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H Y D R A Z O N E S  OF t~-PYRAZOLIDINYLACETOACETIC ESTER 

L. A. Sviridova, G. A. Golubeva, I. V. Dlinnykh, 
I. F. Leshcheva, and V. N. Nesterov 

The p-nitrophenylhydrazones and acetylhydrazones of trans-u-(1-acetyl-2-phenyl-3-methyl-5-pyrazolidinyl)- 

acetoacetic ester have been obtained in the form of a mixture of diastereomeric pairs of syn-isomers. Individual 
diastereomeric pairs that have been isolated do not undergo any tautomeric conversions in nonpolar solvents. 

Heterocyclization of these hydrazones is difficult. 

We had shown in previous studies [1, 2] that 5-hydroxypyrazolidines I react readily with/3-dicarbonyl compounds on 

an adsorbent surface without solvent, forming the corresponding multifunctional derivatives of pyrazolidine. However, any 

further application in synthesis is difficult, owing to the low yields and the laborious procedures needed to segregate the 

products of the solid-phase reactions, and also the instability of the/3-dicarbonyl substituent in many of these compounds. Here 

we are reporting on an investigation of reactions of u-pyrazolidinyl-/3-dicarbonyl compounds with hydrazine derivatives. 

For these studies, we selected the o~-pyrazolidinylacetoacetic ester II, which exhibits adequate activity in reactions of 

the carbonyl group with nucleophilic agents, and which is relatively resistant to decomposition under the conditions of its 

synthesis. The  only isomer known, the trans-isomer, is formed on the surface of an adsorbent without solvent; as we had shown 

previously [2], the use of a polyamide in place of AI203 can increase the yield of compound II to 20%. 
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Ill a)R = MeCO;b)R = CHO; c)R = p-NO:,C6H4;d)R = C6H5CO; 

e) R = CONH2; OR = CSNH2; g) R = Ts 

The lability of NH-free pyrazolidines predetermines instability of derivatives of l-acylpyrazolidine in the synthesis when 

the acyl protection is removed, such conditions including the action of strong bases. We were not able to conduct the reaction 

of the c~-pyrazolidinylacetoacetic ester with hydrazine; under these conditions, the original compound decomposes completely. 

In the case of phenylhydrazine, we observed severe tarring of the reaction mixture, so that we were unable to segregate or 

identify the reaction products. The interaction of compound II with p-nitrophenylhydrazine and the hydrazides of acids proceeds 

without any side processes, leading to the formation of mixtures of diastereomeric pairs ( -  1: 1) of monosubstituted syn- 

hydrazones of the ot-pyrazolidinylacetoacetic ester III. The syn-configuration of one of the diastereomeric pairs of the hydrazone 
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TABLE 1. Bond Lengths in Molecule of IIIf (2) 

Bond t, A Bond t. A 

S(27)--C(z.9 
O03)--C(t2) 
O(,7)--C06) 
O08)--C(t6) 
O(,8)--C09) 
N(I)--C(12) 
N(z)--N(2) 
N(t)--C(s) 
N(2)--C(6) 
N(2)--C(3) 
N(23)--C(21) 
N(23)--N(24) 
N(24)--C(25) 
N(26)--C(2s) 
Co)--C(~) 

1,693(3) 
1,224 (3) 
1,217(3) 
1,321(3) 
1,463 (3) 
1,368(3) 
1,430(3) 
1,483(3) 
1,423(3) 
1.489(3) 
1,288(3) 
1,384(3) 
1,369(3) 
1,315(4) 
1,511 (4) 

Co)--CO) 
Co)--C(s) 
C(5)--C(t5) 
C(6)--C(H) 
C(6)--C(7) 
Cu)--C(8) 
C(a)--C(9) 
C(9)--Coo) 
CcL0)--C(n) 
C(t2)--C(z4) 
C(zs')--C(n) 
C(ts')--C(*6) 
C(t9)--C(2o) 
C(2,)--C(z2) 

1,518(4) 
1,537 (4) 
1,536(4) 
1,391 (4) 
1,402(4) 
1,386(4) 
1,387(4) 
1,387(4) 
1,387(4) 
1,502(4) 
1,519(3) 
1,519(4) 
1,478(5) 
1,491(4) 

N(2 ) 

y%,, 

~ C{l|l OqTI 

Fig. I. General view of molecule of Illf (2). 
/ 

Illf (2)* was established by x-ray diffraction studies (see Fig. 1 and Tables 1-4). In the molecule of compound IIIf (2), the 

pyrazolidine heterocycle has the conformation of a slightly distorted envelope (Table 3). The deviation of the C(3 ) atom from 

the N(DN(2)C(5)C(4 ) plane (planarity +0.013 A) is -0 .493 A. The dihedral angle with this plane, and also with a plane passing 

through the N(2)C(3)C(4 ) atoms, is 32.3 ~ The substituents in the heterocycle have a mutual tram-position, which reduces the 

steric nonvalence interaction between them (Fig. 1, Table 3). A similar conformation of the heterocycle and a similar 
orientation of the substituents were established previously [2, 3] in related molecules. The redistribution of bond lengths that 

is noted in the thioamide fragment of the molecule indicates conjugation in this fragment. The other values of the bond lengths 

and angles in the molecules of IIIf (2) coincide with those observed in substituted pyrazolidines in [2, 3] and are close to the 
standard values [4]. 

The formation of diastereomeric pairs is indicated by the NMR spectra, where doubling of these signals is observed. 

For the hydrazones Ilia, b, c, f, we were able to separate the diastereomeric pairs chromatographically. The characteristics 

and ratios of the isomers that were obtained are listed in Table 5, and the NMR data in Tables 6 and 7. 

Interconversion of diastereomers in the t~-pyrazolidinylacetoacetic ester and its hydrazones, which include three chiral 

centers, is directly related to the possibility of tautomeric conversions of the keto-enol type in these compounds. As we had 

*The diastereomeric pair with higher chromatographic mobility is indicated by (1), that with the lower mobility by (2). 
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TABLE 2. Bond Angles (deg) in Molecule of lIIf (2) 

Angle ~, deg Angle ~, deg 

C06)--O(18)--C(19) 
C(12)--N(I)--N(2) 
CO2)--N0)--C(5) 
N(2)--N(I)--C(5) 
C(6)--N(2)--N(I) 
C(6)--N(2)--C(3) 
N(I)--N(2)--C(3) 
C(2t)--N(23)--N(2,1) 
C(25)--N(2,1)--N(23) 
N(2)--C(3)--C(281 
N(2)--C(3)--C(,I) 
C(2~)--C(3)--C(41 
C(3)--C(4)--C(53 
N0)--C(5)--C05) 
N(1)--C(5)--C(4) 
C05)--C(5)--C(4) 
C(n)--C(6)--C(7) 
C(ll)--C(6)--N(2) 
C(7)--C(6)--N(2) 
C(~)--Cq)--C(6) 

I15, I(2) 

118,5(2) 

120,6(2) 

I 12,0(2) 

I 16,7 (2) 

I 17,5(2) 

104,7(2) 

I 18,2(2) 
117,2(2) 

II0,I(2) 

104,0(2) 

113,3(3) 
105,3(2) 
112,5(2) 
102,9(2) 
111,8(2) 
I 19,2(2) 
123,9(2) 
116,9(2) 
120,6 (3) 

C(7)--C(8)--C(9) 
C(8)--C(9)--C(to) 
C(H)--C(zo)--C(9) 
Coo--C(n)--C(6) 
O(D)--C(t2)--N(I) 
O(z3)--C02)--C04) 
N(I)--C(12)--C(I4) 
C(21)--C(15")--C(16) 
C(21)--C(15")--C(5} 
C06)--C053--C(5) 
O07)--C(t6)--O(zs) 
O(17)--C(16)--C(15) 
O(ts)--C(t6)--C(zs) 
O(18)--C(t9)--C(2o) 
N(23)--C(2t)--C(22) 
N(23)--C(2t)--C(I5) 
C(22)--Cc2D--C(z5) 
N(26)--C(25")--N(24) 
N(26)--C(25)--S(27) 
N(24)--C(25)--S(27) 

120,2(3) 
119,0(3) 
121,5(3) 
119,5(3) 
120,2(2) 
123, I (2) 
116,6(2) 
112,1(2) 
112,1 (2) 
111,5(2) 
124,2(2) 
122,6(2) 
113,2(2) 
107,4(3) 
126,3(2) 
1 15,9(2) 
1 17,8(2) 
117,1(2) 
1 23,7 (2) 
119,2(2) 

TABLE 3. Principal Torsion Angles ~- in Molecule of IIIf (2) 

Angle "r Angle r 

NCI)-N(2)--C(3)--C(4 ) 
NC2)--C(3)-C(4)-C(5" ) 
CC3)--C(4)--C(5)--N(L ) 
N(2)--N(D--C(5)--C(4) 
C(s)--N(1)--N(2)--C(3) 
N(t)--N(2)--C(6)--C(7) 
C(12)-- N(I)---N(2)--C(6) 
N(2)--N( 1)--C( 12)--O(13) 
N(2)--N( J.)--C( 12)--C(14) 
C(t2)--N(t)--C(53--C05) 
N(n--C(E/--C(Lg--Co~) 
N(D--C(5)--Cos)--C(2t) 

-32,6 
31 ,I 

-17,5 
-2,9 
22,6 

-178,1 
103,0 
161,2 
-22,1 
-95,5 

51,4 
178,1 

C(5)--C05)--C(t6)--O07) 
C(tg)--Oos)--Co6)--C(t53 
C03--C(Lg--C(2D--C(22) 
C03--C05)--C(2D--N(23) 
C(16)--O08)--C09)--C(2o ) 
O(17)--C(16)--O(18)--C(19) 
q2D--C(Lg--C06)--O07) 
N(24)--N(23)--C(21)--C(15) 
C(2z)--N(23)--N(24)--C(25) 
N(24)--N(23)--C(21)--C(22) 
N(23)--N(24)--C(25)--N(26) 
N(23)--N(24)--C(25)--S(27) 

-93,7 
-169,0 

163,3 
-15,3 
158,5 

10,3 
139,6 
175,5 

-173,5 
-2,9 

-13,9 
164,7 

noted previously [2] in the case of the ketoester II in solution, enolization takes place, as evidenced by the fact that we could 

not distinguish any diastereomeric pairs in the NMR spectra. In the case of its hydrazones III, such hydrazone-enhydrazine 

conversion does not take place under these conditions; the individual diastereomeric pairs that were recovered are stable, and 

do not change into each other during storage. However, we did find that the isomer IIIa (1), when refluxed in isobutyl alcohol 
for an extended period, forms a mixture of diastereomeric pairs. 

The data from NMR spectroscopy with the application of the NOE [nuclear Overhauser effect] for the individual 

diastereomeric pairs IIIb (1) and IIIb (2) also indicate the syn-configuration of the hydrazone fragment (Table 8). With 

saturation of the protons of the methyl group C = N  bond, an NOE is observed on the protons of the NH and CHO groups; 

and conversely, with saturation of the protons of the NH and CHO groups, the effect is observed on the methyl group but is 
not observed on the proton in the s-position of the acetoacetic group. 

The hydrazones III in solution are capable of forming both intermolecular and intramolecular hydrogen bonds. 

According to the IR spectroscopic data, in the tosylhydrazone Illg, an intramolecular hydrogen bond is formed between the 

NH group of the hydrazine part of the molecule and the oxygen of the acetyl substituent of the pyrazolidine ring. In its spectra, 

when the CCI 4 solvent is replaced by THF, the shoulder on the absorption band of the amide group (1660 cm -1) disappears, 

and the band of the NH group is shifted in its maximum from 3240 cm-  1 to the region of 3310 c m -  1. Another fact that should 

be noted is that for the thiosemicarbazone, an intramolecular hydrogen bond is observed only in the isomer lllf (1). According 
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TABLE 4. Coordinates ( x 10 4) and lsotropic-Equivalent (or Isotropic for H) Thermal 
Parameters of Atoms in Molecule of IIIf (2) 

Atom x 

1 2 

S(271 

O(13) 

O(n) 

Oos) 

N(D 

N(2) 

N(23) 

N(24) 

N(26) 

C(3) 

C(4) 
C(O 
C(6) 
C(7) 

C(a) 

C(9) 

C(lo) 
C(u) 

CO2) 

C04) 
COs) 
C(t6) 
Co9) 

C(2o) 
C(2D 

C(22) 

C(2~ 

C(2a) 

H(3) 
H(41) 

H(42) 
H(5) 
H(7) 

H(a) 

H(9) 

H(to) 

H(ID 
H(141) 

H(142) 
H(t43) 

HO5) 

2294(I) 

-100(I) 

838(I) 

624(I) 

729(I) 

962(I) 

1573(I) 

1892(I) 

1342(I) 

1296(I) 

1531(I) 

1070(I) 

1250(I) 

1463(I) 

1733(I) 

1783(1) 

1561(1) 

1298(1) 

136(I) 

-192(11 

1359(1) 

915(1) 

119(1) 

-276(2) 

1690(1) 

2124(1) 

1804(1) 

895(2) 

1644(12) 

1921 (13) 

1623(16) 

795(101 

1411(13) 

1880(141 

2001 (141 

1627(1 l) 

1136(11) 

-157(16) 

21 (20) 

-585 (16) 

1672(11) 

922 ( 1 ) 

-1673(2) 

-192(2) 

956 ( 2 ) 

-2923(2) 

-4300(2) 

-64(2) 

680(2) 

-409(3) 

-4494(3) 

-3055(3) 

-2042(3) 

-4665(3) 

-6028 (3) 

-6482(3) 

-5600(3) 

-4262(3) 

-3783(3) 

-2741 (3) 

-3866(4) 

-793(3) 

20(3) 

1579(4) 

2145(5) 

1 2 8  (3 )  

1134(3) 

358 (3) 
-5067 (5) 

-5109(29) 

-2921 (28) 

-2955(40) 

-1744(25) 

-6680(33) 

-7458(39) 

-5927 (32) 

-3613(27) 

-2886(31 ) 

-4748(44) 

-3941 (44) 

-3563(34) 

-1108(26) 

4 5 

5711(1) 

1366(1) 

824(I) 

1708(1) 

1703(1) 

1790(1) 

3491 ( 1 ) 

4170(1) 

4713(1) 

2653 (1) 

2954(2) 

2395 ( 1 ) 

1307(I) 

1373(2) 

907 (2) 

357 (2) 

281 (I) 

752(I) 

1289(11 

716(21 

2188(I) 

1499(I) 

I060(2) 

1389(2) 

2895(I) 

2844(2) 

4821 (I) 

2996(2) 

2744 ( 16 ) 

2908(15) 

3477 (23) 

2583(13) 

1732(17) 

945(19) 

32(18) 

-56(15) 

704 (15) 

953 (22) 

373(25) 

423(19) 

2027 (15) 

36(1) 

38(I) 

43(1) 

33(1) 

24(1) 

25(1) 

26(1) 

27(1) 

35(1) 

30(1) 

35(1) 

25(1) 

25(1) 

31(l)  

36(i)  

33(1) 

30(1) 

25(1) 

28(1) 

36(1) 

25(1) 

26(1) 

43(1) 

62(I) 

24(1) 

33(1) 

26(i)  

58(1) 

27 (7) 

29(7) 

66(11) 

12(6) 

39(8) 

55(9) 

45(8) 

23(6) 

27 (7) 

64(1 I) 

88(141 

48(9) 

24(7) 
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TABLE 4 (continued) 

1 2 3 4 5 

H(Igl) 
H(192) 
H(2Ol) 
H(2O2) 
H(2O3) 

-79(15) 
295(16) 

-634(15) 
-372(16) 

-41(19) 

804(38) 
2303(43) 
2591(35) 
1350(41) 
2876(47) 

658(21) 
811(22) 
960(19) 

1671(22) 
1778(25) 

60(10) 
70(11) 
52(9) 

57(11) 
83(13) 

H(221) 
H(222) 
H(223) 
H(24) 
H(261) 
H(262) 
H(281) 
H(282) 
H(2~3) 

2514(17) 

2102(15) 

2068(17) 

2218(15) 

1047(13) 

1216(14) 

705(19) 

1144(15) 

531(23) 

865(37) 
1212(34) 
1986(46) 
1128(33) 

-670(30) 
-528(35) 

-5900(46) 
-5164(35) 
-4515(51) 

3187(21) 
2302(22) 

3057(23) 
4248(18) 
4239(18) 
5070(20) 

2739(25) 

3558(23) 
2875(28) 

55(10) 
56(10) 

73(12) 
40(9) 
31(7) 
45(9) 

78(13) 
55(9) 

97(16) 

to x-ray diffraction data on compound IIIf (2), intermolecular hydrogen bonds (N(26)-H(261)...O(13) ( - x ,  y, 0.5 - -  z) 

[N(26)...O(13) 3.152(4), N(26)-H(261 ) 0.92(3), H(261)...O(13) 2.36(3) ,4,, angle N(26)-H(261)...O(13) 144(3) ~ and 

N(26)-H(262)...O(17) (x, - y ,  0.5 + z) [N(26)...O(17) 2.921(4), N(26)-H(262 ) 0.86(3), H(262)...O(17) 2.13(3) A, angle 
N(26)-H(262)...0(17) 153(3) ~ unite the molecules of the hydrazone IIIf into a crystal. For the molecules of  IIIf  (2), we did 

not detect any other shortened nonvalence intermolecular contacts in the crystalline state, i.e., lengths shorter than the sum of 

the van der Waals radii of the atoms [5]. 

It should be noted that the monosubstituted hydrazones III exhibit an unusually high stability for this class of compounds 

against in~amolecular condensation resulting in pyrazolone derivatives. By the action of various reagents (inorganic acids and 

bases), we were likewise unable to cyclize the monosubstituted hydrazones III to the corresponding bis-heterocyclic compounds. 

The reaction mixtures contained only traces of the expected products of cyclization. 

O O 

Me t 

2 CHONHNH z ..... Me 

Ph O Ac Ph 

H IV 

The sole example of this sort of a quantitative conversion is the reaction of an o~-pyrazolidinylacetoacetic ester with 

a twofold excess of formylhydrazine when heated for an extended period in alcohol solution, yielding only the one cyclic 

compound IV, which we had identified previously in [3]. 

EXPERIMENTAL 

The IR spectra were measured in a UR-20 instrument in solutions of CC! 4 and CH2CI 2. The PMR and 13C NMR 

spectra were measured in Bruker AC-200 and Varian VXR-400 instruments in chloroform solutions, with HMDS as an internal 

standard. For the experiments based on the NOE, we used the NOEDIF program [7]. Mass spectra were taken in a Kratos MS- 

890 instrument with direct introduction of the sample at temperatures close to the melting point, with ionization energy 70 eV. 

The course of the reaction and the purities of the products were monitored by TLC on Silufol UV-254 plates in a 1/1 

benzene/ethyl acetate system, development by iodine vapor and an alcoholic solution of iron(Ill) chloride. The compounds that 

were obtained were purified by high-efficiency flash chromatography on L 40/100 silica gel, and also by chromatography in 

a dry column on L 5/40 silica gel. 

282 



~ E 

0 

. . ~ 

O 

Z 

O 

O 
c~ 

O 
N 

, o  ~ , o  

0.) 

. . o  

O 
o o o o o  o o o o  o o o 

r ~  ~ 

.< 
b -  

O 

O 

.=. 
0 0  

O 

O 

O 

O 

a 

(D 

0.) 

O 

2 

(D 
0.) 
O 

0 ~  

[.-. 

283 



v 
t - - - i  

Ud 

s 

0 

0 

0 
N 

s 

0 
e~ 
0 

r ~  

e~ 

r ~  

, d  

,..3 

< 
b-. 

7 

.r. 

.U 
,4 

4 

u~ 

d 

21 

,& 

E 

E =  

o q 

M M M M M M M ~  ~ . 

. ~  

0 

E 

0 

"1=1 

.~_ 

0 

e'- 

r. ,  

0 
e~ 

E 
0 c.j 

2 8 4  



0 

(J 
o= 
o 
~J 
0 

"6 
N 

0 
N 

"I0 

"0 

dD 

0 

0 

N 

"d 

Z 
r..) 

r z  

. 1  

< 
[... 

= 

= 

E 

~3 

[] 

u 

E 

~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _  _ _ - ~  

A 

. . . . . . .  --.. . . . . . . . . .  ~ .  

"=o u t , t , - o , , ,  

. 6 " ~  

5 
~ 0 

~.~_ 

~ . N  

m 0 

~ 0 

s g  
r ~ 

._~ ~ 

285 



TABLE 8. Magnitude of NOE (7, %) for Compound IIIb 

llIb (1) mb (2) 
Signal 
observed Protons irradiated Protons irradiated 

C H 3 C N  N H  r  C H 3 C b l  N H  O~.-CH 

CH3CN 
NH 
a-CH 
HCO 

It 

1.2 
1,5 
1,8 

4,0 

D 

3,5 

D 

D 3,3 
2,5* 
0,9 

4,2 
It 

4,7 

m 

m 

It 

*It was difficult to determine an accurate value of r/, since the signal of the CH3CN 

of the isomer IIIb (2) is overlapped by the signal of 4-H in the pyrazolidine ring. 

X-Ray Structure Study. The crystals of compound Illf(2) are monoclinic; at -800C,  a = 25.072(10), b = 9.630(3), 

c = 18.813(6) A, B = 115.08(3) ~ V = 4114(2)/~,3, dcalc = 1.310 g/cm 3, Z = 8, space group C2/c. The cell constants and 

the intensities of 3709 reflections were measured in a Syntex P21 four-circle automatic diffi'actometer (XMoKet, graphite 

monochromator, 0/20 scanning to 0ma x = 27*). The structure was deciphered by the direct method, def'ming all nonhydrogen 

atoms, and was refined by full-matrix LMS in the anisotropic approximation for the nonhydrogen atoms. All hydrogen atoms 

were defined objectively by Fourier difference syntheses and were ref'med isotropically. The final divergence factors were R 

= 0.052 based on 2629 independent reflections with I > 3o(I) and wR 2 = 0.138 based on 3626 reflections. All calculations 

were performed by the programs SHELXTL PLUS and SHELXTL-93 (PC version). The coordinates and the isotropically 

equivalent thermal parameters of the nonhydrogen atoms (or isotropic for H) are listed in Table 4. 

Monosubstituted Hydrazones of o~-(1-Acetyl-2-phenyl-3-methyl-5-pyrazolidinyl)acetoacetic Ester (HIa, b, c, d, 
f, g). A mixture of ,-(l-acetyl-2-phenyl-3-methyl-5-pyrazolidinyl)acetoacetic ester II and a half-molar equivalent quantity of 

the appropriate monosubstituted hydrazine was refluxed in absolute ethyl ether. The reaction was monitored by TLC. After 

completion of the reaction, the solvent was removed under vacuum, and the dry residue was washed with water to remove 

excess hydrazine, dried in a desiccator over CaCI 2, and chromatographed in a dry column or by the flash chromatography 

method. 

Semicarbazone of o~-(1-Acetyl-2-phenyl-3-methyl-5-pyrazolidinyl)acetoacetic Ester (Hie). To a solution of 0.11 g 
(1.98 mmoles) of potassium hydroxide and 0.29 g (1.98 mmoles) of semicarbazide hydrochloride in 10 ml of absolute ether, 

a solution of 0.33 g (0.99 mole) of ~-(1-acetyl-2-phenyl-3-methyl-5-pyrazolidinyl)acetoacetic ester II in 8 ml of absolute ether 

was added while refluxing the solution. Then the solvent was driven off, and the residue was washed with water and ether and 

then recrystallized from a mixture of chloroform and ether. 

3-Methyl-4-(1-acetyl-2-phenyl-3-methyl-5-pyrazolidinyl)-5-pyrazoione (IV). A mixture of 0.30 g (0.90 mmole) of 

,-(l-acetyl-2-phenyl-3-methyl-5-pyrazolidinyl)acetoacetic ester (II) and 0.12 g (2.0 mmoles) of formylhydrazine in absolute 

alcohol was refluxed for 10 h. The solvent was removed under vacuum, the residue was water-washed to remove excess 

hydrazine, and then was dried over CaCI 2. The product was chromatographed in a dry column with SiO 2 in a benzene/ethyl 

acetate system, with a solvent gradient of I:1 to 1:5. Yield 0.11 g (41%). 

The authors wish to express their appreciation to the Russian Fundamental Research Fund (Grants 96-03-32507 and 
96-03-33783a) for financial support of this work. 

REFERENCES 

I .  

2. 

3. 

L. A. Sviridova, G. A. Golubeva, I. F. Leshcheva, and A. V. Mizgunov, Khim. Geterotsikl. Soedin., No. 11, 1489 

(1995). 

L. A. Sviridova, G. A. Golubeva, A. V. Mizgunov, I. V. Dlinnykh, and V. N. Nesterov, Khim. Geterotsikl. Soedin., 
No. 4, 509 (1997). 

A. V. Dovgilevich, K. N. Zelenin, A. A. Espenbetov, Yu. T. Struchkov, I. P. Bezhan, L. A. Sviridova, G. A. 

Golubeva, M. Yu. Malov, and Yu. G. Bundel', Khim. Geterotsikl. Soedin., No. 9, 1242 (1985). 

286 



4. 

5, 

6. 
7. 

F. H. Allen, O. Kennard, D. G. Watson, L. Brammer, A. G. Orpen, and R. Taylor, J. Chem. Soc., Perkin Trans. 

2, No. 12, SI (1987). 
R. S. Rowland and R. Taylor, J. Phys. Chem., 100, 7384 (1996). 
L. A. Sviridova, G. A. Golubeva, and I. V. Dlinnykh, Khim. Geterotsikl. Soedin., No. 11/12, 1657 (1996). 
M. Kirms and J. K. M. Sanders, J. Magn. Res., 56, 518 (1984). 

287 


