
Compounds I-XVII were synthesized by the methods in [7-9], and their purity and indi- 
viduality were monitored by thin-layer chromatography. The structures of the substances were 
established on the basis of data from the IR, UV, and PMR spectra. 
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REACTION OF 2,4,6-TRIALKYLPYRIMIDINE 1,3-DIOXIDES WITH ELECTROPHILIC 

REAGENTS 

A. Ya. Tikhonov, L. B. Volodarskii, 
O. A. Vakolova, and M. I. Podgornaya 

UDC 543.422.25.4.6:547.853 

The nitrosation of 2,4,6-trimethylpyrimidine 1,3-dioxide and the bromination of 
2,4,6-trimethyl- and 2-ethyl-4,6-dimethylpyrimidine 1,3-dioxides take place pri- 
marily at the methyl groups in the 4 and 6 positions of the heteroring. In the 
reaction of 2,4,6-trimethylpyrimidine 1,3-dloxide with phosphorus oxychloride 
chlorine is incorporated in the methyl group in the 2 position of the heteroring, 
while in the reaction with acetic anhydride an acetoxy group is incorporated in the 
methyl group in the 2 position and in the 5 position of the heteroring, whereas in 
the case of tosyl chloride a tosyloxy group is incorporated in the 5 position of 
the heteroring. 

Pyrimidine 1,3-dioxides have relatively recently become accessible [i, 2], and virtually 
no study has been devoted to their chemical properties [3]. The reaction of N-oxides of alkyl- 
substituted azlnes with electrophilic reagents takes place both with retention of the oxygen 
atom of the N-oxide group, as, for example, in halogenation and nitrosation, and with the loss 
of the oxygen atom of this group, as, for exampled in acetoxylation and halogenation with phos- 
phorus oxychloride [4]. In the present research we studied the reactions of 2,4,6-trialkyl- 
pyrimidine 1,3-dioxides (Ia, b) with alkyl nitrites, bromine, phosphorus oxychloride, acetic 
anhydride, and tosyl chloride. 

The nitrosation of 1,3-dioxide Ia with ethyl or amyl nitrite in an acidic medium (cf. 
[5]) led to the formation of 4-oximidomethyl-2,6-dimethylpyrimidine 1,3-dioxide (II). The 
nonequivalence of the protons of the two methyl groups (2.39 and 2.62 ppm) in the PMII spectrum 
of II (Table i) and the coincidence of their chemical shifts with the shifts of the protons 
of the corresponding methyl groups in starting 1,3-dioxide Ia (2.31 ppm for 4,6-CH3, and 2.62 
ppm for 2-CHs [2]) indicate that nltrosation took place at the methyl group in the 4 position 
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of pyrimidine 1,3-dioxide Ea. It may be proposed that the oxime group in II has an E con- 
figuration, as in the case of oximes of 2- and 6-formyl-4-phenylpyrlmidlne 1-oxides [6]. 

The reaction of 1,3-dioxlde la with bromine leads to 4-bromomethyl-2,6-dimethyl- (IIIa), 
4,6-bis(bromomethyl)-2-methyl- (EVa), 2,4-bis(bromomethyl)-6-methyl- (V), and 2,4,6-tris- 
(bromomethyl)-pyrimldlne 1,3-dioxlde (VI) (of. [5, 7]). Of the dibromination products (EVa 
and V), the principal product is the 4,6-bis(bromomethyl) derivatives (IVa). Only 4-bromo- 
methyl-6-methyl- (IIIb) and 4,6-bis(bromomethyl)-2-ethylpyrimidine 1,3-dioxlde (IVb) were 
isolated from the products of the reaction of 1,3-dloxlde Ib with bromine. The structures 
of bromo derivatives III-VI are in good agreement with the spectral data and the results of 
elementary analysis of these compounds (Tables 1 and 2). Thus the nonequlvalence of the pro- 
tons of the methyl groups in the PMR spectrum of IIIa made it possible to unambiguously as- 
sign the 4-bromomethyl-2,6-dimethylpyrimldine 1,3-dioxide structure to it (Table i). It fol- 
lows from the PMR spectra of bls(bromomethyl) derivatives IVa and V and trls(bromomethyl) 
derivatives Vl that the signals of the substituents in the 2 position of pyrlmidine 1,3- 
dioxide are found at weaker field than those of the substituents in the 4 and 6 positions. 
A bathochromic shift of the absorption maximum as compared with the UV spectra of starting 
1,3-dioxides Ia, b is observed in the UV spectra of bromo derivatives III-VI (Table 2). 

CH 3 BrCH 2 BrCH 2 BrCH 2 BrCH 2 A ,o A,.o 
C H S A ~ / ~ ' R  BrCH 2 

O O O O 
l a ,  b I l i a ,  b Ira, b v Vl 

CH 3 AcOC.|i 2 

~ ' ~ N  "~O I ~ N  70 

!t C/I~N/..~xC H, R2C H 2 / ~  N//'~CH 2 R l 

N O O 
HO / II VII-IX 

IaR-CHs;bR=CIq2CIta :VIIRI=R2=II ;VIIIRI=H,  R2=CIIaCOO;IXRI=R2=CHaCOO 

The corresponding acetoxymethyl derivatives V~I-IX are formed in the reaction of bromo- 
methyl derivatives IIIa, IVa, and VI with potassium acetate in the presence of a catalytic 
amount of 18-crown-6 in acetonitrile. It should be noted ~hat the singlet of the protons 
of the acetoxy group in the 4 or 4,6 positions of pyrlmidine 1,3-dioxide is found a weaker 
field than the singlet of the same group in the 2 position. This is possibly explained by 
the shielding effect of two N-oxide groups on the acetoxy group that is remote from the 
heteroring. 

The available data on the reactions of pyrimldine N-oxides with acid anhydrides and their 
derivatives are limited [3, 8-10]. In the case of N-monoxides these reactions proceed with 
the formation of a-functional derivatives of pyrimidine [8-10]; however, the reaction of 4- 
phenylpyrimldlne 1,3-dioxlde with acetic anhydride leads to the 8-hydroxy derivative rather 
than to the ~-hydroxy derivative [3]. When 1,3-dioxide Ia is heated with phosphorus oxy- 
chloride in chloroform, it is converted to X with the composition CTH,ClNaO, which corresponds 
to splitting out of one N-oxlde oxygen atom and replacement of a hydrogen atom in starting 
1,3-dloxlde Ia by chlorine. Singlets of protons of two methyl groups at 2.49 ppm, of a 
methylene group at 4.95 ppm, and of an aromatic proton (5-H) at 7.17 ppm are observed in the 
PMR spectrum of X (Table i). However, these data were not sufficient to enable one to choose 
among three isomeric structures for chloromethylpyrlmidine 1-oxide (Xa-c). A comparison of 
the measured dipole moment (~exp 4.56 D) with the calculated data for Xa-c (~ 4.94, 1.64, and 
2.76 D, respectively) made it possible to assign the 2-chloromethyl-4,6-dimethylpyrimidine l- 
oxide structure (Xa) to X. 

In contrast to phosphorus oxychloride, the reaction of 1,3-dioxide la with acetic an- 
hydride leads to the formation of two acetoxy derivatives XI and XII. Intense bands at 1740 
and 1770 cm-1, respectively, which correspond to the stretching vibrations of a C=O bond, are 
observed in the IR spectra of XI and Xll. Data from the PMR spectrum of XI (Table i) made it 
possible to assume that this compound has the 2-acet0xymethyl-4,6-dimethylpyrimidine 1-oxide 
structure. In fact, the reaction of 2-chloromethyl-4,6-dimethy!pyrimidine 1-oxlde (Xa) with 
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TABLE i. PMR Spectra* (6, ppm) of Pyrimidine 1,3-Dioxides and 
Pyrimidine 1-Oxides (I-XI) 

Corn-  
pound 

Ib 

IIIa 
t IIb 

IVa 
IVb 

V 
VI 

VII 

VIII 

IX 

X~ 
XI 

R2 

CH2]" 3,49 
I 
CHa 1,31 
CHa 2,62 

CHa 2,66 
CH/~ 3,41' 
b 
CHa 1,27 

CH3 2,66 
CH2~ 3,4l 

CFIa 1,27 
CH2Br 4,92 
CH2Br 4,90 
CHa 2,86 

CHa 2,82 

CH~ 5,66 
I 
OCOCHa 2,09 
CH2C1 4,95 
CH2 5,24 
I 
OCOCHa 2,12 

R4 j Re 

CH3 2,51 

CH 8,4I 
tl 
NOH 12,28 
CH2Br 4,72 
CH2Br 4,61 

CH2Br 4,74 
C[I~Br 4,64 

CH2Br 4,76 
C}-I2Br 4,77 

C1{2 5,32 
1 
OCOCHa 2,17 

CH2 5,31 
I 
OCOCH3 2,17 
CH2 5,31 
I 
OCOCHa 2,19 

CI{a 2,49 

CH3 2,37 

(2,39) 

(:Ha 2,51 

CHa 2,39 

CHa 2,37 
CHa 2,49 

CH2Br 4,74 
CH~Br 4,64 

CHa 2,41 
CH2Br 4,77 
CHa 2,52 

CH2 5,31 
i 
OCOCHa 2,17 
CH2 5,31 
I 
OCOCHa 2,19 

C}13 2,49 
CHa 2,39 

(2,37) 

5-H 

7,24 

7,77 

7,84 
7,32 

8,09 
7,66 

8,01 
8,24 
7,29 

7,29 

7,40 

7,17 
6,99 

*The PMR spectra of Ib, lllb, IVb, and VlI-Xa in CDCI3, of II, 
Ilia, IVa, V, and VI in (CDs)=SO, and of XI in CCl~ were re- 
corded. 
tj = 7.5 Hz. 

potassium acetate in the presence of 18-crown-6 leads to XI in quantitative yield. It fol- 
lows from the PMR spectrum of XII (in CCI~), in which only singlets of protons of four methyl 
group [2.23 (6H), 2.30 (3H), and 2.57 ppm (3H)] are observed, that this compound has the 5- 
acetoxy-2,4,6-trimethylpyrimldine 1-oxide structure. 

$ $ 

9a • xb xc 

o o o 
Xlll XI Xil Ts=p-CH3C6H4SO2 

In  the case of the reac t ion  of 1 , 3 - d i o x i d e  I a  w i th  tosy l  ch lor ide  the p r i n c i p a l  product 
is  5 - t o s y l o x y - 2 , 4 , 6 - t r i m e t h y l p y r i m i d i n e  1-oxide ( X I I I ) .  S ing le ts  of protons of four  methyl 
groups (2,12, 2.21, 2.50, and 2.56 ppm)and an AB quartet of four Pr0~ons of a phenyl group 
(2H m at 7.46 ppm, 2H o a= 7.87 ppm, JAB = 8.5 Hz) are observed in =he PMR spectrum of XIII (in 
CCI~). 

Thus the direction of the reaction of 1,3-dioxide la with electrophilic reagents, which 
proceeds with splitting out of the oxygen atom of the N-oxlde group, depends on the type of 
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reagent used: A halogen is introduced in the methyl group in the 2 position of the heteroring 
in the reaction with phosphorus oxychlorideD acetoxy groups are introduced in the methyl group 
in the 2 position and in the 5 position of the heterorlng in the reaction with acetic anhy- 
dride, and a tosyl group is introduced in the 5 position of the heterorlng in the case of 
tosyl chloride. 

It might be assumed [4] that the reaction of 1,3-dioxides Ia,b with electrophillc re- 
agents, which proceeds with both the retention and loss of the oxygen atom of an N-oxlde 
group, passes through the intermediate formation of methylldenepyrimidines XIVa,b. However, 
4(or 6)-methylidenepyrlmidine XIVa is evidently less deactivated relative to electrophilic 
attack than 2-methylidenepyrimidine XIVb. Pyrlmidine 1,3-dioxides If-IV with substituted 
alkyl groups in the 4 position of the heteroring are primarily formed in the bromination and 
nltrosatlon of 1,3-dloxldes Ia, b, whereas 2-halomethyl- and 2-acetoxymethylpyrimldine l- 
oxides Xa and XI are primarily formed in the reaction with phosphrus oxychloride and acetic 
anhydride. In the latter case 2-methylidenepyrimidine XIVb undergoes nucleophilic attack by 
the chloride ion or the acetoxy anion rather than electrophilic attack. 

~+ 

II o - s  
f f ~ N  / 

C H 3,J'~-~/.~C H 3 
H'~CH2 ~ O 

xlv  

0 J 

x l v  b 

o 

ll-IV 

CH 3 

CH 3 CH~Nu 

o 
x b ,  xJ 

Several schemes have been proposed to explain the formation of 8-hydroxy derivatives in 
the azlne series [4]; in analogy with these schemes it may be proposed that the formation of 
8-hydroxy derivatives XII and XIII may proceed through both intermediate 1,6-dihydropyrimi- 
dines XV and methylidenepyrimidines XIV with subsequent incorporation of an acyloxy group in 
the 8 position of the pyrimidine ring via a type of allyllc substitution of slgmatropic shift 
of this group from the nitrogen atom. 

I # ~. s C H# r 0 Ms 

L O)'lE+ ~ Xil ( Or XIII) 
XV 

The tendency to form 8-hydroxy derivatives in the reaction of 1,3-dioxides or pyrimidines with 
acylating reagents is possibly associated with additional activation of the 8 position of the 
heteroring by a second N-oxide group. The possibility that activation of the 8 position may 
be intensified by the addition of the electrophile to the second N-oxlde group of the dihydro- 
pyrimidine or methylidenepyrimidine is also not excluded. 

EXPERIMENTAL 

The IR spectra were recorded with a UR-20 spectrometer. The UV spectra of solutions of 
the compounds in alcohol were recorded with a Specord UV-vis speetrophotometer. The PMR 
spectra were recorded with a Varlan A-56-60A spectrometer with hexamethyldisiloxane as the 
internal standard. The experimental dipole moments were calculated by the Guggenheim--Smith 
method [Ii]. The dielectric permeabilities of solutions in benzene were determined at 25~ 
by the heterodyne method with a Tangens apparatus, and the refractive indexes were determined 
with an Abbe refractometer. The theoretical dipole moments for Xa-c were calculated via a 
~N->O 1.62 D [12], ~Csps-Cl 1,87 D [13], ~CHs 0.37 D, ~Cspa-Csp~ 0.70D[13]. iS-Crown-6waspro- 
duced in the chemical-pilot plant of the Novosibirsk lnstltute o~ Organic Chemistry of the 
Siberian Branch of the Academy of Sciences of the USSR was used in the research. 
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4,6-Dimethyl-2-ethylpyrimidine 1,3-Dioxide (Ib). A 3.0-g (0.023 mole) sample of N-(4- 
oximido-2-pentyl)hydroxylamine [14] was added with stirring at a rate proportionate to the 
rate at which it dissolved to a solution of 1.44 g (0.025 mole) of propionaldehyde in 15 ml 
of alcohol. After 2 h, the solvent was evaporated, dioxane was added, and the mixture was 
evaporated again. The residue was dissolved in 200 ml of dioxane, and a suspension of 17.8 
g (0.205 mole) of active manganese dioxide in 50 ml of dioxane [2] was added with stirring. 
After 1 h, the suspension was filtered, the filtrate was evaporated, the residue was tritu- 
rated in ether, and the precipitated Ib was removed by filtration. The yield was 1.48 g. 

4-Oximidomethyl-2,6-dimethylpyrimidine 1,3-Dioxide (II). A 0.l-g (0.65 mmole) sample 
of ia was added at 0QC to a solution of 0.07 g (1.92 mmole) of HC1 in 3 ml of anhydrous 
alcohol, after which a solution of 0.i g (1.33 mmole) of ethyl nitrite in 3 ml of anhydrous 
alcohol was added, and the mixture was stirred at 0~ for 2 h. The precipitated II was 
removed by filtration and washed with alcohol. The yield was 0.07 g. 

Compound II was similarly obtained in 34% yield by nitrosation of la with amyl nitrite 
in methanol. 

Bromoethyl Derivatives of Pyrimidine 1,3-Dioxides (III-VI). A solution of 0.27 g (1.69 
mmole) of bromine in 3 ml of chloroform was added with stirring at a rate proportionate to 
the rate at which the solution became colorless to a solution of 0.2 g (1.3 mmole) of Ia in 
5 ml of chloroform, after which the mixture was diluted with chloroform and washed with an 8% 
solution of sodium carbonate and with water saturated with sodium chloride. The chloroform 
solution was dried over magnesium sulfate and evaporated, and the residue was chromatographed 
with a column filled with silica gel (elution with methylene chloride) to give 40 mg of Vl, 
23 mg of V, 77 mg of IVa, and 60 mg of IIIa, respectively. 

Compounds IVb and IIIb, respectively, were similarly isolated by bromination of 1,3- 
dioxide Ib but in the presence of a catalytic amount of concentrated sulfuric acid and by 
chromatography of the reaction with a column filled with silica gel (elution with chloroform). 

Acetoxymethylpyrimidine 1,3-Dioxides (VII-IX). A catalytic amount of 18-crown-6 was 
added to a suspension of 0.29 g (3 mmole) of potassium acetate in i0 ml of acetonitrile. 
After 15 min, a 0.35 g (1.5 mmole) sample of Ilia was added in small portions, and the sus- 
pension was stirred for 5 h (with chromatographic monitoring). The precipitate was removed 
by filtration, the solvent was evaporated, and the residue was chromatographed with a column 
filled with silica gel (elution with chloroform). This procedure yielded VII as an oil, 
which crystallized when it was triturated in ether. The yield was 0.13 g. 

Compounds VIII and IX were similarly obtained using an appropriate excess of potassium 
acetate and reaction times of 3 and 2 h, respectively. For the isolation of VIII and IX, the 
solvent was evaporated, and the residue was triturated in ether. 

2-Chloromethyl-4,6-dimethylpyrlmidine 1-Oxide (Xa). A solution of 0.71 ml (7.8 mmole) 
of phosphorus oxychloride in i0 ml of chloroform was added to a solution of 1.0 g (6.5 mmole) 
of Ia in i0 ml of chloroform, and the mixture was refluxed for 3 h (with chromatographic 
monitoring). It was then diluted with chloroform and washed with an 8% solution of sodium 
bicarbonate and water saturated with sodium chloride. The chloroform solution was dried over 
magnesium sulfate and evaporated, and the residue was chromatographed with a column filled 
with silica gel (elution with chloroform) to give 0.25 g of Xa. 

AcetoxTpyrimidine 1-Oxide (XI, XlI). A 1.67-g (16.4 mmole) sample of acetic anhydride 
was added to a solution of 0.50 g (3.24 mmole) of Ia in 5 ml of chloroform, and the mixture 
was refluxed for 4 h (with chromatographic monitoring). The solvent was evaporated, and the 
residue was chromatographed with a column filled with silica gel (elution with chloroform) 
to give 0.09 g of XII and 0.12 g of XI, respectively. 

Compound XI was obtained by the reaction of Xa with potassium acetate by the method pre- 
sented above. After 6 days, the precipitate was removed by filtration, the solvent was evap- 
orated, the residue was triturated in ether, and the precipitated XI was removed by filtra- 
tion. The product was obtained in 99% yield. 

5-Tosyloxy-2,4,6-trimethylpyrimidine 1-Oxlde (XIII). A solution of 0.31 g (2.0 mmole) 
of Ia and 0.57 g (3.0 mmole) of tosyl chloride in 3 ml of chloroform was refluxed for 3 h 
(with chromatographic monitoring), after which the mixture was diluted with chloroform and 
washed with 8% sodium bicarbonate solution and water. The chloroform solution was dried over 
magnesium sulfate and evaporated, and the residue was treated with ether. The XIII (0.25 g) 
was removed by filtration. 
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