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P R E P A R A T I O N  AND S O M E  P R O P E R T I E S  

O F  P Y R I M t D I N E  1 , 3 - D I O X I D E S  

A .  Y a .  T i k h o n o v  a n d  L .  B .  V o l o d a r s k i i  UDC 543.42.547.854 : 542.943 

Oxidation of 1 -hydroxy- l ,2 ,5 ,6 - t e t r ahydropyr imid ine  3-oxides with active manganese dioxide 
leads to pyr imidine  1,3-dioxides.  Depending on the conditions, pyr imidines  or  i somer ic  
pyr imidine  N-monoxides a re  formed by deoxygenation of pyrimidine 1,3-dioxides with t r ie thyt  
phosphite.  

There  ~s very  l i t t le  available informat ion regarding pyrirnidine I, a-dioxides (I); the only example we 
know of is 5 -n i t ro -2 .4 ,6 - t r i aminopyr imid ine  1,3-dioxide [1]. 

In a previous  paper  [2] we showed that the react ion of 1.3-hydroxylamino oximes with earbonyl com- 
pounds leads to the format ion  of 1 -hydroxy- l ,2 ,5 ,6 - te t rahydropyr imid ine  3-oxides (II), aliphattc N-(3-oximino- 
substi tuted)nttrones (Ill) or  a tau tomer ie  mixture  of them (IIm'III). During a study of the p roper t i es  of the 
condensation products  we examined the possibi l i ty  of thei r  use for  the synthesis  of pyr imidine  1,3-dioxides (I). 
In the case  of compounds existing in a r i n g - c h a i n  tautomeric  equilibrium (II~III)  this would correspond to 
fixing of the pyr imidine  ring (see [3]). We found that active manganese dioxide T5] oxidizes It to give py r im-  
idine 1,3-dioxides [.* 

R ~ R= 

,, R ' ~ / ~ R '  MnO2 R , ~ . .  Ra 

O.,d N -..~N\O H ~ . N@N..._ 
O j 14 O 

I . . .  
tla-d ~ t a-d 

N ~ N  Ox..N~N N...j~N.. O 

ivc, d vc, d Vl c,d 

R 2 R ~ 
I I .,H 

R~--C--CH --CI'I ~N=C( 
tl ~. \R '  
N 0 
I 
OH 

m b 

i - l l a  RI=H, Re=It. l~a=H, R4=H; I--IIIb R;=CHa, R2=I-I, Ra=CHa, R~=CHa; l--IIc, 
IV--VIc Rl=CaHs, R~=H, Ra=H, R4=H; I--lld, IV--VId RI=C6Hs, R~=CHa, Ra=H, 

R4=H 
*See [4] for  our p re l imina ry  communication.  
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TABLE I. 

Com - 
pound R ~ 

Spectral Charac ter i s t ics  of Pyrimidtne N-Oxides 

PMR spectrum. 6, ppm (J, Hz)* 
IR spectrum, cm'l '~  

I 
ta 8~30 (1,5; 6,5) 7,65 (6,5) 8,30 (1,5; 6,5)t9,42 (1,5) 
Ib 2,31 7,50 12,31 12,62 
1c 7 I--8,0 ---$ 18,10 (7,0) ]9,22 
Id 7;47 2,01 18,36 (1,5) 19,34 (1,5) 

Vd 7,57 2,18 18,42 /9,05 
VId 7,4--7,8 2,39 (0,5; 0,8)[8,59 (0,8; 2,0)19,01 (0,5; 2,0) 

*The PMR spec t ra  of (CD3)2SO solutions of Ia-d (saturated solutions 
for  In, c, d) and of CD3OD solutions of Vd andVIdwere  recorded.  The 
spect rum of VId was recorded with a Varian HA-100 spec t romete r  
with the aid of nuclear  magnetic double resonance (NMDR). 
tThe intense absorption bands at 1150-1350 cm "1 are  presented.  
$ The signal coincided with the range of absorption of benzene ring 
protons. 

116K1184, t208,1310,1315 
1152,1180,1255,1286 
1209,1222,1283 
1180,1190, i338 
1261,1292 
1170,1260,1303 

TABLE 2. Pyrimidine N-Oxides (I, V, and VI) 

"~ 1 ~ ~== mp, 
O u g .  

Ia 226--228 
Ib 206--209 
Ic J 216--218 / 
Id 1225--227 ] 

Vc 153--1558 
VIe 1133--1358 
Vd 146--148 t 

VId I51--I53 / 

Empirical 
form ula 

C4H4N202 
CTH]oN_~O2 
C~oHaNsO~ 
C~IHioN~02 
C~oHaNeO 
C,oHsN~O 
CuHmN20 
C:~HmN20 

Found, % Calc., 

c I H  N c l u  

42,8 3,7 24,6 42,8 3,E 
54,4 6.6 17,9154,51 6,~ = 
63,81 4:3 14,9 63,81 4,3 
65,4} 4,8 13,9 65,3~ 5,r 
70,01 4.8 I6,t169,71 4,7 
69,9] 4,6 16,3169,7 ] 4,7 
71,21 5,7 15,1i70,91 5,4 
7~,0 / 5,4 1~,a/70,9 / 6,4 

t % ] UV spectrum, 
/ xm'~ ~'nm (l~ s) 1' 

N 

25,0 266 (4,36) 
18,21 257 (4,41), 277sh(4,00) 
14,9 / 275 (4,44), 316 (4,23) 
13,91 269 (4,42),2938h(4,06) 
16,3I 253(4,39),285 (3,95) 
16,3 / 307 {4,31), 3228h(4,27) 
15,0J 250 (4,14), 266sh(3,96) 
15,0 / 285(4,23),318 (4,08) 

�9 

6 
33 
40 
56 
10 
83 
14 
80 

*Compound Ic was recrys ta l t ized  f rom dimethylformamide,  where-  
as the remaining compounds were purified by sublimation. 
pAbbreviation: sh is shoulder. 

Treatment  of 1-hydroxy- t ,2 ,5 ,6- te t rahydropyr imidine  3-oxides (Ita, c, d) and a mixture  of compounds 
(IIb ~ I I Ib )  in an organic solvent with active manganese dioxide gives the corresponding pyrimidine 1,3-dioxides 
(in-d). Pyrimidine 1,3-dioxides I a re  only slightly soluble in organic solvents and have high melting points, 
Intense bands at 1t50-1350 cm -t  (Table 1), which are  evidently due to both the stretching vibrations of the 
N--* O bond and the deformation vibrations of aromatic  rings [6, 7], a re  observed in the IR spectra  of I. The 
PMR spect ra  of I are  in good agreement  with the pyrimidine 1,3-dioxide s t ructure  (Table 1) and are  s imi la r  
to the PMR spect ra  of pyrimidine N-monoxides [8]. 

During a study of the proper t ies  of I we observed that heating them in excess tr iethyl phosphite leads 
to complete deoxidation of the dioxides to give known pyrimidines ffV). Thus 4-phenyl-  and 5-methyl -4-  
phenylpyrimidines (IVc, d) are  formed in quantitative yields when dioxides I c ,d  are  heated intr ie thyl  phosphite. 

Since the rate of monodeoxidation of  1,3-dioxides (I) should be substantially lower than the rate of de- 
oxidation of pyr imidine N-monoxides V and VI [9], one might have expected that a change in the reaction con- 
ditions would make it possible to stop the deoxidation of dioxides (I) at the step involving the formation of their  
N-monoxides.  

Heating 1,3-dioxides Ic or  Id with tr iethyI phosphite in dioxane or  te t rahydrofuran  (THF) leads to the 
simultaneous formation of two i somer ic  pyrimidine N-monoxides (Vc and VIe or  Vd and VId). Moreover ,  the 
4-phenyl-  and 5-methyl-4-phenylpyr imidine 1-oxides (VIc, d) are  formed in 80-83% yields,  whereas the iso-  
mer ic  6-phenyl- and 5-methyl-6-phenylpyrimidine 1-oxides (Vc, d) are  formed in 10-14% yields.  The ~so- 
mer ic  Vc and VIc s t ruc tures  are  in agreement  with the l i tera ture  data [8]. The 0.17 ppm shift to weakerf ie ld  
of the signal of the proton in the 6 position of the pyrimidine ring of VId as compared with the signal of the 
corresponding proton (4 position) of i somer ic  Vd indicates the cor rec tness  of the i someric  N-monoxide Vd 
and VId s t ruc tures  assigned to them (see [8, 10]). 

An appreciable hypsochromic shift as compared with the corresponding VI i somer  is observed in the 
UV spect ra  of the i somer ic  N-monoxides V, which have a phenyl group in the ortho position relative to the 
N-oxide group (Table 2); this has also been observed for 2-phenyl- and 4-phenylpyridine N-oxides [11]. 
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The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The UV 
spectra of alcohol solutions were recorded with a Specord spectrophotometer. The PMR spectra were re- 
corded with Varian A-56/60A and Varian HA-100 spectrometers with hexamethyldisiloxane (0.04 ppm) as the 
internal standard. 

l>yrimidine 1,3-Dioxides (in-d). A suspension of 27 mmele of active manganese dioxide in I0 ml of 
dioxane was added with stirring to a suspension of 3 mmole of l-hydroxytetrahydropyrimidine 3-oxide (IIa, c, 
d) or a solution of a mixture of IIb~II[b in 35 ml of dioxane and 2.5 ml of pyridine. After 1 h, the suspension 
was filtered, the filtrate was evaporated, and the residue was treated with acetone. The precipitated la-d 
were removed by filtration. 

l-Hydroxy-l,2,5,6-tetrahydropyrimidine 3-oxide (IIa) was used without prior purification in the prep- 
ara t ion  of 1,3-dioxide Ia, s ince it is difficult  to purify [2]. 

Oxidation of IId with act ive  manganese  dioxide in acetone dioxane, and ethyl ace ta te  without the addition 
of pyr id ine  leads to td in 35-50~0 y ie lds .  

4 -Phenacy lpyr imid ines  (IV). A mix tu re  of Ic or  Id in 3 ml  of t r ie thyl  phosphite was s t i r r ed  and heated 
at 160 ~ fo r  1 h, a f t e r  which the t r ie thylphosphi te  was evaporated,  and the res idue was chromatographed  with a 
column fil led with s i l ica  gel [elution with pe t ro l eum e t h e r - e t h e r  (3 : 2)] to give IVc, with mp 63-64 ~ (from pe-  
t ro l eum ether)  [12], in 76% yield or  IVd, p i c r a t e  mp 139-140 ~ (from alcohol) [12], in 81~0 yield.  The IR spec-  
t r um of IVc was identical  to the IR s pec t rum  of 4-phenylpyr imidine  [13]. 

I somer i c  4 -Pheny l -  and 6-Phenylpyr imid ine  1-Oxides (VIc, d and Vc, d). A solution of 1 mmole  of Ic 
or  Id in 3-5 ml  of dioxane was refluxed with 3 mmole  of t r ie thyl  phosphite for  4-7 h (with chromatographic  
monitor ing) .  The solvent  was then evaporated,  and the mix tu res  of i somer i c  pyr imid ine  N-monoxides  (V and 
VI) were  sepa ra ted  by p r e p a r a t i v e  th in - l aye r  chromatography  on s i l ica  gel (elution with acetone); Rf V > Rf V[. 

It is b e t t e r  to c a r r y  out the monodeoxidat ion of Ic, d in dioxane r a the r  than in THF because  of the l imi ted  
solubil i ty of Ic, d in THF.  
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