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A novel and efficient one-pot method has been developed for
the synthesis of 2-substituted-5H-1,3,4-thiadiazolo[3,2-
alpyrimidin-5-one derivative by the combination of [3+3]
cycloaddition, reduction, deamine reactions. The fused
heterocyclic compounds 2-substituted-5H-1,3,4-thiadiazolo
[3,2-a]pyrimidin-5-ones was synthesized by the catalytic
diversity-oriented. As an extension of the synthetic
methodology, some 4H-Pyrido[1,2-a]pyrimidin-4-one 4a-c
was synthesized. The zn-m accumulation structure of
supramolecular self-assembly was discussed in the crystal.

Thiadiazolopyrimidines, analogous structure compounds display
an important role in pharmacological chemistry. The nucleus and a
number of its substituted products exhibit interesting biological and
pharmacological properties.”'’ Because of their importance; the
synthesis of these compounds has attracted considerable attention. In
recent years, many papers concerning the synthesis of 2,7-
disubstituted-1,3,4-thiadiazolo[3,2-a]pyrimidin-5-one derivatives
have been reported.'''> However, little attention has been paid to the
synthesis of 2-substituted-1,3,4-thiadiazolo[3,2-a]pyrimidin-5-ones,
which are unsubstituted on the 7-position. And up to now, there are
few reports on the synthesis of them in literature. The structure of
1,3,4-thiadiazolo[3,2-a]pyrimidin-5-one was alike with mother
structure of importance quinolone antimicrobial agents. The study on
methodology of synthesis or the structure of them and their
derivatives analogous compounds in biological and pharmacological
fields was importance.

The two-steps synthesis method of 2-amino-7-substituted-1,3,4-
thiadiazolo[3,2-a]pyrimidin-5-one derivatives have been reported,
which was prepared from 2-amino-thiadiazole derivatives and S-keto
esters, but yield was low."™*  Cascade, tandem, one-pot,
multicomponent domino reactions, atom economy, catalyst-free, ring
opening, supramolecular self-assembly and diversity-oriented
synthesis (DOS) are increasingly applied to the construction of
natural and designed molecules.'® A novel and efficient one-pot
method has been developed for the synthesis of 2-substituted-5H-
1,3,4-thiadiazolo[3,2-a]pyrimidin-5-one  derivative. Some novel
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fused-ring systems 2-substituted-5H-1,3,4-thiadiazolo[3,2-
a]pyrimidin-5-one derivatives 3a-o were synthesized by the one-pot
reaction of the corresponding 2-amino-5-substitued-1,3,4-
thiadiazoles 2a-o0 and ethyl cyanoacetate under present of catalytic
agent (Scheme 1).
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Scheme 1 The synthesis of 2-substituted-5H-1,3,4-thiadiazolo[3,2-
alpyrimidin-5-one derivatives for combination of [3+3]
cycloaddition, eduction, eamine
When a solution of 2-amino-5-substituted-1,3,4-thiadiazole, ethyl
cyanoacetate and CH3ONa in dry methanol was refluxed, the 2-
cyano-N-(5-substituted-1,3,4-thiadiazol-2-yl)acetamide =~ 2 was
given.17 Previously, the solution of 2-amino-5-substituted-1,3,4-
thiadiazole, ethyl cyanoacetate and CH;ONa in dry methanol was
refluxed, the reaction gave other structure compound, 5,6-dihydro-5-
imino-2-substituted-1,3,4-thiadiazolo[3,2-a]pyrimidin-7-one'® 3. The
same type reaction gave difference form results. The ring conversion
reaction of 5,6-dihydro-5-imino-2-substituted-1,3,4-thiadiazolo[3,2-
a]pyrimidin-7-one in formic acid at 100 °C for 10 h was carried to
6,7-dihydro-7-imino-2-substituted-1,3,4-thiadiazolo[3,2-
a]pyrimidin-5-one 4."° The reaction of 2-amino-5-substituted-1,3,4-
thiadiazole, ethyl cyanoacetate and methanesulfonic acid-phosphorus
pentoxide gave 6,7-dihydro-7-imino-2-substituted-1,3,4-
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thiadiazolo[3,2-a]pyrimidin-5-one 4.' In same starting materials,
reagents, solvents and catalytic agent, the reaction gives different
products to the intermediate 2-cyano-N-(5-substituted-1,3,4-
thiadiazol-2-yl)acetamide 2 or 5,6-dihydro-5-imino-2-substituted-
1,3,4-thiadiazolo[3,2-a]pyrimidin-7-one 3. With same starting
materials, reagents and solvents, the reaction also gives equally type
products under different catalytic agent. 6,7-Dihydro-7-imino-2-
substituted-1,3,4-thiadiazolo[3,2-a]pyrimidin-5-one 4 could be
synthesized by 2-3 steps or one step from 2-amino-5-substituted-
1,3.,4-thiadiazole. The diversity synthesis is shown in Scheme 2.
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Scheme 2 The synthesis of 6,7-dihydro-7-imino-2-substituted-1,3,4-
thiadiazolo[3,2-a]pyrimidin-5-one
In order to obtain new 6,7-dihydro-7-imino-2-substituted-1,3,4-
thiadiazolo[3,2-a]pyrimidin-5-one derivatives, the reaction of 2-
amino-5-substituted-1,3,4-thiadiazoles 2a-0 and ethyl cyanoacetate
under the presence of phosphorus pentoxide and formic acid was
utilized. The phosphorus pentoxide or formic acid was utilized
respectively to the reaction catalytic of 2-amino-5-substituted-1,3,4-
thiadiazoles 2a-o0 and ethyl cyanoacetate, but phosphorus pentoxide
and formic acid has not been utilized together to the reaction. Here,
we obtained the synthesis of a new series of 2-substituted-5H-1,3,4-
thiadiazolo[3,2-a]pyrimidin-5-one derivatives 3a-o0. The synthesis
pathway is shown in Table 1.
Table 1 Diversity-synthesis oriented of compounds 2a-o to 3a-o

0
0 NHZNHBNHZ N— CNCH,CO,CoHs Ne

J s 13, St 4
R” TOH poci, R NHz P,0s, HCOOH S/L\N
1a-0 2a-0 3a-0

Entry Substrate R Yield (%)™

1 3a 2-ethoxyphenyl 90

2 3b 4-methylphenyl 75

3 3c 3-methoxyphenyl  78.5

4 3d 4-methoxyphenyl 93

5 3e phenyl 30

6 3f 4-chlorophenyl 48
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7 3g 4-bromophenyl 45
8 3h furan-2-yl 52.5
9 3i 2-chlorophenyl 69.5
10 3j 3-methylphenyl 82
11 3k 2-bromophenyl 56
12 31 2-fluorophenyl 62
13 3m benzyl 67
14 3n 2-methoxyphenyl 85
15 30 2-methylphenyl 76

[a] Isolated yield

The tandem reaction of diversity-oriented synthesis was carried
out by method of typical three-step synthesis to a one-pot process
under the presence phosphorus pentoxide-formic acid. How, the
target product was given by formic acid which was thinked for the
reductant of Eschweiler-Clarke and Leuckart-Wallach reaction
conditions.?>' The synthesis of a new series of 2-substituted-5H-
1,3,4-thiadiazolo[3,2-a]pyrimidin-5-one  derivatives 3a-o was
combination of [3+3] cycloaddition, reduction, deamine reactions
and 30~93% yield, which is the tandem reaction. The reaction was
combination of many type and step reactions in one-pot reaction, 7-
imino was given by Tsuji modes,'® was eliminated by tandem
reaction of reduction and deamine when methanesulfonic acid-
phosphorus pentoxide was changed to formic acid-phosphorus
pentoxide as the catalytic agent. Compounds 2a-o were synthesized
by the method reported in the literature.'®***> The mechanism of
synthesis is shown in Scheme 3.
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Scheme 3 The reaction mechanism of transformation of 2a-o to 3a-o0

Seeing that above, the synthesis of target product was explored by
2-amino-5-(4-methylphenyl)-1,3,4-thiadiazole, ethyl cyanoacetate,
phosphorus pentoxide and concentrated H,SO,4. The reaction was
carried out at 100-105 °C for 12 h, monitored by TLC, which didn’t
give relevant target product. Then, the synthesis of the targe product
was probed by the addition of 2-amino-5-(2-ethoxyphenyl)-1,3,4-
thiadiazole, ethyl cyanoacetate, phosphorus pentoxide and glacial
acetic acid, and so it didn’t give the target product. When we only
choose phosphorus pentoxide-formic acid as condensation reagent at
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the same conditions, the target product (3d) was obtained in yield of
93%. Phosphorus pentoxide-formic acid was an efficient
condensation regent for the synthesis of 2-substituted-5H-1,3,4-
thiadiazolo[3,2-a]pyrimidin-5-one derivatives 3a-o0. The synthesis
reaction didn’t give target product by 2-amino-5-substituted-1,3,4-
thiadiazole, ethyl cyanoacetate, phosphorus pentoxide and glacial
acetic acid (or concentrated H,SO,4 or methanesulfonic acid), but
target product was given by formic acid which is the reducing
reagent as Leuckart-Wallach, Eschweiler-Clarke reaction conditions.
The tandem reaction of 2-amino-5-substituted-1,3,4-thiadiazole,
ethyl cyanoacetate and methanesulfonic acid-phosphorus pentoxide
gave 6,7-dihydro-7-imino-2-substituted-1,3,4-thiadiazolo[3,2-
a]pyrimidin-5-one.'® Then the imino group of 7-position was
reductive converted to amino by formic acid.?®** After elimination
of ammonia, the target product was given under acid alike Fischer
indole synthesis.** Described herein is our approach, which reduces
the typical three-step synthesis to a one-pot process. The mechanism
of reaction is shown in Scheme 3. The molecular structure of the
product 3d and 3i was established by the X-ray diffraction (Fig 1,
Fig 2). The supramolecular structure of compound 40a is
shown in Figure 3.

Figure 1 A Mercury (1.4, CCDC, 2005) view of the molecular
structure of 3d*
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Figure 3 A Mercury (1.4, CCDC, 2005) view of the molecular
structure of 3i*
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Figure 4. The n-it accumulation structure of 3i supramolecular self-assembly.

As an extension of the synthetic methodology, some 4H-
Pyrido[1,2-a]pyrimidin-4-one 4a-e was synthesized. The synthesis
pathway is shown in Table 2.

Table 2 Diversity-synthesis oriented of compounds 4a-c.

O
CNCH,CO,C,H
R:—/j\ 20202 5 K\N 1
\N/ N, P20s HCOOH \/Q)\\N
R
4a-c
Entry Substrate R Yield(%)®!
1 4a H 20
2 4b 7- methyl 37.5
3 4c 7-chloro 33
4 4e 2-chloro 42.5

[a] Isolated yield

Conclusions

In conclusion, a novel and efficient one-pot method has been
the of 2-substituted-5H-1,3,4-
thiadiazolo[3,2-a]pyrimidin-5-one derivative by the tandem

developed for synthesis
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reaction of [3+3] cycloaddition, reduction, deamine reactions
under the present of formic acid-phosphorus pentoxide as the
catalytic agent. The fused heterocyclic compounds 2-
substituted-5H-1,3,4-thiadiazolo[3,2-a]pyrimidin-5-ones
synthesized by the catalytic diversity-oriented.

was
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Abstract

A novel and efficient one-pot method has been developed for the synthesis of
2-substituted-5H-1,3,4-thiadiazolo[3,2-a]pyrimidin-5-one derivative by the tandem
reaction of [3+3] cycloaddition, reduction, deamine.

CNCH,CO,CH,CH;
P,05, HCO,H



