REACTION OF 5,6-DIAMINO-1,3-DIMETHYLURACIL WITH CHALCONES

V. D. Orlov, I. Z. Papiashvili, UDC 547.854.2'857.4'859.1'892:
and P. A. Grigorov 42.953.2.543,422'51

2,4-Diaryl-7,9-dimethyl-6,8-dioxo~-2,3-dihydropyrimidino{5,6-b]-1,5-0oxazepines
are formed instead of the expected dihydrodiazepine derivatives in the reac-
tion of chalcones with 5,6-diamino-1,3-dimethyluracil (I) in the presence of
acetic acid. The reaction of 4-dimethylaminochalcone with diamine I leads to
8~(4'-dimethylaminophenyl)theophylline. A uracilyldihydrodiazepine derivative
is formed only in the reaction of 2,6-di(4-anisylidene)cyclohexanone with dia-
mine I. The structures of the synthesized compounds were confirmed by the re-
sults of elementary analysis and the IR, UV, PMR, and mass spectra.

Continuing our research on the reaction of o-diamines with «,B-unsaturated ketones [1,
2] we studied the chemical behavior of 5,6-diamino-1,3-dimethyluracil (I). Despite the
fact that diamine I is widely used in reactions with carbonyl compounds to obtain deriva-
tives of purine, lumazine, and other mononuclear heterocycles [3-5], there has been only
one communication [6)] regarding its reaction with «,B~unsaturated ketones (mesityl oxide),
which leads to the formation of the corresponding pyrimidinodihydrobenzodiazepine deriva-
tive (the same product was also obtained by the reaction of dlamlne I with acetone and di-
acetone alcohol [6]).

It has been previously shown [l] that o-phenylenediamine reacts readily with chalcones
in the presence of tertiary amines to give 2,3-dihydro-1H-1,5-benzodiazepine derivatives.
The same starting components form 2-arylbenzimidazoles under acidic catalysis conditions.
Experiments carried out with 5,6-diamino-1,3-dimethyluracil (I) showed that the base-cata-
lyzed reactions of this diamine with aromatic a,B-unsaturated ketones lead to complex mixtures
of substances, while individual products II-XIV are formed in good yields in the presence of
catalytic amounts of acetic or hydrochloric acid. Their identification and the study of
their properties are the subject of the present communication. Compounds II-XIV were sub~
jected to elementary analysis, and their UV, IR, and PMR spectra were recorded (Table 1);
the mass spectra of the remaining substances were also recorded (Table 2).

In analyzing the experimental data obtained for II-XII one may note the following facts.
An intense broad (Av,/. "45-50 cm~') band with vpax 1690 cm~*, which is complex in character,
is retained in their IR spectra in the region of carbonyl absorption; a band that is charac-
teristic for the stretching vibrations of the C=N bond appears at 1602-1616 cm™!, but a vNH
band is absent. The signal of the proton of the N—H group is also not observed in the PMR
spectra, but two singlets of methyl groups at 2.8-2.9 and 3.35-3.44 ppm and multiplets of a
CH—CH, grouping at 4.12-4.25 and 3.30-3.90 ppm show up distinctly. Compounds II-XII absorb
in the near-UV region, but their long-wave bands are shifted significantly to the short-wave
region as compared with the absorption bands of the corresponding 2,4~diaryl-1H-2,3-dihydro-
1,5-benzodiazepines [1].

In establishing the structures of II-XII we found that it was useful to recall the fact
that the 6-amino group of diamine I is capable of undergoing hydrolysis in acidic media [71.
The resulting 5-amino-1,3-dimethylbarbituric acid can react with chalcogens to give 2,4-diaryl-
7,9-dimethyl-6,8-dioxo-2,3-dihydropyrimidino[5,6-h]-1,5-oxazepine. (See Scheme 1.)

To verify this assumption we accomplished the stepwise synthesis of II: the hydrolysis
of 5,6-diamino-1,3-dimethyluracil (I) in an acidic medium or reduction of 5-nitroso-1,3-
dimethylbarbituric acid gave 5-amino-1,3-dimethyl barbituric acid, which was then subjected
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TABLE 2. Mass Spectra of II, VII, X, and XII

Com- .
pound m/z values (peak intensities, %)

11 | 362 (10), 361 (60), 344 (9), 258 (11), 257 (58), 246 (6), 206 ( 0) 201 (7),
200 (47), 199 (29), 191 (7), 172 (11), 115 (15) 106 (9), 105 ( 0, 104 (9},
103 (9), 78 (7), 77 (27), 68 (7), 60 (7), 58 (7), 57 (10), 55 (9)

VII | 398 (6), 397 (27), 396 (20), 395 (75), 378 (12), 203 (23), 202 (14), 291 (62),

240 (18), 236 (18), 235 (B), 234 (44), 206 (i5), 191 (7), 189 (8), 149 (9).
141 (36), 140 (13), 139 (100), 115 (1), 114 (10), 111 (16), 104 (16), 103
(8), 102 (7), 78 (10), 77 (8), 69 (12), 58 (10), 55 (12)

X | 391 (58), 390 (27), 389 (6), 376 (7), 375 (21), 374 (6), 287 (8), 286 (11),

283 (26), 276 (7), 256 (8), 236 (18), 200 (38), 199 (29), 172 (10), 144 (7).
138 (8), 136 (8), 135 (100), 121 (8), 119 (17), 106 (7), 105 (56), 104 (38),
103 (9), 91 (13), 77 (16), 68 (11)

XIT [ 441 (14), 439 (14), 424 (6), 422 (6), 285 (10), 283 (9), 258 (7), 257 (48),
256 (19). 201 (8), 200 (5 ), 199 (8), 172 (14), 130 (6), 115 (9), 106 (1 )
105 (100, 104 (19), 103 (12), 77 (24) :

*The peaks of ions with m/z > 50 and intensities >5% are
presented; the molecular-ion peaks are printed in boldface.
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See Table 1 for the R and R' values
to reaction with chalcone by the general method. The product was identical to II. The pro-

posed structure is in good agreement with the results of elementary analysis and the spectral
characteristics (Tables 1 and 2).
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The reaction of diamine I with 4-dimethylaminochalcone proceeded via a new pathway.
According to the results of elementary analysis and the spectral characteristics, 8-(4'-
dimethylaminophenyl)theophylline (XITIIL) was obtained in this case. It was previously dem-
onstrated [8] in the case of the base-catalyzed reaction of «,B-unsaturated ketones with o-
phenylenediamine that the inclusion of a dimethylamino group in the aromatic ring of ketones
hinders the formation of a dihydrodiazepine structure. This is probably due to the reduced
polarity of the chalcone multiple bond due to strong mesomeric interaction of the electron-
donor dimethylamino group and the electron-acceptor O0=C group. It is also known [9] that in
acidic media benzodihydrodiazepines readily undergo rearrangement to benzimidazole deriva-
tives with retention of the group in the 2 position of the seven-membered heteroring. The
formation of XIII is probably due to the combined manifestation of both factors.

The desired pyrimidinodihydrodiazepine product (XIV) was obtained in good yield (75%)
only in the reaction of diamine I with 2,6-di(4-anisylidene)cyclohexanone. This is confirmed
by the presence in the IR spectrum of a vnNH band (3440 cm™'), by the presence in the PMR
spectrum of a signal of the proton of the N—H group (8§ = 2.93 ppm), and by the results of
elementary analysis. The electronic absorption spectra of XIV and II-X1I also differ sub-
stantially in character. The change in the direction of the process is possibly associated
with the fixed s-cis conformation of the ketone, although 2,6-dibenzyldienecyclohexanone
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under similar conditions gave a complex mixture of substances. It should be noted that, ac-
cording to the data in [4, 6], the synthesis of a number of compounds on the basis of 6-amino-
uracils was realized in acidic media, in which hydrolysis was not observed. We also obtained
the same azomethine (XV) in the reaction of benzaldehyde with diamine I both in the presence
and absence of acetic acid; the azomethine bond is formed in the 5 position of the uracil

ring [4], and the amino group in the 6 position is retained, which is confirmed by the pres-
ence of a doublet of intense vyg bands in the IR spectra at 3407 and 3287 cm™'. It may
therefore be assumed that the nature of the carbonyl compound has a substantial effect on

the rate of hydrolysis of diamine I, but this problem requires special study.

The formation of two isomeric pyrimidinodihydrodiazepine two~ring systems is possible in
the reaction of diamine I with «,B-unsaturated ketones. The selection of structure XIV as
the preferred structure was based on the following considerations. The amino group in the
5 position of diamine I has aromatic character and is more inclined to undergo condensation
reactions with carbonyl compounds [3, 7]. The vyy and éyg bands of XIV are typical for un-
perturbed H association of the imino group; in the alternative isomer, however, the spatial
closeness of the proton of the N-H group and the oxygen atom of the carbonyl group in the
4 position could promote the establishment of an intramolecular hydrogen bond. It is also
noteworthy that a structure similar to that of XIV has also been proposed for the product
of condensation of diamine I with mesityl oxide [6].

Compounds TI-XII are derivatives of the previously undescribed pyrimidinodihydrooxazepine
two~-ring system, and a more detailed analysis of their spectral characteristics therefore
seemed of interest. These compounds have rather specific electronic absorption spectra: an
intense band at 245-290 nm is observed in them (Table 1). The presence of inflections and
weakly expressed maxima on its long~wave branch indicate that the absorption of several elec-
tron transitions with close energies appear in this region. The lowest-frequency transition
of these appears in some cases (for example, in the spectra of III, VI, IX, and XII) in the
form of an autonomous band of low intensity. This transition has m—r* character, as evi-
denced by the solvent effect; replacement of alcohol by iscoctane promotes a hypsochromic
shift of the band under discussion (for example, Alpax is 5 nm for II). The electronic ab-
sorption spectra of compounds that contain a dihydrodiazepine ring are completely different
in character and in the near UV consist of a series of well-resolved and intense bands [1, 2];
this is also the case for the spectrum of XIV [Apax(e£:10~?) in ethanol: 363 (9.5), 267 sh,
and 261 nm (33.0)].

In the PMR spectra of II-XII one's attention is drawn to the fact that replacement of
substituents R and R' has virtually no effect on the chemical shifts of the protons of the
methyl groups and the seven-membered ring. Moreover, in comparing the § values of the pro-
tons of the N—CHj3; groups of II-XII (discussed above) and compounds in which the nitrogen atom
in the 6 position is retained [for example, starting diamine I (3.39, 3.52 ppm), azomethine
XV (3.41, 3.54 ppm), lumazine XVI (3.63, 3.86 ppm; obtained for comparison from diamine I and
benzil), 4-phenyltheophylline (3.63 and 3.88 ppm, in CF,COOH [5]), and a number of other groups
of compounds [5]] one may note the high sensitivity of these values (8N-CHs3) to the size of
the ring fused with uracil and particularly to the character of the hetercatom in the 6 posi-
tion of the uracil ring. This primarily applies to the protons of the N'-methyl group. It
may therefore be assumed that the anisotropic effect of the heteroatom under discussion af-
fects their chemical shift. The difference in the § values of the methyl groups for the
uracilyldihydrooxazepines ranges from 0.52 to 0.62 ppm (whereas it does not exceed 0.25 ppm
for the nitrogen analogs) and may serve as an analytical characteristic of these compounds.

We also measured the mass spectra of II, VII, X, and XII (Table 2). This choice of
compounds makes it possible, in our opinion, to ascertain the general tendencies of the
fragmentation of the molecules. We found that splitting out of a hydroxy radical is an
indispensable primary process. The process is confirmed by the presence of metastable ions
in the mass spectra. However, considering the low intensity of the peak of the (M — 17)%
ion, it may be assumed that this process is not the principal process. As in the case of
aromatic derivatives of 2,3-dihydro-1H-1,5-benzodiazepines [10], the principal primary path-
way of the fragmentation of the molecular ion is rearrangement to an oxazolouracil system
(with the loss of R—CH-CHz). The fragmentation of such oxazolouracils has not been described
in the literature, but, judging from the most intense peaks, it is basically identical to the
processes described for theophylline {[11]. However, the presence of an endocyclic oxygen
atom in the molecules of the investigated compounds nevertheless is reflected in the high
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probability of the formation of R'COT ions (and the RCOT ion in the case of X). Thus the
overall pathway of the fragmentation of the molecules of the investigated compounds can be
represented by the following scheme:
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*Metastable ions.

The fact that the principal fragment ions have m/z values that are one unit lower than
in the case of the corresponding 8-R'-theophyllines confirms the presence of an oxygen atom
in the seven-membered ring of the compounds.

EXPERIMENTAL

The IR spectra of KBr pellets of the compounds were recorded with a Specord IR-75 spec-
trometer. The electronic absorption spectra of solutions of the compounds in methanol [(2-
3)+10~° mole/liter] were recorded with a Specord UV-vis spectrophotometer. The PMR spectra
of solutions in CDCl, were recorded with a Tesla-80 spectrometer with tetramethylsilane as
the internal standard. The mass spectra were obtained with a Varian MAT CH-6 spectrometer
with direct introduction of the samples into the ion source (the ionization-chamber temper-
ature was 180°C, the ionizing voltage was 70 eV, and the emission current was 100 pA; the
temperature at which the samples were heated ranged from 50 to 70°C, depending on their
volatilities).

2,4-Diphenyl-7,9~dimethyl-6,8-dioxo-2,3-dihydropyrimidino[5,6~b]-1,5-0oxazepine (II).
Glacial acetic acid (0.5-1 ml) was added to a solution of 0.5 g (2.9 mmole) of 5,6~diamino-
1,3~dimethyluracil (I) and 0.6 g (2.9 mmole) of chalcone in 25 ml of methanol, and the mix~
ture was refluxed for 3 h. It was then cooled, and the resulting yellowish precipitate was
crystallized from acetic anhydride to give 0.87 g (82%) of white crystals with mp 227-228°C.
Compounds III-XII (see Table 1), as well as XIII [mp 255-256°C, reflux time 2 h, 727 yield;
Amax(€+10~?) in methanol: 357 (29.0), 267 (20.0), and 228 nm (24.5)] and XIV [mp 164-165°C,
reflux time 1.5 h, 75% yield; Apax(e+10™%) in methanol: 363 (9.5), 267 sh, and 261 nm (33.0)],
were similarly synthesized with variation of only the reflux time.

6-Amino-5-benzylideneamino-1,3-dimethyluracil (XV). A solution of 0.5 g (2.9 mmole) of
diamine I and 0.3 ml (2.9 mmole) of benzaldehyde in 20 ml of methanol was refluxed for 1 h,
after which it was cooled, and the precipitated crystals were removed by filtration and
crystallized from methanol to give 0.66 g (87%) of a product with mp 224-225°C (mp 225°C [41).

1,3~-Dimethyl-6,7-diphenyllumazine (XVI). The formation of light-yellow crystals was
observed when a solution of 0.5 g (2.9 mmole) of diamine I and 0.61 g (2.9 mmole) of benzil
in 40 ml of methanol was heated to the boiling point. The solution was refluxed for 1 h and
cooled, and tike precipitate was removed by filtration and crystallized from methanol to give
0.84 g (83%) of XVI with mp 220°C; Apax(e-107%) in methanol: 336 (8.3), 280 (12.0), and
227 nm (21.5).
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DIAZABICYCLOALKANES WITH NITROGEN ATOMS IN THE NODAL POSITIONS.
9.% INTRAMOLECULAR CYCLIZATION OF N-(y-BROMOPROPYL)-
TETRAHYDROQUINOXALINES AND BEHAVIOR OF BENZO[f]-1,5-
DIAZABICYCLO[3.2.2]NONENE IN HYDROBROMIC ACID

A. A. Gall' and G. V. Shishkin UDC 547.863.13'859.5.7'896'897.
07:543.422'51

The introduction of an N,N'-trimethylene bridge in the tetrahydroquinoxaline mole-
cule is complicated by cyclization of y-bromopropyl derivatives of tetrahydroquinox-
aline at the carbon atom of the aromatic ring. The reaction of N-R-tetrahydro-
quinoxalines (R = H, COCHs;) with 1,3-dibromopropane leads to products of cycliza-
tion at the aromatic ring (1,2,3,5,6,8,9,10-octahydropyrazino[1,2,3,4-1,m,n]{1,
10]phenanthroline and N-acetyl-1,2,6,7-tetrahydro-3H,5H-pyrido[1,2,3-d,e]quinoxa-
line) and to an N-alkylation product [N-acetyl-N'-(y-bromopropyl)-1,2,3,4-tetra-
hydroquinoxaline]. Benzo[f]-1,5-diazabicyclo[3.2.2]nonene is formed in only trace
amounts in the cyclization of N-(y-bromopropyl)tetrahydroquinoxaline and upon heat-
ing in HBr can be isomerized with migration of the trimethylene bridge to the aro-
matic ring.

Continuing our search for methods for the preparation of diazabicycloalkanes with nitro-
gen atoms in the nodal positions we investigated the possibility of the synthesis of the
previously described benzo[f]-1,5-diazabicyclo[3.2.2]nonene (I) system [2] by the introduction
of a trimethylene bridge in the 1,2,3,4-tetrahydroquinoxaline (II) molecule. The introduc-
tion of a trimethylene bridge in an aromatic diamine molecule has been described in the lit-
erature. Thus naphtho{l,8-f,gl-1,5-diazabicyclo(3.3.3]undecene was obtained by the reaction
of 1,8-diaminonaphthalene with 1,3-dibromopropane [3], while benzo[j]-1,5-diazabicyclo[3.3.2]-
decene was obtained from o-phenylenediamine under similar conditions [4]. However, the yields
of these compounds were only 5 and 3.7%, respectively. The data on the synthesis of 4'-
methylbenzo{l',2'-f]-1,5-diazabicyclo[3.2.2]nonene by the action of dibromopropane on 6-
methyl-1,2,3,4~tetrahydroquinoxaline [5] were not confirmed when they were checked [2]. The
formation of I also was not observed in the action of excess 1,3-dibromopropane on II in the
presence of calcium oxide. According to the results of elementary analysis and the mass
spectrum, the principal reaction product contained two trimethylene fragments per molecule
of tetrahydroquinoxaline. The PMR spectrum of this compound contains a singlet of two aromat-

*See [1] for Communication 8.
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