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Abstract Aryl isothiocyanates react with dialkyl 2-{[bis(dimethylami-
no)methylene]amino}maleates, generated from 1,1,3,3-tetramethyl-
guanidine and acetylenic esters, to afford 2-(dimethylamino)-1,3-thi-
azole derivatives, functionalized 2-(dimethylamino)-6-thioxo-1,6-
dihydropyrimidines, and ethyl 2-(dimethylamino)-6-[(4-nitrophenyl)im-
ino]-4-phenyl-6H-1,3-thiazine-5-carboxylate, in moderate to good
yields.

Key words thiazolamines, alkynoate esters, pyrimidinethiones, te-
tramethylguanidine, aryl isothiocyanates

Heterocyclic compounds such as pyrimidines play im-
portant roles in the fields of drugs and agrochemicals, and
in many biological processes. In recent decades, many phar-
macological studies have been carried out on pyrimidine
and its derivatives, such as pyrimethamine.1 An important
derivative of pyrimidine is pyrimidine-2-thiol, also known
as 2-mercaptopyrimidine or (in its tautomeric form) 2-thi-
oxopyrimidine [pyrimidine-2(1H)-thione] (Figure 1).2

Figure 1  Examples of pharmaceuticals containing pyrimidine or thi-
azole moieties

Thiazoles3 are interesting heterocyclic systems that ex-
hibit various biological properties, such as antimicrobial,4
antihistaminic,5 and antiviral activities.6 Thiazole-contain-
ing vitamin B1 (thiamine) (Figure 1) helps in the normal
functioning of the nervous system by its role in the synthe-

sis of acetylcholine.7 Thiazoles are usually prepared by the
Hantzsch method,8 which suffers from long reaction times,
low yields, and harsh reaction conditions.9

Here, we report a simple procedure for the synthesis of
2-(dimethylamino)thiazole derivatives and functionalized
2-(dimethylamino)-6-thioxo-1,6-dihydropyrimidine-5-car-
boxylate derivatives by a three-component coupling reac-
tion of 1,1,3,3-tetramethylguanidine (TMG), acetylenic es-
ters, and aryl isothiocyanates.

Initially, we chose TMG (1) and dimethyl acetylenedi-
carboxylate (DMAD; 2a) as model substrates to react with
isothiocyanatobenzene (3a). Various solvents (EtOH, THF,
and MeCN) were explored, and the results are summarized
in Table 1. The reactions performed in THF or MeCN at
room temperature for 48 hours gave 5a in low yields (Table
1, entries 1 and 2). When EtOH was used as the solvent,
only a reaction between EtOH and isothiocyanatobenzene
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Table 1  Formation of Product 5a under Various Reaction Conditionsa

Entry Solvent Temp Yieldb (%)

1 THF r.t. trace

2 MeCN r.t. 14

3 EtOH reflux –

4 MeCN reflux 52
a Reaction conditions: 1 (0.115 g, 1 mmol), 2a (0.142 g, 1 mmol), 3a 
(0.135 g, 1 mmol), solvent (5mL).
b Isolated yield.
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was observed (entry 3). Finally, reaction in MeCN at the re-
flux gave product 5a in 52% yield (entry 4).

Therefore, the optimal reaction conditions are one
equivalent each of TMG (1), DMAD (2a), and isothiocyana-
tobenzene (3a) in refluxing MeCN. By using these opti-
mized reaction conditions and various dialkyl acetylenedi-
carboxylates 2, we prepared four derivatives of 2-(dime-
thylamino)thiazole 5a–d (Table 2).10

Table 2  Synthesis of Dialkyl 2-(dimethylamino)thiazole-4,5-dicarbox-
ylates 5a–da

To extend the scope of this reaction, we used ethyl 3-
phenylpropiolate (2e) as the acetylenic ester (Table 3). The
reaction of TMG with 2e and isothiocyanatobenzene (3a)
gave ethyl 2-(dimethylamino)-4-phenylthiazole-5-carbox-
ylate (5e)11 together with ethyl 2-(dimethylamino)-1,4-di-
phenyl-6-thioxo-1,6-dihydropyrimidine-5-carboxylate
(6a). By using a range of aryl isothiocyanates, a series of
novel products 6b–e, were prepared (Table 3).10

The structures of products 5a–e and 6a–e were deduced
from their IR, 1H NMR, and 13C NMR spectra and their mass
spectrometric data. Unequivocal evidence for the structures
of 5e and 6c was obtained by single-crystal X-ray analy-
ses.13,14 The ORTEP diagrams of 5e and 6c are shown in Fig-
ure 2 and Figure 3, respectively.

Entry R Product Yieldb (%)

1 Me 5a 52

2 Et 5b 58

3 iPr 5c 60

4 tBu 5d 61
a Reaction conditions: 1 (1 mmol), 2 (1 mmol), 3a (1 mmol), MeCN (5 mL), 
reflux.
b Isolated yield.
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Table 3  Synthesis of Compounds 5e and 6a–ea

Entry Ar Product Yield (%)b Product Yieldb (%)

1 Ph 5e 50 6a 45

2 3-ClC6H4 5e 52 6b 36

3 4-MeOC6H4 5e 61 6c 34

4 4-FC6H4 5e 50 6d 40

5 4-BrC6H4 5e 55 6e 35
a Reaction conditions: 1 (1 mmol), 2 (1 mmol), 3 (1 mmol), MeCN (5 mL), reflux.
b Isolated yield.
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Figure 2  X-ray crystal structure (ORTEP) of 5e with thermal ellipsoids 
set at the 40% probability level14

Figure 3  X-ray crystal structure (ORTEP) of 6c with thermal ellipsoids 
set at the 40% probability level14
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On account of their similar NMR spectra, the structures
5a–d and of 6a, 6b, 6d, and 6e were assumed to be analo-
gous to those of 5e and 6c (as deduced from the crystallo-
graphic data), respectively.

A plausible mechanism for the formation of products 5e
and 6a is shown in Scheme 1. It is conceivable that the reac-
tion between 4e and isothiocyanatobenzene (3a) affords in-
termediate 7, which converts into intermediate 8. This in-
termediate undergoes intramolecular nucleophilic attack
by nitrogen to generate pyrimidine derivative 9, which is
then converted into the dihydropyrimidine derivative 6a by
elimination of dimethylamine. Alternatively, intermediate 7
might undergo S-alkylation to afford the 1,3-thiazine deriv-
ative 10. This intermediate converts into the sulfur ylide 11
by 1,2-sulfur migration. The S-ylide 11 might then undergo
tautomerism to generate the more stable S-ylide 12, which
is converted into thiazole 5e via intermediate 13.

In the presence of 1-isothiocyanato-4-nitrobenzene
(3f), ethyl 2-(dimethylamino)-6-[(4-nitrophenyl)imino]-4-
phenyl-6H-1,3-thiazine-5-carboxylate (14) was formed via
intermediate 16 (Scheme 2). This observation suggests that
the formation of product 14 is due to a lack of formation of
5e, because the electron-withdrawing nature of the para-
nitro group stabilizes the imine structure 16.

Scheme 2  A plausible mechanism for the formation of product 14

Product 14 was readily identified from its NMR spectra.
In particular, in the 13C NMR spectrum of 14, there is no
peak for the C=S carbon. Unequivocal evidence for the
structure of 14 was obtained from single-crystal X-ray anal-
ysis.13,14 The ORTEP diagram of 14 is shown in Figure 4.

Figure 4  X-ray crystal structure (ORTEP) of 14 with thermal ellipsoids 
set at the 40% probability level14

In conclusion, we have developed a multicomponent re-
action of TMG, acetylenic esters, and aryl isothiocyanates as
a novel route to the synthesis of a series of 2-(dimethylami-
no)thiazole derivatives 5, functionalized 2-(dimethylami-
no)-6-thioxo-1,6-dihydropyrimidines 6, and ethyl 2-(dime-
thylamino)-6-[(4-nitrophenyl)imino]-4-phenyl-6H-1,3-thi-
azine-5-carboxylate (14) in moderate to good yields.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0036-1590862. Supporting InformationSupporting Information

Scheme 1  A plausible mechanism for the formation of products 5e and 6a
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