
l-(2-Hydroxyethoxymethylene)-5-fluorouracil (IX). A 0.l-mole sample of VIII was dis- 
solved in I0 ml of a methanol solution of ammonia, and the solution was allowed to stand 
at 20~ for 6 h. It was then evaporated in vacuo, and the residue was recrystallized from 

ethanol--ethyl acetate (i:I). 

l-(2-Methoxyethoxymethylene)-5-fluorouracil (X) and l-(2-Ethoxyethoxymethylene)-5- 
fluorouracil (XI). These compounds were obtained by method A and were purified by recrystal- 
lization from chloroform--hexane (i:i). 
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SYNTHESIS OF 5-NITRO-N,N-DIPHENYLHYDRAZINOPYRIMIDINES 

AND INVESTIGATION OF THEIR FREE RADICALS 

I. V. Boldyrev, O. M. Polumbrik, L. N. Markovskii, 
and V. M. Cherkasov 

UDC 547.853.7.07 

A number of 5-nitro-N,N-diphenylhydrazinopyrimidines were synthesized. Free radicals 
were obtained by oxidation of these compounds with PbO2. The stabilities of 5- 
nitro-4-pyrimidinylhydrazyl radicals are close to the stability of the a,a-diphenyl- 
B-2,4-dinitrophenylhydrazyl radical. The structures of the compounds obtained were 
confirmed by the UV, IR, PMR, and EPR spectra. 

The introduction of heterocyclic substituents in stable radicals has a substantial ef- 
fect on their electronic and three-dimensional structures, and this gives rise to a change 
in the spectral characteristics and reactivities and to the manifestation of the specific 
properties of these radicals [I]. 

No reports regarding the effect of a pyrimidine ring on the properties of free radicals 
have appeared in the literature. At the same time, information of this sort may be of value 
for obtaining quantitative data on the electronic nature and chemical peculiarities of pyrim- 
idine derivatives. 

The aim of the present research was to synthesize N,N-diphenyl-N'-pyrimidinylhydrazines 
that contain diverse substituents in the pyrimidine ring, to generate the corresponding hy- 
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drazyl radicals from them D and to ascertain the stabilities of the latter as compared with 
the diphenylpicrylhydrazyl (DPPH) radical. 

We synthesized such analogs of diphenylpicrylhydrazine in which the electron-acceptor 
picryl ring is substituted with 5-nitro-2- and 5-nitro-4-pyrimidinyl residues that contain 
various substituents. 5-Nitro-2(4)-diphenylhydrazinopyrimidines (III-XII) were obtained by 
reaction of 5-nitrochloropyrimidines (Ia-d) with N,N-diphenylhydrazine (II). 

2,4-Dichloro-5-nitropyrimidine (Ib) and N,N-diphenylhydrazine react successively with 
the formation of mono- and disubstitution products. As in the reaction with amines [2], the 
chlorine atom in the 4 position of the pyrimidine ring is evidently replaced initially at 
20~ and hydrazinopyrimidine VI is formed. The chlorine atom attached to C2 is replaced 
upon prolonged refluxing to give 5-nitro-2,4-bis(2,2-diphenylhydrazino)pyrimidine (IX). In 
the case of the reaction of 4,6-dichloro-5-nitropyrimidine (Id) with hydrazine II both 
chlorine atoms are so active that a monosubstitution product cannot be isolated, and 5-nitro- 
4,6-bis(2,2-diphenylhydrazino)pyrimidine (XII) is obtained. 

The corresponding 2-aminopyrimidine VIII, the structure of which was proved by amina- 
tion of chloropyrimidine VI, was obtained unexpectedly in an attempt to obtain diphenylhy- 
drazine V by oxidation of 5-nitro-2-hydrazino-4-(2,2-diphenylhydrazino)pyrimidine (VII) with 
silver acetate by the method in [3]. It is known that hydrazine decomposes via two pathways 
during oxidation with the evolution of ammonia and nitrogen or only nitrogen [4]. The oxi- 
dation of 2-hydrazinopyrimidine VII probably takes place in the same way as the oxidation of 
unsubstituted hydrazine via the first pathway, as a result of which 2-aminopyrimidine VIII 
and nitrogen are formed. 5-Nitro-4-(2,2-diphenylhydrazino)pyrimidine (V) was obtained in 
the case of oxidation of hydrazine IV under the same conditions. 

The synthesized mono- (III, V, VIp Xj and XI) and bishydrazines (IX and XII) are crystal- 
line substances that are stable in air. Compounds III, V, VI, and IX-XII absorb intensely 
(log s 4.20-4.60) in the UV region of the spectrum at 276-290 nm (alcohol). A shoulder at 
350-410 nm is observed in the visible part of the spectrum for III, V, VI, X, and XI. We 
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assigned the absorption bands in the IR spectra at 3300-3450 cm -I to an associated NH bond. 
Two types of hydrogen bonds, viz., associated and nonassociated, are observed in the IR spec- 
tra of VII-IX (see the experimental sections). 

Solutions of 5-nitro-N,N-diphenylhydrazinopyrimidines (III, V, VI, X, and XI) in ben- 
zene, from which the oxygenhad been removed, upon oxidation with lead dioxide readily form 
free radicals with the bluish-violet color (Ima x 580-600 nm) that is typical for hydrazyl 
radicals. An hfs that is associated with coupling of the unpaired electron with the nuclei 
of the ~- and B-:~N atoms (J = i) of N,N-diphenylhydrazine is observed in the EPR spectra of 
the investigated radicals. The EPR spectrum of the radicals obtained consists of five lines 
(1:2:3:2:1) and constitutes evidence for the approximate equivalence of both hydrazyl nitro- 
gen atoms. The hyperfine coupling constant (aN) is ~90e and depends very little on the 
nature of the substituent attached to the pyrimidine ring. The g factor of the radicals ob- 
tained corresponds to the g factor of the DPPH radical. We were unable to observe splitting 
by the nitrogen atoms of the pyrimidine ring in a single case. 

The biradicals obtained in the oxidation of IX and XII, in which spin--spin exchange 
through the conjugated system is realized, are of particular interest. In the case of treat- 
ment of solutions of IX and XII in benzene with PbO2 we recorded EPR signals of weak inten- 
sity that have five well-resolved lines that are characteristic for a monoradical. 

A qualitative comparison of the stabilities of the free radicals obtained by oxidation 
of leuco compounds III, V, VI, X, and XI shows that the presence of an NO2 group in the ortho 
position relative to the N,N-diphenylhydrazyl substituent plays a substantial role in stabili- 
zation of the radical. In fact, the free radicals obtained in the oxidation of III, V, VI, 
and X proved to be more stable than the free radical obtained from leuco compound XI. This 
is associated with the fact that the NO= group in the ortho position, in addition to the 
purely electronic effect, has a stabilizing steric effect. We were unable to isolate the 
free radicals in the crystalline state, since they disappear completely in the course of a 
few dozen hours. 

It is known [5] that the exceptional stability of the DPPH radical is associated in 
many respects with the presence at the G-nitrogen atom of a strong electron-acceptor trinitro- 
phenyl group. A qualitative comparison of the lifetimes of the free radicals makes it pos- 
sible to conclude that the stabilities of the synthesized 5-nitro-4-pyrimidinylhydrazyl rad- 
icals considerably exceed the stability of the triphenylhydrazyl radical [i] and are close 
to the stability of the ~,~-diphenyl-~-2,4-dinitrophenylhydrazyl radical [6]. The close 
values of the half-conversion times of the ~,~-diphenyl-B-2,4-dinitrophenylhydrazyl radical 
and the radical obtained by oxidation of V make it possible to conclude that replacement of 
the phenyl residue by a pyrimidinyl residue increases the stability of the radical and is 
equivalent to the introduction of a nitro group in the para position of the phenyl ring. 

Thus, despite the significant electron-acceptor properties of the pyrimidinyl residue, 
the 5-nitropyrimidinylhydrazyl radicals obtained are less stable than the DPPH radical. This 
emphasizes the great importance of steric shielding in stabilization of hydrazyl radicals. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. 
The UV spectra were recorded with a Specord UV-vis spectrophotometer. The PMR spectra of 
solutions of the compounds in d6-DMSO were recorded on the ~ scale at 20~ with a Tesla BS 
467 spectrometer (60 MHz) with hexamethyldisiloxane as the external standard. The EPR spec- 
tra were recorded with an RE-1306 radiospectrometer. The individuality of the synthesized 
compounds was monitored by thin-layer chromatography (TLC) on a fixed silica gel--gypsum 
layer in a chloroform--methanol system (80al)J, the chromatograms were developed in a gaseous 
chloroform atmosphere, after which they were sprayed with a starch-iodide solution. The 
starting chloronitropyrimidines Ia-d were obtained by the methods in [7-10]. 

5-Nitro-4-methoxy-6-(2,2-diphenylhydrazino)pyrimidine (III). A 0.95-g (5 mmole) sample 
of Ia was stirred in 8 ml of chloroform with 1.85 g (I0 mmole) of II in 4 ml of chloroform, 
after which the mixture was stirred at 20~ for 1 h and refluxed for 12 h. The N,N-diphenyl- 
hydrazine hydrochloride was removed by filtration, and the mother liquor was concentrated to 
5 ml. I1ot ethanol (20 ml) was added, and the precipitate was removed by filtration to give 
1.34 g (79%) of III as shiny yellow plates with mp 152-155~ (from ethanol). IR spectrum: 
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3330 (NH); 1565, 1355 cm -I (NO2). Found: C 60.9; H 4.4; N 20.7%. C:TH:sNs03. Calculated: 
C 60.5; H 4.5; N 20.8%. 

5-Nitro-4-hydrazino-6-(2,2-diphenylhydrazino)pyrimidine (IV). A 1.05-g sample of 98% 
hydrazine hydrate was stirred in 5 ml of absolute ethanol with a warm solution of 1.5 g 
(4.45) mmole) of III in 135 ml of absolute ethanol, and the mixture was then heated at 47- 
50~ for 1 h. The precipitate was removedby filtration and washed with ethanol to give 
1.39 g (93%) of hydrazine IV as bright-orange acicular crystals with mp 168-170~ (dec., 
from ethanol). IR spectrum: 3355, 3325, 3250-3270 (NH2, NH), 1565, 1350 cm -~ (NO2). PMR 
spectrum: 8.27 (s, IH, 2-H) and 6.83-7.83 ppm (10H, m, phenyl groups). Found: C 57.1; 
H 4.3; N 28.4%. C:6HIsNTO2. Calculated: C 57.0; H 4.5; N 29.1%. 

5-Nitro-4-(2,2-diphenylhydrazino)pyrimidine (V). A 2-g (5.94 mmole) sample of hydra- 
zine iV was suspended in 25 ml of water, 4.1 g (24.5 mmole) of freshly prepared silver ace- 
tate was added, and the mixture was stirred at 20~ for 5 min. Chloroform (i00 ml) was 
added, and the mixture was stirred for another 1.5 h. The mixture was neutralized with Na=- 
C03, stirred for 15 min, and filtered. The chloroform layer was separated, and the aqueous 
layer was extracted with chloroform (50 ml). The chloroform extract was dried over MgS04 
and concentrated to 15 ml, and 30 ml of hot ethanol was added to the residue. The solution 
was separated from the dark suspension by filtration, and the oily product that remained 
after removal of the solvent by distillation was crystallized from petroleum ether (40-70~ 
to give 1.18 g (65%) of dark-red prisms withmp 87-90~ IR spectrum: 3355 (NH), 1570, 
1360 cm -~ (NO2). PMR spectrum: 8.93 (s, IH, 2-H), 9.40 (s, IH, 6-H), and 6.83-7.83 ppm 
(10H, m, phenyl groups). 

2-Chloro-5-nitro-4-(2~2-diphenylhydrazino)pyrimidine (VI). A solution of 3.68 g (0.02 
mole) of II in i0 ml of chloroform was added to a solution of 1.94 g (0.01 mole) of Ib in 
15 ml of chloroform, and the mixture was stirred at 20~ for 3 h. It was then worked up as 
in the synthesis of pyrimidine III to give 3.17 g (92.7%) of dark-cherry-red prisms with 
mp 138-140.5~ (from petroleum ether, 70-i00~ IR spectrum: 3340 (NH); 1595, 1370 cm -I 
(NO2). Found: C 56.2; H 3.3; C1 10.4; N 20.6%. C16H:2CINsO2. Calculated: C 56.2; H 3.5; 
C1 10.4; N 20.5%. 

5-Nitro-2-hydrazino-4(2,2-diphenylhydrazino)pyrimidine (VII). A l-g (2.93 mmole) sam- 
ple of pyrimidine VI was stirred in 40 ml of methanol with a solution of 0.4 ml of 98% hydra- 
zine hydrate in i0 ml of methanol, and the reaction mixture was stirred at 20~ for 30 min. 
The precipitate was removed by filtration and washed with water to give 0.89 g (90%) of 
yellow prisms with mp 200-2010C (dec., from ethanol). IR spectrum: 3360, 3310, 3270 (NH2, 
NH); 1540, 1370 cm -: (NO2). PMR spectrum: 9.07 (s, 111, 6-H) and 6.83-7.83 ppm (10H, m, 
phenyl groups). Found: C 57.1; H 4.9; N 29.2%. C16HI~NT02. Calculated: C 57.0; H 4.5; 
N 29.1%. 

5-Nitro-2-amino-4-(2,2-diphenylhydrazino)pyrimidine (VIII). A) This compound obtained 
from 2 g (5.94 mmole) of pyrimidine VII in 25 ml of water and 4.1 g (24.5 mmole) of silver 
acetate by a method similar to that used to obtain V. After removal of the solvent by dis- 
tillation, the residue was crystallized from petroleum ether (70-I00~ to give 0.91 g (47.7%) 
of orange prisms with mp 156-159~ No melting-point depression was observed for a mix- 
ture of this product with a genuine sample obtained by method B. IR spectrum: 3445, 3280, 
3150-3170 (NH2, NH), 1550, 1375 cm -I (NO2). Found: C 59.5; H 4.6; N 26,2%. C~6H~N602. 
Calculated: C 59.6; H 4.4; N 26.1%. 

B) A 1.71-g (5 mmole) sample of VI and 40 ml of cold absolute ethanol containing 13 g 
of gaseous ammonia were placed in a metal test tube, and the mixture was heated at 500C for 
4 h. It was then evaporated, and the residue was treated with 50 ml of water. The water- 
insoluble precipitate was removed by filtration to give 1.56 g (97%) of a product with mp 
156-158~ (from ethanol). IR spectrum: 3445, 3280, 3150-3170 (NH2, NH); 1550, 1375 cm- 
(NO=). Found: C 59.7; H 4.7; N 26.3%. C:~HI~N602. Calculated: C 59.6, H 4.4, N 26.1%. 

5-Nitro-2,4-bis(2~2)diphenylhydrazino)pyrimidine (IX). A solution of 1.84 g (i0 mmole) 
of II in i0 ml of chloroform was added to a solution of 1.71 g (5 mmole) of VI in i0 ml of 
chloroform, and the mixture was refluxed for 17 h. It was then worked up as in the prepara- 
tion of III to give 1.53 g (62.7%) of fine yellow-brown crystals with mp 189-191~ (from 
ethanol). IR spectrum: 3300, 3190 (NH); 1550, 1370 cm-: (NO2). Found: C 68.9; H 4.8; 
N 20.2%. C28H23NTO2. Calculated: C 68.7; H 4.7; N 20.0%. 
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5-Nitro-2-methoxy-4(2,2-diphenylhydrazino)pyrimidine (X). A 1.39-g (4.07 mmole) sam- 
ple of VI in 50 ml of methanol was added to a solution of sodium methoxide [from 0.i g (4.35 
mg-atom) of sodium and i0 ml of methanol], and the mixture was heated at 80-85~ for i h. 
It was then cooled and treated with several chunks of dry ice, and the resulting precipitate 
was removed by filtration and washed with water to give 1.17 g (85.5%) of bright-orange 
prisms with mp 137-139.5~ [from petroleum ether (70-I00~ and from ethanol]. IR spectrum: 
3295 (M{); 1550, 1360 cm -I (NO~). Found: C 60.1; H 4.5; N 20.5%. C17H~sNs03. Calculated: 
C 60.5; H 4.5; N 20.8%. 

5-Nitro-2-(2,2-diphenylhydrazino)pyrimidine (XI). A solution of 4.5 g (24.5 mmole) of 
II in 15 ml of chloroform was added to a solution of 1.95 g (12.2 mmole) of Ic in 15 ml of 
chloroform, and the mixture was refluxed for 3 h. The precipitate was removed by filtration 
and treated with i00 ml of hot water, and the water-insoluble product was removed by filtra- 
tion. The chloroform mother liquor was concentrated to i0 ml, 30 ml of hot ethanol was 
added to the residue, and the resulting precipitate was removed by filtration. The two pre- 
cipitates were combined and crystallized from ethanol to give 3.34 g (89%) of yellow needles 
with mp 231-232.5~ (dec.). IR spectrum: 3170 (NH), 1545, 1345 cm -I (NO2). Found: C 62.4; 
H 4.8; N 22.8%. C~6HI3NsO2. Calculated: C 62.5; H 4.3; N 22.8%. 

5-Nitro-4,6-bis(2,2-diphenylhydrazino)pyrimidine (XII). A 1.2-g (6.18 mmole) sample 
of Id was stirred in 15 ml of chloroform with 4.6 g (25 mmole) of II in 15 ml of chloroform, 
and the mixture was refluxed for 1.5 h and worked up as in the preparation of III to give 
2.37 g (78.5%) of pinkish-red fluffy needles with mp 184-186~ (from ethanol). IR spectrum: 
3345 (NH), 1550, 1350 cm -~ (NO2). Found: C 68.0; H 5.0; N 20.2%. C28H23NT02. Calculated: 
C 68.7; H 4.7; N 20.0%. 
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