4,4-Dibromo-3,5-dimethyl-4H-pyrazole 1,2-Dioxide (VIII). An agueous solution of 3.0 g (23.4 mmole)
of dioxime VII was added dropwise with stirring to a cooled ¢o —5°) solution of 15.9 g (93 mmole) of bromine
in 75 ml of 10% sodium hydroxide solution., The resulting precipitate was removed by filtration and washed
with water and petroleum ether.

4-0x0~-3,5-dimethyl-4H-pyrazole 1,2-Dioxide (IX). A suspension of 0.2 g {0.7 mmole) of VIII in 5 ml of
alcohol was heated to the boiling point, after which the solvent was evaporated, the residue was triturated with
a small amount of cold water, and the solid material was removed by filtration to give 0.053 g (52%) of a prod-
uct with mp 108-110° [from alcohol —ether (1:10)] (mp 109-110° [6]).

Oxidation of 1,3-Dioxime VII under Alkaline Conditions. An alkaline solution of VII was added under
the conditions of the preparation of VIII, and the precipitated VIII was removed rapidly by filtration and washed
with cold water and petroleum ether to give the product in 12% yield. The aqueous filtrate was neutralized to
pH ~4 and extracted with chloroform. The extract was washed with water and dried with magnesium sulfate,
and the solvent was evaporated. The residue began to crystallize when it was treated with diethyl ether, and
the precipitated IX (11% yield) was removed by filtration.

Only IX was obtained in 5% yield under the same conditions after the addition of an alkaline solution of
dioxime VII, except that the mixture was allowed to stand at 0° for 20 min.
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REACTION OF 1,3-HYDROXYLAMINO OXIMES
WITH FORMALDEHYDE, ACETALDEHYDE, AND ACETONE
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The products of condensation of 1,3-hydroxylamino oximes with formaldehyde have 1-hydroxy-
1,2,5,6-tetrahydropyrimidine 3-oxide (cyclic form) structures, the products of condensation
with acetone have N-(3-oximino-substituted)-a.o-dimethylnitrone (open form) structures, and
the products of condensation with acetaldehyde exist in solution in the form of a tautomeric
mixture of the open and cyclic forms. The products of condensation of alkyl-aromatic 1,3-
hydroxylamino oximes with acetaldehyde have N-(3-oximino-substituted)-a-nitrone (open
form) structures.

It is known that the reaction of 1,2-hydroxylamino oximes with aliphatic aldehydes and ketones leads to
the formation of aliphatic N-(2~oximino-substituted)nitrones, 1-hydroxy-3-imidazoline 3-oxides, or their
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TABLE 3. Data from the PMR Spectra [6, ppm (J, Hz)} of the Prod-
ucts of Condensation with Acetone?
R R

[ H
R—C—CH—CH—N=c{

Il"l [ 3 } \CH3

) o]
OH
Compound R! \ R? a-H B-H \ R® =(CHa)>
X CH; 1,87 H 2,78 (7,6} Ré=H 4,14 (7.6) 2,14
XIIT CH; 1,83 CH3 1,09 Hx 3,22 Ha 3,87 ‘ Hg 4,07 2,13,2,15
(7,0) (7.0}
JA_\;=8,0‘, Jﬁx=5,5; fAB=12,0
syn CH; 1,83 H 2,72 (7,0) 4,97 iCHS 1.37 2,14
XVIb (6,5; 7,0) (6,5)
anti CH; 1,83 Hi2,41 He 2,93 Hx 4,71 CH, 1,37 2,14
. (6.5) (6,5)
JAB=15,5; J_-\X=5,0; JBXSB,O

XXI [cts73—75| H 332 72) | R=H 419 (72) 2,01, 2,00
XXV CeHs7,2—7,6] CH,€ 1,09 |R:=H 3,6—4,7 2,06,2,12.
1,37
(6,0)

aThe spectra of X, XII, XVI, and XXV in CDCl; and of XXI in CD;0OD
were recorded.

The assigned chemical shifts and constants were obtained from anal-
ysis of the nuclear magnetic double resonance (NMDR) spectra; the
syn/anti ratio was ~2:3.

CThe constants correspond to two isomeric oximes (syn and anti) in a
ratio of ~1:1,

tautomeric mixture {1]. In the case of 1,3-hydroxylamino oximes [2, 3] this sort of reaction has made it pos~
sible to obtain 1-hydroxy~1,2,5,6-tetrahydropyrimidine 3-oxides, which are of interest as starting compounds
for the synthesis of difficult-to-obtain pyrimidine N,N'-dioxides.*

The reaction of 1,3-dihydroxylamino oximes I-VII with formaldehyde, acetaldehyde, and acetone leads to
substances whose compositions correspond to products of condensation involving the splitting out of a water
molecule (VIII-XXIV). An intense band at 1595-1651 cm ™! (Table 1) corresponding to the stretching vibrations
of the C=N bond in nitrones [5, 6] is observed in the IR spectra of these compounds. Absorption with Amax
282 and 267 nm, respectively, is observed in the UV spectra of the products of condensation (XIX and XXT1I) of
alkyl-aromatic 1,3~hydroxylamino oximes VI and VII with formaldehyde (Table 1); this indicates the presence
of a phenylnitrone grouping [5] and makes it possible to assume 1~hydroxy~4-phenyl- and 1-hydroxy-5-methyl-
4~phenyl-1,2,5,6-tetrahydropy rimidine 3-oxide structures for XIX and XXII. The PMR spectrum of XIX (Table
2) is in agreement with a tetrahydropyrimidine structure.

The UV spectra of VIII-XVIII are very similar to one another [Amax 232-239 nm (log & 3.90-4.06), Table
1] and similar to the UV spectra of aliphatic nitrones [5, 7]; this does not make it possible to choose between
the open structure of the aliphatic N-(3-oximino-substituted)nitrone (VIIIA-XVIITA) and the cyclic structure of
1-hydroxy-1,2,5,6-tetrahydropyrimidine 3-oxide (VIIIB-XVIIB).

Illl |I‘3 0=C/R: 'R’J []{1 RS R‘ R3
R!-—%—-CH—?——NHOH —_— RI.—.%_CH__(':_sj:C<R — NS
N R N ‘0 0~ g(ks “ou
OH on

-V A VHI-XXIV B
1T R'=CHg; IIT R'=R?=CHjs; IV R'=R=CH,; VR!=R%= ¢=CHs; VIR!=CqHs; VIIR!I=
=CsHs, R?2=CHj; unspecified R=H. See Table 1 for R= VII[-XXIV.

*See [4] for our preliminary communication,
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Signals whose positions indicate that these compounds have a 1-hydroxy-1,2,5,6-tetrahydropyrimidine
3-oxide structure (cyclic form B) are observed in the PMR spectra of the products of condensation of 1,3-
hydroxylamino oximes TI-VI with formaldehyde (IX, XI, XIV, XVII, and XIX) (Table 2). The signals of the pro-
tons of the methylene group in the 2 position of the heteroring are observed at 4.2-4.7 ppm, but signals for the
protons of the methylenenitrone group of open form A (O~N=CH,, R’ =R®=H), which might have been expected
at 6,0-7.0 ppm [8], are absent.

On the other hand, the products of condensation of 1,3-hydroxylamino oximes II-TV, VI, and VII with
acetone have an N-(3-oximino-substituted-o,c-dimethylnitrone structure (form A)., In the PMR spectra of
these compounds (X, XIII, XVI, XXI, and XXIV, Table 3) the signals of the protons of an ¢,0~dimethylnitrone
group are observed at 2.0-2.2 ppm, and signals of protons of methyl groups for cyclic form B (R5=R6=CH3),
which might have been expected at 1.4-1.6 ppm [9, 10], are absent. A band at 1655-1662 em-1 (Table 1, X,
XIII, and XVI) corresponding to the stretching vibrations of the C =N bond in oximes [11] is observed in the IR
spectra of the products of condensation of aliphatic 1,3-hydroxylamino oximes with acetone; this is in con-
formity with a structure of the A type proposed for these compounds. The UV spectra of XXI and XXIV are
similar to the UV spectra of aliphatic nitrones X, XIII, and XVI (Table 1); this is also in agreement with their
existence in open form A.

Signals that attest to the presence in solution of both the open form — the N~ (3-oximino-substituted)-c-
methylnitrone (form A) —~ and the cyclic form — the 1-hydroxy-2-methyl-1,2,5,6-tetrahydropyrimidine 3-oxide
(form B) — are observed in the PMR spectra of the products of condensation of aliphatic 1,3-hydroxylamino
oximes I1I-V with acetaldehyde (Table 4, XII, XV, and XVIII), The ratio of the eycliec and open forms depends
on both the numbers and positions of the substituents and on the solvent [12] (Table 4). For example, the tauto-
meric equilibrium constant (Kp=[Al{B]) for XII in CDCl; is 5.6, as compared with 3.3 in D,O; KT for XVIII in
(CD,),80 and D,0 is, respectively, 1.9 and 0.3. An increase in the number of substituents leads to a shift in
the equilibrium to favor the cyclic form. Thus passing from XV to XVIII leads to a decrease in the tautomeric
equilibrium constant in CDCI; from 1.4 to 0.6.

According to the PMR (Table 4) and UV (Table 1) spectra, the products of condensation of alkyl-aromatic
1,3-hydroxylamino oximes VI and VII with acetaldehyde have N- (1~oximino-2-phenyl-3-propyl)~ and N-(1-
oximino-2~methyl-1-phenyl-3-propyl)~z-methylnitrone structures (XXA and XXIIIA, respectively).

It should be noted that during recording of the PMR spectrum of XII in CDCl,, signals of only the open
form (XIIA) are observed immediately after the compound is dissolved. Tt might be assumed that XII exists in
the crystalline state in the N-(3-oximino-2-methyl~1-butyl)-e-methylnitrone form (XIIA). This is confirmed
by the fact that the IR spectrum of a KBr pellet of this compound (Table 1) contains, in addition to stretching
vibrations of the C =N bond of a nitrone grouping at 1628 cm™!, a band at 1662 em™!, which can be ascribed to
the stretching vibrations of the C =N bond of an oxime group [11]. The absence of this band in the IR spectrum
of a KBr pellet of XVIII, on the other hand, makes it possible to assume that in the cyrstalline state it has a
1-hydroxy~2,4,6-tetramethyl-1,2,5,6-tetrahydropyrimidine 3-oxide structure (XVIIIB).

Two forms of the cyclic tautomer — the cis and trans forms relative to the hydrogen atoms in the 2 and
5 positions (XTIB) and the 2 and 6 positions (XVB) of the heteroring — can participate in the ring-chain tauto-
meric equilibrium; this has been observed for five-membered and six-membered heterorings [13]. However,
signals of only one form of the heteroring are observed in the PMR spectra of XII and XV. This may be ex-
plained by the low concentration of cyclic form B in the tautomeric mixture, the complex character of the spec-
trum, and the coincidence of the chemical shifts for the cis and trans isomers of the heteroring.

Thus an examination of the PMR spectra and other spectral characteristics shows that the products of
condensation of 1,3-hydroxylamino oximes with formaldehyde have a 1-hydroxy-1,2,5,6-tetrahydropyrimidine
3-oxide structure and that the products of condensation with acetone have an N-(3-oximino-substituted)-o,o-
dimethylnitrone structure. The products of condensation of aliphatic 1,3-hydroxylamino oximes with acetalde-
hyde exist in solution in the form of a tautomeric mixture of open and cyclic forms (A = B). Ring-chain tautom-
erism evidently occurs in all cases, but the equilibrium is shifted to favor the cyclic form in the case of the
products of condensation with formaldehyde and to favor the open form in the case of the products of condensa-
tion with acetone.

EXPERIMENTAL

The IR spectra of the compounds were recorded with a UR-20 spectrometer, The UV spectra of alcohol
solutions of the compounds were recorded with a Specord spectrophotometer. The PMR spectra of the com-
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pounds were recorded with Varian A-56/60A and Varian HA-100 spectrometers with hexamethyldisiloxane
(0.04 ppm) and tert-butyl aleohol (1.22 ppm) (agueous solutions) as the internal standards.

1,3-Hydroxylamino Oximes I and VII. These compounds were obtained from the appropriate a-phenyl-
nitrones (XXV and XXVI) by the method in [2].

N=- (8- Oxo~2-methyl-1-butyl)-a~phenylnitrone (XXV). This compound, with mp 75-76° (from ether-—
methanol), was obtained in 80% yield. Found: C 70.1; H 7.4; N 7.1%. Cy,H{;NO,. Calculated: C 70.2; H 7.4;
N 6.8%.

N- (1~ Ox0-2~-methyl-1-phenyl-3-propyl)-a-phenylnitrone (XXVI). This compound, with mp 67-69° (from
ether), was obtained in 76% yield. Found: C 76.4; H 6.4; N 5.4%. Cy;H{;NO,. Calculated: C 76.4; H 6.4; N
5.2%.

N- (3-Oximino~2-methyl-1-butyl}hydroxylamine (I1I}. This compound, the oxalate of which had mp 179~
181° (from 50% alcohol), was obtained in 73% yield. Found: C 40,6; H 7.5; N 15.7%. C:;H;,N,0," 1/2(C OOH),.
Calculated: C 40.7; H 7.4; N 15.8%.

N- (1-Oximino~2-methyl-1-phenyl-3-propyl)hydroxylamine (VII). This compound, with mp 117-119°
{from ethyl acetate), was obtained in 73% yield. Found: C 61.7; H 7.4; N 14.4%. C;(H;N,0,. Calculated:
C 61.8; H 7.3; N 14,4%.

Compounds VI and V, which have previously been described in the form of the hydrochloride [2] and
oxalate [3], respectively, were obtained as crystalline substances, VI with mp 79-81° (from ethyl acetate), and
V with mp 68-70° (from ethyl acetate). PMR spectrum of V in CDCl,, 6, ppm: anti isomer: 1.11 [gem-(CH;),],
1.90 (CHj), and 2.37 (CH,); syn isomer: 1.17 [gem~(CH,),], 1.90 (CH3), and 2,53 (CH,); the anti :syn isomer
ratio was 6:1 (see [14]).

Condensation of 1,3-Hydroxylamino Oximes with Formaldehyde. A 0.012-mole sample of formaldehyde
(~ 30% aqueous solution) was added with stirring to a solution of 0.01 mole of the 1,3-hydroxylamino oxime
(II=V) in 15 ml of alcohol. After 1 h, the solvent was evaporated, the oily residue was triturated in ether or
ethyl acetate, and the resulting solid material (IX, XI, XIV, or XVII) was removed by filtration.

1-Hydroxy-1,2,5,6-tetrahydropyrimidine 3-Oxide (VIII). A solution of 5.0 g (0.048 mole) of Tin 90 ml of
absolute alcohol was added with stirring in the course of 15 min to a solution of 5 ml of a 27% (0.048 mole)
solution of formaldehyde in 70 ml of absolute alcohol. After 1 h, the solvent was vacuum evaporated at 35°,
the oily residue was triturated in ethyl acetate, and the precipitated VIII (4.5 g) was removed by filtration,
Oxide VIII was difficult to purify, apparently because of its tendency to undergo polymerization (see [15]).

1—-Hydroxy-4—phenyl—5-R2—1,2,5,6«tetrahydropyrimidine 3-Oxides (XIX and XXII). A 0.008-mole sample
of acetic acid was added to a solution of 0,015 mole of 1,3-hydroxylamino oxime VI or VII in 30 ml of alcohol,
after which 0.018 mole of an aqueous solution of formaldehyde (27-35%) was added with stirring. After 3 days,
the solvent was evaporated, the oily residue was triturated in ether, and the precipitated XIX or XXII was re-
moved by filtration.

Condensation of 1,3-Hydroxylamino Oximes with Acetaldehyde. A solution of 0,012 mole of acetaldehyde
in 5 ml of alcohol was added with stirring to a solution of 0.01 mole of the appropriate 1,3-hydroxylamino
oxime in 10 ml of alcohol, After 1 h, the solvent was evaporated, the residue was triturated in ether, and the
precipitated XIT, XVII, XX, or XXIII was removed by filtration. Compound XV was isclated by preparative
thin-layer chromatography on silica gel in an ether-methanol system (4:1).

Condensation of 1,3-Hydroxylamino Oximes with Acetone. The hydroxylamino oxime (11, III, VI, or VII)
was dissolved in a 20-fold excess of acetone, and the solution was allowed to stand at room temperature for
2 h. The precipitated condensation products (XXI or XXIV) were removed by filtration. Compounds X and
XIII were isolated by evaporation of the solvent and crystallization of the residue by trituration in ether. In
the condensation of IV with acetone, the solution was refluxed for 7 h, after which the acetone was evaporated,
and the residue was crystallized by trituration in ether. The precipitated XVI was removed by filtration.
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PREPARATION AND SOME PROPERTIES
OF PYRIMIDINE 1,3-DIOXIDES

Lt

A. Ya. Tikhonov and L. B. Volodarskit UDC 543.42.547.854 ;542.943

Oxidation of 1-hydroxy~1,2,5,6~tetrahydropyrimidine 3-oxides with active manganese dioxide
leads to pyrimidine 1,3-dioxides, Depending on the conditions. pyrimidines or isomeric

pyrimidine N-monoxides are formed by deoxygenation of pyrimidine 1,3-dioxides with triethyl
phosphite.

There is very little available information regarding pyrimidine 1,3-dioxides (I); the only example we

know of is 5~nitro-2.4.6-triaminopy rimidine 1,3~dioxide [1].

In a previous paper {2] we showed that the reaction of 1.3-hydroxylamino oximes with carbonyl com-

pounds leads to the formation of 1~hydroxy-1,2,5,6-tetrahydropyrimidine 3-oxides (I1), aliphatic N- (3-oximino-
substituted)nitrones (IT1) or a tautomeric mixture of them (II=TII), During a study of the properties of the
condensation products we examined the possibility of their use for the synthesis of pyrimidine 1,3-dioxides (I).
In the case of compounds existing in a ring—chain tautomeric equilibrium (1= YII) this would correspond to

fixing of the pyrimidine ring (see [3]). We found that active manganese dioxide 15] oxidizes II to give pyTrim-
idine 1.3~dioxides I.*

R s R? R?
11 H
Ri—c—ct—CH—t=c{ R R Mo, RN Xp®
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b N =N
N\, NN
5, o on 0™

Rt
mb 1a-d / L

N\4N or N N\’//N\o
we,d ve,d vic,d

j--lla R'=H, RZ=H, R%:=H, Rt=H; I—IIlb R'=CH,, R?=H, R3=CHj, R*=CH,; I—IIc,
IV--Vic R'=CeH;, R*=H, R*=H, R'=H; I-lId, IV—VId R'=CeH;, R*=CH;, R®=H,
R*=H

*See [4] for our preliminary communication.
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