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A VERSATILE AND CONVENIENT METHOD FOR THE SYNTHESIS OF PYRIMIDO[4,5-b]
[1,4]THIAZINES

*
Magoichi Sako, Takashi Niwa, Kosaku Hirota, and Yoshifumi Maki
Gifu College of Pharmacy, Mitahora-higashi 5 Chome, Gifu 502, Japan

Treatment of 5-hydroxypyrimidines 3 with N-bromosuccinimide in
ethanol followed by thermal condensation with g-aminothiols resulted
in the formation of pyrimido[4,5-b][1,4]thiazines ] and 2 in high
yields.
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The pyrimidol[4,5-b][1,4]thiazines are of chemical and biological interest
in view of the thia analogues of isocalloxazines and pterins which constitute
physiologically important substances such as flavins, biopterin, and folic acid.

.Along this line, only two methods for the preparation of the pyrimido-
(4,5-bl[1,4]thiazine ring system have been reported,l) that is, 1) the photo-
chemical cyclizatig? of 6-(2-azidophenylthio)uracils to give 1,5-dihydro-10-

thiaisoalloxazines”'and 2) the condensation of 2,5-diamino-6-mercaptopyrimidines

with o-haloketones leading to 7,8—dihydro—8~thiapterins.3) These methods,
however, are somewhat troublesome particularly in the preparation of the starting
pyrimidine derivatives.

We now report here a versatile and convenient method for the synthesis of
pyrimido[4,5-bl[1,4]thiazines | and 2 starting from the readily available 5-
hydroxypyrimidines §.4_ The present one-pot reaction is in principle appli-
cable to the synthesis of other fused pyrimidine ring systems.
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To a suspension of 5-hydroxyuracil (@@)5)(1.0 mmol) in ethanol (10 ml), N-
bromosuccinimide (1.1 mmol) was added by portions at room temperature. After
having been stirred until the disappearance of 3a (monitored by TLC, for about
0.5 h) followed by addition of 2-aminothiophenocl (1.5 mmol), the mixture was
heated under reflux for 1 h. The precipitated crystalline mass was collected
and recrystallized from ethanol to give 1,5-dihydro-10-thiaisoalloxazine (}g) in
a high yield. In this procedure, employment of methanol as a solvent also gave
analogous results. The structure of la was confirmed by identification with an
authentic sample prepared by photocyclization of 6-(Z—azidophenylthio)uracil.2)

This one-pot procedure can be applied to the preparation of 5,6,7,8-tetra-
hydro-8-thialumazine (gg)7) and 6-ethoxycarbonyl-5,6,7,8-tetrahydro-8-thialuma-
zine (2b) by the use of cysteamine and cystein ethyl ester in place of 2-amino-
thiophenol.

Analogously, bromination of isocytosine (gk)e) in ethanol with gfbromo—
succinimide followed by treatment of 2-aminothiophenol and cystein ethyl ester
resulted in the formation of 1,5-dihydro-2-amino-10-thiaisoalloxazine (}b) and
6-ethoxycarbonyl-5,6,7,8~tetrahydro-8-thiapterin (2¢), respectively.

Table 1. Preparation of Pyrimido(4,5-b][1,4]thiazines 1 and 2
Starting material g-Aminothiol Product Mp (°C) Yield (%)
3a 2-Aminothiophenol la 310 (1it.2)267) 82
38 Cysteamine 2a 292 90
KF:] Cystein ethyl ester 2p 239 83
3b 2-Aminothiophenol 1b > 300 81
3 Cystein ethyl ester 2¢ 188 47

When a suspension of 3a (1.0 mmol) in ethanol was treated with N-bromo-
succinimide (1.1 mmol) at room temperature for 0.5 h, 5,6—diethoxy—5:hydroxy—
5,6-dihydrouracil (3a)(see Chart 2), mp 214°C, was isolated in 78% yield. The
structural proof of ja rests upon its spectral data. For example, the 1H-NMR
spectrum of ja (in DMSO—d6) showgd a broad doublet signal (§ 4.34, J = 5.0 Hz ),
which is assignable to a proton at the C(6)-position because of its coupling
with a proton at the N(1)-position ($ 8?52, broad doublet, J = 5.0 Hz), together
with signals arising from two amide groups, a hydroxy group and two ethoxy
groups.

Attempts to isolate the expected 6-bromo-5-hydroxyuracil (4a) in a pure
state were unsuccessful due to its instability, e.g., bromination of 3a by N-
bromosuccinimide in dry acetonitrile gave Qgs) (detected by NMR) which was not
stable enough to purify. Employment of acetonitrile instead of ethanol as a
solvent was not advantageous for the preparation of the pyrimido[4,5-b][1,4]-
thiazines ] and 2 because of their formation in low yields ( 20-60% ).

Refluxing an equimolar mixture of ja and 2-aminothiophenol in ethanol in
the presence of a trace amount of hydrogen bromide gave la in 96% yield. The
above findings clearly indicate that 5 is an intermediate product in the present
synthesis of pyrimido{4,5-b][1,4]thiazines ]| and 2.
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Taking the above facts into consideration, a plausible reaction sequence
for the present reaction is outlined as shown in Chart 2. The initially formed
6-bromo-5-hydroxypyrimidine (4) is trapped by ethanol to give the dihydropyrimi-
dine intermediate 3. The dihydropyrimidine 3 could react with B-aminothiols
under thermal conditions to produce the pyrimido[4,5-bl[1,4]thiazines ] and 2 in
the presence of the acid catalyst. -
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