
Russian Chemical Bulletin, Vol. 46. No. 7, July, t997 1351 

Unfortunately, unlike the vWH band, the vReH 
band is not detected in the [R spectra of hydride I. la 
The evidence for the formation of  a hydrogen bond of  
the ReH. . .HOR type was obtained in studying the inter- 
action of  1 wi th  (CF3)3COH in liquid freon 
(CDF2/CDF,C1)  by the IH N M R  method; the high 
effectiveness of  using Iiquid freon at very low tempera- 
tures (down to 96 K) was shown previously in a study of  
hydrogen bonds with o ~ a n i c  bases. 6 A high-field shift 
(by 0.60--0.82 ppm) of  the signal of  the hydride hydro- 
gen (Sinit = -7 .54)  that depended on the temperature 
and the amount  of  excess proton donor was observed in 
the spectra of  I in the presence of  (CF3)3COH in the 
temperature range from 140 to 110 K. At 96 K, we 
succeeded for the first time in detecting splitting of  the 
hydride signal into two signals (at ~5 -7 .54  and -8 .87)  
corresponding to tree ReH and the ReH.. .HO complex, 
respectively. This proves that the formation of the hy- 
drogen bond involves the hydride hydrogen. Note that in 
this case the signal of  the OH group is spIit into three 
signals (at ~3 5.6, 9.8, and 8.2) corresponding to the OH 
groups of  the monomer,  the OH.. .HRe complex, and 
the OH. . .ON complex, respectively. 

Thus, rhenium hydride 1 forms hydrogen bonds of  
two types with RFOH, namely, bonds with the oxygen 
atom of  the NO group (NO.. .HO) and bonds with the 
hydride hydrogen (ReH.. .HO).  
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One-step synthesis of a-hydroxy-c -azinylcyanoacetic esters from 
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When boiled in aromatic hydrocarbons, solutions of ct-nitro-a-azinylcyanoacetic esters 
of the pyrimidine, pyrazine, and s-triazine series gave the corresponding a-hydroxy deriva- 
tives of ct-azinylcyanoacetic esters in high yields. 
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Previously, we have demonstrated that nitration 
of  dihydroazinyl idenecyanoacet ic  esters of the pyrimi-  
dine series, l a - - d ,  I and of  the pyrazine series, le ,  z 

afforded c~-hydroxy derivatives of ct-azinylcyanoacetic 
esters 3a - - e  in low yields along with a-n i t ro  derivatives 
2a--e .  
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C--CN ~ " C- -CN HNO~ _ 
I I I , ~OH 
CO2AIk H CO2AIk 

l a - - f  

C--CN + " -N" "C--CN 
I 1 
CO2AIk CO2AIk 

2 a - - f ,  3 a - - f ,  
80--95% 5 - 2 0 %  

1- -3 :  " -N ~ " = 4-phenylpyr imid iny l -2-  (a), 

5-phenylpyr imid iny l -2-  (b), 
4,6-diphenyIpyr imidinyl -2-  (r 
2-phenylpyr imidinyl -4-  (d), 3-chloropyrazinu (e), 
4,6-diphenyl-s- t r iaz inyl -2-  (f) 

esters 3a--e  in low yields along with c~-nitro derivatives 
2a--e.  

In this work, it was established that c~-nitro- 
acetonitriles 2a - - f  were converted to the corresponding 
c~-hydroxy derivatives 3a--f  in yields of 82--97% when 
boiled in aromatic hydrocarbons. In the case of com- 
pound 2d, brown nitrogen oxides were eliminated. In 
the absence of atmospheric oxygen, the time of com- 
plete conversion of nitro-substituted compounds 2a-- f  
in benzene substantially decreased (Table 1), which is 
indicative of a radical mechanism of the reaction. The 
scheme of conversions 2 a - - f ~ 3 a - - f  is, apparently, analo- 
gous to that suggested for thermal rearrangement of 
ct-nitro-cx-arylacetonitriles 3,4 and involves formation of 
the radical pair A, recombination of radicals to nitrite B, 
homolysis of the O- -NO bond, and conversion to the 
corresponding hydroxy derivative 3a--f.  

I --,,'- Az~C- - -ONO A z - - C ,  - NO 2 
1 | 
CO~Xk C02Alk ] 

CN CN 
I 

A z ~ C ~ N O  2 
I 
CO2AIk 

2 a - - f  A B 

CN 
I 

A 2 - - C - - O H  
I 
C02AIk 

3 a - - f  

Unlike the phenyl analog, 4 in this case products of 
dimerization of substituted azinylmethyl radicals were 
not detected. The stability of cyanohydrins 3a-- f  is 
attributable to the stabilizing effect of electron-with- 
drawing azinyl groups. 5 

Table 1. Time of complete convemion 2a--f ~ 3a--f in 
benzene 

Com- Alk z/h" c I Yields of 
pound A B 3a--f (%) 

2a Et 32 8 0.10 94 
2b Et 18.5 5 0.11 82 
2c Et 46 12 0.10 84 
2fl Me 5 1 0.19 89 
2e Et 18 4.5 -- 97 
2f Et 9.5 3 0.16 97 

* ~ is the reaction time, A, without argon; and B, under an 
argon atmosphere. ** Constants of azinyl fragments were cal- 
culated for phenyl-substituted azinyl groups. 7 

The formation of minor c~-hydroxy-cc-azinylcyano- 
acetic esters 3a - -d  during ni t ra t ion  of dihydroazi-  
nylidenecyanoacetic esters l a - - d  x by the HNO 3 -  
(MeCO)20 system can be described analogously. 

Using pyrimidine derivative 2d as an example, we 
demonstrated that the reaction accelerated with in- 
creased temperature. Thus, the time of complete con- 
version of c~-nitro derivative 2d decreased from 5 to 2 h 
in going from benzene to toluene. Analogous accelera- 
tion of conversion 2d-+3d was observed in passing from 
an aromatic hydrocarbon (benzene) to acetonitrile, which 
is consistent with the regularities known for radical 
processes.6 

The time for complete conversion of esters 2a - - f  
depends also on the type of heterocyclic substituent 
present in the molecule. Thus, going from derivative 2c, 
which contains a diphenyl-substi tuted pyrimidine frag- 
ment, to compound 2a, which has a phenylpyrimidine 
residue, the t ime of conversion decreased by almost a 
factor of 1.5, while going to a -n i t ro  derivative 21, which 
contains a highly electron-withdrawing triazine frag- 
ment, caused the conversion t ime to decrease fivefold. 
Apparently, this is associated with additional stabiliza- 
tion of the radical pair A due to the inductive effect of 
the azinyl residues (see Table 1). 

The compositions and structures of ct-hydroxy de- 
rivatives 3e,f were confirmed by the data of elemental 
analysis and by spectral methods. Thus, the IR spectra 
of compounds 3e,f, like those of  ct-hydroxy derivatives 
3a--d reported previously, t have a carbonyl group band 
in the 1755--1760 cm - I  region and  a OH group band at 
3440--3490 cm - l .  The XH N M R  spectra have a signal 
of the proton of the OH group along with signals of the 
protons of the aromatic and ester groups. 

Experimental 

The IR spectra were recorded on a UR-20 spectrophotom- 
eter using KBr pellets (the concentration was 0.25%). The 
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IH NMR spectra were recorded on a Bruker WP-200 SY 
instrument (200.13 MHz). The chemical shifts were measured 
relative to the signal of the solvent. 

The course of the reaction and the purities of the resulting 
compounds were monitored by TLC on Silufol UV-254 plates 
using a 10 : 1 chloroform--ethanol mixture as the solvent (a 
UV detector). 

c~-Nitro-c~-(3-chloropyrazinyi-2)cyanoacetie ester (2e) was 
prepared by nitration of 3-chloropyrazinyl-2-cyanoacetic ester 
with nitric acid in acetic acid according to the procedure 
reported previously; 1 the yield was 85%, m.p. 46--48.5 ~ 
(from ethanol). Found (%) C, 39.36; H, 2.57; N, 20.63; 
CI, 13.22. CgHTCIN404. Calculated (%): C, 39.94; H, 2.61; 
N, 20.70; CI, 13.10. IR, v/era-l :  1775 (C=O). IH NMR 
(CDC13), 5 :1 .38 (t, 3 H, OCH2CH3, J = 7 Hz); 4.54 (q, 
2 H, OCLzI2CH 3, J = 7 Hz); 8.56 (d, 1 H, H(5), J =2.5 Hz); 
8.6i (d, 1 H, H(6), J = 2.5 Hz). 

ct-Nitro-ct-(4,6-diphenyl-s-triazinyl-2)eyanoacetie ester (20 
was prepared by nitration of 4,6-diphenyl-s-triazinyl-2-cy- 
anoacetic ester with nitric acid in acetic acid according to the 
procedure reported previously: l the yield was 85%, m.p. 128-- 
130 ~ (from ethanol). Found (%): C, 61_60; H, 3.80; 
N, 17.90. C20HtsN504. Calculated (%): C, 61.69: H, 3.88; 
N, 17.99.1R, v/era-l :  1780 (C=O). ~H NMR ((CD3),_CO), r 
1.43(t, 3 H, OCH2CH3, J = 7  Hz); 4.68 (q, 2H,  OC_H2CH3, 
J = 7 Hz); 7.59--7.93, 8.56--8.82 (m, 10 H, Ph). 

a-Hydroxy-ct-azinylcyanoacetic esters 3a--f (general pro- 
cedure). Nitro derivatives 2a--f  (1 retool) were dissolved with 
heating in anhydrous benzene (3 mL), and the reaction mix- 
ture was refluxed until the initial compound had completely 
disappeared (monitored by TLC; the times for complete con- 
version and the yields of the products are given in Table 1). 
Benzene was evaporated, and the residue was chromatogmphed 
on a column packed with silica gel (100--160 lam) using a 
10 : ] chloroform--ethanol mixture as the solvent, ct-Hydroxy 
derivatives 3a--d were obtained. Their melting points and IR 
spectra were identical to those reported previously. 1 

a-Hydroxy-a-(3-chloropyrazinyl-2)cyanoacetic ester (3e), 
oil. Found (%): C, 44.59; H, 3.28; N, 17.45; CI, 14.58. 

CgHsCIN303. Calculated (%): C, 44.73; H, 3.34; N, 17.39; 
CI, 14.67. IR, v/em-~: 1760 (C=O). 3440 (OH). IH NMR 
(CDCI3), /5:1.31 (t, 3 H, OCH2CH3, J = 7 Hz); 4.37 (q, 
2 H, OCH2CH3, J--- 7 Hz); 5.66 (br.s, I H, OH); 8.54 (d, 
1 H, H(5), J = 2.5 Hz); 8.59 (d, 1 H, H(6), J = 2.5 Hz). 

~-Hydroxy- c~- (4,6-diphenyl- s- triazinyl-2) eyanoaeetic ester 
(3f), m.p. 148--151 ~ (from a 3 : 1 pentane---benzene mix- 
ture). Found (%): C, 66.35; H, 4.37; N, 15.37. C20HI6N403. 
Calculated (%): C, 66.67; H, 4.44; N, 15.56. IR, v /cm- l :  
1755 (C=O), 3490 (OH). IH N M R  ((CD3)2CO), 5:1.26 (t, 
3 H, OCH2CH3, J = 7 Hz); 4.40 (q, 2 H, OCI:J_2CH3, J = 
7 Hz); 5.89 (br.s, I H. OH); 7.56--7.80, 8.64--8.80 (m. 
10 H, Ph). 
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