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REACTIONS OF 7-AMINOCOUMARINS LEADING TO ALKYLIDENEBENZOPYRANS 

M. A. Kirpichenok, S. K. Gorozhankin, UDC 547.814'587.51:543.422'51 
and I. I. Grandberg 

The reaction of 7-aminocoumarins with triethyloxonium tetrafluoroborate leads to 
benzopyrylium salts that react with sodium derivatives of compounds that contain an 
active methylene group to give substituted 2-methylene-2H-l-benzopyrans. The struc- 
tures and physicochemical properties of the synthesized compounds are discussed. 

The molecules of 7-aminocoumarins contain several reaction centers that are subject to 
electrophilic attack: the nitrogen atom, the C(3), C(~), and C(8) atoms of the benzopyran 
fragment, and the exocyclic oxygen atom of the pyrone ring. We have previously investigated 
[i] a number of reactions of coumarins I and II with electrophiles that lead to the synthesis 
of C-substituted derivatives. It was shown that soft Lewis acids (ZnCI2, HgCI=) are capable 
of coordinating with the carbonyl group of 7-aminocoumarins and of leading to regiospecific 
substitution reactions in the 3 position. In this connection we became interested in the pos- 
sibility of the selective modification of the carbonyl group by means of electrophilic addi- 
tion reactions. 

Taking into account the potential tendency of 7-aminocoumarin dyes for marked charge sep- /x 
aration within the molecule [2, 3], replacement of the carbonyl oxygen atom by the ----r \y 
fragment seemed of particular interest for the transition to other strongly polarized struc- 
tures. As a result, the aim of the present research was to develop a method for the synthesis 
of 2-methylene-2H-l-benzopyrans on the basis of aminocoumarins I-III. 

Benzopyrylium salts and 2,2-dialkoxybenzopyrans [4-6] could be potential sources of meth- 
ylenebenzopyrans, and we therefore initially evaluated methods for the generation of benzopy- 
rylium salts on the basis of coumarins I-III. We found that the reaction of I-III with elec- 
tropyilic reagents such as triethyloxonium tetrafluoroborate, dimethyl sulfate, and phospho- 
rus oxychloridein solution in methylene chloride, chloroform, or benzene leads to the forma- 
tion of aminobenzopyrylium salts (for example, la and lla) in 80-95% yields. (Formula, top, 
following page. ) 

The reactions with triethyloxonium tetrafluoroborate proceed most smoothly. The ready 
formation of salts la and l!a is evidently a privilege of precisely 7-aminocoumarins, in which 
the amino group acts as an additional factor in the stabilization of the benzopyrylium system. 

The aminobenzopyrylium salts are bright-yellow substances that are relatively stable in 
solution in CH2CI= but decompose rapidly in air. For identification, as an example we isolated 
tetrafluoroborate salt la (mp 136=C) and, despite unsuccessful attempts to obtain satisfactory 
results of elementary analysis, determined its physicochemical parameters. Thus signals of 
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R 

0 CH2C12 
~BF 4- 

N~C_~__~. -o - o % . 5 /  
I, H la. Ila 

c- ,  L (C2-Q=~-F 4- cH3 

0 4:~ J1 1"2 " y  

m 2 XX-XV 

R 

N a C H ~  s ~  ~ 

dioxane N{C2~s 2 7 ~'y 
W-XI 

XV X-Y = -CO CO-- 

IV--IX R=CHs, X, XI R=H; IV, XII X=Y=COCH3, V, XIII X=Y=CO2C2Hs, VI X=Y= 
=CN, VII, X, XIV X=COCH3, Y=CO2C=Hs, VIII, XI X=CO2C=Hs. Y=CN, IX X-Y= 

=--COCH2C (CH3)=CH2CO-- 

protons of an OCH=CH3 group arepresentin the PMR spectrum of salt Ia at 1.54 and 4.92 ppm. 
The signals of most of the protons of the benzopyran fragment are shifted 0.3-0.7 ppm to weak 
field as compared with the starting coumarin [7]. Intense absorption at 1060 cm -~, which is 
characteristic for the BF~- anion, is observed in ~he IR spectrum of salt Ia. Vibrations of 
the C---C bonds of aromatic rings show up at 1620-1650 cm -~. Considering the low stability of 
7-aminobenzopyryliumsalts it is expedient to carry out reactions with them without isolation 
and special purification. 

For the synthesis of methylenebenzopyrans the sodium derivatives of various compounds 
that contain an active methylene group, vlz., acetoacetic and cyanoacetic esters, diethyl mal- 
onate, acetylacetone, malonic acid dinitrile, dimedone, and indan-l,3-dione, were subjected to 
reaction with the salts. As a result of heating of the reagents in dioxane we isolated methyl- 
enebenzopyrans IV-XV, the overall yields of which from the coumarins were 30-60% (see Table i). 
Compounds IV-XV can beobtained in about the same yields by prior treatment of the benzopyryli- 
um salts with an equivalent amount of sodium methoxide with subsequent heating of the reaction 
mixture with the corresponding methylene component. In this case the reaction evidently pro- 
ceeds with the formation of intermediate 2,2-dialkoxy derivatives [6], as evidenced by the in- 
stant of decolorization of the reaction mixture. 

Rather unexpectedly, the establishment of the detailed structures of IV-XV proved to be 
a difficult task. First of all, it was necessary to solve the problem of distinguishing the 
structures of methylenebenzopyrans (A) and possible isomers of the B and C type. 

The correspondence of the synthesized compounds to the elementary compositions of iso- 
mers A-C was established in the case of XI by means of the high-resolution mass spectrum (see 

R ~ R ~ R ~ 

0 OH 

A Y B C Y 

TABLE i. Characteristics of IV-XV 

rap, ~ 

124 
116 
201 
84 

146 
162 
79 

122 
161 

216 dec. 
77 

220 dec. 

0,24 
0,32 
0,27 
0,27 
0,28 
0,24 
0,26 
0,28 
0,25 
0,31 
0,27 
0,23 

Found, % 

c H 

73,0 7,5 
67,9 7,2 
73,4 6,3 
70,3 7,7 
70,I 6,6 
75,2 7.8 
69,2 7,2 

74,7 7,0 
69,4 6,8 
72,1 6,9 
78,0 5,8 

4,5 
4,1 

14,6 
4,2 
8.5 
3,8 
4,2 

4,1 
3,9 
4,0 
3,6 

Empirical 
formula 

CmH2sNO~ 
C21H27NOs 
CtrH,zN30 
C2oH2~NO4 
CmH22N203 
C22H~TNO~ 
CIgH23NO4 
C~sH2oN203 
C2,H23NO~ 
C23H27NO~ 
Cz~H~sNO4 
C~bH.~,NOz 

Calculated, 

C H N 

7,2,8 7,4 4,5 
67,5 7,3 3,8 
73,1 6,1 15,0 
70,0 7,3 4,1 
70,0 6,8 8,6 
74,8 7,7 4,0 
69,8 7,0 4,2 

74,7 6,9 4,2 
69,5 6,9 3,5 
71,9 6 9 3,8 
78,3 515 3,7 

~ield 
% 

40 
48 
45 
68 
76 
38 
54 
58 
42 
50 
70 
23 

Com - 
pound 

Table i). 

IV 
V 

VI 
VII 

VIII 
IX 
X 

XI* 
XII 

XIII 
XIV 
XV 

*The compound was identified by means of the high-resolution mass 
spectrum. Found: M + 312.1495. CIsH=oN203. Calculated: M 312.1493. 
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TABLE 2. PMR Spectra of IV-XI, Chemical Shifts (6, ppm) 
(CDCI3), and Form of the Signal (J, Hz)* 

Com - 

pound 

IV 

V 

VI 

VII 

VIII 

]X 

X 

XI 

3-H 

7.48 s 

7.43s 

6.51s 

7,73 

8.30q 
(l,0) 

8,08 d 
(9,5) 

5-H 

7,32 
(9.0) 
7,24 

(8,9) 

7,43, 
(9,1) 
7.35c 
(9,0) 

7,45 
(9,27 

7.49d 
(9,1) 
7,07 

(9,0), 

7,39. 

6-H 

6,59 dd 
(9,0; 2,5) 
6,50 dd 
(8,9; 2,2) 

6,69 dd 
(9,1; 2,3) 
6,63 dd 
(9,0; 2,5) 

6,73 dd 
(9,2; 2,4) 
6,75 dd 
(9.1; 2.4) 
6.46 dd 
(9.0; 2.3) 

7,39 d 
(2,3) 

II ~-!  
,F4.r4 .~ 

8-1I ~a ~" O 

2.30 s 

2.27s 

2.40 s 

2.30s 

2.41s 

2.48d 
(1,0) 
7,155 

7,41d 
(9,5) 

(CH3--CH~)~N 

CH3 C]-]= 
Other protons .... 

2,42 (6H, s 2CH3CO) 

1.28 (3H.t. CH3CH20). 
1.37 (3H, t CH3CH~O), 
4.21 (2H.q CH~CH20). 
4.35 (2H.q. CHaCH~O) 

1,32 (3H,t, t=6,9, 
CHaCH20), 2,22 (3H,s 
CH3CO), 4,42 (2H,q, 
I= 6,9, CH3CH20) 
1,34 (3H,t, CH3CHeO), 
4,23 (2H, q CH3CH207 
1,09 (6H, s:, 2CH3), 
1,09 (4H, s, 2CH2C07 
1,35 (3H, t ,  J-~7,0, 
CH3CH~O). 2,33 (3H, s, 
CH3CO), 4,3I (2H, q, 1= 
7,0=CH3CH20) 
1.35 (3H,t, CHaCH20), 
4,28 (2H,q , CH3CH20) 

- *The number of the atoms is presented in the first scheme; this 
is also the case for Table 3. 

**For V, VIII, and XI J = 7.0 Hz. 

TABLE 3. PMR Spectra of XII-XV, Chemical Shifts (6, ppm) 
(CDCI3), and Form of the Signal (J, Hz) 

Corn- J I-H ] 2-H 3-H 5-H 6-H I 7-H I 8-H 9-CH3 10-H Other protons* 
pound (t) (m) (t) it) (t) (t) is) is) is) 

Xll 2 ,76 1.95 
(5,9) 

X I I I  2,69 1,92 (6,0) 

XIV 2,76 
(6,2) 

XV 3,25 
(6,2) 

3,24 
(5,8) 
3,24 

(5,9) 

3,26 I 
(5,8) 
3,27 

(5,9) 

1,95 ~3,22 
(6,0) 

2,00 13,30 

' , I 1,951 2.79, 6.92 2.291 7,51 
(5,9) I 7,33 1,92 2,74 6,99 2,28 
(6,07 

2,39 (6H, s, 2CHACO) 

1,22 (3H,t ", CH3CH20), 
1,28 (3H,t , CH3CH~O), 

3,24 
(6,0) 

3,33 
(6,1) 

1,95 [ 2,791 
I (6,2) 

2,00 2,79 
I (6,27 

*For XIII J = 7.0 Hz, while 

6,95 2,28 7,58 

7,06 2,48 7,97 

Jt = 8.5 Hz and 

4,12 (2H~ t , CH3CH20), 
4,21 (2H, q,  CH3CH20) 
1,34 (3H, r ,  J=7,1, 
CH3CH20), 2,31 (3H, s, 
CH3CO), 4,30 (2H,q', 
1=7,1, CHaCH20) 
7,55 (2H,dd, meCa 
atom. 7,72 (2H,dd ortho 
arohq. ) 

J2 = 2.3 Hz for XV. 

It was observed that IV, V, VII, X, and XII-XIV give an intense red coloration with a 
methanol solution of ferric chloride. In principle, this fact does not exclude the existence 
of isomers of the O type for these substances. Instead of a signal at 5.5-6.0 ppm, which 
corresponds to the 3-H proton in the starting coumarins, the PMR spectra of IV, V, VIII, IX, 
and XI-XV contain a single signal of a lone proton at 7.3-8.3 ppm (see Tables 2 and 3). Of 
particular interest are the PMR spectra of chloroform solutions of VII and X, in which sig- 
nals corresponding to the 3-H proton are completely absent, while the signals of the protons 
of methyl and ethyl groups of the acetoacetic ester fragment (2.2-2.3 and 1.3 ppm; 4.3-4.4 
ppm, respectively) are markedly broadened. At the same time, the signals of the remaining 
protons in VII and X are retained distinctly and are located in positions similar to those for 
the other compounds IV-VI, VIII, IX, and XI-XV. This fact may constitute evidence for a cer- 
tain dynamic process and also, in principle, does not contradict structures of the C type, in 
which an intramolecular hydrogen bond with rapid exchange of a proton between two functional 
groups is possible. However, the formation of such substances seems unlikely for cyclic 1,3- 
diketones. In addition, in the case of the C isomers the monotypic groups (X = Y) for symme- 
trically substituted compounds have different chemical environments, and the signals of the 
al~yl protons of these groups in the PMR spectra should not coincide even in the case of ra- 

613 



pid reorientation of the hydrogen bond. However, this is not so for IV, IX, and Xi! (see Ta- 
bles 2 and 3), and, consequently, the spatial orientation of the X and Y groups should be sym- 
metrical. In prihciple, isomers of the B type satisfy this condition. In addition, the rea- 
son for the weak-field shift of the 3-H signals in the PMR spectra is not clear for the B iso- 
mers. In this case it is also difficult to explain the appearance of a long-wave absorption 
band (Amax $40-520 nm) in the electronic spectra of IV-XV (Table 4). Finally, the absorption 
band of an additional carbonyl group that is expected for the B isomers cannot be exposed in 
the IR spectra of the synthesized substances. 

Thus, at first glance, the spectral data constitute evidence for the nonmonotypic charac- 
ter of structures IV-XV. Nevertheless, a reasonable interpretation can still be given to the 
observed facts if it is assumed that IV-XV exist in the form of isomers of the A type; rapid 
rotation of the CXY fragment about the exocyclic C.--C bond may occur in solution. In fact, in 
methylenebenzopyrans IV-XV one should expect marked intramolecular charge separation, which 
is reflected by limiting structure A'. 

R' CH~ CH~ 

R 2 (C2H5) 2 CH~ (C2H5) ~ 0C2H 5 

Y C02C2H s CN 
Vlla VINa 

In this case rotation about the exocyclic C---C bond should be facilitated, and the signals 
of the ~otons of the X and Y groups in the PMR spectra may be broadened (see the spectra of 
VII and X) or averaged on the NMR time scale. In analogy with alkylidenepyrans [8], the weak- 
field shift of the 3-H signal is a consequence of the drawing together in space of this proton 
and the functional group. The formation of a coloration with ferric chloride solution also be- 
comes explainable, since in the A' form IV, V, VII, X, and XII-XIV are capable of giving charge- 
transfer complexes (CTC) or even salt products of the [Fe(OR)mCln]m+,mCl - type, where m + n = 
3, and R is an organic cation fragment. 

The high polarization of structures IV-XV should lead to a bathochromic shift of the ab- 
sorption bands and emission in the electronic spectra, and this is actually observed (see Ta- 
ble 4)~ The bathochromic shift increases successively in the order CO2C2H5 < CN < COCH3 for 
the X and Y substituents for the examined compounds. This regularity evidently reflects the 
superimposition of two tendencies that promote intramolecular charge separation-- an increase 
in the electron-acceptor character of the substituent (which is maximal for the acetyl group) 
and a decrease in steric hindrance (which is minimal for the nitrile group), which disrupts 
the planarity of the conjugation chain. Since intramolecular charge separation models, as it 
were, a "pre-excited" state, the luminescence quantum yields decrease markedly for methylene- 
benzopyrans as compared with the starting coumarins I-III [9]. 

For the definitive elucidation of the structures of the synthesized substances we record- 
ed the low-temperature PMR spectra of VII and conducted an x-ray diffraction study of VII and 
VIII.* The data obtained confirmed that IV-XV exist in the A form with marked charge separa- 
tion, which makes the structure of the methylenebenzopyrans close to the quinoid structure 
(A'). 

Yet another conformational problem for unsymmetrically substituted VII, VIII, X, XI, and 
XIV is the determination of the orientation of the X and Y groups relative to the exocyclic 
C:C bond. it might be assumed that a configuration of the X and Y groups in which the group 
that is a better ~ acceptor is closer to the direction of charge transfer is more favorable 
[i0]. In the designations presented above the X group satisfies this condition. In fact, the 
x-ray diffraction data showed that in the crystalline state VII exists in the VIIa form (see 
above), in which the better acceptor -- the acetyl group -- is situated in the plane of the 
aromatic fragment and occupies the X position, while the carbethoxy group deviates from the 
indicated plane. On the other hand, in VII the carbethoxy group -- a better electron-acceptor 
group as compared with the nitrile group (see structure Villa) -- is found in the X position. 
To solve the problem of the preferred orientation of the X and Y groups in solution one can 
use PMR spectroscopic data (see Table 3). Thus the chemical shifts of the 3-H proton in VIII 

*This part of the research was carried out jointly with D. S. Yufit and Yu. T. Struchkov and 
will be published separately. 
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TABLE 4. 
-,LI 

Com - 
pound 

IV 
V 

VI 

VII 

VIII 

IX 
X 

XI 

XII 

XIII 

XIV 

XV 

IR and UV Spectra of IV-XV 

IN spectrum in 
~r, cm -I 

! v, 
--I uv spectrum (in ethanol), )~max, 

%% ~=c I ' ~ ( Io~ s )  

1690 
1720, 
1700 
2210 

I700 

2210, 
1695 
1620 
1690 
2210, 
1700 
1675 

1725, 
1690 
1700 

]630 

1640 
1640 

1630 

1645 

1645 

1590 
1640 

1630 

1640 

1640 

1580 

257 (4,58), 278 (4,32), 460 (4,59), 48l (4,62) 
252 (4,48), 273 (4,10), 283 (4,01), 320 (3,60), 408 (4,36), 
426 (4,45), 443 (4,39) 
247 (4,30). 253 (4,39), 272 (4.19), 278 (4.21), 450 (4,41), 
475 (4~50) 
245 (4,58), 272 (4,21), 304 (3,84), 322 (3,74), 448 (4,55), 
472 (4,55) 
251 (4,60), 276 (4,37), 334 (3,83), 346 (3,74), 448 (4,12), 
474 (4.7|) 
257 (4,56), 274 (4,50), 305 (3,88), 360 (3,90), 495 (5,06) 
256 (4,43). 274 (4,01), 4,56 (4,44)~ 480 (4,40) 
246 (4,11). 253 (4,24), 273 (4,05), 376 (4,14), 462 (4,15), 
490 (4,2|) 
218 (4.25). 264 (4,34), 288 (4,17), 314 (3,84), 467 (4,38), 
498 (4,90) 
252 (4,46). 274 (4,08), 287 (3,99), 328 (3,58), 410 (4,31), 
431 (4,42), 450 (4,34) 
262 (4,53), 276 (4,30), 308 (3,98), 324 (3,77), 463 (4,60), 
487 (4,64) 
230 (3,76), 248 {3,90), 267 (3,88), 292 (3,69), 380 (3,39), 
524 (4,17) 

and XIV may be close to the analogous shifts for V and XIII, respectively. In this case the 
CO~C2H5 group in the VIII and XIV molecules should preferably occupy the X position or have 
an analogy with VI (for VIII) and XII (for XIV), and the orientation of the X and Y substi- 
tuents should then be the opposite. The data in Table 2 indicate an analogy in the PMR spec- 
tra for V and VIII, as well as for XII and XIV; this is in agreement with the results of 
x-ray diffraction analysis and for the unsymmetrically substituted compounds (X r Y) confirms 
the presence in solution of primarily conformers that correspond to structures VII, VIII, X, 
XI, and XIV. 

EXPERImeNTAL 

The IR spectra (KBr pellets) were obtained with a Jasco IR-S spectrometer. The UV spec- 
tra were recorded with a Hitachi EPS-3T spectrophotometer. The PMR spectra of solutions of 
the compounds in CDCI3 were recorded with a Bruker WM spectrometer (250 MHz) with hexamethyl- 
disiloxane as the internal standard. The mass spectra were obtained with a Varian MAT-311A 
mass spectrometer (ionizing voltage 70 eV). 

The reaction products were isolated by chromatography with a column (30 by 2.5 cm) packed 
with Silpearl UV-254 silica gel in a hexane--acetone system (3:1). The purity of the substances 
was monitored by means of TLC on Silufol UV-254 plates in the same system. The physico- 
chemical characteristics of the synthesized IV-XV are presented in Table i. 

2-Ethgxy-4-methylu7-diethylaminobenzopyrylium Tetrafluoroborate (Ia). A mixture of 1.15 g 
(5 mmole) of coumarin I and 0.94 g (5 mmole) of triethyloxonium tetrafluoroborate in 15 ml of 
dry CH2C12 was stirred at 20~ for 40 min in an inert atmosphere, after which 25 ml of abso- 
lute ether was added. The~resulting precipitate was removed by filtration in aninert atmo- 
sphere and dried in vacuo to give 1.43 g (90%) of Ia with mp 136~ (dec.). IR spectrum (KBr) 
1060 (BF~-), 1620, 1640, 1650 cm -~ (C=C). PMR spectrum (CDCI3): 1.23 (6H, t, J = 7.0 Hz, 
2NCH=Cffs), 1.54 (3H, t, J = 7.0 Hz, OCH=CH~), 2.52 (3H, s, 4-CH3), 3.65 (4H, q, J = 7.0 Hz, 
2N~ff2CH~), 4.92 (2H, q, J = 7.0 Hz, O~I2CH3), 6.35 (IH, d, J = 2.2 Hz, 8-H), 6.62 (IH, s, 3-H), 
6.92 (IH, dd, J1 = 9.0 Hz, J= = 2.2 Hz, 6-H), 7.90 (IH, d, J = 9.0 Hz, 5-H). 

General Method for Obtaining !V-XV. A mixture of 5 mmole of the corresponding coumarin 
I-III and 5 mmole of triethyioxonium tetrafluoroborate in 15 ml of dry CH2C12 was stirred at 
20~ for 40 min in an inert atmosphere, after which the solvent was evaporated in vacuo. A 
solution (or suspension) of i0 mmole of the sodium derivative of the corresponding methylene 
component, obtained by the standard method [ll], in 20 ml of dry dioxane was added to the 
residue, and the reaction mixture was stirred vigorously at 50~ for 4 h. It was then evapo- 
rated, and the residue was separated chromatographically. The isolated substances were re- 
crystallized from hexane--acetone. 

615 



LITERATURE CITED 

i. M. A. Kirpichenok, S. L. Levchenko, and I. I. Grandberg, Khim. Geterotsikl. Soedin., No. 
i0, 1324 (1987). 

2, K. Drexhage, in: Dye Lasers, ed. F. P. Schaefer, Springer Verlag, New York (1974). 
3. G. Jones, W. R. Jackson, Ch. Choi, and W. R. Bergmark, J. Phys. Chem., 89, 294 (1985). 
4. A. Katritzky (ed.), Advances in Heterocyclic Chemistry, Supplement 2, A~demic Press, 

New York--London (1982), p. 434. 
5, M. Simalty, H. Strzelecka, and Ho Khedija, Tetrahedron, 27, 3503 (1971). 
6. H. Meerwein, W. Florian, H. Sch~n, and G. Stopp, Annalen, l, i (1961). 
7. M. A. Kirpichenok, - I. I. Grandberg, L. K. Denisov, and L. M. Mel'nikova, Izv. Timiryazevsk. 

Skh. Akad., No. 3, 172 (1985). 
8. E. T. Oestensen, Acta Chem. Scand., B29, 927 (1975). 
9. A. R. Reddy, D. V. Prasad, and M~ Darbarwar, J. Photochem., 32, 69 (1986). 

I0. H. A.-E. Rafie and A. H. E.-T. Bahgat, Can. J. Chem., 63, 1173 (1985). 
ii. Weygand-Hilgetag, in: Experimental Methods in Organic Chemistry, Saunders, Philadelphia 

(1969). 

STEREOSPECIFICITY OF SPIN-SPIN COUPLING CONSTANTS (SSCC) OF ~H, ISN, 

AND ~gF NUCLEI IN SUBSTITUTED 2,2-BIS(TR!FLUOROMETHYL)AZIRIDINES* 

R. G. Kostyanovskii, G. K. Kadorkina, 
I. I. Chervin, and I. K. A. Romero Maldonado 

UDC 547.71:541.634:543.422o25 

l-Chloro-, 3-methyl-, l-chloro-3-cyano-, l-carbomethoxymethoxy-3-methyl-, and l- 
carboxymethoxy-3-methyl-2,2-bis(trifluoromethyl)aziridines were synthesized for 
the first time. Criteria for distinguishing cis- and trans-3-substituted and 1,3- 
disubstituted 2,2-bis(trifluoromethyl)aziridines from tl~ parameters of the ~H, 
'3C, and ~gF NMR spectra were found. 

Stereospecificity of the spin-spin coupling constants (SSCC) of the ring protons is ob- 
served in series of configurationally stable 2-methyl-2-trifluoromethyl- and 2,2-bis(trifluoro- 
methyl)aziridines. Thus the long-range trans-SSCC with respect to the nuclei of CF3 and CH3 
substituents (~jtrans) is always greater for the H a proton, which is cis-oriented relative to 
the unshared electron pair (UEP) of the ring N atom [2, 3]: 

A - CF 3 A - CF 3 A - CH 3 

l 

g~" J X H o ~OS02Ph H b / ] ~'OS02Ph 
, B-CF 3 B-CH~ B-CF 3 

qtrans .~q trans 4r trans trams 
B . C F ~ H  a ~ A.CF3H b and ~ B - M e H .  > 4 / A . M e H b  

It has been shown by theoretical calculations and experimental studies that the geminal 
SSCC of the N nucleus of the aziridine ring ~JNH is always greater with the cis proton with 
respect to the UEP of the N atom and amounts to -10.5 Hz, while with the trans proton it does 
not exceed I Hz or is not observed at all [4]. 

For other aziridine derivatives it has been established that, regardless of the type of 
substituent in the ring, the vicinal SSCC of the ring protons sjcls in the cis position rela- 
tive to the UEP of the N atom is 1-2 Hz smaller than for the trans protons [5]. 

*Communication 64 from the series "Asymmetric nitrogen." See [I] for communication 63. 
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