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The reaction of 2- and 4-chlorine-containing alkyl(aryl)pyrimidines with hy- 
droxylamine was studied. It was shown that, depending on the amount of hy- 
droxylamine, N,O-dipyrimidinylhydroxyamines or the corresponding 2- and 4- 
hydroxyaminopyrlmidines are formed together with 2- and 4-oxodihydropyrimi- 
dines. 

The reaction of halopyrlmidines with hydroxylamine has been until now little investi- 
gated [I]. It is known that with pyrimidine derivatives, not only a nucleophilic substitu- 
tion of the chlorine atom [2, 3], hut also a more complex reaction course with formation of 
2-aminopyrimidine-N-oxide, is possible [2], while in the case of 4-chloro-2,6-dimethoxypyri- 
midine, the reaction with hydroxylamine does not occur [4]. 

We were interested in the derivatives of hydroxyaminopyrimidines as compounds with 
potential pesticidal activity [5]. It was therefore important to have suitable methods of 
synthesis of hydroxyaminopyrimidines and to know the factors promoting or hindering the 
nucleophilic substitution of halogen bya hydroxyamino group in pyrimidine derivatives. In 
the present work, we studied the behavior of halogen-containing alkyl(aryl)pyrimidines in 
reaction with hydroxylamine. 

The reaction of 4-chloropyrimidines (Ia,c) with a twofold excess of hydroxylamine did 
not lead to the formation of the expected 4-hydroxyaminopyrimidines. When the reaction was 
carried out in alcohol or ethylcellosolve at 80@C, the main reaction products were 4-oxodi- 
hydropyrimidines (IIa,c), while at room temperature, a compound was obtained from chloro- 
pyrimidine (la) with an empirical formula C2oHlsNbO, corresponding to hetarylatlon of 
hydroxylamine by two molecules of halopyrimidine. In a similar way, isomeric dipyrlmldinyl- 
hydroxylamines were obtained from chloropyrimidines Ib,c, with an empirical formula 
C22H~gNsO. In all cases, small amounts of 4-oxopyrimidines II were also isolated. 

It is known that alkylation and arylation of N-monosubstituted hydroxylamines usually 
proceed at the more nucleophilie nitrogen atom, and lead to the formation of N,N-disubsti- 
tuted hydroxylamines [6]. However, in the case of the presence of an acceptor substituent 
at the N atom of monosubstituted hydroxylamines (the azinyl or dinitrophenyl groups), the 
oxygen atom becomes more nucleophilic, so that N,O-disubstituted hydroxylamlnes are formed 
preferentially [7, 8]. The PMR spectra of the first representatives of dipyrimldinylhydroxyl- 
amines that we obtained (Table 2) indicate a nonequlvalency of the pyrimidinyl substituents 
(two different signals of the CH, groups or protons at the 2- and 5- positions of the pyrimi- 
dine ring), which corresponds to the structure of N,O-dipyrlmidinylhydroxylamine III, and 
rejects the structure of N,N-dipyrimidinylhydroxylamlne IV, in which the signals of these 
substituents should be equivalent. 

In the mass spectrum of Compound IIIa, as well as the low-lntensity peak of the molecular 
ion (M + 341), there are strong peaks at m/z 172 and 171 which, analogously with mass spectro- 
metric data for N,O-diarylhydroxylamlnes [8], can be assigned to ions of 4-hydroxy- and 
4-amlno-6-phenylpyrimidlnes, respectively. Similar fragments were observed in the mass 
spectrum of compounds IIIb, and IIc. 

After treatment of compound IIIb with acetyl chloride, a monoacetyl derivative is 
obtained, in the IR spectrum of which, in comparison with the starting compound, the absorp- 
tion bands at 3500-3200 cm -~ (VNH) disappear, an absorption band appears at 1720 cm -~ (vco), 
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while in the 1300-1200 cm-* region there are no new absorption bands corresponding to the 
stretching vibrations of the C--O bond. These data correspond to the structure of N-acetyl- 
N,O-di(2-phenyl-6-methyl-4-pyrlmidinyl)hydroxy!amine (V) for the O-acetyl derivative, vco z 
1740 cm -~ should be expected [8-10]). 

Compounds llla-c are stable in the solid state at room temperature and do not change on 
heating in alcohol. Using compound llla as an example, it was shown that dipyrimldlnyl- 
hydroxylamines do not change on boiling in alcohol in the presence of hydroxylamine, but in 
an acid-alcoholic solution are hydrolyzed to oxopyrimidines II. Along with other aryl- 
hydroxy!amines, they are only slightly stable in alkaline media. 

When the amount of free hydroxylamine is increased in the reaction mixture, the forma- 
tion of a mixture of 4-oxypyrimidines lla,b and 4-hydroxyaminopyrimidines Vla,b from com- 
pounds la,b was observed. A good yield of compounds Vla,b,d was obtained when 4-8-fold 
molar excess of hydroxylamine was used. Compound Vlc was obtained from Ic in a yield of 
34% (30% of oxopyrimidine ilc is formed). The formation of compound Vle could be observed 
from the mass spectrum (M + 139) and a qualitative reaction with ferric chloride in mixture 
with oxopyrimidine lle, the main reaction product. 

In the reaction of chloropyrimidines la-e with hydroxylamine, the ratio of compounds 
Vla-e and lla-e formed depends to a certain extent on the nature of the base [KOH, NaaCOs, 
N(C2Hs)s], used for obtaining the free hydroxylamine from its hydrochloride. The most 
suitable base was found to be triethylamine. When it was used, high yields of hydroxyamino- 
pyrimidines Vla-d were obtained, and an increase in the rate of the reaction of ehloropyri- 
midines la-d with hydroxylamine was noted (see methods of preparation C and D for compounds 
Vla-c). It is possible that triethylamine forms a quaternary salt with chloropyrimidine, 
which as known [ii] readily enters nuc!eophilic substitution reactions. 

%~en hydroxylamine hydrochloride and triethylamine are used, substituted 2-chloropyri- 
midines Vlia-c also react with hydroxylamine to form the corresponding substituted 2-hydro- 
aminopyrimidines Vllla-c in good yield.* 2-Oxodihydropyrimidines IXa-c were isolated in 
smalliamounts. 

R R R 

N NH20 H , ,~'~ N >'~ NH 

R ~ XCl R ~ N/-~'- NHOH R ~ 

VIIa- C vIII~-C IXa-C 

VII--IX a R=R'=CH3, b R=H; R'=C~Hs, c R=R'=CsH~ 

In contrast with compounds la-d and Vlla-c, in the reaction of chloropyrimidine le with 
free hydroxylamine under all the above discussed conditions, hydroxyaminopyrimidine Vle was 
obtained in appreciable yields, and the main reaction product was oxopyrimidine lle. It was 
also found that under the above conditions, oxopyrimidines lla-e and IXa-c are not the 

*After the experimental part of this investigation was completed and prepared for printing, 
a report appeared on the synthesis of compounds Vie and Villa by the reaction of chloropyri- 
midines with hydroxylamine at a !:i0 ratio of the reagents [3]. 
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TABLE i. 

Corn- 
pound 

IIIa 
I l lb 
IIIc 
V 

Via 

VIb 

VIe 

VId 
Vie 

VIIIa 

Characteristics of 

Method of 
[ preparation 

I (t ime, h) 

I 
A (480) 
A (648) 

(480) 

�9 C (6) 
D (1) 
c (8) 

D (2) 
D (8) . 

(1)  
E (l)  

153--155 

rap. "C I 

194--197 341 
182--195" 369 
169--171 369 
174--177 
195--196 187 

139--140 201 

201 

143--145 

D (3,5) 

VIIIb D (3) 
V I I I e  D (5) 

198--202 
:198--200 [3}) 
211--216 

(207--2 t0(31) 
155--157 
177--179 

*Analytically pure sample 
insufficient stability. 

263 

139 

187 
263 

Compounds Obtained 

Found.% 

cHIN�9 
70.21 4,6 120,2 

71.61 5,2 18,9 
69,91 5,1 17,0 
64,31 5,0 23,1 

65,41 5,5 20,8 

65,91 5,6 120,4 

73.01 5,1 16,1 

51,31 6,5 30,3 

64,31 4,6 22,7 
72.51 5,I 16,0 

Empirical 
formula 

C=oH,~NsO 

C22HIgN~O 
C=~H21NsO 
CIoHgN30 

C11H.NaO 

C.H.N30 

C,BH,aNaO 

C~HgNaO 

CIoHgNaO 
Ci6HlaNaO 

j ~?Iculated, 

[i 
70,4 4,4 20,5 

71,5 5,1 !18,9 
70,0 51 i17,0 
64,2 4,9 !22,4 

65,7l 5,5 20,9 

65,7 5,5 20,9 

73,0 5.0 15,9 

51,8 6,5 30,2 

64,2 4,9 22,4 
73,0 5,0 15,9 

1 
47 
59 
58 
27 
70 
96 
67 
75 
34 
34 
75 
91 

SIO 
43 

68 

57 
5O 

could not be obtained because of 

TABLE 2. Spectral Data of Synthesized Compounds 

Compound 

Illa 

l l Ib 

IIIc 

V 

Via 

VIb 

VIc 

VId 

Vie 

VIIIa 
VIIIb 

VIIIe 

UV spectrum, 
kmax, nm (log z) 

266 (4,58), 340 sh 
(3,81) 

268 (4,58), 340 sh 
(3,87) 

248 (4,54), 300 (3,66) 

246 (4.44), 275 (3,87) 

246 (4,39), 294 sh 
(3,68) 
255 (4,66), 305 sh 
(3,69) 
242 (4,12), 270 sh 
(3,79) 

PMR spectrum.* 6. ppm 

5-H** (2-H) 

6,99; 7,82 
(8,82; 9.02) 
6,66; 7,16 

6,69; 7,66 

6.83; 7,70 

7,22 
(8,59) 
6,59 

7,22 

6,49 

6,45 

CH3 

2,36; 
2,56 
2,42; 
2,72 
2,40; 
2,53; 
2,57 

2,47 

2,49 

2,16; 
2,32 

CHa rom 

7,22--7,79 (10H) 

7.23--7,56; 7,56--8,13 
(6 : 4) 
7,79--7,63; 7,84--8,26 
(6:4) 
7,29--7,63; 7,84--8,26 
(6 : 4) 

7,36--7,69; 7,89--8,29 
(3 : 2) 
7,31--7,61; 8,19--8,51 
(3 : 2) 
7,39--7,69; 8,08--8,29 
(3:2) 

2,22"**[ 
-- 6,93--7,50; 7,50--8,10 

(4 : 2) 
-- 6,90--7,43; 7,43--7,93 

(4:2) 

*Solvent for compounds llla,b, Vld,e, Vllla-c) CFaCOOH, for 
lllc, V) CDCIa, for Via,b) DMSO-D6, and for Vlc) (CD3)2CO. 
**The 5-H signal of compounds Vlllb,c coincides with the aro- 
matic protons region. 
***Intensity of 6-H signal. 

products of a hydrolytic splitting of chloropyrimidines la-e and Vlla-c and hydroxyamino- 
pyrimidines Vla-e and Vllla-c. 

In nucleophilic substitution reactions, free hydroxylamine is usually used [i, 2, 6]. 
It is known that in the case of 2-dialkylamino-4-chloropyrimidine, the reaction was suc- 
cessfully accomplished by reacting the latter compound with hydroxylamine hydrochloride 
[12]. Compounds Ib,e also react with hydroxylamine hydrochloride to form the corresponding 
hydroxyamino derivatives Vlb,e. The yield of compound Vlb was thus somewhat lower than in 
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the case when free hydroxylamine was used, while the yield of compound Vl considerably 
increased. 

Hydroxyaminopyrimidines Vla-e and Vllla-c in the solid state are stable compounds, give 
an intense color withferric chloride and have absorption bands in the IR spectrum in the 
3600-3200 cm - z  re~ion, characteristic of compounds with strong intermolecular hydrogen bonds. 

Simil~rly~o the arylation of N-substituted hydroxylamines [6-8], hydroxyaminopyrimi- 
dines react with chloropyrimidines. Compound VIb reacts at room temperature with chloro- 
pyrimidi~e lb with the formation of N,O-dipyrimidinylhydroxylaminellIb, which indicates a 
higher nncleophilicity of the oxygen at~min hydroxyamlnopyrimidines, compared with phenyl- 
hydroxylamine [8]. 

EXPERIHEiVIAL 

The IRspectra were rec~r~led~aa UR-20 spectrophotomet~r in KBr tablets (c 0.25%)or 
in solutions, zhe PRM spectra on a VazianA 56/60spectrometer, using HMDS as an internal 
standard, and the mass spectra on a HS-902 spectrometer at 14 and 70 eV. The compounds 
were identified 5y comparison ac~rdin~ t O  T L C  ~ Silmfol LrV'254 ~lates (eluent chloroform}, 
~ting points and IRspectra. 

Reaction of Halopyri=idi~es~ith BydTo~l~rm. A. A I0 ml portion of an alcoholic 
solution of hydroxylamine, obtained by neutralization of an alcoholic solution of 0.7 g 
(i00 mmoles) of NH=0H*HCI by an alcoholic solution of 0.6 g (!0 mmoles) of K0H or 1.0 g of 
Na2C0s, is added tO a solution of 5~moles of substituted 4-chloropyrimidine Ia-c in 20 ml 
of alcohol, and the reaction mixture is left to stand at 20~ for 20-27 days. The preci- 
pitate that separates is filtered to yield compound IIIa-c. The compound is reprecipitated 
fro~ an alcoholic solution of ~a0~hy addition of acetic acid (Table I). 

~. An alcoholic solution of 5~moles of c~mpo~rnds Ia,c and I0 mmoles of NHa0H, obtained 
as described above, is boiled for 5 h. T~esolz~i~a is cooled and the crystals that preci- 
pitate are filtered to yield compounds IIa, n. 

C. A 15m mole portion of chloropyrimidi~e la-c is added to 150 ml of a NH20H solution~ 
obtained as described above from 13.9 (200 m moles) of NHa0H-HCI, and the solution is boiled 
(for Ia,b) or allowed to stand at 20~ (for Ic). The solvent is distilled in vacuo, the 
solid residue is extracted by e~her (4"60~L~), ~ther is evaporated, and the residue is re- 
crystallized from benzene to yield compound VI~-n (TaDle I). 

D. A solution o~ 20 mmoles o~ chloropyrimidine la-e or Vile-c, 80 mmoles hydroxyla- 
mine hydrochloride, and B0 ~,,oles of triet~y!ami~e in 20 ml of alcohol is boiled up to 
the disappearance of the initial chloropyrimidine in the reaction mixture (according to TLC). 
The solution is evaporated, 30 ml of a saturated sodi=mbicarbonate solution are added to 
the residue, and the m~ixture is e~tracted 5y ezaher (4-60mi). The ether extract is dried 
and evaporated to yield hydroxyaminDpyrimidines VIa-d or VIIIa-c. The crystals insoluble 
in ether are filtered and dried to yield oxodihydropyr+m~d~-es IIa-e or IXa-c (yield, %: 
IIa-- traces, IIb-- ii, IIc-- 30, IId-- 8, IIe-- 40). 

E- A solution of 20~m~les of chloropyrimidine Ib,e and 80 mmoles of NH20H,CHI in 
20 ml OT alcoho I is boiled. The sm/nT/~ais evaporated; for the starting Ie, the precipl, 
take is washed with 30 ml of a saturated sodium b~rbonate solution to yield compound Vie; 
for the starting Ib, the reaction mixture is treated as in method D, 

N-AcetTI-N,0-di(2-phenyl-6-methyl-4-pyr~midinyl)hydroxylamine r A 0.13 g portion 
(1.3 mmole) of triethylamine is added to a suspension of 0.37 Z (I.0 ==.ole) cf compound 
IIIb in I0 ml of dry dioxame, and then a solution of 0.1 g (1.3 mmole) of acetyl chloride 
in 10 ml of dry dioxane is added dropwise. The rea=tlon mixture is stirred at 20~ for 5 h, 
the pr~ipitate filtered, the filtrate is evaporated, and the residue is washed with 2Oml 
of ~er and 20m!ofetherto yield 0.! E (27%) of.%~a~.~ derlvat~ve V. 
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6-~MINOPYRIMIDINE 1-OXIDES. ACYLATION AND METHYLATION 

V. F. Sedova and V. P. Mamaev UDC 547.853.81:542. 
951:543.422 

Acylation of 6-aminopyrimidine 1-oxides gives both O- and N-acylation products, 
but with methylating agents only O-alkyl derivatives are obtained. 

Aminopyrimidine N-oxides, which display interesting biological activity [i, 2], remain 
a little-known group of compounds. Reports of methods of synthesis and the chemical proper- 
ties of these compounds are few in number, the most accessible compounds being the oxides 
of di- and triaminopyrimidines [1-4]. Continuing a study of the effects of the N-oxide 
group on the reactivity of the amino-group in pyrimidines [5], we have examined the behavior 
of 6-aminopyrimidine 1-oxides on acylation and methylation. 

The starting materials used were the 6-aminopyrimidine 1-oxides (lla-d), obtained by 
oxidizing the 4-amino-compounds (Ia-d) in various ways. Oxidation of the amino-N-oxides 
(IIa-c) with perbenzoic acids gave yields of up to 40% without the formation of by-products. 
The use of mixtures of acetic acid and hydrogen peroxide or hydrogen perioxide and sodium 
tungstate [5] was of little use in the synthesis of (II), low yields being obtained and the 
reaction mixtures being complex as a result of extensive destructive oxidative degradation 
of the aminopyrimidine starting materials. In the IR spectra of (IIa-d), as reported in 
the literature [6], VN-~ 0 absorption was present at 1225-1180 cm-*, together with 6h~ 2 at 
1665-1630 cm -~ using different methods of oxidation. Only one of the two possible isomeric 
pyrimidine N-oxides was obtained. 

On the basis of literature information, it was assumed that the ring nitrogen atom in 
the ~-position to the amino-group was oxidized [7], this being the more basic. In the case 
of (IIb), this was confirmed by the fact that in the PMR spectrum the signals for the 2-H 
and 4-H protons were singlets, whereas in the isomeric 4-amino-5-phenylpyrimidine 1-oxide 
doublets would be expected With J = 2 Hz [8, 9]. Compound (IId) differed from 4-amino-6- 
phenylpyrimidine, the preparation of which by a different method has been described in the 
literature [i0]. The structure of (IIa) is evidently analogous to that of (IId), since the 
introduction of the CH3 group has no effect on the course of the oxidation [ii]. When a 
phenoxy-group is present in diazines, oxidation of the nitrogen remote from this substituent 
takes place [Ii], and consequently in the case of (Ic), the N-oxlde (IIc) is evidently 
formed. 
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