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Abstract - The reaction of B-chloro iminee 1 with potassium 
cyanide in methanol or with lithium aluminium hydride in dry 
ether gave rise to 2-cyanoaretidines 5 and azetidines 21. 
The reaction proceeded by nucleophilic addition of cyazde or 
hydride across the carbon-nitrogen double bond, followed by 
ringclosure. The corresponding B-chloro toaylhydrazonee, which 
could either give rise to a four- or five-membered heterocycle 
on treatment with potassium cyanide in methanol, were shown to 
afford N-torylamino 2_cyanoaretidines, exclusively. 

Introduction : 
w-Halo iminer, 1 are a class of bifunctional compounds, the synthesis of which was 

1,2 recently described by UII . These compounds were prepared from the corresponding 

carbonyl compounds 1 i.e. w-halo ketones and w-halo aldehydes, by reaction with a 

primary amine' or from imines 2 by a base-induced a-alkylation with a a,w-dihalo- 

alkane' (Scheme I). w-Haloiminee are quite versatile reagent8 for the synthesis 

of heterocyclic compounds. In this article, the reactivity of B-chloro imines 1 

towards nucleophileo, such au potaesium cyanide and complex metal hydridee, lea- 

ding to axetidines will be described. 
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SCHEME I 

1 Premnt address : Laboratory of Chemical Producta, DSM Limburg b.v.. 6160 MB 

Gelmen, The Netherlands. 
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Result@ and discussion : 

Reactivity of B-Chloro fmines towards Potassium Cyanide --------- __~_--__________~___~~~~~~~~~~~~~~~~_~_ ,..____i__ ..~__..~..~____~.. Synthesir of l-C!yano- 
axetidines --..----___ 

In general, azetidines are an important class of heterocyclic compounds which 

have received considerable attention in the lfteratUre3-'. 2-Cyanoa+etidfnes6-lo 

have only been prepared by hydrogen cyanide addition to 1-aretines', by reaction 

of triphcnylphosphine dibromide with azetidine-2-carboxamides' or by cyclization 

of o,y-dfbromonitrilee with amineag. In a preliminary report 11 we described 8ome 

examples of the novel synthesis of 2-cyano-3,3_dfmethylazetidines 1 by reaction of 

6-chloro fmines i with potassium cyanide in methanol (Scheme II). In this article 

the preparation of 2-cyanoazctidines 2 from B-chlorofmines r will be described in 

A 

KEN 

MeOH 

I? 5 ( 50-96%) 

3---k CN 

SCHENE II 

detail {Table X). Normally the reaction of B-chloroimines 1 with potassium cyanf- 

de in methanol, affording a-cysnOazetidine8 5, was complete within several. hours 

(Table I), but for eterically hindered B-chloro imfnes 1 (Table I, entry 5,9 and 

10) even after 50 hours or more the starting material wae not totally consumed. 

In order to test the possibility to prepare B-lactams from B-halo imines, the 

reaction of %,B,B-trichloroaldiatinc 5, prepared from 3,3,3-trichloro-2,2-dimethyl- 

propanal "12, with potaasiuap cyanide was investigated. unfortunatcly,aldimine 2 
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KCN I MeOH 
Y 
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A adays 

SCHEME III 

Table I : Synthesis of Azctidincs 2 and 21. - 

Entry Starting R % R2 R3 Reaction conditione" Yieldb 
Material 

1 la - 'gH5 Me Me He 2I KCN/I¶eOH A 20h 2 : 76' 

2 4b - CB2C6E5 Me Me Me 2E KCNfMeOB A lh 50 I 93 - 

_? IC i-Pr Me Me Me 2E KCNfMeOH - A 2,5h 5c : 96/02d'e - 

I 13 NRS02C6A4 Ue Ue Me 2E KCN/MeOA A 6h x : 87192 d,f - 
-4-CH3 

a CH2C6H5 Pie - (CM2 1 5- 2E KCN/MeOli A3d 5e:04 
I 

a 4e - CB2C6H5 C6H5 Me Me 2E KCN/?leOil A 6h x : 93 

7 - If i-Pr C6R5 He Pie 2t KCN/HeOH A 12h & : 89 

s fs CH2C6H5 H He Me 2E KCN/MeOB A 6d a : 88 

2 4h H He A 50h - A-Bu Me PE KCN/MeOB 51 : 83g - 

4f - A-Pr H et Lt 2E KCN/UcOH A 24h 5i : 504 
I 

LL fs CH2C6H5 II Me l4e 8E LAB/ether A2h *:94 

I 12 - I!! t-Bu H Me Me EE LAB/ether A 2h G : 85 
I 

13 4i - i-Pr H Et - Et BE LAA/ether A ld J& : 659 

Ir c A-Pr We Me Me 8E LNi/ether A 3h 21d : 92 - 

I 5 Is '6'5 Me Me Me 0E LAH/ether A lh 

I 16 - !!? CH2C6B5 Me Me He 8C LAH/ether A 2h 2lf : 
88 - 1 

12 Ai '6'5 Me -(CH215- BE LAIl/ether A 15d zig : 90 

18 4e - - CH2C6H5 C6H5 He Me BE LAB/ether A 20h 2lh : Og - 

rs 4f - A-Pr C6H5 He He 8C LAB/ether A 2h 211 t 87 - 

a : 

b: 

c: 
g: 

rwcthl OxaitlMa (101 w/v eolutim); lm = potusilml cyani&; IAH - lithiun aluninim 
hydrlde;A=mflux;E=equ.lvalmt~~; 

ZZc 

h=hmr(e);d~dmy~s);Ihsmectiaruurpnor- 
m a 0.01 a01 scale BD(ocpt otkuwieeindicated. Nlampamdsgawz 

udcmmnlyeea : C + 0.15; H l 0.20; N 2 0.201. 
YieldJBmfertoiaolaudymd6-kusti.l~, 
gkdy==. 

crymuMt.lm~,utberyleldereferto 

rn59y 
m?mzumlrk&uresvrrc iaolatad innEnnrlyqumtitatiwzyi.eld. 

d : 0.1 solar eca.le 
them6tlaemrtinglmterial. 

e : Bp 82-B5"C/l~ f : q 13oy 
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Table XX : Spectra1 Data (IR, lH-NMR, MS) of Atetidinee 2 and z_ 

IRfNaCll 
com- 

VClN 
pound cm-1 

'ii-NHR (6, CDC13) Mass Spectrum (7OeVl m/e (8) 

2228 

2221 

2221 

2222 

3191 

(VNH) 

2222 

2222 

2223 

2222 

1.34 (~H,s,CE?~)Z 1.53 13B,s, 200(H+,l4)r 145(91; 144(52fr 

Clf3); 1.71 (3H,s,CH3)r 3.57 143(g); 129(10)t 118(14); 106 

(ZH,S,C~~): 6.60-7.60 (SH,m, (91; lOS(251; 104(12); 73(383; 

'6!!5)* 51(16t; 44115); 4315): 42f61; 

41(14); 40(100); 39(10). 

1.19 (3H,s,CEi31; 1.25 f6H,2xs, 214#+,6); 123(8), 92110); 91 

C(cs3j2)r 2.84 and 3.00 (ZH, (LOO); 82(5)t 65(g); 56(91r 42 

Zxd,AB,J*6.4Hz,Clf2 ring); 4.79 (5); (l(8); 39(51. 

and 4.64 fZH,2xd,AB,J=13.2Hz, 

CLi2C6HS); 7.33 (5H.s,C6HS). 

0.93 and 1.02 (6R,2xd,J=6Az, la604+,6); 151413); 13916); 111 

CH(CIi3f2fr 1.23 (~H,ZXB,~XC~~); 1131: 9516); 83(9)t 82161; 72 

1.43 (3H,s,C!i3): 2.72 (lH,sep- (20); 70(69); 69(20); 57(6); 56 

tetrJ=6Hz,Cg(CH3) 2) ; 2.72 and (60); 55115); 44(9); 43(39): 42 

3.03 fZH,2xd,AB,J-fi.IHz,CX_Z). (28): 41(48)i 4OflOO)F 391111. 

1.17 (3H,S,CH3)i 1.23 (6H,8,2X no M+; 155(11); 139(1S): 138 

CE3): 2.45 {3H,a,C1i~); 3.Olard (IbO); lll(163; 96122); 95(13); 

3.11 (2H,Zxd,AB,J=6.6Hz,Cii2); 941121; 92(12); 91(33)r 83(22); 

6.30 (lH,s,bs,Nz)r 7.38 and 69(P); 68(P), 67(11)r 65(19); 

7.88 (4H,2xd,AB,J-8Ht,C6fll). 57(33)3 S6(10); 551581; 45(15); 

43(32); 42(8); 41(33); 39(E). 

1.23 (3H,s,CE13f; 0.60-2.20 

(lOH,m,C&O1: 2.74 and 3.10 

(IH,Zxd,M,J=6.4Hz,ring C&,1; 

3.60 and 3.78 t2H,2xd,ABB,J=12.4 

Hz,Clj2C6HS): 7.28 (SE,s,C&f. 

0.83 (3H,a,W31; 1.37 (3H,s, 276(M+,S); 250(6); 194(8): 185 

W3); 2.93 and 2.97 (2R,Zxd,AB, (6); 107(9f; 105(20); 104110); 

J-6.8Hz,ring W2): 3.64 and 91(100); 77(10); 6569): 57(6)t 

3.90 (2H,2xd,AB,J-12.8HzrCi&C6 56(24); 55(7); 5116); 44(7)t 43 

H5)t 7.10-7.70 f10H,m,2xC6~sl. (5); 4lfl3); 40(67); 39(6). 

0.74 (3H,s,CH3); 0.81 and 1.02 228(M+,36)1 227(E); 213(10); 

(6R,2xd,J-6.2Hz,CH1C~3)2);1.28 18Sf34f; 173(19); 172t101: 158 

(~H,s,C~~): 2.82 jlH,scptet,J= (151; 15?(85ir 146(81; 231(25); 

~.~Hz,C~(CH~)~); 3.10 and 2.82 130(17); 116(e); 115(13); 107 

(2H,2xd,AB,J-6.5Hz,Ckt21# 7.00- (15); lOS(lS); 104tloof; 103 

7.70 (SH,m,C61&). (1’5)r PlflOtt 82(8)r 77fl7); 70 

(10); 56I68)r S5(15); 43(27); 

41127); 3918). 

1.25 (3H,s,Cf13); 1.44 (3H,e, 2OO(M*,6); 15S(7l: 114t71: 92 

Clj3); 2.87 and 3.13 (2H,2xd, (121; 91(100); 65(12)$ 56(19); 

AB,J=6.4Hz,Cii2 ring); 3.63 SS(5fs 41(15); 40(22); 39(7). 

(lH,s,Cl$N,: 3.71 and 3.74 (2H, 

Zxd,AB,J-13Hz,Cf12C6Pg)l 7.37 

(5H,e,C6+f. 



Table II : continued 

IR(NaC1) 
Com- 

"CfN %I-NI4R (6, CDCl3) Ma88 Spectrum (70eV) m/e (%I 
pund 

(cm-l) 

u 2239 

2l 2239 

21a - - 

2lb - - 

21c - - 

2ld - - 

2le - - 

2lf - - 

0.98 (9Ii,s,t-Bu); 1.11 (3H,s, 166(M+,l), 152(11); 151(82), 97 

cg3); 1.45 (3H,s,CSi3), 2.88 (5); 95(7); 82(16), 70(23): 68 

(2X,s,C$) I 3.62 (lH,o,CH). (9); 58(18); 57(100); 56(39); 

55(16), 54(S); 53(7); 43(0; 42 

(18); 41(77), 40(7); 39(25). 

0.92 and 1.02 (6H,Zxd,J=6Hz, 

CH(Cz3)2), 0.60-2.02 (iOH,m, 

2~C~~Cil~); 2.50 (lH,reptet,J- 

~Hz,C~~(CH~)~); 2.65 and 3.15 

(2E,2xd,AE,J-6.6Hz,C~2 ring); 

3.52 (lH,s,Cl$N). 

1.22 (6H,s,(Cli312C); 2.99 (IH, 175(,4+,5); 174(4); 120(6): 119 

l ,ring CJ2(2x)); 3.57 and 3.63 (3); 118(4), 98(4); 92(13): 91 

(2H,2xd,AB-ryrtem,J-12Hz,C~2C6 (100); 65(11): 57(2); 56(6); 55 

C5). 7.28 (5H,r5,C61&). (4); 42(B); 42(B); 41(15); 40 

(6); 39(g). 

0.91 (9H,e,C(C~3)3); 1.17 (6H, 

s,(c13)2): 2.91 (IH,a,ring Cs2 

(2x)). 

0.89 (6H,d,J=6Hz,CH(CH312), 

0.77 (6H,t,J=7Et,(C~3CH2)2), 

1.58 (4H,q,J-7Hz,(CH3Cii2)2); 

2.29 (1H,neptet,J=6Ht,Clj(CH3)2); 

2.90 (6H,s,ring Ckf2 (IX)). 

0.90 and 0.98 (6H,Zxd,J=6,OHz, 141(X+,12); 126(15), 115(S), 97 

CH(Cli312) I 1.01 (3H,r,CJ3); (6); 87(g); 86173); 85(20); 84 

1.12 (31i,e,Cki3), 1.07 (3H,d,J= (18); 83(5); 73(S); 72(58); 71 

6.4Ht,CHCii3); 2.35 (lH,septet, (11); 70(100); 69(g): 60(10; 

J=~Hz,CH(CH~)~), 2.82 (lH,q,J- 58(14); 57(18); 56(43): 55(33), 

6.4Hz,CzCH3); 2.52 and 3.16 53(4), 45(10), 44(93); 43(40); 

(2H,2xd,M,J=6.8Hz,Cki2). 42(40): 41(44); 40(12), 39(13). 

1.07 (3H,s,CH3), 1.18 (3H,e, 175(!4+,22); 120(19), 119(100); 

Ct131 i 1.24 (3H,d,J-6.4Hr,Ci3 118(13); 106(10); lOS(41); 104 

CH); 3.25 and 3.55 (2H,2xd,AB, (85): 91(S); 78(7), 77(50); 55 

J=6.4Hz,Clf2); 3.64 (lH,q,J= 

6.4Hr,CzCH3); 6.30-7.40 (SH,m, 

'6!!=,'* 

(CC14)' 0.85 (3H,d,J-6.2Hz, 

Cg3CH); 1.00 (3H,e,Cg3); 1.11 

(3A,a,Cli3); 2.48 and 3.02 (ZH, 

11); Sl(15); 43(6); 42(6), 41 

16); tO(21); 39(10). 

89(H+,7); 188(4): 176(4): 174 

4); 134(7), 133(0; 132(7), 

20(a), 118(5), 106(E), 10514): 

2xd,AB,J=6.2Hz,Cii2); 2.82 (lH, 93(4): 92(34); 91(100), 89(4), 

q,J-6.2Hz,CH3Cl); 3.42 and 3.66 77(l); 70(E); 65(13); 57(4); 56 

(2H,2xd,AB,J=12.4Hz,C~2), 7.22 (7); 55(15), 51(4): 43(4); 42 

(5H,e,C6H5). (8): 41(13); 40(71; 39(6). 
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Table 11 : continued 

IR(NaC1) 
Com- 

"C;N lR-NHR (6, CDC13) Mass Spectrum (70eV) m/e (t) 
pound 

(cm-l) 

3 - 0.60-2.00 ~10H,m,C5H10): 1.37 215(1#+,12)~ 120(16); 119(lOO)j 

(3H,d,J-6.6Hs,CH3CH)t 3.31 and 118(5)~ 106(11), 105(20);104(28); 

3.75 (2E,2xd,AB,J=6.5Hz,C~2): 81(a), 77(15); 67(4)r 55(4); 

3.71 (lH,q,J=6.6Hs,CH3C~); 51(4); 41(7); 40(16). 

6.30-7.50 (5H,m,C$5). 

21fi - - 0.76 and 0.98 (6H,Zxd,J*6HZ, 203(M+,lO); 202(31; 188(5); 148 

CH(CH312); 0.78 (3H,e,Ci3)l (12); 147(27); 146(11); 133(12); 

1.16 (3H,e,CH3); 2.45 (lR,sep- 132(100); 131(S); 118(l); 117 

tet,J=6Hz,CH(CH3)2); 2.66 and (16); 115(4)r 113(3); 106(6lr 

3.20 (2H,2xd,AB,J=6.4Ht,Cli2); 105414); 104(lOr 103(3): 91 

3.81 (1H,8,CHC6H5); 7.00-7.50 (12)~ 90l3)r 84(4t; 79(4)r 78 

(5H,m,Cg125). (4); 77(6); 70(6); 56(13); 55 

(6); 43(11); 42(3)t 41(10); 39 

(4). 

did not react over a period of 8 daye with potassium cyanide in methanol to form 

the desired 2-cyano-4,4-dichloroazetidine 1 (Scheme III) but resulted in complete 

recovery of the starting material. This functionalized a-cyanoazetidine 1 would 

have been a suitable precursor for the preparation of B-lactams. 

The synthesis and the spectral data of a-cyanoazetidines are given in Tables 

I, II and III. Several 8-chloro imines were not previously described, not even 

in our previous article on the synthesis of these compounda. All new B-chloro 

imines i and B-chloro tosylhydrazone g,which were uaed in the synthesis of 

azetidinea,are described in Tables IV (IR, %I-NMR, MS) and V (13~-~~~). 

For comparative reaaone 8-bromoketone 8 was reacted under the same reaction 

conditfonm as the B-halo fmines with potassium cyanide in methanol leading to the 

KCN / MeOH 

0 

c 

KcN c vy*o”e 
MeOH or i-PrOH 

r 
A 2d -19d 

!! 9 16 

KCN / MeOH A 2d. 

KCN I i-PrOH A 19 d. 

33% 

100% 

67% 

SCHEME IV 
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Table III : ‘%XHR Spectral Data (6. CDC13) of Axetidincr 2 and 21. 

if N-C 
Coo- CiN 

CR1 
c”pj a2 Rl-Ctl3 R2-R3-m3 N-5 Co % cp +cq 

Other 

ound (a) (*I (t) CH3(4) c(g13)2(q) (d) (d) 
sq (0) 

~igllxl~ 

r 

22 

Ir 

Ir 

11 

2% 

2! 

II 

Zla - 

Zlb - 

21c - 

Zld - 

Zle - 

Zlf - 

z&i 

Zli - 

119.3 66.5 

(0) 

119.3 68.5 

(0) 

119.3 66.9 

(0) 

118.5 74.0 

(8) 

119.0 68.8 

(x1 

118.4 75.1 

(8) 

118.1 74.5 

(8) 

117.4 62.0 

(d) 

119.5 55.3 

(d) 

118.7 59.3 

(d) 

- 66.7 

(t) 

- 58.7 

(t) 

- 62.5 

(t) 

- 69.3 

(d) 

- 68.3 

(d) 

- 70.3 

(d) 

- 68.6 

(d) 

- 77.3 

(d) 

38.3 60.6 

38.2 63.5 

36.5 62.5 

36.4 68.0 

42.1 61.0 

41.8 62.3 

39.7 62.0 

35.9 64.4 

33.4 57.3 

40.9 60.3 

31.5 66.7 

28.7 58.7 

36.7 62.5 

32.4 64.6 

34.3 63.7 

34.5 65.5 

38.8 61.5 

35.1 63.5 

20.3 25.3;22.3 146.8 129.1; 119.5 and 113.3 

(0) (3rd) 

19.8 24.2;22.4 56.7 128.9; 128.2 and 121.2 137.3 - 

(t) Oxd) 

19.9 24.6;22.7 53.5 - - - _ 22.1 and 21.4 

(d) (2xq.CH(~H3)2 

Id.2 24.1;Zl.g - 135.6’; 129.5 and 128.2 144.2’ 21.6 (q.P3CbH4) 

(Zxd, 1x11) 

19.6 - 56.8 128.9; 128.2 and 127.2 137.4 34.5; 31.1; 25.6; 

(t) (3xd) 22.9 and 22.8 

(5xc;-(y2)5-) 

- 24.2: 23.4 56.7 128.8 128.5 127.3 136.9 

(t) 128.6 128.4 125.8 135.8 

(bxd) 

- 24.5;24.0 54.3 128.3; 128.0 and 126.4 137.3 21.6 and 19.7 

(d) (3xd) (2xq,CH(~H3)2) 

- 26.7;24.4 60.8 128.7; 128.4 and 127.5 136.5 

(t) (3xd) 

- 26.k26.9 52.6 - 2b.3 (q,(cH313) 

(x) 

57.4 - 29.1 and 26.0 (2x 

(d) t.2xCH+CH2); 19.7 

and 19.6 (Zxq, 

CwcH3)2); 7.9 

and 7.8 CM. 

2xCH2~H3) 

- 27.4 63.7 128.2; 128.1 and 126.6 138.7 - 

(t) (3xd) 

- 27.4 51.4 - 24.1 (q.C(sH3)3) 

(x) 

- _ 58.7 - 28.9 (t.2xCH2CH3) 

(d) 19.6 (q,CH@i3)2) 

8.2 

17.5 28.1;22.3a 59.4 - 21.4’ (q.2xCH2~i) and 20.2 

(d) (2xq,CWCH3)2) 

16.6 27.3322.3 152.5 128.8; 117.5 and 112.1 - 

(x1 (3xd) 

15.0 27.4;21.9 62.4 128.7; 128.0 and 126.7 139.0 

(t) (3xd) 

16.1 - 152.4 128.9; 117.3 and 111.9 - 37.7: 31.5; 26.0; 

(0) (3xd) 23.2 and 22.9 

27.9;21.6’ 

(5xt,-(g2)5-) 

- 59.4 127.6; 126.9 and 126.5 141.7 23.3’ and 20.1x; 

(d) (3xd) (Zxq.cB@3)) 

. : or vice V.T... 
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Table IV : Spectral Data (IR, lR-NUR, KS) of B-Chloro irnincr r and 13a. - 

IR (NaC11 
com- 

W=N 
‘Ii-NMR (CDC13, 60Mizf Has* Spectrum (70eV) 

pound 
(cm-') 6(PPrnl m/e (rcl. Lntensity t) 

3 1600b 1.10 (6H,s,(CE3)2C); 1.78 (3X, 302(H+,21; 26?(113; B'?(9); 149 

3242b s,CFt3-C=N); 2.42 (3H,r,C~3C6H4t (6); 148(4); 147117); 146(6); 

fv NH) 3.51 12H,s,Cg2Cl)t 7.32 and 139f41: 117(41: ill(6); 97(8); 

7.88 (4X,2xd,AB-syetem,J=8.4Hs, 92(6); 91(25tr 89(61; 86(8); 84 

CsH4): 8.10 (lH,a,br,Ng). (13); 83tlOO); 82(8); 81(11); 

71(6); 7016); 69t8); 67(9); 65 

(15); 57(23); 56(42)$ 55153): 

53(8); Sl(9); 49(25)t 43(43); 

42(15); 41(64); 39(15). 

Irl 1654 1.20-2.40 (lOH,m,C@lO); 1.84 263(M+,l); 229(9)r 228(46); 200 

(3H,8,Cl13C=N); 3.64 (2H,s, 131); 149(8): 147(8f; 13216); 

CR2Cl); 4.57 ~2H,o,Cfs2C6H5)? 106(8); 10419); 96(12f; 95110): 

7.00-7.70 (5H,S,C&). 93(6); 92(11); 91(100); 81(18): 

79L81; 77(15)~ 67(10); 65(14); 

SS(131; 5116); 43(1O)t 42(6); 

41(15); 40(34): 3919). 

i"? 1645 (CCL41 : 1.24 ~LR,s,C(C~~)~); RO n+; 2SO(4); 195(d); 194(S); 

3.72 (2H,8,C!i2Cl); 4.22 (ZH,e, 162(31; 107(10), 106(3): 105 

Cg2C6Hs): 7.19 (5H,B,CH2C6tIS)? (28); 104(3); 92(S): 91(40); 79 

6.9-7.4 f5H,m,C6&). (3); 78(3); 77(12); 65(S); 58 

(31); S7(3); 56(14)1 55(0: 51 

16): 44(10); 43(1001; 42(81; 41 

(9); 40(84t; 39(81. 

rr 1641 0.98 (6H,d,J-6.4Rz,CH(CfL3~2~r no M +; 188(7); 147(10); 146(25) 

1.14 (6R,8,C(Cg312f; 3.14 (ltl‘ 132(24); 105116): 104(100)r 91 

septet,J=6.4Hz,C~(CH3~2~: 3.69 (8); 84(121# 77fl21; 74(20): 59 

(2R, s,C~~) : 6.80-7.50 (5H,m, (30); 58(5); 56(11); 55(7J; 45 

q&b* 130); 44(101; 43(26); 42f34)r 4: 

(26); 40(201 I 39(6). 

4i 1665 - 0.79 (6H,t,3=7.3Rz,2xC~3CH21: - 

1.15 (6&d&6.2Hz,CHWi312); 

1.00-2.00 (4H,m,2xCli2CH31; 3.32 

(1H,aeptet,3=6.2Hz,CHICHJ)2); 

3.70 12N,s,Cii2Cl!r 7.46 flH,s, 

CH=N). 

ii 1660 1.20-2.40 (lOH,m,C@!lOl; 1.77 249(n+,7); 215(13)r 2141691, 14: 

(3H,8,Cif3C-N)I 3.68 (2H,s,Cz21r (7); 133(71; 119(11); 118(1001; 

6.50-7.50 (SH,m,C&). 104(7); 95(r); 9347); 91(12); 8: 

(4); 79(4); 78481; 77t761t 68 

(8): 66(7)1 57(9ir 55(11); 53 

18); 51(13); 43(91; 42(8); 41 

(26); 39(91. 

a : All other B-chloro imines were reported in ref. 1. 

b : IR taken in XBr. 



Table V : 13C-NHR Spectral Data (6, CDC13) of B-chloro iminee A and Ea. 
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Com- 
if Rl-CH3 

C=N 
CR2R3 CHZCl if R2-R3'CH3 N_c Other signals 

ound (6) (t) C&A312 (ql - 
sR3-C-N 

(q) 

U 159.9 43.5 52.9 23.5 12.1 143.9 (s,Cq); 135.3 (s,CJ); 

(6) 129.4 and 128.0 (Ixd,Co and 

*m) i 
54.7b 

21.5 (q,EH3C6H4). 

4d 171.4 40.4 - 52.1 14.0 - 140.8 (s,cq): 128.2; 127.4 

(8) Wb and 126.2 Oxd,so,@ and CJJP,; 

32.2~ 26.0 and 22.5 (3xt, 

5xCH2). 

4e 175.7 45.0 53.9b 24.7 56.7 - - 136.6 and 140.5 (Lxe,ZxCq); 

(8) Wb 128.3;128.1; 127.9; 127.3; 

126.7 and 126.3 (6xd,2x(Co, 

cm and Ep)). 

4f 171.0 44.1 54.3 23.6b 52.4 - - 137.1 (s,sq); 128.0; 127.5 

(8) (d) and 126.8 (3xd,Co,Cm and CJP) 

24.7 (q,(CH3)2C) b . 
4i 165.0 46.3 47.5 62.0 - 7.2 26.9 (t, - (q,cIi3CH2); 

(d) (d) CH3CH2): 24.3 (q,C(CH312). 

ii 172.4 47.9 52.1 152.0 16.0 129.0; 122.8 and 118.7 (3xd, 

(5) (a) Co,@ and CJ); 32.4; 26.1 an 

22.5 (3xt,5xCH2). 

a : All other B-chloro imineo were reported in ref. 1. 

b : or vice versa. 

formation of 2-cyanooxetane 2 (Scheme IV). It was unexpected that this reaction 

was slower than the reaction of tj-chloro imines 1 with potassium cyanide in metha- 

nol. The solvent also had an important influence on the reaction. If the reac- 

tion was performed in methanol, oxetaw 2 and 10 were present in the reaction mix- - 
ture while in isopropanol only oxetene 2 could be observed. Oxetane 10 is formed - 
from oxetane 2 by addition of the solvent (methanol) to the nitrile function. 

In contrast to 2-cyanoaretidines, 2-cyanooxetanes are better known in the litera- 

ture13-25 . They were already prepared by photochemical or thermal cycloaddition 

of an alkenenitrile to a carbonyl compound 14-23 or by reaction of B-chloroketones 

or B-tosyloxyketones with potassium cyanide in different solvents 13,24,25 . 
The reaction mechanism for the formation of 2-cyanoazetidines 5 and for the 

formation of 2-cyanooxetane 2 can be explained as originating from a nucleophilic 

addition of cyanide across the double bond (imino function, carbonyl function) 

with the formation of intermediate 11 or 2, - followed by intramolecular nucleo- 

philic subutftution and expulsion of a halide anion (Scheme V). Via this reaction, 

several 2-cyanoaretidines 5 were prepared, among others 2-benryl-l-cyano-l-methyl- 

2-azaspiro'[3,S]nonane z and 2-cyano-l-(4-methylphenylsulphonyl)~~no-2,3,3.-tri- 

methylazetidine 5d. - By reaction of B-chlorohydrasone 13 with potassium cyanide in - 
methanol, the structure of the solid reaction product was not imediately clear. 
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Either 2-cyanoazttidiht a or 3-cyanopyrazolidint 2 could be expected a6 tht 

reaction product (Scheme VII). These two possible compounds (z and c) would 

result from cyanide adduct 15, formed by addition of cyanide across the imino 

-t-f - 

A6h 
CN KCN 

N MeOH 

I route a 

c 

I KCN 

CN 

SO2 

0 
0 15 

SCHEME VII 
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function. Intermediate 15 can either give rise to 2-cyanoaretidine g by expulsion - 

of a chloride anion (route a), but it is also possible that adduct E would give a 

ring clmure to 3-cyanopyrarolidine 2 (route b). It was not clear from the rpec- 

tral data (IR, MS, lH-W, 
13 C-NMR) to distinguish between a four-membered or a 

five-membered heterocyclic structure. Therefore, an X-ray crystallographic analy- 

sis of the reaction product was performed, revealing that aretidine 56 was formed 

from f3-chlorohydrarone 13 on reaction vith cyanide. The principal crystallographic - 

parameters of azetidine ia are as follows : Mr - 293.39, triclinic, P-l, a = 7.108 

(2), b = 15.129 (3), c = 7.404 (2) A, D - 87.99 (2), 6 = 75.98 (2), Y - 85.66_;2)', 

v = 770.2 (3) A3 Z = 2, bx = 1.27 g. cm 
-3 

, CuXo, X - 1.54178 A, ~1 - 18.71 cm , 

P(ooo) - 312, R = 0.065 for 2276 observed reflections. Figure 1 gives a stereo- 

so0pi.c view of the structure of aretidine 2. More details about the X-ray analy- 

sis are given in Tables VI-XX. 

Table VI : Atomic coordinates (X104) and equivalent temperature factors (A'). 

m ll269(3) 
G! 12040(4) 
c3 14681<4) 
CA 12907(S) 
m 9336<3) 
S6 8l62(1) 
07 8a94(4) 
oa 6469<3> 
Cs 9595(4) 
CiO 11109<6) 
Cl1 12349<6) 
tit 12679fS) 
Cl3 105l2<5> 
Cl4 9266<S) 
Cl5 134a6(7) 
Cl6 11336<4> 
1117 10824<5) 
Cl8 11667(6) 
ci9 15l88<7) 
C20 15370<6) 

Table VII : eond distances (AL). 

ffb 

1934(Z) 
1252<2) 
1379(Z) 
1697<3) 
1874<2) 
2856(l) 
3285<2) 
2659(Z) 
3454<2) 
3899(Z) 
4294(Z) 
4266(Z) 
3856(Z) 
3449<2) 
467513) 
402<2) 
-295(Z) 
157813) 
2093(4) 
523<4) 

xfc 884 

3406(3) 
la8i(4) 
2349<4) 
4274<4> 
4443W 
4927(l) 
3202(3) 
6243(3) 
6006<4) 
4932(S) 
57a2<5) 
7692(4) 
8741(S) 
7919(4) 
asal(7) 
2376(4) 
2724(4) 
16(S) 

1177(7) 
2335<6) 

4.45(4) 
4.34(S) 
S.l8<6) 
!l.l4(6) 
4.65(4) 
4.79<1) 
6.27(S) 
6.19(S) 
4.53(S) 
S.86(6) 
6.2117) 
5.22(6) 
5.51(6) 
5.21(6) 
6.94(9> 
4.77(S) 
6.48<6) 
S.68(7) 
7.sa(9) 
7.37<9) 

c2 -Nl 
115 -Ml 
Ci6 -C2 
c4 -n 
C20 -C3 
07 -S6 
C9 -S6 
Cl4 -C9 
Cl2 -Cl1 
ClS -Cit 
Ml7 -Cl6 

i.488< 3) C4 -m 
1.4io< 3) C3 -C2 
i.474( 4) Cl8 -CT 
a.s44< 4) Cl9 -C3 
1.5l7c 5) S6 -U!J 
1.422( 2) 08 -S6 
l.TsJ( 3) Cl0 -C9 
i.378( 4) cl1 -Cl0 
1.380< 4) Cl3 -Cl2 
l.S03< 5) Cl4 -Cl3 
1.142< 4) 

1.476< 4) 
i.sea< 4) 
i.sii< 4) 
l.sll< 5) 
l.CSS< 2) 
1.428( 2) 
i.378( 4) 
1.381< !I) 
1.373c 4) 
1.383< 5) 
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Table VIII I Bond angles (*) 

CI -m 42 
m -Ml -c4 
Cl6 -c2 -*1 
Cl8 -c2 -Nl 
Cl8 -c2 -Ci6 
ci9 -lx -C2 
C20 -c3 -C2 
C20 -c3 -Cl9 
36 -wS -M 
08 -S6 -IS 
c9 -ss -ns 
c9 -S6 -08 
Cl4 -C9 -S6 
Cl1 -Cl0 -c9 
Cl3 -Cl2 -Cl1 
cis -Cl2 -Cl3 
Cl3 -Cl4 -c9 

92.$(t) 
120.4(21 
112.1(2) 
iiS.O(Z) 
109.20) 
ill.ZW 
117.2<3) 
lll.i<4) 
liZ.l(t) 
103.9(l) 
106.4(i) 
109.6<4) 
li9.9<2) 
119.5(3) 
il8.4(3) 
121.4<3) 
119.2(3> 

Table IX : Torsion angles ('1 (o=l). 

RI -nl 42 il7.3<2) 
c3 -c2 -m 85.6<2> 
Ci6 -Ct -C3 l¶i.O(Z> 
Gil -ct -C3 122.2<3> 
c4 -C3 -C2 86.0<2) 
ci9 -C3 -C4 1:2.7(S) 
C29 -c3 -c4 116.5(3) 
C3 -c4 -*1 87.5(2) 
07 -S6 -MS 107.2(i) 
08 -56 -07 120.4(t) 
C9 -S6 -07 106.3(l) 
Cl0 -CO -S6 119.7m 
Cl4 -c9 -cio 120.3(3) 
Cl2 -Cl1 -cio lti.l(3) 
cis -Cl2 -CIi i20.2(3) 
Cl4 -lx3 -Cl2 lti.5<3> 
Wl7 -Cl6 -C2 175.3<3) 

c4 -Yi -C2 -c3 
c4 -li -0. -Cl6 
c4 -m -C2 -C%8 
RI -Nl -C2 -C3 
115 -Ni -C2 -Cl6 
115 -Wl -C2 -Cl8 
C2 -Hi -c4 -C3 
115 -m -c4 -c3 
C2 -Iii -c15 -S6 
c4 -m -115 -S6 
m -C2 -C3 -c4 
ni -C2 -C3 -Cl9 
m -ct -C3 -C20 
Cl6 -CO -C3 -C4 
Cl6 -Ct -C3 -Cl9 
Ci6 -Ct -C3 -C20 
MU -C2 -c3 -CI 
Cl8 -c2 -ct -lx9 
Cl8 -ct -C3 -lx0 
m -ct -Cl6 -Ml 
c3 -ct -Cl6 -Nil 
Cl3 -ct -Cl6 -Wit 
c2 -c3 -c4 -*1 
Cl9 -c3 -c4 -nr 
c20 -c3 -c4 -It1 
Nl -II5 -S6 -07 
IM -WS -S6 -08 
m -KS -S6 -C9 
us -36 -c9 -Cl0 
us -SC -c9 -Cl4 
07 -S6 -c9 -cio 
07 -S6 -co -Cl4 
08 -56 -co -Cl0 
08 -S6 -co -Cl4 
$6 -C9 -Cl0 -Cl1 
Cl4 -c9 -Cl0 -Cl1 
36 -C9 -Cl4 -Cl3 
Cl0 -c9 -Cl4 -Cl3 
c9 -cio -Gil -Cl2 
Cl0 -Cl1 -Cl2 -lx3 
lx0 -Cl1 -Cl2 -Cl5 
lx1 -Cl2 -Cl3 -Cl4 
Cl5 xi2 -Cl3 -ci4 
Cl2 -Cl3 -Cl4 -to 

-22 
88 

-446 
-149 
-38 
aa 
23 

147 
-140 
109 
21 

-W 
139 
-N 
lS6 
27 

138 
25 

-104 
-466 
-72 
6S 
-21 
90 

-140 
62 

-670 
-54 
64 

-93 
-3i 
152 
-i64 
19 

-474 
3 

$74 
-2 
-1 
-l 

476 
.2 
-in 

0 
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Figure 1 : Stereoscopic view of 3-cyano-1-(4"mcthylbenrcneeulphonyl)amlno-2,3,3- 

trfmethylazetidinc Sd. - 

The spectral data of 2-cyanoazetidines 2 are compiled in Tables IX and III. 

In the lli-NHR spectrum the CH2-group of the asetidine ring mostly shows an AR-sys- 

tern (J = 6.4-6.8Hz). If the substituent on nitrogen in a bensyl group, also the 

CH2-group of the substituent on nitrogen shows an AB-system in the 1 H-NM? spectrum. 

The coupling constant (J) of the CH2-group on the nitrogen substituent is quite 

different (J = 12.4-13.2Hz) in such a way that both signals can easily be distfn- 

quished in the lli-NW? spectrum. 

The stable azetfdines 1 were easily converted into the corresponding hydro- 

chlorides 16 with dry hydrogen chloride in ether (Scheme VIII). Recrystallisation 

of the hydrochlorides was performed in a mixture of acetone and ether (l/l). By 

CN HCl CN 

Clrn - 
a\ ether 

R R 

xi s 

KOH 

EtOH N, NH2 

A Id. ‘R 

t_71 R= Ph) 

81% 

Meli ether or THF 

O°C 2-3h 
I 

NH w ff30+ 
0 

N. RT lday -AI+ N, 
R R 

SCHEME VIlI 

18a L R=Ph;87%) - 
18b t R= i-Pr; 95%) - 

l$R=Phl 

84% 

reaction of aretidines 2 with methyllithium in diethylether the corresponding 

2-acetimidoylaretidlnes g were formed, The latter ware hydrolyzed with an aqueous 

hydrogen chloride solution to give the correnpondlng l cetylaxotidines 19 in hfqh 
yield tSobeme VIII). On reaction with potamsium hydroxide in absolute ethanol, 

2-cyanoasetidine a (R=C6H51 warn tranrformed into the corresponding azetidine-2- 

carboxartde E fSchem8 VIII). Tha synthesis and 8pectral data of 2-imfdoylaseti- 
dines 18, 2-acetylatetidine 2 and 2-csrbamoylatetidfne 11 ere given in the expe- 
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rimental section. 

P. !&LYON Cl d. 

This high yield synthesis of 2-cyanoatetidines 2 provides a new approach to 

this class of small-ring heterocycles. According to the literature, some 2-cyano- 

azetidines could be converted into useful medicinal products, such as appetite de- 

pressants and products which can control obesity'. In addition, a number of rela- 

ted compound@, uuch as azetidine-2-carboxylic acids, received already a lot of 

attention in the l'iterature because of their occurrence in the amino acid fraction 

of plants. 

Reaction of I-Chloro Imines with Lithium Alumlnium Hydride ---__------~ ____________________~~~~~~~~~~~~~~~~~~ ,,,,,-i-- --_-------W----W- Synthesis of Azeti- 

dines --*-- 

The reaction of B-chloro imines i with lithium aluminium hydride (LAH) in dry 

ether proceeds practically in an identical way as the reaction of B-chloroimfnes 

i with potassium cyanide in methanol (Scheme IX). After nucleophilic addition of 

N 
,R 

R2 

YY R3 
Rl 

Cl 

k 

h 
LiAIt$ 

ether 

glEr95%1 

t? N Jo 
Zla - 21b 

SCHEME IX 

t-f N 

Y 
2ld 

hydride across the imino function of imine 3, adduct 20 is formed, which under- - 

goes ring &xsum with the expulsion of a chloride anion and the formation of 

aretidines 21 in high yields (65-95%). Via this way a lot of asetidines 21 were 

prepared but the reaction of 6-chloro ketimine 4 (R1=C6H5; R2=R3=CHJ~ R=CU2C6H5) 

with LAH in dry ether never gave rise to the corresponding azetfdine. Even after 

a rcflux period of 20 hours no asetidine was observed in the reaction mixture 

(Table I, entry 18). but the starting material was totally recovered. The oyn- 
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thesis of aretidinea 21 ie given in Table I while the spectral data of compound5 

21 are compiled in Tablee IX and III. - 
1-Benzyl-3,3-dimethylazetidine 2&, obtained a5 described above, reacts 

with methyl iodide in acetonitrile with the formation of the aretidinium salt 

22. It is known from the literature, that thi5 azetidinium iodide can be trans- - 
formed into 1,4,4-trimethyl-2-phenylpyrrolidine 23 on reaction with 

amide in liquid ammonia (Stevens rearrangement) 2F30 . Accordingly, 

of B-chloroimines i into atetidines 21 provide5 an additional entry - 
dine5 via thie rearrangement. 

potaesium 

the conversion 

into pyrroli- 

-b N 

21a 

CH31 

?qi- 

KNH2 

7ij- 
RT 22 CH3 IQ Ref. 26-30 

SCHEME X 21 

A5 already pointed out above, azetidines were already described in the litera- 

ture in a number of publications 3-5 . Some azetidinee prepared via this novel 

method described in this article, have already been prepared by ring closure of 

N-alkylamines having a good leaving group in the y-position 
29,30 or by reduction 

of some axetidinones 31,32 . 
In conclusion, the reaction of B-chloro imines with cyanide or hydride opens 

a new and attractive way for the generation of 2-cyanoazetidines 2 and azetidines 

21 -- 

Experimental section : 

Infrafed spectra were recorded with a Perkin Elmer model 1310 spectrophotome- 
ter while H NMR spectra were19 easured with Varian T-60 (60 MBz) or Bruker WE-360 
FT (360 MBz) spectrometers. C NM? spectra were taken on Varian FT 90 (20 MB21 
or Bruker WB-360 FT (50 MHz) spectrometers. Ha55 spectra were obtained from a 
Varian MAT 112 ma85 spectrometer (direct inlet syetem; 70 eV). 

Preparation of B-chloro imines A, 6 and 13 - 
B-Chloro imines 4, 2 and 11 were synthesized according to our previously 

published method involving condensation of 8-halo ketones or B-haloaldehydee with 
primary amine5 in ether (or benzene) with or without the presence of titanium(IV) 
chloridel. For the preparation of aldimines (%, 4&, 411, the corresponding alde- 
hyde anhydrous magnesium sulphate and the primary aminewere stirred in ether 
during eeveral hours at room temperature (5h-ld). After stirring, the reaction 
mixture wa5 filtered and the eolventwaa evaporated in vacua and afterwards, the 
residual product was distilled. 

For the preparation ef t3-chloroketimines (e, b, c, 4d, C, if, 4Ji, and 
B-chloroaldehyde 5 titanium(IV) chloride in pentane was added to a cooled ether- 
eal solution of the B-chloro ketone or f3-chloroaldehyde and the primary amine 
(benzene was used as solvent for B-chloro imine &l and 91. The reaction5 were 
run over several hours at ambient temperature (5 : 4 hours) or at reflux tempera- 
ture (Id and 9 : 1 day; 4e : 3 days: r; fi; 4J; c : l-5 hours). Regular aam- 
pling z the reaction ie avisable in order to determine the degree of conversion 
(1N NaOH (ether; teet t&e;CI,Canalysie or preferably NM? monitoring). Workup of all 
reaction mixture5 wa5 done with an aqueous sodium hydroxide eolution a5 described 
previously1 except in the case of le55 volatile amine5 (e.g. benzylamine) where 
the filtration method was used Hydrarone 13 wao prepared by reaction of I-chlo- 
ro-3,3-dizrmthyl-2-butanone with 0.9 equivalent5 of to5ylhydrazine in dichlorome- 
thane at reflux temperature (2-3 days) in the presence of a catalytic amount 
of para-toluenesulphonic acid (the normal hydratone formation). Bydraxone 13 is 
a crystalline compound isolated in high yield (951). Physical and spectral- 
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data of 
and V. 

all new compounds (2, fi, e, s, g and a) are compiled in Table IV 
The remaining 6-chloro iminer have been described in a previous paperl. 

All B-chloro imines used in this paper gave a halogen analysis in agreement with 
the proposed structure. All compounds in this paper are obtainable in a purity 
of at least 97% (CLC, spectrometric methods). 

Synthesis of 2-cymoaretidines 1 (General Procedure) a 

A solution of 0.01 mol of !3-chloro imine A in dry methanol (101 solution U/V) 
was treated with 0.02 mol of potassium cyanide. After etirring (magnetic bar) 
under reflux during several hours as mentioned in Table I, the reaction mixture 
was cooled and afterwards poured into water (200 ml). Extraction of the organic 
components was performed with ether or dichloromethane (3x : 100 ml), the combined 
extracts were dried (MgSO4) and after removal of the drying agent the solvent was 
evaporated to leave a clear oil which was distilled and analyzed by gas chromato- 
graphy. The epectroscopic data of 2-cyanoazetidines 2 are given in Tables II 
and III. 

Synthesis of Oxetanes 9 and 10 : --- 
Oxetanes 9 and 10 were prepared according to the procedure described above, 

namely by reacTion or4-bromo-3,3-dimethyl-2-butanone g with potassium cyanide 
in methanol or isopropanol. After reflux during several hours the reaction mixtu- 
res were analyeed by preparative gas chromatography. Via thie method products 2 
and 0, present in the reaction mixture when the reaction was performed in metha- 
nol, could easily be separated. 

2-Cyano-2,3,3_trimethYloxetaan 2 (Yield 33-1001) 

lH-NMR (60 MRz, CDC13) : 6 1.30 (3H,9,C)i3); 1.49 (3H,e,CH3); 1.67 (3H,s,CH3); 4.43 
and 4.21 (2H,Zxd,AB-system,J-5.6Hz,CR2). 
IR (NaCl) vC:N : 2237-cm-l. 

-- 

Mass Spectrum (70 eV) m/e (r) : no M+; 95(12); 94(2)1 83(2); 80 
71(2); 70(4)r 69(2); 68(e)) 67(3); 64(2); 59(2); 58(33): 57(3)) 

i 
2); 53(5); 44(12); r,(roo); 42(10); 41(28): 40(88). 
3C-NRR (20 ~2, CDC13) I 6 119.7 (s,C:N): 83.4 (s,C-CN)) 80.9 

(3): 73(8); 
56(21); 55 

(t,cH2)r 41 
cHe2); 25.0 (q,cii3); 22.3 (q,CHj); 21.4 (qsCH3). 

72 (7) I 
(14)) 54 

.5 (9, 

Compound fl (Yield O-67%) 

lH-NMR (60 Wiz; CCl4) : 6 1.06 (3H,s,Cz3); 1.21 (3H,s,CE3): 1.37 (3H,s,CH3); 3.70 
(3H,r,.OCfi3l; 4.02 and 4.19 NE invisible. 
IR (NaCl) VNH : 3300 Cm-l; 

(2H,Zxd,AB-syatem,J-5.6HrrCHZ)I 
VCIN : 1662 cm-l. 

Synthesis of azetidinium chloride 16 : - 

Dry hydrogen chloride was bubbled during half an hour through a solution of 
0.01 mol of u-cyanoazetidine SC in ether (101 solution W/V). The azetidinium 
chloride 16 precipitated and was isolated by filtration. Recryetallieation was 
performedTn a mixture of acetone and ether (l/l). 

Azetidinium chloride 16 : - 

lH-NMR (60 MHz, CDCl3) : 6 1.41 and 1.57 (6ti,2xd,J=6.4Ht,(C#J)ZCH); 1.48 (3H,9, 
CH3); 1.63 (3H,s,Cki3); 2.07 (3H,s,Ci3): 3.69 and 3.91 (2H,2xd,AB-eystem,J-9.6Hz, 
Cii2)) Nlj invisible C;(CH )2 under AB-system of Ui2. 
IR (KBr) vC;R : 2215 cm- ? 
13C-NMR (20 MRZ, CDC13) : 6 114.9 (s,C:N); 71.6 (s,C-CEN); 61.4 (t,CH2): 57.9 
(d,CH)i 
.r -i 

38.4 (s,C(CR3)2); 25.2 (q,CH3); 21.1 (q,CHjJ) 19.5 (q,CR3) 
I- .."_\ 

I; 18.0 (q,CRj): 
10. I \4#4"31. 

Reaction of a-cyanoazetidines 1 with methyllithium : 

A solution of 0.01 mol of a-cyanoaxetidine 2 or & in ether or tetrahydrofu- 
ran was cooled in an ice bath and treated dropwise under nitrogen with a solution 
of methyllithium in ether (1.5 molar equivalento). After.stirring during 2-3 
hours at room temperature, the reaction mixture wan poured into water. The orga- 
nic layer was separated and the aqueous phase was extracted twice with ether. 
The combined ethereal extracts were dried (MgSO4) and the solvent was evaporated 
to afford pure aretidines 18. - 

Azetidine e (R=C6H5; yield 87%) 

IR (NaCl) : VCIN : 1647 cm-l; VNH : 3210 cm" 
lH-NMR (60 MHZ, CDC13) : 6 1.13 (6H,s,(Cti3)2); 1.33 (3H,s,CH3): 1.92 (3H,s,C!!3C=N) 
3.30 (2H,e,CtI2); 6.20-7.30 (5R,m,C6ki5). 
Mass Spectrum (70 ev) m/e (8) : 216 04+;7); 175(6); 174(42)1 124(11)) 118(g); 
106(10); 105(6); 77(17); 72(18); 56(8); 44(6); 43(13); 42(12)r 41(22)) 40(100). 
13- L-NMR (20 PR+z, CDCl 
(3xd,Co,@ and cp); 7 3 

) : 6 179.2 (s,C_=N): 147.8 (s,Cq): 128.8, 118.5 and 114.3 
.8 (s,~C=N), 59.3 (t,C_H2); 36.B 24.9; (s,C(CH~)~); 21.6 and 21.7 (3xq,3xC_H3): 14.7 (q,C_H3CC=N) 
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AzcLidine E (R=i-Pr; yield 95a) 

IR (NaCl) I VC-N : 1652 cm-l; UNN : 3200 Cm -1 

lH-NMR (60 MHz, CDC~J) t 6 0.80 and 0.94 (6H,Zxd,J=6.1Hz,CH(CR3)2)~ O-98 (3H,s, 
C?i3): 1.03 (~H,s,cI~~)~ 1.26 (3~,s,cy3); 1.84 (3B,s,Cki3C-I); 2.43 (lH,septet,J-6.1 
Hz,Cg(CH3)2); 2.60 and 2.98 (ZH,Zxd,AH-system,J=6.2Hz,CH2). 
Mass Spectrum (70 eV) m/e (t) : no I@; 141(12); 140(100~; 112(22); ill(6); 98(71); 
95(5); 84(8)j 72(6)1 70(8)r 69(12); 57t9Jr 56(20)r 55(11); 53(6); 44(7)1 43(21): 
42(68); 41(39); 40(19). 
13C-NMR (20 MHz, CDCl3) : 6 180.6 (s,g-N); 73.0 (s,gC-N); 60.6 (t,CH2); 49.7 (d, 
NCH); 35.3 (s,C(CH3)2)r 24.91 22.8; 22-O; 21.7 and 20.0 (5xq,C(CH3)2) and 3xcH3); 
11.6 (q,CH3CC-Xl. 

Hydrolysis of 2-acetimidoylazetidine 18a : - 
Stirring a solution of azetidine 18a in an aqueous hydrogen chloride solution 

(lOE/ZN) at room temperature during onaay resulted in the quantitative formation 
of 2-acctylazetidinc 2, which was isolated after extraction of the organic com- 
pounds with dichloromethane, drying of the combined extracts (MgSO4) and evapora- 
tion of the solvent. Compound 19 was isolated in pure form with a yield of 84%. - 

2,3,3-trimethyl-2-(l-oxoethyl)-1-phenylazetidine 

IR (NaCl) : VC=O = 1720 cm-1 
lH-NMR (60 MHz, CDC13) : 6 1.21 (3H,s,CH3); 1.28 (3H,s,Clf3); 1.43 OH,s,C&); 2.23 

1 
3H,s,CE3C=O)r 3.43 and 3.51 (2H,2xd,AB-system,J=6.6Hz,Cli2); 6.20-7.40 (5H,m,C6H5). 
3C-NMR (20 MHz, CDC13) : 6 211.1 (s,c=O); 147.5 (s,sqQ); 128.8; 117.9 and 113.5 
Oxd; co,cm and 9); 79.1 (s,QZ=O); 59.5 (t,CH2); 38.2 (s,C(CH3)2): 27.6; 24.7 and 
22.3 (3xq,3xcH3); 15.1 (q,H3C CC=O). 

Reaction of 2-cyanoazetidine 5a with potassium hydroxide in ethanol : - 
To a solution of 0.01 mol of a-cyanoazetidine z in dry ethanol 0.05 mol po- 

tassium hydroxide was added and then the reaction mixture was refluxed during one 
day. Afterwards most of the ethanol was evaporated and the resfdu was poured into 
100 ml of water. The aqueous layer was extracted with dichloromcthane (3x20 ml) 
and the combined extracts were dried (MgSO4). After filtration,the solvent was 
evaporated to leave a solid residucwhich consisted of pure amide 17 (yield : 81%; 
melting point 15OOC). 

- 

Azetidine 17 : - 
IR (NaCl) I : 1677 m-1; vNH = 3459 cm-1 

lH-NHR (60 ki:: :DCl3) : 6 1.17 (34 ,s,Cii3); 1.40 (3E,s,CiI3); 1.43 (3H,s,CE3); 3.4 
and 3.45 (2H,2xd,AB-syetem,J=7.8Hz,CXi2~; 6.40-7.40 (5H,mrC6B5). 
Mass Spectrum (70 eV) m/e (t) : 218 (M+,l5); 175(17); 174(100); 159(E); 158(9); 
145(71; 144(11); 132(111; llE(21); lOC(41); 105(10); 104(g); 103(S); 77(32); 
75(6); 5117); Il(24); 40(14). 
13C-NMR (20 MHz, CDCl3) : 6 176.7 (s,C=O); 147.1 (s,Cq); 129.0; 118.8 and 114.2 
(3xd;Co,m and 9); 74.5 (s,CC=O); 59:s (t,CH2); 37.4 (s,C(CH3)2); 24.9 and 22.1 
(Zxq;C(CH3)2); 14.3 (q,CH3-C-C-N). 

Synthesis of azetidines 2 (General Procedure) 

A solution of 0.01 mol of B-halo imine i in freshly distilled dry ether was 
treated with 0.02 mol of lithium aluminium hydride. The reaction was stirred 
under reflux during several hours as indicated in Table 1. Afterwards the reac- 
tion mixture was poured into 200 ml of water and extracted with ether (3x30 ml). 
The combined extracts were dried (MgSO4), the drying agent was removed and the 
solvent evaporated. The resi&ewas analyzed by preparative gas chromatography, 
revealing only one compound i.e. azetidine 21. The spectral data of azetidines 
21 are compiled in Tables II and III. - 

Synthesis of azetidinium iodide 22 - 
To a solution of 0.01 mol of 1-benryl-3,3_dimethylazetidine 2la in acetoni- 

trile was added 0.05 mol of methyl iodide and the reaction mixtur=as stirred 
at room temperature during 12 hours. The solvent and the excess methyl iodide 
were evaporated and the residual azetidinium iodide 22 was isolated as a solid 
material. 

- 

Azetidinium iodide 22 - 
IH-NHR (60 ilHz, CDC13) : 6 0.98 OH,s,CHj); 1.43 (3H,s,CH3); 3.64 (3H,s,CH3-N); 
4.24 and 4.60 (4H,2xd,AH-system,J=ll.IH?,ring Cfi2); S.O~-(ZH,S,CI~~C~H~); f.20-8.00 
(5H,m,C6H5). 
13C-NMR 720 MHz, CDC13) : 6 132.9 (s,cqB; 
9): 

130.9; 129.4 and 128.6 (3xd,Co,p and 
73.7 (t,ring CH2); 67.0 (t,CIi2CgH5); 54.0 (q,CHjN); 28.7 (s,C(CH3)2); 28.4 

and 26.6 (Zxq,C(CH3)2). 
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