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Concise and efficient domino [3+2+1] heterocyclization of isothiocyanates with aryl amidines has been
established for the synthesis of 1,3,5-triazine derivatives. The multicomponent domino reaction (MDR,
AB; type) is easy to perform simply by mixing inexpensive isothiocyanates and aryl amidines in the pres-
ence of NaOH under microwave heating. The present synthesis shows attractive properties such as con-
cise one-pot conditions, short reaction periods (15-24 min), and easy purifications. The resulting 1,3,5-
triazine derivatives are important structural motifs in organic and medicinal research.

© 2013 Elsevier Ltd. All rights reserved.

Nitrogen-containing heterocycles (azaheterocycles) are omni-
present in nature and are of great significance to life because their
structural subunits exist in many natural products such as vita-
mins, antibiotics, and alkaloids, as well as pharmaceuticals and
many more compounds.' The 1,3,5-triazines and their derivatives
are the oldest class of extremely important heterocyclic com-
pounds and are used in a wide array of synthetic and industrial
applications. They have been found to exhibit anti-tumor,? cortico-
trophin-releasing factor-1 receptor antagonist,® leukotriene C4
(LTC4) antagonist,® inosine monophosphate dehydrogenase
(IMPDH) inhibitory,” and erm methyltransferase inhibitory activi-
ties.® In the past several decades, many methodologies for the
preparation of 1,3,5-triazines with different substituents have been
developed, which involved nucleophilic substitution of cyanuric
chloride with different nucleophiles,>’ two-component reaction
of biguanides with acid chlorides,® or anhydrides,® or carboxyl-
ates,®19 cascade cyclization of acylamidines with amidines or
guanidines,'! two-step method of isothiocyanates,'? and recently
one-pot reaction of isothiocyanates, N,N-diethylamidines, and
carbamidines.!®> However, most of these reactions suffered from
multisteps, the limited scope of substrates, tedious operation pro-
cedures, and longer reaction times. Therefore, the development of
new alternate and more efficient strategies for the synthesis of this
family of heterocyclic compounds by minimizing the formation of
waste and by-products, continues to be of great interest and
challenging.
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On the other hand, multicomponent domino reactions (MDRs)
allow the creation of several bonds in a single operation and em-
body many features including atom- and step economy, conver-
gence, structural diversity, and reduction in the number of
workup procedures and purification processes, thereby minimizing
the generation of waste and rendering the transformations green.'*
Based on the unique properties of intermediates, these processes
can be rationally designed, so that they serve as ideal approaches
for the efficient synthesis of structurally complex and functionally
diverse molecules that play the role of lead compounds in drug dis-
covery efforts.!®> Therefore, MDRs have attracted enormous atten-
tion and became a powerful tool in organic chemistry.

Recently, we have been engaging in the development of unique
MDRs that can provide easy access to new core structures of chem-
ical and pharmaceutical interest.!®17 As a part of our study of this
topic, we now developed domino [3+2+1] heterocyclization of iso-
thiocyanates with aryl amidines, providing polyfunctionalized
1,3,5-triazine derivatives with good yields (Scheme 1).
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Scheme 1. The multicomponent domino reaction of 1 with 2.
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The great features of this chemistry are shown by the fact that
the domino construction of 1,3,5-triazine skeleton and its N-aryla-
tion was readily achieved via base-promoted multicomponent
reaction (AB;, type) in a one-pot operation. The present work rep-
resents the special example for the preparation of such important
types of 1,3,5-triazine derivatives.

In an initial study, benzamidine (2a, 1.0 equiv) was reacted with
4-chlorophenyl isothiocyanate (1a, 2.2 equiv) in DMF at 80 °C
using NaOH (0.2 equiv) as a base under microwave heating. The
reaction proceeded smoothly to provide polysubstituted 1,3,5-tria-
zines 3a in 58% yield. The structure of 3a was characterized on the
basis of its spectral and analytical data. Furthermore, the structural
elucidation was unequivocally determined by X-ray diffraction of
single crystals of 3j (Fig. 1) and 31 (See SI).

Encouraged by the above reported satisfactory results, we next
optimized this reaction conditions including different solvents and
bases (Table 1). The same reaction of 1a with 2a was investigated
using a variety of bases (0.2 equiv), such as K,CO3, NaOH, Et3N, and
NaOEt under microwave (MW) irradiation at 80 °C. The reaction
scarcely proceeded in the presence of K,CO5; (Table 1, entry 1).
When Et3N or NaOEt was used as a base catalyst, 3a was isolated
in low yield and this may be due to the formation of thiourea 4
as by-product. (Table 1, entries 2 and 3). Subsequently, the effect
of NaOH as a base promoter was investigated in this reaction.
0.2 equiv of NaOH gave 58% yield of the product 3a. A similar out-
come (56%) was observed when the amount of NaOH was in-
creased to 0.4 equiv (Table 1, entry 6). When 0.1 equiv of NaOH
was used, it resulted in slightly lower yield of the desired product
3a (Table 1, entry 5). Next, the reaction promoted by NaOH was
performed in different solvents such as EtOH (47%), DMF (58%),
and 1,4-dioxane (50%) in a sealed vessel under microwave irradia-
tion for 15 min. The best yield of product 3a (78%) was obtained in
DMEF, as the reaction temperature was increased to 110 °C (Table 1,
entry 7).

Using the optimized reaction conditions, the scope of a variety
of structurally diverse isothiocyanates and aryl amidines were
investigated, and a series of new 1,3,5-triazine-2(1H)-thiones were
synthesized in good yields, with arylamino group in position 6 of
the 1,3,5-triazine-2(1H)-thione nucleus. As shown in Table 2, we
found that the substituents on the aromatic ring of aryl amidines

Figure 1. X-ray structure of 3j.!°

Table 1
Optimization of reaction conditions
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1a 2a 1a  Ar=4-<chlorophenyl 3a AT 4
Entry Base (equiv) Solvent T (°C) Time (min) Yield® (%)
1 K;CO5 (0.2) DMF 80 20 Trace
2 Et;N (0.2) DMF 80 15 28
3 NaOEt (0.2) DMF 80 15 35
4 NaOH(0.2) DMF 80 15 58
5 NaOH (0.1) DMF 80 15 42
6 NaOH (0.4) DMF 80 15 56
7 NaOH(0.2) DMF 110 15 78

@ Isolated yield.

2 did not hamper the reaction progress. Reactions of methyl-, bro-
mo-, chloro-, or fluoro-substituted phenyl isothiocyanates 1 with
aryl amidines 2, all proceeded well to afford the desired products
in good yields. Aryl amidines bearing electron-withdrawing groups
were examined and as anticipated, the reactions proceeded
smoothly to give the corresponding products in good yields. Pyri-
din-3-yl, pyridin-4-yl, and pyrimidin-2-yl amidines were also con-
verted into pyridin-3-yl, pyridin-4-yl, and pyrimidin-2-yl
substituted 1,3,5-triazine-2(1H)-thiones 3c-3e, 3h-3i, 31-3n, 3q-
3s, and 3u-3v and the products were isolated in 60-78% yields.
The results exhibited the scope and generality of the new domino
reaction with respect to a range of amidine and isothiocyanate sub-
strates. Furthermore, halogen (Cl, and Br) containing substrates
were also well tolerated. These functional groups provide ample
opportunity for further functional group manipulations such as
using modern cross-coupling reactions.

Similar to our previous domino processes, the present reac-
tion also showed the following attractive characteristics: (1) fast
reaction rates which enable the reaction to be completed within
15-24 min; (2) the convenient work-up which only needs simple
filtration since, the products directly precipitate out after the reac-
tion is finished and when its mixtures were neutralized with dilute
hydrochloric acid; (3) purification by chromatography can be
avoided, and the pure products can be easily acquired only by
washing the crude products with 95% EtOH; (4) simple and avail-
able substrates of amidines and isothiocyanates. Moreover, during
these domino processes, the construction of 1,3,5-triazine-2(1H)-
thione ring was accompanied by C=S and C=N bonds cleavage of
the isothiocyanates.

A plausible mechanism was proposed in Scheme 2. We hypoth-
esized that amidines 2 would attack isothiocyanates 1 first in the
presence of a base to generate an intermediate A, and then a sec-
ond addition between A and the second molecule of isothiocya-
nates 1 occurred, leading to bis-thiourea intermediate B, which
underwent intramolecular cyclization and subsequent dethiolation
to furnish the compound 3.

In summary, we have described a base-promoted domino
[3+2+1] heterocyclization as an alternative method for the synthe-
sis of a series of N-arylamino substituted 1,3,5-triazines with con-
comitant formation of three sigma-bonds in a one-pot manner.
This reaction provides a facile and efficient strategy for the con-
struction of structurally diverse 1,3,5-triazine skeleton. Features
of this strategy include short reaction times (15-24 min) and con-
venient one-pot operation. Further investigations are in progress in

16,17



Table 2
Syntheses of products 3'
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our laboratory to synthesize more complex products containing
1,3,5-triazine core and test their biological activity.
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Scheme 2. The plausible mechanism for the formation of 1,3,5-triazines 3.
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