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FORMATION OF DERIVATIVES OF PYRAZINE 1,4-DIOXIDE AND I-HYDROXYIMIDAZOLE 

IN THE CONDENSATION OF 1,2-HYDROXYAMINO OXIME ACETATES WITH I-PHENYL- 

AND I-(2-HETARYL)-I,2-DICARBONYL COMPOUNDS 

L. N. Grigor'eva, S. A. Amitina, UDC 547.863.19'722.1'732'785.5:542.953:543.422 
and L. B. Volodarskii 

The condensation of acetates of 2-hydroxyaminocyclohexanone and 2-hydroxyamino- 
pentanone oximes with l-phenyl and l-(2-hetaryl) 1,2-diketones leads to pyrazine 
1,4-dioxide derivatives, whereas the condensation of 2-hydroxyaminocyclohexanone 
oxime acetate with l-phenyl- and l-(2-hetaroyl)glyoxals gives mixtures of 
pyrazine 1,4-dioxide and l-hydroxyimidazole derivatives. 

We have previously shown that the reaction of secondary 2-hydroxyaminocycloalkanone 
oximes with allphatlc 1,2-dicarbonyl compounds leads to pyrazine 1,4-dioxide derivatives [1], 
whereas tertiary 1,2-hydroxyamino oxlmes condense with diacetyl to give l-hydroxy-2-acetyl- 
3-1midazoline 3-oxide derivatives [2]. In the present research we studied the reaction of 
acetates of 2-hydroxyaminocycloalkanone oximes with l-phenyl and l-(2-hetaryl) 1,2-dicar- 
bonyl compounds, viz., both glyoxals and diketones. 

2-Hydroxyamlnocyclopentanone and 2-hydroxyamlnocyclohexanone oximes (I, II) react with 
l-phenyl- and l-(2-hetaryl)-l,2-propanediones (IIIa-d) to give IVa-d and Va-d, the composi- 
tions of which correspond to products of condensation with splitting out of two water mole- 
cules (Table i). The IR spectra of IVa-d and Va-d contain intense absorption of an N -> O 
group at 1300-1380 cm -I, and the UV spectra coincide with the spectrum of a pyrazine 1,4- 
dioxide derivative [3]. The PMR spectra are also in agreement with the proposed formulas 
(Table 2). 
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(Hz C )K_..~ NHO H RCOCOCH, 3 "~Hz IC)n__~N/lk. R 
t 

I~11 Ill a - d  O 
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I, IV~z=l; II, V n=2; iII a R=Ph;b  R=2-furyl;e R=2-thienyl, dR=5-methyl-2-furyl 

Only the starting compounds were isolated in an attempt to realize the condensation 
of hydroxyamlno oxlmes I and II with bifuroyl and bibenzoyl under the same conditions. 

The available information on direct methods for the synthesis of pyrazine and quinoxa- 
line 1,4-dioxide derivatives without the use of oxidation is limited [4]. At the same time, 
a number of pyrazine and quinoxaline dioxide derivatives are biologically active substances, 
particularly when there is a hetaryl substituent in the 2 position [5]. Phenyl- and hetaryl- 
glyoxals were therefore subjected to condensation in order to increase the number of pyra- 
zlne 1,4-dioxides obtained from 2-hydroxyaminocycloalkanone oximes. 

In contrast to 1,2-diketones, phenyl- and hetarylglyoxals Vla-c react with hydroxyamino 
oximes II via two pathways to give mixtures of l-hydroxyimidazole derivatives Vlla-c and 
pyrazlne 1,4-dloxlde derivatives Vllla-c. Thus the condensation of II with phenylglyoxal 
hydrate in alcohol at 20~ for 12 h leads to a mixture of l-hydroxy-2-benzoyl-4,5,6,7-tetra- 
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TABLE i. Melting Points, Results of Elementary Analysis, 
and Yields of the Compounds Obtained 

IVa 
IVb 
IV c 
IVd 
Va 
Vb 
Vc 
vd 

VIIa 
Vllb 
Vllc 

Vil la  
VIllb 
VIIlc 

1xb 
IXC 
Xa 
xb 

rap, a ~ 

206 208 
184--185 
142 I43 
160 161 
t82 183 
153 154 
162--164 
135--136 
143--I45 
107--108 
82--83 

153--155 
200--201 
21I--212 
130--132 
120--121 
I79--180 
207--208 

Found, % 

69,4 5,8 
61,5 5,3 
57,9 4,9 
63,5 I 5,7 
70,4 I 6,0 
63,4 5,8 
59, 5,4 
64,[ 6, I 
6),6 5,3 
61,81 52 
58,2 I ,t,9 
69,91 5,4 
61,9 I 5,2 
57,81 4,8 
55,6 4,9 
48,8 5,1 
68,6 5,4 
61,1 4,6 

Empirical 
formula b 

N 

l 1,7 CviHI4N202 
l 1,7 C121t 12N203 
I 1,1 CI2Hj2N202S 
l 1,4 CIaH.4N203 
I 1,2 Ctst I I6N20~ 
I 1,2 C13}-I14N20 a 
10,5 C I3H 14N202S 
10,6 CI,IHI6N203 
9,9 CI4HIsN202CI c 

r l l,g Cj2[II2N~Oa 
1 i,4 CI2HI2N202S 
1 !,7 CItH14N202 
t 1,9 CI~H12N20:~ 
10,9 C12I-I12N202S 
11,5 CIIHI2N204 
10,2 CuHI2N203S - H20 
12,2 CuHloN2Oa 
13, l CI3FII2N202 

69,5 
62,0 
58,0 
63,5 
70,3 
6;3,4 
59,6 
64,5 
60,4 
62,0 
58,/) 
69,5 
62,0 
58,0 
55,9 
,18,8 
68,6 
60,5 

Calc., % 

H N 

5,8 11,6 
5,2 12,1 
4,8 11,3 
5,7 ! 1,4 
6,2 10,9 
5,7 i 1,4 
5,4 I0,7 
6,2 10,8 
5,4 10,0 
5,2 12,0 
4,8 [ 1,3 
o,8 11,6 
5,2 12,0 
4,8 1 t,3 
5,1 11,9 
5,2 10,3 
5;3 12,3 
4,6 12,8 

Yield, 
9 

78 
76 
84 
67 
83 
81 
74 
51 
40 
76 
67 
311 

1 
8 

78 
71 
55 

1 

aThe compounds were crystallized: !Va, c and Vd from ethyl 
acetate, IVb, d, Vb, Vlla, Villa-c, IXb, c, and Xa from 
alcohol, and Va, c and Vllb from acetone (Xb was obtained 
without crystallization), bFound, respectively, for IVc, 
Vc, Vllc, Vlllc, and IXc: S 12.6; 12.2; 12.9; 12.7; 11.87%. 
Calculated: S 12.9; 12.2; 12.9; 12.9; 11'9%. CAnalysis for 
the hydrochloride. 

TABLE 2. Spectral Characteristics of Pyrazine 1,4-Dioxide 
Derivatives IV, V, VIII, and X 

ComJ 
poun~ 

IVa 

IVb 

IVc 

IVd 

Va 

Vb 

Vc 

Vd 

VIII a 

VIIIb 

VIIIc 

UV spectrum, Xma x 
nm (log ~ ) 

243 (4,30), 253 sh. 
(4,24), 307 (4,31) 
242 (4,11), 270 (4,27), 
291 (4,48) 
244 (4,25), 268 (4,15), 
298 (4,39) 
244 (4,05), 270 (4,121. 
298 (4,48), 338 st. 
(4,05) 
242 (4,28), 253 s h  
(4,17), 307 (4,24) 
24I (4,05), 268 (4,I1), 
292 (4,36) 
244 (4,24), 266 (4,10), 
297 (4,35) 
242 (4,06), 268 (4,06), 
298 (4,52), 338 sh 
(to6) 
264 (4,3,t), 318 (4,211 

270 (4,29), 295 (4,59), 
320 sh. (4,30), 328 i 
(4,25) 
272 (,t,18), 304 (4,57), 
2338 sn. (4,17) 
267 (4,41), 315 14,28) 

275 (4,29), 298 (4,53), 
318sh.. (4,28), 333sh . 
(4,23) 

PMR spectrum, a ppm 

6,70 (m CGHs); 3,14 It, 5,7-(CH2)2]; 2,20 (m 6-CH2, CH3) 

7,62 (m); 6,64 (m C4H30); 3,24 It, 5,7-(CH2)2]; 2,62 (s, 
CHa) ; 2,31 (quint., 6-CH~) 
7,61 (In}; 7,38 (ra; 7,16 (m C4HaS); ;3,2,t [t, 5,7-(CH212]; 
2,54 (s, CH8); 2,24 (ra 6-CH2) 
7,38 (d); 6,88 (d, C4H2O); 3,24 [m 5.7-(C}{~)~]; 2,61 (s, 
pyrazine CHs); 2,2l fin ,furan CH s , 6-CH2) 

7,34 (m, Calls); 2,75 [rg 5,8-(CH2)d; 2,19 (s CHa); 1,79 
[1TL 6,7- (CH2) 2] 
7,64 (m); 7,46 (m); 6,58 (rr~ CallaO); 2,87 [m 5,8-(CH2)2]; 
2,64 (S, CHa); 1,84 .Ira, 6,7-(CH2)2] 
7,60--7,30 (m C4H3S); 2,92 [rq 5,8-(CH2)2]; 2,57 (s, CHa); 
1,87 [6,7- (CH2)21 
7,38 (d); 6,34 (d, C4Iq20); 2,92 [na 5,8-(('H212]; 2,6,1 (s, 
pyrazine CH3); 2,38 (s, furan CH s ); 1,88 ~ ,  6,7-(Cff2)2] 

8,19 (s, pyrazine H); 7.19 (ra C~Ils); 2,71 [Fa 5,8-(CIIe)2]; 
1,87 [m ti,7-(cI-12)21 
8,60 (s, pyrazine H ); 7,96 (In); 7,59 (m}: 6,62 (m, 
C4H80); 2,94 [m,5,8-(CH~)d; 1,87 [I-q, 6,7-(Cf12)2] 

8,69 (s, pyrazine H ); 7,74 %54 (m): 7,19 ira C.dIBS), 
2,92 ~a, 5,8-(c1%)21; 1,86 tin, 6,7-(Ctia)2] 
&09 (s, pyrazine H ); 7,7(}--7A7 gn, CsHs); 3,21 t t ,  
5,7-(CH2)2J; 2,27 quint, , 6-CH:) 
8,54 is, pyrazineH ); 7,99 (m); 7,61 (m); 6,70 (m~ 
C4HBO); 2,94 Im5,7-(C1t_~)2]; 2,38 (m 6-CH2) 

aThe following solvents were used to record the PMR spectra: 
CCI~ for Va, IVa, and Villa, CDCI3 for Vb, c, IVb, c, d, 
Vlllb, c, and Xa, b, and CD3OD for Yd. 
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TABLE 3. Spectral Characteristics of l-Hydroxyimidazole De- 
rivatives VIIa-c and a-(2-Hetaroyl)-N-(2-hydroximinocyclo- 
pentyl)nltrones IXb, c 

[ IR s~ectrurn, UV spec- 
Corn- I c m____" Itrum, kmax, 

pound[ c=o  CH=N-+O (nlomg, s) 

VIIa 

ViIb d 

Vllc 

IX b 

]Xe 

PMR spectrum, a ppm 

1650 

1630 

1630 

1650 1560 

1620 1550 

258 (4,86), 
328 (4,10) 
290 (4,95), 
351 (4,24) 
282 (4,92), 
357 (4,24) 
333 (4,35) 

266 n (3,88) 
312 (4,11) 

12,70 (oH)b, c, 8,57 (m); 7,51 (m CsHs); 2,68 [rq 
4,7-(CH2)21;1,84 [m 5,6-(CH2)2] 
tl,50 (OH)D, ~, 8,14 (In); 7,74 (m); 6,62 Cn, C4H30); 
2,64 [rr~ 4,7a(CH2)~]; 1,84 [m, 5,6-(CH2)2] 
13,34 (OH)D, e, 8,64 (rn); 7,64 (m); 7,10 ~rr) C4HaS); 
2,60 [m, 4,7-(~H2)d; 1,88 [~ 5,6-(CHx)2I 
11,04 is, OH)~; 8,49 (s, amonitrone n);;); 8,04 (m ; 
7 64 ~ ) ;  6,79 (~ C4H30);  5,30 (t cytcopen~ane 
1.H ) ; 2,45-- 1~54 ~ [3,4,5- (CIt2) 3] 
11,02 (s OHp 8,69 (s, aldonitrone-H); 8.08 
(m); 7,22 ^Cn, C~EIaS); 5,21 ( t ; cyc lopentane l -H) ;  
2,51"~1,82 ~ [In o,4,5-(CH~)a] 

aThe following solvents were used t o  record the PMR spectra: 
CDCI~ for VIIa, b, CCl~ for VIIc, and d,-DMSO for IXb, c. 
bVanishes when CD30D is added. CBroad signal, dA band at 

3100-3200 cm -x, which does not change when the solution (in 
CCI~) is diluted, is observed in the IR spectrum of VIIb. 
eBroad signal that is partially overlapped by the signal of 
the undeuterated-solvent impurity. 

hydrobenzimidazole* (VIIa) (40%) and 2-phenyl-5,6,7,8-tetrahydroquinoxaline 1,4-dioxide 
(VIIIa) (30%). In contrast to phenylglyoxal, hetarylglyoxals undergo condensation with hy- 
droxyamino oxime II to give primarily l-hydroxyimidazole derivatives VIIb-c. 

OH O 
I f 

< '2L ,o.+ �9 o 0 > ,  
I# V | a - C  VII  a - C  

V I I I  a - c  

VI-VIII a 2-Ph;b R=2-~r~ ;c R=2-~ienyl 

The IR spectra of VIIa-c contain intense absorption of a C=O group at 1650 cm -x and 
of an OH group at 3100-3200 cm -~, which are linked by an intramolecular hydrogen bond. The 
PMR spectra of imidazoles VIIa-c contain a signal of two methylene groups in the 5 and 6 
positions at 1.84 ppm, a signal of two CHa groups on the 4 and 7 positions at 2.60-2.70 ppm, 
signals of phenyl and hetaryl substituents at 6.50-8.70 ppm, and a signal of an OH group 
at 11.50-13.30 ppm, which vanishes when CDsOD is added (Table 3). The IR, UV, and PMR spec- 
tra of VIIIa-c correspond to pyrazine 1,4-dioxide derivatives (Table 2). 

The formation of a mixture of 1-hydroxyimidazole and pyrazine 1,4-dioxide derivatives 
can be represented by a scheme in which the initially formed nitrone A can undergo cycliza- 
tion at both the carbon atom of the nitrone group and at the carbon atom of the carbonyl 
group to give cations B and C, which by subsequent splitting out of a proton and aromatiza- 
tion are converted to the final products (see [i]). 

II 
? IC-C.,xco. 

A 

7 \ 
t 
0 

+.o<O 1 
0 0 

+ 4 
+H ~ F"~N/COR -H A [~N./~__COR 
-H20 L.~N/ "H ~ N  

+ 

0 0 

+ H  ~, .-,,- 

-H20 k...,/&~N//' -.~ ~..N ~ 
t t O O 

' ' " V I I  

+ 
- H  

--- V I I I  

*The possibility that Vlla-c exist in the tautomeric imidazole N-oxide form [6] is less 
likely. 
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The hypothetical intermediate nitrone was not isolated in the condensation of hydroxy- 
amino oxime II with 2-hetarylglyoxals VIb, c; however, stable ~-(2-furoyl)- and ~-(2-theonyl)- 
N-(2-~ydroxyiminocyclopentyl)nitrones (IXb, c) are formed in a similar reaction in the 
case of condensation of hydroxyamino oxime I. With respect to their compositions, IXb, c 
correspond to products of condensation with splitting out of one water molecule. The IR 
spectra of IXb, r contain intense absorption of conjugated C=N + 0 and C=O groups at 1550 
and 1650 cm-:, and the UV spectrum corresponds to a conjugated nitrone [7]. The PMR spectra 
of nitrones IXb, c contain a signal of an oxime group at Ii.00 ppm, which vanishes when 
CDsOD is added, a signal of a hydrogen atom of an aldonitrone at 8.5-8.7 ppm, a signal of 
three hydrogen atoms of hetaryl rings at 7.0-8.0 ppm, and a signal of a secondary hydrogen 
atom of a cyclopentane ring in the 1 position in the form of a triplet (Table 3). 

0 0 0 

- ~--- C H C 0 . ~ . , . ~  

/ 

I - - -  1 Jx o Xb 

Ph 

O 
xa 

IX b X = O , c  X=S  

2-(2-Furyl)-6,7-dihydro-5H-cyclopentanopyrazine 1,4-dioxide (Xb) was obtained in low 
yield, along with 2-furylglyoxal aldoxime (40%), which was formed in the acidic hydrolysis 
of the nitrone due to transoximation, when nitrone IXb was heated with an alcohol solution 
of hydrochloric acid. It is interesting to note that the formation of an intermediate 
nitrone of the A type was not observed in the reaction of hydroxyamino oxime I with phenyl- 
glyoxal; 2-phenyl-6,7-dihydro-5H-cyclopentanopyrazine 1,4-dioxide (Xa) was isolated in 50% 
yield. 

Thus in the present research we have expanded the range of application of the condensa- 
tion of hydroxyamino oximes I and II with 1,2-diketones to obtain new pyrazine 1,4-dioxide 
derivatives and have also uncovered a new pathway in the reaction of hydroaminooximes with 
phenyl- and hetarylglyoxals IVa-c to give l-hydroxyimidazole derivatives. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. 
The UV spectra of solutions of the compounds in alcohol were recorded with a Specord UV-vis 
spectrophotometer. The PMR spectra of 5-7% solutions of the compounds were recorded with a 
Varian A-56-60 A spectrometer (60 MHz) with hexamethyldisiloxane as the internal standard. 
The yields, melting points, and results of elementary analysis of the compounds are pre- 
sented in Table I, and their spectral characteristics are presented in Tables 2 and 3. 

Condensation of Acetates of Hydroxyamlno Oximes I and II with l-Phenyl-l,2-propane- 
dione. A 0.01-mole sample of l-phenyl-l,2-propanedione was added to a solution of 0.01 
mole of the hydroxyamino oxime acetate in 18 ml of alcohol, and the mixture was refluxed for 
3 h. The alcohol was evaporated, the residue was triturated with ether, and the precipitate 
was removed by filtration. Pyrazines IVa and Va were purified by crystallization. 

Condensation of Acetates of Hydroxyamino Oximes I and II with l-(2-Hetaryl)-l,2- 
propanediones (IIIa-d). A 0.01-mole sample of l-(2-hetaryl)-l,2-propanedlone was added to 
a solution of 0.01 mole of the hydroxyamlno oxime in 30 ml of alcohol, and the yellow solu- 
tion was allowed to stand at 20~ for 12 h. The alcohol was evaporated, the residue was 
triturated with ether, and the precipitate was removed by filtration. Pyrazines IVb-d and 
Vb-d were purified by crystallization. 

Condensation of the Acetate of 2-Hydroxyamino Oxime II with Phenyl- and 2-Hetaryl- 
glyoxals VIa-c. A 0.015-mole sample of hydrated glyoxal VI was added to a solution of 
0.015 mole of hydroxyamino oxime II in 50 ml of alcohol, and the mixture was allowed to 
stand at 20~ for 12 h. The alcohol was evaporated, and l-hydroxyimidazole derivatives 
VIIa-c were isolated from the residue by chromatography with a column packed with silica 
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gel by elution with ether. Subsequent elution with acetone gave pyrazine dioxide derivatives 
VIIIa-c. The substances were purified by crystallization. 

2-Phenyl-6,7-dihydro-bH-cyclopentanopyrazine 1,4-Dioxide (Xa). This compound was ob- 
tained under the same conditions by condensation of hydrated phenylglyoxal with hydroxy- 
amino oxime I. Pyrazine Xa was isolated by chromatography with a column packed with silica 
gel by elution with ethyl acetate and was purified by crystallization. 

Condensation of the Acetate of Hydroxyamino Oxime I with 2-Furylglyoxal. A 0.01-mole 
sample of hydrated furylglyoxal was added to a solution of 0.01 mole of hydroxyamino oxime 
I in 25 ml of alcohol. After 15 min, nitrone IXb precipitated from the dark-yellow solution. 
The suspension was filtered, and the precipitated nitrone was washed with alcohol and puri- 
fied by crystallization to give gold-yellow crystals. 

Condensation of the Acetate of Hydroxyamino Oxime I with 2-Thienylglyoxal. A 0.015- 
mole sample of hydrated 2-thienylglyoxal was dissolved in 40 ml of water at 70~ and 0.01 
mole of hydroxymmlno oxime I was added, during which gold nitrone IXc precipitated. The 
suspension was filtered, and the precipitated nitrone was washed with water and ether ace- 
tate and purified by crystallization. 

Cyclization of Nitrone IXb. A 4-mmole sample of nitrone IXb was mixed with 15 ml of 
alcohol, and 2.5 ml of concentrated HCI was added, during which the nitrone dissolved with 
spontaneous heat evolution. After 30 min, the mixture was neutralized with dry sodium bi- 
carbonate, the alcohol was evaporated, and the black precipitate was extracted with ether. 
The extract was dried with sodium sulfate, the ether was evaporated, and the residue was 
chromatographed with a column packed with silica gel by elution with ether to give 
2-furylglyoxal aldoxime (40%). Subsequent elution with acetone gave 2-(2-furyl)-6,7-di- 
hydro-5H-cyclopentanopyrazine 1,4-dioxide (Xb). The products were purified by crystalliza- 
tion. 2-Furylglyoxal aldoxime was identified from its IR spectrum by comparison with the 
spectrum of a genuine sample [8]. 
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