SYNTHESIS OF SUBSTITUTED 2~ AND 4-HYDROXYAMINOPYRIMIDINES
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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,0~dipyrimidinylhydroxyamines or the corresponding 2- and 4-
hydroxyaminopyrimidines are formed together with 2~ and 4~oxodihydropyrimi-
dines.

The reaction of halopyrimidines with hydroxylamine has been until now little investi-
gated [1]. It is known that with pyrimidine derivatives, not only a nucleophilic substitu-
tion of the chlorine atom [2, 3], but 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 by a 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 ethylcellosclve at 80°C, the main reaction products were 4-oxodi-
hydropyrimidines (Ila,c), while at room temperature, a compound was obtained from chloro=-
pyrimidine (Ia) with an empirical formula C;oH;sNs0, corresponding to hetarylation of
hydroxylamine by two molecules of halopyrimidine. In a similar way, isomeric dipyrimidinyl~
hydroxylamines were obtained from chloropyrimidines Ib,c, with an empirical formula
C22HisNsO. 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 nucleophilic 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,0-disubstituted hydroxylamines are formed
preferentially {7, 8]. The PMR spectra of the first representatives of dipyrimidinylhydroxyl-
amines that we obtained (Table 2) indicate a nonequivalency 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-dipyrimidinylhydroxylamine III, and
rejects the structure of N,N-dipyrimidinylhydroxylamine IV, in which the signals of these
substituents should be equivalent.

In the mass spectrum of compound IIIa, as well as the low-intensity 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,0-diarylhydroxylamines [8], can be assigned to ions of 4-hydroxy- and
4-amino-6-phenylpyrimidines, respectively. Similar fragments were observed in the mass
spectrum of compounds IIIb, and Ilc.

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 em™' (vyy) disappear, an absorption band appears at 1720 em™* (veo),
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while in the 1300-1200 cm * region there are no new absorption bands corresponding to the
stretching vibrations of the (-0 bond. These data correspond to the structure of N-acetyl-
N,0~-di(2-phenyl-6-methyl-4-pyrimidinyl)hydroxylamine (V) for the O-acetyl derivative, vgp 2
1740 em™! should be expected [8-10]).

Compounds IIIa~c are stable in the solid state at room temperature and do not change on
heating in alcohol. Using compound IIla as an example, it was shown that dipyrimidinyl-
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-
hydroxylamines, 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 IIa,b and 4~hydroxyaminopyrimidines VIa,b from com-
pounds Ia,b was observed. A good yield of compounds VIa,b,d was obtained when 4~8-fold
molar excess of hydroxylamine was used. Compound VIc was obtained from Ic in a yield of
34% (307 of oxopyrimidine IIc is formed). The formation of compound Vie could be observed
from the mass spectrum (MT 139) and a qualitative reaction with ferric chloride in mixture
with oxopyrimidine ITe, the main reaction product.

In the reaction of chloropyrimidines la-~e with hydroxylamine, the ratio of compounds
Vla-e and Ila-e formed depends to a certain extent on the nature of the base [KOH, Na,C0j,
N(CzHs)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 VIa-d were obtained, and an increase in the rate of the reaction of chloropyri-
midines Ia~d with hydroxylamine was noted (see methods of preparation C and D for compounds
Via~c). It is possible that triethylamine forms a quaternary salt with chloropyrimidine,
which as known [1l] readily enters nucleophilic substitution reactions.

When hydroxylamine hydrochloride and triethylamine are used, substituted 2-chloropyri-
midines VIIa-c also react with hydroxylamine to form the corresponding substituted 2-hydro-
aminopyrimidines VIIIa-c in good yield.* 2-~Oxodihydropyrimidines IXa-c were isolated in
small ‘amounts.

via-c vma-¢ xa-¢
VI[—]X 8 R=R'= CHa,b R=H; R'=CsH;s, ¢ R=R!'=C¢H;

In contrast with compounds Ia-~d and VIIa-c, in the reaction of chloropyrimidine Ie with
free hydroxylamine under all the above discussed conditions, hydroxyaminopyrimidine Vie was
obtained in appreciable yields, and the main reaction product was oxopyrimidine ITe. It was
also found that under the above conditions, oxopyrimidines Ila-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 VIIIa by the reaction of chloropyri-~
midines with hydroxylamine at a 1:10 ratio of the reagents [3].

1233



TABLE 1. Characteristics of Compounds Obtained

- |Method of b o Calculated, |&
gg&d preparation mp, °C 2= Found, % | prnpirical |of 3
(time, h) 79 formula v =
aal C H N Cc H N |~
i , >
Eg
=8
Ila A (480) 194—197 341170,21 4,6 1202] CypHsNsO |70,4| 4,4 |20,5] 47
I} A (648) 182—195* 369 — | —| — — T2 89
[tIc A (480) 169—171 369]71.61 521189 CouH,eN;O 715 5111891 58
v — 174177 — 16991 5,1 117,01 CyHyNsO |70,0 5,1 {17,0] 27
Vial "¢ (6) 195—196 187164,3( 5,0 123,1| C,,HoN,O |642]4,9{224] 70
D (1 96
Vib C (8)) 139140 201165,4| 5,5 |20,8f C;H,;N;O {657} 5,5 120,9| 67
D (2) 75
g () 34
Vic| ¢ (720) 153—155 201 165,91 5,6 120,4] CiHuNsO |657) 55 (20,9] 34
D (2) 75
VId D (8) 143—145 263{73,01 5,1 {16,1] CisHN;O |73.0]5.0!159] 91
Vie| p () <10
E (1) 198—202 ¥39151,3] 6,5 |30,3] CeHoNsO 151,81 6,5 ]30,2|" 43
(198—200 [3)) :
Villa| D (3.5) 211216 e — —|—1]—1 68
(207—210(3} .
VIIIb D (3) 155—157 187§64,3| 4,6 {22,7] CioHoN;O 164,2] 49 {22,4| 57
Vilic D (5) 177—179 263)72,5] 5,1 116,01 C,eH;sN;O |73,0] 5,0 |15,91 50
*Analytically pure sample could not be obtained because of
insufficient stability.
TABLE 2. Spectral Data of Synthesized Compounds
L]
Compound UV spectrum, PMR spectrum,” §, ppm
Amaxe nm (log €}
5-H** (2-H) CH;s CHarom
11la 266 (4,58}, 340 sh 6,99; 7,82 — 7,22—7,79 (10H)
(3,81) {8,82; 9.02)
111b — 6,66; 7,16 2,36; 7,23—7,56; 7,56--8,13
2,56 | (6:4)
Ile 268 (4,58), 340 sh 6,69; 7,66 2,42; 7,79—7,63; 7,84—8,26
(3.87) ' 2,72 (6:4)
v — 6,83; 7,70 2,40; 7,29—7,63; 7,84—8,26
\ . 2,53; | (6:4)
2,57
Via 248 (4,54), 300 (3,66) 7,22 - 7,36—7,69; 7,89-—8,29
(8,59) (3:2)
Vb 246 (4,44), 275 (3.87) 6,59 2,47 731—7,61; 8,19-—8,51
(3:2)
Vic 246 (4,39). 294 sh 7,22 249 |7,39—7,69; 8,08—829
(3,68) (3:2)
vid 255 (4,66), 305 sh — _
(3,69)
Vie 242 (4,12), 270 sh 6,49 2,16; —
(3,79) 2,32
Vilila — 6,45 2,22%%x
Viilb — — 6932—7 ,50; 750—810
(4:2)
Viile — — 6,90—7,43; 7,43—7,93
. 4:2)

#Solvent for compounds IIla,b, VId,e, VIIIa-c) CF3COOH, for
IIIc, V) CDCls, for VIa,b) DMSO~Ds, and for VIc) (CDs)2CO.
**The 5-H signal of compounds VIIIb,c coincides with the aro-
matic protons region.

*k*Intensity of 6-H signal.

products of a hydrolytic splitting of chloropyrimidines Ia-e and VIIa-c and hydroxyamino-
pyrimidines VlIa-e and VIIIa-c.

In nucleophilic substitution reactions, free hydroxylamine is usually used [1, 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 VIb,e. The yield of compound VIb was thus somewhat lower than in
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the case when free hydroxylamine was used, while the yield of compound VI considerably
increased.

Hydroxyaminopyrimidines VIa-e and VIIIa~-c in the sclid state are stable compounds, give
an intense color with ferric chloride and have absorption bands in the IR spectrum in the
3600-3200 cm™ * region, characteristic of compounds with strong intermolecular hydrogen bonds.

Similarly to the arylation of N-substituted hydroxylamines [6~8], hydroxyaminopyrimi-
dines veact with chloropyrimidines. Compound VIb reacts at room temperature with chloro-
pyrimidine Tb with the formation of N,0-dipyrimidinylhydroxylamine 1IIb, which indicates a
higher nucleophilicity of the oxygen atom in hydroxyaminopyrimldlnes, compared with phenyl—
hydroxylamine [8].

EXPERIMENTAL

The IR spectra were vecorded onm a UR-20 spectrophotometer in RBr tablets (¢ 0.25%) or
in solutions, the PRM spectra on a Varian A 56/60 spectrometer, using HMDS as an internal
standard, and the mass spectra on a MS-902 spectrometer at 14 and 70 eV. The compounds
were identified by comparison according to TLC on Silufol UV-254 plates (eluent chloroform),
melting points and IR spectra.

Reaction of Halopyrimidines with Bydroxylamine. A. A 10 ml portion of an alcoholic
solution of hydroxylamine, obtained by neutralization of an alcoholic solution of 0.7 g
(100 mmoles) of NH OH+HC1l by an alcoholic solution of 0.6 g {10 mmoles) of KOH or 1.0 g of
Na;C0s, is added to a solution of 5 mmoles of substituted 4-chloropyrimidine Ia-c¢ in 20 ml
of alcohol, and the reaction mixture is left to stand at 20°C for 20-27 days. The preci-
pitate that separates is filtered to yield vompound IIIa-c. The compound is reprecipitated
from an aleoholic solution of NaOH by addition of acetic acid (Table 1).

B. An alcoholic solution of 5 mmoles of compounds Ta,c and 10 mmoles of NH,0H, obtained
as described above, is boiled for 5 h. The solution is cooled and the crystals that preci-
pitate are filtered to yield compounds Ila,r.

C. A 25 mmole portion of chloropyrimidine Ia~c is added to 150 ml of a NH;0H solution,
obtained as described above from 13.5 (200 mmoles) of NH,OHeHC1l, and the solution is boiled
(for Ia,b) or allowed to stand at 20°C (for Ic). The solvent is distilled in vacuo, the
s0lid residue is extracted by ether (460 ml), ether is evaporated, and the residue is re-
crystallized from benzene to yield vompound Via-c (Table 1).

D. A solution of 20 mmoles of chloropyrimidine la-e or VIIa-c, 80 mmoles hydroxyla-
mine hydrochloride, and B0 mmoles of triethylamine in 20 ml of alcohol is boiledupto
the disappearance of the initial chloropyrimidine in the reaction mixture (according to TLC).
The solution is evaporated, 30 ml of z saturated sodimm bicarbonate solution are added to
the residue, and the mixture is extracted by ether (4460 ml). The ether extract is dried
and evaporated to yield hydroxyamincvpyrimidines Via-d or VIIIa~c. The crystals insoluble
in ether are filtered and dried to yield oxodihydropyrimidines IIla-e or IXa-c (yield, Z:
Ila — traces, IIb— 11, IIc— 30, IId — 8, Ile — 40).

E. A solution of 20 mmoles of chloropyrimidine Ib,e and BO mmples of NH,OHeCHL in
20 ml of alcohol is boiled. The =mclution is evesporated; for the starting Ie, the precipi=-
tate is washed with 30 ml of a saturated sodium bicarbonate solution to yield compound Ve;
for the starting Ib, the reaction mixture is treated as in method D.

N-Acetyl-N, 0-di (2~phenyl=6-methyl-d-pyrimidinyl)hydroxylamine (V). A 0.13 g portion
(1.3 mmole) of triethylamine is added to a suspemsion of 2.37 g (1.0 zzole) of compound
IIIb in 10 ml of dry dioxanme, and then a solutiom of 0.1 g (1.3 mmole) of acetyl chloride
in 10 mi of dry dioxane is added dropwise. The reaction mixture is stirred at 20°C for 5 h,
the precipitate filtered, the filtrate is evaporated, and the residue is washed with 20 ml
of water and 20 ml of ether to yield 0.1 g (277) of Ne~acetyl derivative V.
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6-AMINOPYRIMIDINE 1-OXIDES. ACYLATION AND METHYLATION

V. F. Sedova and V. P. Mamaev UDC 547.853.81:542.
951:543,422

Acylation of 6-aminopyrimidine l-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 [1, 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 l-oxides on acylation and methylation.

The starting materials used were the 6-aminopyrimidine l-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 SyH, 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 informatiom, it was assumed that the ring nitrogen atom in
the a-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 l-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 [10]. The structure of (IIa) is evidently analogous to that of (IId), since the
introduction of the CHs group has no effect on the course of the oxidation [11]. When a
phenoxy-group is present in diazines, oxidation of the nitrogen remote from this substituent
takes place [11], and consequently in the case of (Ic), the N-oxide (IIc) is evidently
formed.
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