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Partial ci's-N-halogenation of methyl 2-aziridinecarboxylate (Azy—OMe) takesplace only under condit ionsof intramolecular 
hydrogen bond breaking under the action of F 2 in the presence of Et 3 N, and also under the action of KOCl in the presence of H 2 O; 
for the N-fluoro derivative, a record high nitrogen inversion barrier was found (AG+ 35 kcal m o l - 1 ) . 

Until recently the highest configurational stability was 
observed in three-membered nitrogen heterocycles containing 
an exo-o r endo-N—O bond 1-4 (in brackets, AG* v /kcal m o l - 1 ) . 
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1 X = M e 2 N (32.9) 1 3 R = P h , R' = Me (34.1) 2 

2 X = M e O (32.1) 1 4 R + R = ( C H 2 ) 5 , R ' = Pr i (31.1) 3 

The possibility of increasing the nitrogen inversion barrier 
by introducing one more σ-electronegative Α-substituent led 
to the following observation: when the Α-alkyl substituent is 
changed to Cl in oxaziridine 4 , A G ¿ v remains practically the 
same, 4 and considerably decreases in diaziridines. 5 This is 
explained by the dissociative mechanism of inversion through 

a solvate-unseparated ion pair. The ionization of the N—Cl 
bond is caused by n x — a N C l hyperconjugation, whereas in Α-
chloroaziridines the inversion of nitrogen a tom occurs by a 
normal mechanism through planar transition state TS-1. 
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Thus, the point of interest is aziridines containing the 
maximally σ-electron-accepting Α-substituent - the fluorine 
atom. For two series of compounds B u t N ( C H 2 P h ) X 7 and 
M e O 2 C C H 2 C M e 2 N ( O M e ) X 8 it is known that when X = Me 
is changed to X = F , A G ¿ v increases by 9 and 14.3 
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kcal m o l - 1 , and when X = C1 changes to X = F it increases by 
6.2 and 7.3 kcal m o l - 1 , respectively. So in Af-fluoroaziridines 
the barrier to inversion must be 30 kcal m o l - 1 higher. The 
first A-fluoroaziridine 5 was synthesized in our l abora to ry . 9 ' 1 0 
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Later, A-fluoroaziridines were obtained under the action of 

C F 3 O F and characterized only in solut ion. 1 1 However, 
nitrogen inversion barriers in these compounds have not been 
measured. 

In the present work cis-6 and trans-1 N—F derivatives of 
Azy—OMe were first obtained under the action of F 2 / N 2 

(1:40) in Freon-113 at - 3 5 °C (Scheme 1). 
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In the presence of E t 3 N a mixture of 6 and 1 was obtained 
in the ratio ~1:1.4, whereas in the presence of powdered K F 
only trans-isomer 1 was formed. This is explained by the fact 
that the cis-isomer of Azy—OMe is stabilized by an 
intramolecular hydrogen b o n d . 1 2 When the bond breaks 
under the action of E t 3 N the opportunity arises both for cis-
and trans-attack by F 2 at the nitrogen atom. In the presence 
of powdered K F , the hydrogen bond remains and only trans-
attack by F 2 occurs. The structure of the products was 
confirmed by N M R spectroscopy!" (Figure 1) and the 
configuration by spin coupling constants values by 
comparison with A-fluoroaziridine 5 . 1 0 The configuration 
assignment is also confirmed by thermal transformation of 
cis-6 into trans-1. F rom the kinetics of this isomerization a 
record high nitrogen inversion barrier was found: AG= v ~ 35 
kcal m o l - 1 at 120 °C (Figure 1). 

Corresponding to the above fluorination, chlorination of 
Azy— OMe under conditions of hydrogen bond breaking 
under the action of KOCl in a to luene -H 2 O mixture gives a 
mixture of cis-8 and trans-9 A-chloro-derivatives of 
Azy—OMe in the ratio 1:5. Chlorination by B u t O C l , 1 2 - 1 4 , C l 2 

or A-chlorosuccinimide in aprotic solvents gives only trans-9 
(Scheme 2). 

The structure of the products was confirmed by N M R 
spectroscopy""" and the configuration by comparison with 9 
( N ) 1 2 and thermal transformation 8 — 9. 

t Spectral data: 6, 1 H NMR (CDCl3): δ 2.48 ddd (H c), 2.98 ddd (H b), 
3.17 ddd (H a), 3.82 s (MeO), 3 J a b = 7.9, 3 J a c = 5.2, 2 J b c = - 7 . 9 , 
3 J a F = 40.9, 3 J b F = 16.8, 3 J c F = 26.9; 1 3 C NMR (CDCl3): δ 37.7 (3-C, 
1 7 C H = 175.1 and 176.6, 2 J C F = 4.4), 41.8 (2-C, 1 / C H = 175.8, 
2 J C F = 8.7), 53.0 (Me, 1 / C H = 146.8), 163.7 (CO, 3 J C F = 8.6); 1 9 F 
NMR (CDCl3, from CF 3CO 2H): δ 11.4 ppm. 

1, 1 H NMR (CDCl3): δ 2.64 ddd (H c), 2.84 ddd (H b), 3.22 ddd 
(H a), 3.76 s (MeO), 3 J a b = 10.1, 3 J a c = 7.6, 2 J b c = - 4 . 9 , 3 J a F = 29.3, 
3 J b F = 38.8, 3 J c F = 28.7; 1 3 C NMR (CDCl3): δ 39.2 (3-C, 
1 7 C H = 177.3 and 178.8, 2 J C F = 2.9), 41.5 (2-C, 1 / C H = 181.7, 
2 J C F = 8.7), 52.7 (Me, 1 / C H = 148.2), 167.0 (CO, 3 J C F = 7.2); 1 9 F 
NMR (CDCl3, from CF 3CO 2H): δ 43.1 ppm. 

8, 1 H NMR ([2H8]toluene): δ 1.78 dd (H b), 2.35 dd (H c), 2.47 dd 
(H a), 3.35 s (MeO), 3 J a b = 6.1, 3 J a c = 5.8, 2 J b c = -2.8. 

9, 1 H NMR ([2H8]toluene): 1.8 dd (H b), 2.2 dd (H c), 2.57 dd (H a), 
3.21 s (MeO), 3 J a b = 7.9, 3 J a c = 5.5, 2 J b c = -2.8; 1 3 C NMR (CDCl3): 
δ 41.6 (3-C, 1 / C H = 175.1 and 178.8, 2 J C H = 1.5), 43.8 (2-C, 1 / C H = 
180.2, 2 J C H = 1.6 and 2.9), 52.1 (Me, 1 / C H = 148.2), 167.6 (CO, 

2 / c h = 1.5, 3 / c h = 3.6). 

ppm 

Figure 1 (a) 1 H NMR spectrum of ring protons of the mixture 6 
(42%) + 1 (58%); (b) after heating for 10 h at 100 °C, 4 h at 120 °C, and 
8 h at 150 °C: 6 (22%) + 1 (78%). 

The authors thank I N T A S ( g r a n t no. 94-2839), ISF (grant 
nos. M C O 000 and M C O 300) and the Russian Foundat ion 
for Basic Research (grant n o . 94-03-08730) for the financial 
support of this work . 

Ç 0 2 M e 

H b

H a 

+ 9 t K0ÇI 
H 2 0 -
[2H8]toIuene 

Azy—OMe 
But0ÇI_ 
NÇS ' 
or ÇI2 

Ç 0 2 M e 

H b

H a 
ÇI 

Scheme 2 

References 

1 A. V. Prosyanik, C. V. Bondarenko, V. I. Markov, I. I. Chervin, 
M. D. Isobaev, S. D. Kush and R. G. Kostyanovsky, Khim. 
Geterotsikl. Soedin., 1980, 212 [Chem. Heterocycl. Compd. (Engl. 
Transl.), 1980, 154]. 

2 F. Montanari, I. Moretti and G. Torre, J. Chem. Soc., Chem. 
Commun., 1969, 1086; Gazz. Chim. Ital., 1973, 103, 681. 

3 J. Bjorgo and D. R. Boyd, J. Chem. Soc., Perkin Trans. 2, 1973, 
1575. 

4 G. V. Shustov, S. V. Varlamov, A. Yu. Shibaev, Yu. V. Puzanov 
and R. G. Kostyanovsky, Izv. Akad. Nauk SSSR, Ser. Khim., 
1989, 1816 (Bull. Acad. Sci. USSR, Div. Chem. Sci., 1989, 38, 
1663). 

5 G. V. Shustov, S. N. Denisenko, A. Yu. Shibaev, Yu. V. 
Puzanov and R. G. Kostyanovsky, Khim. Fiz., 1989, 8, 366 (in 
Russian). 

6 A. Forni, I. Moretti, G. Torre, S. Bruckner, L. Malpezzi and 
G. Di Silvestro, J. Chem. Soc., Perkin Trans. 2, 1984, 791. 

7 J. Cantacuzene, J. Leroy, R. Jantzen and F. Dudragne, J. Am. 
Chem. Soc., 1972, 94, 7924. 

8 R. G. Kostyanovsky, V. F. Rudchenko, V. G. Stamburg, I. I. 
Chervin and Sh. S. Nasibov, Tetrahedron, 1981, 31, 4245. 

9 R. G. Kostyanovsky, I. I. Chervin, A. A. Fomichov and Z. E. 
Samojlova, Tetrahedron Lett, 1969, 4021. 

10 R. G. Kostyanovsky, G. K. Kadorkina, I. I. Chervin and 
I. K. A. Romero-Maldonado, Khim. Geterotsikl. Soedin., 1988, 
757 [Chem. Heterocycl. Compd. (Engl. Transl.), 1988, 616]. 

11 M. Seguin, J. C. Adenis, C. Michand and J. J. Basselier, J. 
Fluorine Chem., 1980, 15, 37. 

12 I. I. Chervin, A. A. Fomichov, A. S. Moscalenko, N. L. 
Zaychenko, A. E. Aliev, A. V. Prosyanik, V. N. Voznesensky 
and R. G. Kostyanovsky, Izv. Akad. Aauk SSSR, Ser. Khim, 
1988, 1110 (Bull. Acad. Sci. USSR, Div. Chem. Sci., 1988, 31, 
972). 

13 R. G. Kostyanovsky, A. V. Prosyanik, V. I. Markov, I. A. Zon 
and A. E. Polyakov, Izv. Akad. Aauk SSSR, Ser. Khim, 1976, 
1559 (Bull. Acad. Sci. USSR, Div. Chem. Sci., 1976, 25, 1481). 

14 G. V. Shustov, S. N. Denisenko, I. I. Chervin and R. G. 
Kostyanovsky, Izv. Akad. Aauk SSSR, Ser. Khim, 1988, 1606 
(Bull. Acad. Sci. USSR, Div. Chem. Sci., 1988, 31, 1422). 

Received: Moscow, 17th July 1995; 
Cambridge, 21st September 1995; Com. 5/04907E 

6 

F 

7 

9 8 

- 217 -


