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Reactions of 6-arylidenehydrazino-1,3-dimethyluracil derivatives with N-bromosuccinimide leading to pyr-
azolo[3,4-dJpyrimidines, pyrimido[5,4-e}-as-triazines, and pyrimido[4,5-c]pyridazines are described.
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N-Bromosuccinimide (NBS) has been extensively em-
ployed as useful brominating and oxidizing agent in many
classes of organic compounds [1], however, the versatility
of this reagent for the construction of heterocyclic systems
still remains to be studied. We have previously reported
that the reaction of 6-amino-5-arylideneamino-1,3-dimeth-
yluracils or 5-arylideneamino-1,3-dimethylbarbituric acids
with NBS offers a convenient route to purines and oxaz-
olo[5,4-d]pyrimidines, respectively [2]. In connection with
these findings, we now report the reaction of 6-arylidene-
hydrazino-1,3-dimethyluracil derivatives with NBS leading
to pyrazolo[3,4-d]pyrimidines, pyrimido[5,4-e]-as-triazines,
and pyrimidof4,5-c]pyridazines. These heterocycles are of
biological interest, since their structures are closely rela-
ted to purine or pteridine.

Refluxing of 6-benzylidenehydrazino-1,3-dimethyluracil
(Ia) [3] with an equimolar amount of NBS in acetic acid for
2 hours, followed by evaporation of the reaction mixture,
and subsequent addition of ethanol caused the separation
of 5,7-dimethyl-3-phenylpyrazolo[3,4-d)pyrimidine-4,6-
(5H,7H)-dione (I11a) in 66% yield. This reaction was equal-
ly applicable to other 6-arylidenehydrazino-1,3-dimethyl-
uracils (Ib-h) to give the corresponding pyrazolopyrimid-
ines (IIIb-h) in 63-81% yields (Table I).

As depicted in Scheme I, the reaction presumably pro-
ceeds through the initial formation of the 6-arylidenehydr-
azino-5-bromo-1,3-dimethyluracils (II) and subsequent cyc-
lization accompanying dehydrobromination. The involve-
ment of II was supported by the fact that the reaction of a
uracil closely related to I with NBS leads to the formation
of the corresponding 5-bromo derivative (vide infra).
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It should be noted that the pyrazolopyrimidines having
an electron-releasing group on the phenyl group (i.e., IIla,
f,g,h) were found to exist-in two polymorphic forms. For
example, the recrystallization of Illa from ethanol and di-
methylformamide (approximately 30:1) gave pale yellow
fine needles which denoted as form I, while the recrystalli-

Table I

3-Aryl-5,7-dimethylpyrazolo[3,4-d]pyrimidine-4,6(5H,7H)ydiones

Compound Recrystallization Caled. (%) Found (%)
Number Mp (°C) Solvent Yield (%) C H N Formula C H N
IIla 256-257 ethanol-DMF [a] 66 60.93 4.72 21.87 C,H,N,O, 60.70 4.63 21.69 [a]
DMF [b] 61.00 4.61 21.78 [b}
I1Ib > 300 ethanol-DMF 67 46.58 3.31 16.72 C,H,,BrN,O, 46.54 3.19 16.75
1llc > 300 ethanol-DMF 77 53.70 3.82 19.27 C,H, CIN,O, 53.58 3.72 19.19
111d > 300 DMF 67 48.01 3.11 17.23 C,H,,CL,N,O, 48.36 3.27 17.60
Iile > 300 DMF 63 51.83 3.68 23.25 C,,H,)N,0, 51.80 3.65 23.33
ITIf > 300 ethanol-DMF 81 62.21 5.22 2073 C,H N0, 61.90 5.16 20.67
IiIg 271.272 ethanol-DMF 68 58.73 4.93 19.57 C H, N0, 58.51 4.98 19.35
I1Th > 300 ethanol-DMF 69 56.00 4,03 1866 C,H,,N,O, 56.00 3.98 18.40

[a] Form L. [b] Form II.
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zation of IIla from dimethylformamide yielded the second
polymorph, form II, as colorless fine needles. In general,
the crude IIla obtained by the dilution with ethanol exists
in the crystal form I [4].

As shown in Figures 1 and 2, the significant differences
were observed on the secondary amino absorption band in
the range of 3000-3300 cm™ in the ir spectra. Moreover, as
shown in Figures 3 and 4, the dta (Differential Thermal
Analysis) of form I exhibited two endothermic peaks, while
the form II revealed a single endothermic peak. The small
endothermic peak observed at 232° in form I may be attri-
buted as the transition peak {5]. Since this peak is small,
the melting point of form I exhibits essentially the same
value with that of form II on determination by the naked
eye. Although the X-ray diffraction technique should also
be employed to establish the polymorphism, the ir and dta
data strongly suggested the existence of two polymorphic
forms. Compound IIla has previously been reported and
several melting points were recorded in the literature,
however, the existence of polymorphic forms has been ap-
parently overlooked [3,6]. In contrast to the above, the pyr-
azolopyrimidines having an electron-withdrawing substi-
tuent (i.e., Illb,c,d,e) predominantly exist in the form
which classified as form II, and none of the crystals deno-
ted as form I could be obtained.

The reaction of I with NBS was equally applicable to 6-
(2"-arylidene-1"-methylhydrazino)-1,3-dimethyluracils (IVa-
f) [3], however, somewhat different results were obtained.
Namely, heating of IVa with an equimolar amount of NBS
in acetic acid for 2 hours resulted in the formation of ex-
pected 1,5,7-trimethyl-3-phenylpyrazolo[3,4-djpyrimidine-
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4,6(5H,7H)-dione (V1a) [7] and unpredicted 6,8-dimethyl-
3-phenylpyrimido[5,4-e}-as-triazine-5,7(6 H,8 H)-dione (Xa)
[8] in 5 and 9% yields, respectively. Analogously, the other
uracils IVb-e also react with NBS to give the correspon-
ding pyrazolopyrimidines (VIb-e) and pyrimidotriazines
(Xb-e) in 6-18 and 6-14% yields, respectively. Compounds
VI and X were separated by careful fractional recrystalli-
zation. In contrast with IVa-e, treatment of 1,3-dimethyl-
6-(1'-methyl-p-nitrobenzylidenehydrazino)uracil (IVf) with
NBS afforded the corresponding pyrazolopyrimidine (VIf)
in almost quantitative yield, and none of the pyrimidotri-
azine could be isolated (Table II and III). The preferential
formation of VIf probably due to the strong electron-with-
drawing nature of the p-nitro group. On the contrary to
the pyrazolopyrimidines III, the 1-methylpyrazolopyrimid-
ines VI did not exhibit the presence of any polymorphic
forms. This indicates that the hydrogen atom on nuclear
nitrogen of pyrazolopyrimidines III plays an important
role for polymorphism.

As depicfed in Scheme II, the reaction leading to pyraz-
olopyrimidines VI would involve the initial formation of
the 5-bromo derivatives (V), followed by cyclization accom-
panying dehydrobromination. In fact, the intermediate Va
could be isolated in 70% yield by treatment of IVa with
NBS in boiling chloroform for 15 minutes, and refluxing
of Va in acetic acid for 5 hours gave the pyrazolopyrimid-
ine VIa and pyrimidotriazine Xa in 12% yields, respec-
tively. On the other hand, the formation of pyrimidotriaz-
ines X would proceed through the condensation of V with
5-bromo-1,3-dimethyl-6-(1-methylhydrazino)uracil (VII)
{which would form by the acid hydrolysis of V) to give the

Table II

3-Aryl-1,5,7-trimethylpyrazolo[3,4-dJpyrimidine-4,6(5H,7H)-diones

Compound Recrystallization Caled. (%) Found (%)
Number Mp (°C) Solvent Yield (%) C H N Formula C H N
Vla 195-197 ethanol 5 62.21 5.22 20.73 C_H/ N0, 62.12 5.32 21.02
VIb 250-253 ethanol 6 48.15 3.76 16.05 C, H ;BrN,O, 47.90 3.67 16.09
Vie 254-255 ethanol 8 55.17 4.31 1839 C_H,CINO, 55.03 4.42 18.37
VId 238-240 ethanol 10 63.36 5.67 19.71 C, H,N,O, 63.35 5.62 19.86
Vle 213-214 ethanol 18 59.99 5.37 18.66 C,H,N,O, 59.86 5.31 18.72
VIf 263-266 ethanol 98 53.33 4.16 2222 C, H,N,O, 53.20 4.54 21.82
Table 111
3-Aryl-6,8-dimethylpyrimido[5,4-e}-as-triazine-5,7(6 H,8 H}-diones

Compound Recrystallization Caled. (%) Found (%)
Number Mp (°C) Solvent Yield (%) C H N Formula C H N
Xa 268-269 ethanol 9 57.98 4.12 26.01 C,,H, N0, 57.88 4.03 26.34
Xb > 300 ethanol 6 44.84 2.90 20.10 C,H,,BrN,0, 44.90 2.87 20.00
Xc 279-280 ethanol 4 51.40 3.33 23.06 C,,H,,CIN,O, 51.34 3.10 23.25
Xd 283-285 ethanol 14 59.35 4.63 2472 C, H N,0O, 59.34 4.56 24.89
Xe 264-265 ethanol 10 56.18 4.38 23.40 56.08 4.52 23.38

147413753
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dimeric uracil intermediates (VIII). These would undergo
further intramolecular cyclization accompanying the
elimination of 5-bromo-1,3-dimethyl-6-methylaminouracil
[9] and the acid catalyzed demethylation as well as aro-
matization via the pyrimido-tetrahydrotriazines (IX) to
yield X.

Ceha o € Ar = 4-MeO-CgHg

The reactions of hydrazinouracils with NBS were fur-
ther extended to the synthesis of pyrimido[4,5-c]pyridaz-
ines. Namely, treatment of 1,3-dimethyl-6-(c-methylarylid-
enehydrazinojuracils (XlIa-c) [10] with an equimolar
amount of NBS in acetic acid under reflux for 2 hours re-
sulted in the formation of the corresponding 3-aryl-6,8-di-
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Table IV

3-Aryl-6,8-dimethylpyrimido[4,5-clpyridazine-5,7(6 H,8 H)}-diones

Recrystallization
Solvent

Compound

Number Mp (°C) Yield (%) C
ethanol 22
ethanol 20

ethanol 20

62.68
55.54
60.39

XlIlla
XIIIb
Xllle

255-256
280-281
244-245

methylpyrimido[4,5-c]pyridazine-5,7(6 H,8 H)-diones
{XIIIa-c) [11] in approximately 20% yields (Table IV). As
depicted in Scheme III, this reaction involves without
doubt the intermediacy of the 5-bromo derivatives (XII),
and whose cyclization with dehydrobromination and aro-
matization vie the tautomeric forms then give pyrimido-
pyridazines XIIL

Along with the formation of pyrimidopyridazines XIII,
a trace amount of 1,3,6,8-tetramethylpyridazino[3,4-d:-
6,5-d']dipyrimidine-2,4,5,7(1H,3H,6H,8 Hy-tetrone (XVI)
[12] was obtained as an insoluble material in the recrystal-
lization of the crude reaction product from ethanol. The
formation of XVI probably proceeds through the initial
acid hydrolysis of XII to the 5-bromo-6-hydrazino-1,3-di-
methyluracil (XIV), followed by the intermolecular con-
densation of XIV to the dimeric uracil intermediate (XV),
and subsequent dehydrobromination. In fact, the com-
pound XVI could be alternatively obtained by treatment
of 6-hydrazino-1,3-dimethyluracil (XVII) with NBS in re-
fluxing acetic acid for 2 hours in 8% yield.

¢~—-—— ENDOTHERMIC

248° C

|
Figure 3. DTA of Form I, Illa.

Calcd. (%)

Found (%)
H N Formula C H N

21.10
18.30
18.86

4.51 20.89
3.67 18.51
4.73 18.78

62.44 4.50
55.49 3.69
60.18 4.75
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Figure 4. DTA of Form II, Illa.

EXPERIMENTAL

The structures of all compounds were confirmed by the analytical and
spectral data as well as by the comparison of the ir spectra with those of
authentic samples. Melting points were taken on a YANACO micro-hot-
stage melting point apparatus and are uncorrected. The ir spectra were
determined in Nujol on a JASCO A-100 spectrophotometer and the nmr
spectrum was determined at 100 MHz with a JEOL JNM-PS-100 spectro-
meter using tetramethylsilane as internal standard. The molecular
weight determination was undertaken by mass spectroscopy with a JEOL
D-300 spectrometer by a direct inlet system at 70 eV. The differential
thermal analysis was done by using a ULVAC DT-1500 analyzer at the
scanning speed of 5°/minute from the room temperature to 260° and
very fine powder of aluminum oxide was used as the reference.

3-Aryl-5,7-dimethylpyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-diones (IIla-h).

A mixture of the appropriate 6-arylidenehydrazino-1,3-dimethyluracils
(La-h) [3] (0.001 mole) and N-bromosuccinimide (NBS)(0.18 g, 0.001 mole)
in acetic acid (10 ml) was refluxed for 2 hours. The reaction mixture was
evaporated in vacuo and the residue was covered with ethanol. The insol-
uble material was recrystallized to give the corresponding 3-aryl-5,7-di-
methylpyrazolo[3,4-d]pyrimidine-4,6(5H,7H}-diones (IIla-h) (Table I).

Polymorphic Forms of Compound Illa.

Recrystallization of the crude product from a mixture of ethanol and
dimethylformamide (approximately 30:1) gave pale yellow fine needles,
mp 256-257°, which denoted as form I (Figures 1 and 3).

Anal. Caled. for C,,H,,N,O,: C, 60.93; H, 4.72; N, 21.87. Found:
C, 60.70; H, 4.63; N, 21.69.
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Recrystallization of form I from dimethylformamide gave colorless
fine needles, mp 256-257°, which denoted as form II (Figures 2 and 4).

Anal. Caled. for C,H,,N,0,: C, 60.93; H, 4.72; N, 21.87. Found:
C, 61.00; H, 4.61; N, 21.78.

3-Aryl-1,5,7-trimethylpyrazolo[3,4-dJpyrimidine-4,6(5H,7H)-diones (VIa-f)
and 3-Aryl-6,8-dimethylpyrimido[5,4-e]-as-triazine-5,7(6 H,8 H)-diones
(Xa-e).

A mixture of the appropriate 1,3-dimethyl-6<(1"-methylarylidenehydraz-
ino)uracils (IVa-f) [3] (0.0005 mole) and NBS (0.09 g, 0.0005 mole) in acet-
ic acid (1 ml) was refluxed for 2 hours. The reaction mixture was evapora-
ted in vacuo and the fractional recrystallization from ethanol gave the
corresponding 3-aryl-1,5,7-trimethylpyrazolo[3,4-d]pyrimidine-4,6(5H,-
7H)diones (Va-f) and 3-aryl-6,8-dimethylpyrimido[5,4-e}-as-triazine-5,7-
(6H,8H}diones (Xa-e). In the case of IVf, the product isolated in 98%
yield was VIf (Table II and III).

5-Bromo-1,3-dimethyl-6-(1'-methylbenzylidenehydrazino)uracil (Va).

A mixture of IVa (0.136 g, 0.0005 mole) and NBS (0.09 g, 0.0005 mole)
in chloroform (2 ml) was refluxed for 15 minutes. The reaction mixture
was evaporated in vacuo and the residue was recrystallized from ethanol
to give 5-bromo-1,3-dimethyl-6<1"-methylbenzylidenehydrazino)uracil
(Va) (0.122 g, 70%), mp 117-120°; nmr (DMSO0-d,): 6 3.23 (3H, s, N-Me),
3.33 (3H, s, N-Me), 7.17-7.66 (SH, m, C,H;), 7.62 (1H, s, =CH-).

Anal. Caled. for C,,H,;BrN,O,: C, 47.85; H, 4.31; N, 15.95. Found:
C, 47.61; H, 4.34; N, 15.95.

Reaction of Compound Va in Acetic Acid.

A mixture of Va (1.05 g, 0.003 mole) and acetic acid (15 ml) was reflux-
ed for 5 hours. The reaction mixture was evaporated in vacuo and
ethanol was added to the residue. The insoluble material was filtered and
recrystallized from ethanol to give Xa (0.09 g, 12%). The filtrate which
removed Xa was evaporated in vacuo and the residue was recrystallized
from ethanol to give Vla (0.095 g, 12%).

3-Aryl-6,8-dimethylpyrimido[4,5-c]pyridazine-5,7(6 H,8 H)}-diones (XIIIa-c)
and 1,3,6,8-Tetramethylpyridazino{3,4-d:6,5-d'ldipyrimidine-2,4,5,7-
(1H,3H,6H,8H)tetrone (XVI).

A mixture of the appropriate 1,3-dimethyl-6-a-methylarylidenehydraz-
inouracils (XIa-c) [10] (0.0005 mole) and NBS (0.09 g, 0.0005 mole) in
acetic acid (1 ml) was refluxed for 2 hours. The reaction mixture was
evaporated in vacuo and the residue was covered with ethanol. The insol-
uble material was filtered and recrystallized from ethanol to give the cor-
responding 3-aryl-6,8-dimethylpyrimido[4,5-c]pyridazine-5,7(6 H,8 H)-di-
ones (XIIla-c) (Table IV).

In each case, a trace amount of 1,3,6,8-tetramethylpyridazino[3,4-d:-
6,5-d"'|dipyrimidine-2,4,5,7(1H,3H,6 H,8 H}-tetrone (XVI) was obtained as
an ethanol insoluble material during the recrystallization. Recrystalliza-
tion of XVI from acetic acid gave pale yellow prisms, mp > 300°.

Anal. Caled. for C,,H,,NO,: C, 47.37; H, 3.98; N, 27.62. Found:
C, 47.35; H, 4.05; N, 27.61.

Vol. 21

Alternative Synthesis of XVI.

A mixture of 6-hydrazino-1,3-dimethyluracil (XVII}(0.17 g, 0.001 mole)
and NBS (0.18 g, 0.001 mole) in acetic acid was refluxed for 2 hours. The
reaction mixture was evaporated in vacuo and the residue was covered
with ethanol. The insoluble material was filtered and recrystallized from
acetic acid to give XVI (0.025 g, 8%), mp > 300°.
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