH,CH,, PhCH), 5.04 (d, J 4, 1 H, 
CHCO,C,H,), 5.86 (d, J 8, 1 H, PhCHNS0,Ph) 
and 6.8-7.52 (m, 15 H, ArH). 
1.34 (t, J 7.1, 3 H, CO2CH2CH3), 2.33 (s, 3 H, 
PhCH,), 4.21 (m. 3 H, CO,CH,CH, and 
PhCH), 5.09 (d, 54, 1 H, CHCO,C,H,), 5.86 (d, 
J 8, 1 H, PhCHNS0,Ar) and 6.8--7.52 (m, 15 H, 
ArH). 
1.34 (t, J 7.1, 3 H, CO,CH,CH,), 2.33 (s, 3 H, 
PhCH,), 4.21 (m, 3 H, CO,CH,CH, and 
PhCH), 5.09 (d, J4, 1 H, CHCO,C,H,), 5.86 (d, 
J8, 1 H, PhCHNS0,Ar) and 6.8-7.52 (m, 15 H, 
ArH). 
1.07 (d, J 8.4, 3 H, CH3CH), 1.20 (t, J 7.1, 3 H, 
CO,CH,CH,), 3.85 (dd, J ,  8.37, J 2  5.83, 1 H, 
PhCH), 4.15 (q, J 7.1, 2 H, CO,CH,CH,), 4.91 
(m, 1 H, CH,CH), 4.96 (d, J 5.83, 1 H, 
CHCO,C,H,) and 7.19-7.92 (m, 10 H, ArH). 

14.0 (q, CO,CH,CH,), 44.7 (d, PhCH), 61.8 (t,  

PhCHNSO,Ph), 127.0, 127.6, 127.9, 128, 128.8, 
134.8 (Arc) and 170.4 (GO). 
14.0 (q, CO,CH,CH,), 44.7 (d, PhCH), 61.8 (t, 
CO,CH,CH,), 66.2 (d, CHC02C2H,), 70.4 (d ,  
PhCHNSO,Ph), 127.0, 127.6, 127.9, 128, 128.8. 
134.8 (Arc) and 170.4 (C=O). 
14.0 (q, CO,CH,CH,), 21.5 (q, PhCH,), 44.6 
(d, PhCH), 61.8 (t, CO,CH,CH,), 66.27 (d. 
CHC02C2H5), 70.21 (d, PhCHNSO,Ar), 127.1, 
127.4, 128, 128.1, 128.3, 128.9 and 129.1 (Arc)  

14.0 (q, CO,CH,CH,), 21.5 (q, PhCH,), 44.6 
(d, PhCH), 61.8 (t, CO,CH,CH,), 66.27 (d, 
CHCO,C,H,), 70.21 (d, PhCHNSO,Ar), 127.1. 
127.4, 128, 128.1, 128.3, 128.9and 129.1 ( A r c )  

13.8 (q, CH,CH), 16.2 (q, CO,CH,CH,), 42.7 
(d, PhCH), 61.4 (t, CO,CH,CH,), 63.9 (d. 
CH3CH), 65.5 (d, CHCO,C,H,), 127, 127.8. 
128.2, 128.5, 128.7, 130.6, 134.6, 141 ( A r c )  and 
169.6 (GO). 

COZCHZCH,), 66.2 (d, CHCOZCZH,), 70.4 (d, 

leading to the formation of the cis isomer is probably a 
consequence of the reported greater stability of the cis isomer in 
relation to the trans isomer for related azetidines. Entries 4-7 
(Table 1 ) indicate no significant electronic effect of substituents 
residing on the 2-phenyl ring of the aziridines on the course of 
the reaction, since aziridines bearing electron donating or 
electron withdrawing groups at meta or para positions lead to 
azetidines with similar yields. The small variations may be due 
to the ease of isolation of the products rather than any 
substituent electronic effects. 

The synthesis could also be extended to prepare 3,4- 
disubstituted azetidines bearing an ethoxycarbonyl functional- 
ity at C-2 (Table 2) (Scheme 4). 

SO,-C,H,X-p R' 

+ -  I 
N R'\LLR' + M q S  CHC0,Et - 

'COzEt 
9a-1 lOa, c, e 

a R ' = R Z = P h  
(trans). X = H 

b R 1 = R 2 = P h  
(cis),  X = H 

c R 1 = R 2 = P h  
(trans) X = M e  

d R 1 = R i = P h  
(cis). X = M e  

e R 1 = P h , R 2 = M e  
(trans), X = H 

f R ' = R * = M e  
(trans), X = H 

g R 1 = R 2 = M e  
(cis), X = H 

h R '=R'=Me 
(trans) X = Me 

(cis), X = M e  
I R ' = R ~ = M ~  

Scheme 4 

The geometric relationship of the substituents in azetidines 
10 was derived from 'H NMR evidence. Thus JAB = 8 Hz 
suggests that these protons are cis disposed, whereas JBc = 4 
Hz suggests a trans-relationship for HE and H,. The larger 
value of Jci,, as compared with J,,,n,, is normal for four- 
membered rings l 6  and has been previously observed by us for 

related azetidines. In the case of trans substrates the relative 
geometry of the aziridine and the azetidine seem to suggest that 
the aziridine carbon suffering the ylide attack undergoes an 
inversion of configuration. This may be explained in terms of an 
SN2 attack on the aziridine ring leading to an overall inversion 
at  the attacked carbon. For 10e, the ' H  NMR data clearly 
disfavours the alternate regioisomeric structure 11. This 

MeCH-CHPh 

I I  
Et02CHC-NSOzPh 

11 

indicates that the aziridine 9e is attacked by the ylidic carbanion 
at  the carbon bearing the phenyl group rather than the one 
having a methyl group. Such discrimination has been 
observed by us previously for reaction of the same aziridine 
with dimethylsulfoxonium methylide.6 The stereochemical 
assignment was again based on the relevant coupling constant 
values. 

Interestingly, when the cis-isomers 9b,d were subjected to  
the same reaction conditions, diminished yields of the same 
azetidines, as from trans-aziridines (10a and 1Oc) (Table 2), were 
obtained and substantial amounts of the cis-aziridines (60 and 
72%, respectively) were recovered unchanged. This, together 
with the fact that the recovered aziridines from the reaction of 
the corresponding trans-aziridines were found to be the cis- 
isomers, suggests that during the course of the reaction an 
equilibrium is set up between the cis- and trans-aziridines. Of 
these, only the trans isomers react to form the azetidine while 
the cis isomers remain unchanged (Scheme 5 ) .  The lower 
reactivity of the cis isomers, as compared to trans isomers, 
towards nucleophilic attack is well documented. '',18 A similar 
observation was made in the reaction of dimethylsulfonium 
methylide with cis-2,3-diphenyl-N-arylsulfonylaziridine~.~ 
Stamm et al." have also made similar observations for the 
reaction of aziridines with thiophenolate ion. 
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extracts were washed with water, dried (Na,SO,) and 
evaporated and the crude product was purified by column chro- 
matography. 

cis-Ethyl Cphenyl-1-phenylsulfonylazetidine-2-carboxylate 
6a. The aziridine 5a (0.750 g, 2.89 mmol), on reaction with the 
ylide 3 (1.283 g, 8.67 mmol) as above, gave the azetidine 6a 
(0.405 g, 40.6%), mp 105-107 "C (Found: C, 62.4; H 5.39; N, 
4.35. C,8H,9NSO, requires C, 62.6; H, 5.3; N, 4.05%); 
v,,,(KBr)/cm-' 2918, 1752, 1330 and 1164; mi: 345 (M+). 

&Ethyl 4-phenyl-l-(p-tolylsulfonyl)azetidine-2-carboxylate 
6b. The aziridine 5b (0.770 g, 2.82 mmol), on reaction with the 
ylide 3 (1.2523 g, 8.6 mmol) as above, gave the azetidine 6b 
(0.349 g, 34.3%); mp 85-87 "C (Found: C, 63.7; H, 5.9; N. 3.8. 
C19HzlNS0, requires C, 63.50; H, 5.84; N, 3.89%); v,,,- 
(KBr)/cm-' 2910, 1752, 1330 and 1160; mi; 359 (Mt).  

&-Ethyl l-(p-chlorophenylsulfonyl)-4-phenyl-azetidine-2- 
carboxylate 6c. The aziridine 5c (0.587 g, 2 mmol), on reaction 
with the ylide 3 (0.888 g, 6 mmol) as above, gave the azetidine 
6c (0.327 g, 43%); mp 92-93 "C (Found: C, 56.85; H, 4.65; N, 
3.74. C,,H,sCINSO, requires C, 56.91; H, 4.74; N, 3.68%); 
vmax(KBr)icm 2915, 1750, 1330 and 1164; m/z  306 (M' - 
C0,Et). 

&-Ethyl 4-@-chlorophenyl)-l-phenylsulfonylazetidine-2-carb- 
oxylate 6d. The aziridine 5d (0.750 g, 2.56 mmol), on reaction 
with the ylide 3 (0.947 g, 6.4 mmol) as above, gave the azetidine 
6d (0.376 g, 38.8%); mp 103-105 "C (Found: C, 56.9; H, 4.8; N, 
3.7. C,,H,,CINSO, requires C, 56.91; H, 4.74; N, 3.68%); 
v,,,(KBr)/cm-' 2910, 1751.6, 1330 and 1160; m/: 306 (M' - 
CO Et). 

&-Ethyl 4-(m-chlorophenyl)-1-phenylsulfonylazetidine-2-car- 
boxylate 6e. The aziridine 5e (0.750 g, 2.56 mmol), on reaction 
with the ylide 3 (0.947 g, 6.4 mmol) as above, gave the azetidine 
6e (0.413 g, 42.6%), mp 77-78 "C (Found: C, 56.85; H, 4.7; N, 
3.7. Cl8HI,CINSO, requires C, 56.91; H, 4.74; N, 3.68%); 
v,,,(KBr)/cm-' 2905, 1752, 1334 and 1160; m/z 306 (M' - 
CO, Et). 

cis-Ethyl l-phenylsulfonyl-4-~p-tolyl)azetidine-2-carboxylate 
6f. The aziridine 5f (0.546 g, 2 mmol), on reaction with the ylide 
3 (0.888 g, 6 mmol) as above, gave the azetidine 6f (0.255 g, 
35.4%) as an oil (Found: C, 63.6; H, 5.8; N, 3.9. Cl9H2,NSO4 
requires C, 63.5; H, 5.84; N, 3.89%); v,,x/cm-l 2910, 1752, 
1330 and 1164; mi; 286 ( M +  - C0,Et). 
&-Ethyl 4-(m-nitrophenyl)-l-phenylsulfonylazetidine-2-carb- 

oxylate 6g. The aziridine 5g (0.608 g, 2 mmol), on reaction with 
the ylide 3 (0.888 g, 6 mmol) as above, gave the azetidine 6g 
(0.184 g, 23.6%), mp 108-ll0"C (Found: C, 55.3: H, 4.7; N, 
7.2. Cl,H,,N2S0, requires C, 55.38; H. 4.61; N, 7.17%); 
v,,,(KBr)jcm-' 2910, 1751, 1330 and 1164; m/z 317 (M' - 
C 0 2 E  t) . 

Ethyl 4-methyl-l-(p-tolylsulfonyl)azetidine-2-carboxylate 6h. 
The aziridine 5h (0.633 g, 3 mmol), on reaction with the ylide 3 
(1.332 g, 9 mmol) as above, gave the azetidine 6h (4.4 g, 5%) as a 
thick oil; v,,,,cm-' 2900, 1752, 1330 and 1164. Elution with 
benzene gave unchanged aziridine 5h (60%). 

Ethyl i-3,r-~diphenyl-l-phenylsulfonylazetidine-r-2-carboxy- 
late 10a. The aziridine 9a (0.600 g, 1.79 mmol), on reaction with 
the ylide 3 (0.795 g, 5.37 mmol) as above, gave the azetidine 
10a (0.343 g, 45.6%); mp 112-1 14 "C (Found: C, 68.5; H, 5.4; 
N, 3.3. C,,H,,NSO, requires C, 68.41; H, 5.46; N, 3.32%); 
v,,,(KBr)/cm-' 2900, 1751, 1330 and 1160; miz 290 (M+ 

The aziridine 9b (0.600 g, 1.79 mmol), on reaction with the 
ylide 3 (0.795 g, 5.37 mmol) as above, gave the azetidine 10a 
(0.1 55 g, 20.6%); mp 112-1 14 "C. Elution with benzene-hexane 
( 8  : 2) gave unchanged aziridine 9b (0.339 g, 56.6%). 

Ethyl+3,?4diphenyl- l-@-tolylsulfonyl)azetidine-r-2-carb- 
oxylate 1Oc. The aziridine 9c (0.760 g, 2.17 mmol), on reaction 
with the ylide 3 (0.966 g, 6.53 mmol) as above, gave the 

- SOzPh). 

SOzPh SOzPh 

t Ph 

+fH 

P h S 0 & 4  
'C02Et 

Scheme 5 

The low yields of the azetidines from 2-methylaziridine (entry 
8: Table 1) and the complete non-reactivity of cis and trans-2,3- 
dimethylaziridines (entries 6-9, Table 2) suggest that the 
presence of an alkyl substituent on the ring deactivates it 
towards nucleophilic ring opening. A further contributing 
factor could be the lower nucleophilicity of 3 as compared to 
dimethylsulfonium and dimethylsulfoxonium methylides. An 
attempt to carry out the reaction of aziridines 5a-c with the 
ylide Me2S+ C-HCOPh also failed possibly for similar reasons. 

Conclusions 
Reaction of N-arylsulfonylaziridines with dimethylsulfonium- 
ethoxycarbonyl methylide is a fairly general approach 
for the synthesis of azetidines bearing an ethoxycarbonyl 
functionality. The reaction is stereoselective and leads to the 
formation of only one stereoisomer. The yields are moderate 
but compare favourably with those reported in literature for 
similar compounds. However, the reaction fails completely 
with 2,3-dialkylaziridines and gives poor results with 2-alkyl- 
aziridines. 

Experimental 
Mps and bps are uncorrected. IR spectra were recorded on a 
Nicolet 5DX FTIR instrument. 'H and 13CNMR (CDCI,) 
spectra were recorded on a JEOL FXIOO machine at  100 and 25 
MHz respectively using TMS as internal standard. Mass 
spectra were obtained on JEOL G/C MS JMS D300 
spectrometer. Microanalyses were carried out on Perkin-Elmer 
240C CHN elemental analyser. Reactions were monitored by 
TLC using benzene-ethyl acetate (9: 1) for developing the 
plates. Unless otherwise specified, anhydrous Na,SO, was used 
as the drying agent. 

Ethoxycarbonylmethyldimethylsulfonium bromide 
This compound was prepared according to the method of 
Payne,8 in 90% yield, mp 78-81 "C (lit.,8 mp 85-87 "C). 

Dimethylsulfoniumethoxycarbonyl methylide 3 
This compound was prepared according to the method of 
Payne in 90% yield and obtained as a non-distillable viscous 
oil. 

General method for the reaction of N-arylsulfonylaziridines 
with dimethylsulfoniumethoxycarbonyl methylide 
The methylide 3 (6 mmol) was allowed to react with the 
appropriate N-arylsulfonylaziridine (2 mmol) in dry DMF (25 
cm3) under N, at 50°C for 2-3 h after which it was stirred 
overnight at room temperature. Upon completion of the 
reaction, DMF was removed under reduced pressure from the 
mixture, after which the residue was diluted with ice-cold water 
(30 cm3) and extracted with ether (3 x 25 cm3). The combined 
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5 U. K. Nadir, R. L. Sharma and V. K. KOLI~,  Tetrahedron, 1989,45, 

6 U. K. Nadir, R. L. Sharma and V. K.  Koul, J .  Chem. Soc., Perkin 

7 B. M. Trost and L. S .  Melvin Jr., Sulfur Ylides, Academic Press, 

8 G. B. Payne, J.  Org. Chem., 1967,32, 3351 
9 D. Curley, J. Org. Chem., 1984,49, 1944. 

Commun., 1981,417. 

1851. 

Trans. I ,  1991, 2015. 

New York, 1975. 

10 A. J.  Speziale, C. C. Tung, K. W. Ratts and A.  Yao, J.  Am. Chem. 

11 K. W. Ratts and A. Yao, J. Org. Chem., 1966,31, 1185. 
12 K. Fugami, K. Miura, Y. Murizawa, K. Oshima, K. Utimoto and 

H. Nozaki, Tetrahedron, 1989,45, 3089. 
13 J. A. Deyrup, Small Ring Heterocycles; Part I, ed. Alfred Hassner, 

Wiley-Interscience, New York, 1983, ch. I. pp. 1. 
14 S. B. Kulkarni, R. M. Rodebaugh and N. H. Cromwell, J .  

Heterocycl. Chem., 1976, 13, 329. 
15 M. Vaultier, R. Danion-Bougot, D. Danion. J .  Hamelin, and 

R. Carrie, J. Org. Chem., 1975,40,2990. 
1 6 A. Gaudemer, Stereochemistry Fundamentaland Methods. Determina- 

tion of Configuration by N M R  Spectroscopy; vol. I, ed. H. B. Kagan, 
George Thieme, Stuttgart, 1977, pp. 87. 

17 T. Mall and H. Stamm, Chem. Ber., 1988, 121, 1353 and references 
cited therein. 

18 R. L. Sharma, Ph. D. Thesis, I. I. T. Delhi, 1989. 
19 A. W. Johnson and R. T. Amel, J.  Org. Chem., 1969,34, 1240. 

Soc., 1965,87, 3460. 

azetidine 1Oc (0.381 g, 40.3%); mp 78-80 "C (Found: C, 68.16; 
H, 5.68; N, 3.32. Cz5H,,NS0, requires C, 68.9; H, 5.74; N, 
3.21%); v,,,(KBr)jcm-' 2910, 1752, 1330 and 1164; m/z 280 

The aziridine 9d (0.380 g, 1.08 mmol), on reaction with the 
ylide 3 (0.483 g, 3.26 mmol) as above, gave the azetidine 1Oc 
(0.094 g, 10%); mp 78-80 "C. Elution with benzene gave the 
unchanged aziridine 9d (0.274 g, 72%). 
Ethyl t-4-methyl,t-3-pheny1-1-phenylsulfonylazetidine-r-2-car- 

boxylate 10e. The aziridine 9e (0.700 g, 2.55 mmol) on reaction 
with the ylide 3 (1.134 g, 7.6 mmol) as above, gave the azetidine 
10e (0.393 g, 42.7%); mp 65 "C (Found: C,  63 2; H, 5.8; N, 3.9. 
C,gH21NS04 requires C, 63.5; H, 5.84; N, 3.89%); v,,,(KBr)/ 
cm-'2918. 1751,1331 and 1164;m/z218(M+ - S0,Ph). 

(M' - SOzPh - CH,). 
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