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OXIDATION OF HYDROXYAMINO- AND NITROSOPYRIMIDINES. 

SYNTHESIS OF 2- AND 4-NITROPYRIMIDINES 

G. G. Moskalenko, V. F. Sedova, 
and V. P. Mamaev* 

UDC 547.853.7:542.943 

Oxidation of phenyl- and methyl-substituted 2- and 4-hydroxyamino- and 
-nitrosopyrimidines has given the azoxy- and nitropyrimidines, respec- 
tively. The behavior of the nitropyrimidines obtained towards reduction 
and nucleophilic substitution is considered. 

Electrophilic substitution in pyrimidines is difficult. Nitration of pyrimidines is 
facilitated by the presence in the ring of strongly electron-donating substituents, to give 
5-nitropyrimidines only [i]. Pyrimidines with a nitro-group in even-numbered positions 
in the ring have until recently been difficult to obtain, being synthesized by oxidation 
of S,S-dimethyl-N-(2-pyrymidinyl)sulfilimine [2] or 5-dimethylamino-7-hydroxy[l,2,5]oxadi- 
azolo[3,4-d]pyrimidine 1-oxide [3], or by oxidative photolysis of aryl-2-azidopyrimidines 
[4]. 

~-Nitroazines have been obtained from nitroso- and aminoazines by treatment with strong 
oxidizing agents such as ozone [2, 5], sodium hypochlorite [2], permaleic acid [6], tri- 
fluoroperacetic acid [7], H202 in concentrated sulfuric acid [8, 9], and oxygen in sodium 
hydroxide solution [I0]. 

In the course of earlier investigations, it was shown that oxidation of hydroxyamino- 
pyrimidines with activated MnO2, Ag2C03, or BaMnO 4 affords the 2- and 4-nitrosopyrimidines 
[ii]. The object of the present investigation was to study further the behavior of phenyl- 
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and methyl-substituted 2- and 4-hydroxyamino- (I) and nitrosopyrimidines (II) on treatment 
with strong oxidizing agents, namely concentrated HN03, permaleic acid, KMn0~, and alkali 
metal hypochlorites. 

Treatment of the 4-hydroxyaminopyrimidines (la) and (Ib) with concentrated nitric acid 
(d 1.39) results in a vigorous reaction with evolution of oxides of nitrogen, but the reac- 
tion products were the corresponding 4-hydroxypyrimidines (Ilia) and (lllb) only. The hy- 
droxypyrimidine (Ilia) was formed similarly when the nitrosopyrimidine (lla) was treated 
with concentrated nitric acid, apparently as a result of the facile hydrolytic cleavage 
of nitrosopyrimidines in aqueous media. Subsequent oxidation of the hydroxyamino- and 
nitrosopyrimidines was therefore carried out in nonaqueous or basic media 

R R R 

! a .b III .tb I1 a 

I-Ilia R=CH 3. RI=%H~;b R=RI=CeH~ 

As exemplified by (Ib) and (lla), it was shown that the hydroxyaminopyrimidines (I) 
and nitrosopyrimidines (II) were stable to m-chloroperbenzoic acid, in accordance with a 
literature report of the behavior of 2-nitrosopyrimidine in the presence of this oxidant 
[2]. The use of a more powerful oxidant, permaleic acid, resulted in oxidation of the 
nitrosopyrimidine (IIa) to give 14% of 4-methyl-6-nitro-2-phenylpyrimidine (IVa). However, 
oxidation of the hydroxyaminopyrimidine (Ib) with permaleic acid gave 2,2',4,4'-tetra- 
phenyl-6,6'-azoxypyrimidine (Vb), perhaps as a result of the condensation of the nitroso- 
pyrimidine formed initially on oxidation with the starting hydroxyaminopyrimidine (Ib). 

Similar reactions of the hydroxyaminopyrimidines (Ia, b, d) to give the azoxy-com- 
pounds (Va, b, d) were observed on treatment with sodium hypochlorite solution. It has 
been shown previously that Mn02, Ag2C03, and KMnO 4 also give azoxypyrimidines [ii, 12]. 

Unlike the hydroxyaminopyrimidines, the nitroso-compounds (IIa-e) on treatment with 
KMnO~ or sodium or potassium hypochlorites are oxidized to the nitropyrimidines (IVa-e). 

R R R 

- r " ~ x  ~ o i ",''"<'x x ', 
I 

R ~ ~/""N// '%"NItOH R' " " " ' N  "/'~ "N---N " 'N" "R 

la.b,d 

R R 

r " % x  r o ~ Y ' % x  

=, 

I l a -  e I r a -  e 

o va,b,d 

l, II, IV, V a X=CH, Y=N, R=CHa, RI=C6Hs; b X=CH, Y=N, R=RI=C,;,tI5;c X=CH, 
Y=N, R=H, R1=C~I-I5: d X=N, Y=CH, R=RI=C6IIs; e X=N, Y=C--CslIs, R ~ R ' = I I  

Potassium permanganate in chloroform, using tetrabutylammonium bromide as phase-transfer 
catalyst, oxidizes the 4-nitroso-compounds (lla, c) to the 4-nitropyrimidines (IVa, c)~ 
The oxidation is, however, slow, and the yields of nitropyrimidines low. 2-Nitrosopyrimi- 
dines (lid, e) were not oxidized under these conditions. 

Oxidation of the nitrosopyrimidines with sodium hypochlorite was examined in the cases 
of (lla, b, d, e). In a two-phase system with tetrabutylammonium bromide, treatment of 
the nitrosopyrimidine (lla) with sodium hypochlorite solution (3%, pH 11.2) afforded the 
nitro-compound (IVa). The reaction was extremely rapid, the yield of (IVa) after two 
minutes' oxidation being 49%. The nitropyrimidine (IVa) thus formed was unstable under 
these conditions, undergoing further reactions. For example, when the reaction was carried 
out for five minutes, the yield of (IVa) fell to 23%, and after one hour (IVa) was absent 
from the reaction mixture, according to TLC. Similarly, it was not possible to obtain the 
nitropyrimidine (IVb) by oxidation of (lib) for one hour, but when the reaction was carried 
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out for four minutes the nitropyrimidine (IVb) was isolated in 54% yield. Oxidation of 
the 2-nitrosopyrimidines (lid, e) under these conditions afforded complex reaction mixtures 
from which it was not possible to isolate the nitropyrimidines. If, however, potassium 
hypochlorite (7%, pH 9.5) was used as the oxidant, in the presence of either tetrabutyl- 
ammonium bromide or 18-crown-6, the 2-nitrosopyrimidines (lid, e) afforded high yields of 
the nitro-compounds (IVd, e). 

The nitro-compounds (IVa-e) were obtained as colorless or yellow crystalline solids 
which were stable in the solid state at room temperature. The mass spectra of all the 
nitropyrimidines showed, in addition to the molecular ion peak, a peak with m/z (M - 46) + , 
indicating loss of the nitro group. The IR spectra of the nitropyrimidines showed strong 
absorption for stretching vibrations of the nitro-group at 1520-1555 and 1355-1385 cm -~ 
(cf [13] for aromatic nitro-compounds). 

C N H  Y IR[,~X 

R 1 N j 
Vlb, d 

PhNHNH 2 \ ~  

/-- - \ R 

�9 X 

R' "~'N ~ "  Cl 

vllb,d 

6 5 2 5 
VIII 

VI, Vllb X=CH, Y=N, R=RI=CsHs; d X=N. Y=CH, R=RI=C6Ha 

It was shown in the cases of the 2- and 4-nitropyrimidines (IVb) and (IVd) that on 
treatment with phenylhydrazine the nitro-group in the 2- or 4-position of the pyrimidine 
ring is readily reduced to the hydroxyamino group, and with piperidine or sodium ethoxide 
it is readily replaced to give the piperidino-derivative (Vlb, d) or the ethoxy-derivative 
(VIII). When the nitropyrimidines (IVb, d) or the chloropyrimidines (Vllb, d) were react- 
ed with piperidineunder the same conditions, it was found that the lability of the nitro- 
group in even-numbered positions in the pyrimidine ring was much greater than that of 
chlorine. The stability of (IVa) in acid media was examined. On keeping the nitro-com- 
pound (IVa) for 1.5 h in concentrated nitric acid (d 1.39), 40% of the starting material 
was recovered, showing that these nitropyrimidines are fairly stable in acidic media. 

EXPERIMENTAL 

IR spectra were recorded on a UR-20 instrument in KBr disks (c = 0.25%), and the UV 
spectra on a Specord UV-vis in alcohol. PMR spectra were obtained on a Varian A 56/60 in- 
strument in CDCI s, internal standard HMDS. Mass spectra were recorded on MS-902 and Finni- 
gan MAT MS-8200 spectrometers. The compounds were identified by TLC on Silufol UV-254 
plates (eluent, chloroform), their melting points, and the IR spectra. The yields, melt- 
ing points, and spectral data of the compounds obtained are given in Table i. The elemental 
analyses of (IV) and (VI) for C, H, and N were in agreement with the calculated values. 

The syntheses of (la, b, d) and (lla-e) have been described [ii, 14]. 

Reaction of Hydroxyaminopyrimidines (la~ b) and Nitrosopyrimidine (lla) with Nitric 
Acid. To 5 ml of concentrated nitric acid (d 1.39) was added in small portions with stir- 
ring 0.20 g of the hydroxyaminopyrimidine (la). Stirring was continued until evolution 
of oxides of nitrogen ceased. The mixture was neutralized with saturated sodium bicarbonate 
solution, and the precipitate filtered off, washed with water, and dried to give 0.12 g 
(63%) of the hydroxypyrimidine (Ilia), mp 220-222~ (lit. mp 223~ [15]). 

Compound (Ilia) was obtained similarly in 86% yield from the nitrosopyrimidine (lla). 
The hydroxyaminopyrimidine (Ib) gave 92% of the hydroxypyrimidine (lib), mp > 260~ (lit. mp 
291~ [15]). 

Reaction of Hydroxyaminopyrimidine (Ib) and Nitrosopyrimidine (lla) with m-Chloroper- 
benzoic Acid. To a solution of 0.26 g (1.5 mmole) of m-chloroperbenzoic acid in i00 ml 
of chloroform was added at 0~ 0.26 g (i mmole) of the hydroxyaminopyrimidine (Ib), and 
the mixture kept for three days in the refrigerator. It was then washed with 10% potassium 
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carbonate, dried over magnesium sulfate, evaporated, and the residue washed with petroleum 
ether to give 0.21 g of the starting material (Ib). 

Treatment of the nitrosopyrimidine (IIa) with m-chloroperbenzoic acid under similar 
conditions gave the starting material (IIa). 

Nitropyrimidines (IVa-e). A. To a solution of 2.94 g (30 mmole) of maleic anhydride 
in 20 ml of chloroform was added at 0~ 1.00 g (27 mmole) of 90% H202, and the mixture 
stirred for i0 min. To a solution of 1.00 g (5 mmole) of the nitrosopyrimidine (IIa) in 
280 ml of chloroform was added at 0~ the prepared solution of permaleic acid, and the mix- 
ture kept for seven days in the refrigerator. It was then washed with 10% potassium car- 
bonate solution and water, dried over magnesium sulfate, and evaporated. The residue was 
separated on a column of silica gel (140-315 zm), eluent chloroform, to give 0.15 g of the 
nitropyrimidine (IVa). 

B. To a solution of 0.40 g (2 mmole) of the nitrosopyrimidine (IIa) in 25 ml of chloro- 
form was added 1.00 g of KMnO~ and 0.96 g (3 mmole) of tetrabutylammonium bromide, and the 
mixture stirred until the color of the KMnO 4 had disappeared. The solid was filtered off, 
the filtrate evaporated, and the residue extracted with ether and the ether removed to give 
0.16 g of the nitropyrimidine (IVa). 

Similarly, from the nitrosopyrimidine (IIc) there was obtained the nitropyrimidine 
(IVc). 

~. To 40 ml of 3% sodium hypochlorite solution (pH 11.2) was added with stirring 0.96 
g (3 mmole) of tetrabutylammonium bromide and a solution of 0.40 g (2 mmole) of the nitroso- 
pyrimidine (IIa) in 50 ml of chloroform. The mixture was stirred rapidly for 2 min, then 
the organic layer was separated, evaporated, and the residue extracted with ether. The 
ether was evaporated, and the residue separated on a column of silica gel (140-315 ~m), 
eluent chloroform, to give 0.21 g of the nitropyrimidine (IVa). 

Similarly, from the nitrosopyrimidine (IIb) there was obtained the nitropyrimidine 
(IVb). 

D. To a suspension of 0.26 g (i mmole) of the nitrosopyrimidine (IId) in 25 ml of 
chloroform was added 0.48 g (1.5 mmole) of tetrabutylammonium bromide and i0 ml of 7% potas- 
sium hypochlorite solution (pH 9.5), and the mixture stirred rapidly for i0 min. The product 
was isolated and purified as in method C, to give 0.20 g of the nitropyrimidine (IVd). 

Similarly, from the nitrosopyrimidine (IIe) there was obtained the nitropyrimidine 
(IVe). 

E. To a solution of 0.52 g (2 mmole) of the nitrosopyrimidine (lid) was added 0.26 
g (i mmole) of 18-crown-6 and 25 ml of 7% potassium hypochlorite solution (pH 9.5). The 
mixture was stirred rapidly for i0 h. The product was isolated and purified as in method 
C, to give 0.31 g of the nitropyrimidine (IVd). 

Azoxypyrimidines (Va, b~ d). A. To a solution of 4.90 g (50 mmole) of maleic anhy- 
dride in 22 ml of chloroform was added at 0~ 0.68 ml of 30% hydrogen peroxide, and the 
mixture stirred for 2 h. This solution was added to a solution of 0.53 g (2 mmole) of the 
hydroxyaminopyrimidine (Ib) in 50 ml of chloroform at 0~ and the mixture kept for seven 
days in the refrigerator. The solid was filtered off, and the filtrate washed with 10% 
potassium carbonate solution, dried over magnesium sulfate, evaporated, and the residue 
separated on a column of silica gel (140-315 ~m), eluent chloroform, to give 0.15 g (29%) 
of the azoxypyrimidine (Vb), mp 191-194~ (decomp.) (reprecipitated from chloroform with 
ether). According to [ii], mp 191-194~ (decomp.). 

B. To a solution of 0.50 g (i.9 mmole) of the hydroxyaminopyrimidine (Ib) in 20 ml 
of DMF was added dropwise with stirring i0 ml of 5% sodium hypochlorite solution. The mix- 
ture was stirred for 15 min, 50 ml of water added, and the solid filtered off and dried 
to give 0.40 g (83%) of the azoxypyrimidine (Vb), mp 191-194~ (decomp.). 

Obtained similarly were the azoxypyrimidines (Va) and (Vd). (Va), yield 63%, mp 161- 
162~ (decomp.) [lit. mp, 161-162~ (decomp.)]. (Vd), yield 71%, mp 185-187~ (decomp.) 
(lit. mp 184-187~ [12]). 

Reduction of Nitropyrimidines (IVb, d). To a suspension of 0.28 g (i mmole) of the 
nitropyrimidine (IVa) in i0 ml of alcohol was added i ml (i0 mmole) of phenylhydrazine. 
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The mixture was boiled for 1 h, then evaporated, and the residue washed with 25 ml of hot 
water, dried, and recrystallized from a mixture of benzene and petroleum ether (70-I00~ 
to give 0.12 g (46%) of the hydroxyaminopyrimidine (Ib), mp 150-152~ (decomp.). 

Similarly, the nitropyrimidine (IVd) gave 40% of the hydroxyaminopyrimidine (Id). 

Reaction of Nitropyrimidines (lYb, d) with Piperidine. To a suspension of 0.20 g (i 
mmole) of the nitropyrimidine (IVa) in i0 ml of alcohol was added 0.2 ml (2 mmole) of 
piperidine, and the mixture kept at 20~ for 2.5 h. The mixture was then evaporated, and 
the residue washed with water and dried to give 0.22 g of (Vlb) (Table I). 

Similarly, the nitropyrimidine (IVd) gave, after 36 h, 88% of (Vld), mp 161-162~ (lit. 
mp 161.5-162~ [15]). 

Reaction of Chloropyrimidines (Vllb~ d) with Piperidine. This was carried out as de- 
scribed above for the nitropyrimidines, to give (Vlb) and (Vld). Compound (Vlb) was obtained 
after 13 days in 98% yield, and (Vld) after 13 days in 61% yield [the starting pyrimidine 
(Vlld) was present]. 

2-Ethoxy-4,6-diphenylpyrimidine (VIII). To a suspension of 0.i0 g (0.36 mmole) of 
the nitropyrimidine (IVd) in i0 ml of alcohol was added at 20~ 5 ml of 50% aqueous KOH, 
and the mixture kept for 18 h. The solid was filtered off, washed with water, and dried 
to give 0.07 g (70%) of (VIII), mp 87-88~ (from hexane) (lit. mp 87-88~ [16]). 
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