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Domino condensation–heterocyclisation
reactions: iodine catalyzed four component
synthesis of 1,3-thiazine†

Munusamy Sathishkumar and Kulathu Iyer Sathiyanarayanan*

An efficient iodine-catalyzed approach to synthesise 1,3-thiazine has been developed, and this synthetic

methodology is economical and uses cheap and readily available starting materials. This is the first

example of constructing 1,3-thiazine via a sequential thia-Michael addition and cyclodehydration.
The central theme of organic synthesis is the construction and
cleavage of bonds in organic molecules. Modern synthesis
involves the design of efficient synthetic protocol that mini-
mizes the number of synthetic steps for the rapid generation of
functionalized molecules with interesting properties.1 One
approach to achieve this goal involves the development of eco-
compatible, multicomponent procedures. Multicomponent
reactions (MCRs) offer a wide range of possibilities for the
construction of pre-dened highly complex molecules in a
single step with high atom economy and straight forward
experimental procedures.2,3 It has been reported that sulfur
containing heterocycles exhibit activity against human immu-
nodeciency virus type (1), polio virus type (1), coxsackie virus
type 3(Cox-3), vesicular stomatitis virus (VSV) and herpes
simplex virus type 1(HSV-1).4 Cephalosporins are widely used b-
lactams that contain 1,3-thiazine as the active core.5 Rhoda-
mines such as 2-thioxo-1,3-thiazolidine-4-ones are sulfur/
nitrogen heterocycles. These and typical 1,3-thiazines have
antimalarial, antiviral, antitumor, anti-inammatory, or herbi-
cidal properties.6 Compounds bearing the dithiocarbamate
group as part of the heterocyclic structure have been relatively
less studied7 and the developments of a simple MCR protocol
for these compounds are a highly desirable yet elusive goal.
Several methods have been documented for the synthesis of
1,3-thiazine derivatives. One such strategy involves a Michael
type addition of N-aryldithiocarbamic acid to an enone, gener-
ated in situ to afford the corresponding Michael adduct which
on subsequent ring transformation yields the nal product.8 In
addition 1,3-thiazines have also been synthesized utilizing
racemic a-chloro-b,n-alkenote esters with in situ generated
dithiocarbamates.9

Although the reported approaches are useful tools for the
synthesis of 1,3-thiazine, most of them suffer from limitations
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such as expensive reagents, drastic reaction conditions and
multi-step syntheses. Hence developing a more convenient,
efficient, rapid and viable synthetic protocol for these renowned
molecules is highly desirable. Owing to its numerous advan-
tages eco-friendly iodine has been explored as a powerful cata-
lyst for various organic transformations.10 In our continuation
of research on the catalytic application of molecular iodine,11 we
herein report an iodine-catalyzed novel method to assemble
b-naphthol, aromatic aldehydes, aromatic anilines and car-
bondisulde to provide 1,3-thiazine. Notably, this reaction does
not require harsh conditions and proceeds with a variety of
aldehydes with fewer by products (Scheme 1).
Results and discussion

In our effort to design a simple MCR for 1,3-thiazine, we devised
a simple strategy derived reterosynthetically and outlined in
Scheme 2. On the grounds of reterosynthetic analysis, we
concluded that coupling of 1, 2, 3 and CS2 would lead to the
desired 1,3-thiazine. This optimized strategy involves formation
of four new s-bonds and one asymmetric carbon center through
a thia-Michael12 addition and intermolecular cyclisation
process.13 The starting materials are readily available for the
synthesis of many 1,3-thiazine derivatives.

Accordingly, b-naphthol, aromatic aldehydes, CS2 and
aniline were taken as the substrate for the reaction. Our inves-
tigation started with the reaction between 1, 2, 3 and CS2 with a
variety of catalysts in different solvents as well as under solvent
Scheme 1 Reaction for the formation of substituted [1,3]thiazines
from S-nucleophiles (generated in situ from aniline and CS2), b-
naphthol and benzaldehydes.

This journal is © The Royal Society of Chemistry 2014
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Scheme 2 Reterosynthetic analysis for 1,4-diphenyl-1H-naphthol
[2,1-d][1,3]thiazine-3(4H)thione leading to easily available starting
materials.
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free conditions. Among the various Lewis acid catalysts used,
iodine afforded the targeted product 4a with a 92% yield. Some
of the other Lewis acids could not trigger the reaction even aer
reux (Table 1). When we used SnCl2 as a catalyst for this
reaction we observed a lower yield of 1,3-thiazine. In addition to
that we observed an insoluble solid being formed which we later
assumed was a complex with the aid of IR spectra. We have not
thoroughly investigated this as it is out of the scope of this
manuscript. Having iodine as a good promoter in hand, next we
tried to optimize its loading, and it was found that 20 mol% of
iodine provided the best result.

Reducing the iodine loading from 20 mol% to 5 mol% led to
a signicant decrease in the yield of 4a. To study the effect of the
solvent on the reaction, we performed the model reaction in
different solvents such as DCM, 1,2-DCE, toluene, benzene and
acetonitrile. Out of these solvents acetonitrile gave the best yield
of 4a (Table 1, entries 1–5). But by using acetonitrile alone we
could not get the desired product in signicant yield due to the
low solubility of phenyldithiocarbamate in acetonitrile. Hence
Table 1 Catalyst and solvent optimization

Entrya Catalyst (mol%) Solvent Time (h) Yieldb (%)

1 Iodine (20) DCM 12 40
2 Iodine (20) 1,2-DCE 10 33
3 Iodine (20) Toluene 16 —
4 Iodine (20) Benzene 16 —
5 Iodine (20) Acetonitrile 4 52
6 Iodine (20) Acetonitrile–ethanol 4 92
7 Iodine (15) Acetonitrile–ethanol 4 60
8 Iodine (10) Acetonitrile–ethanol 4 45
9 Iodine (5) Acetonitrile–ethanol 4 30
10 SnCl2 Acetonitrile–ethanol 4 37
11 FeCl2 Acetonitrile–ethanol 4 20
12 CuSO4 Acetonitrile–ethanol 4 —
13 CuO Acetonitrile–ethanol 4 —
14 CuBr Acetonitrile–ethanol 4 —
15 ZnCl2 Acetonitrile–ethanol 4 —

a Reaction conditions: all the reactions were carried out on 4mmol scale
in 3 ml solvent. b Isolated yield.

This journal is © The Royal Society of Chemistry 2014
we added ethanol in a smaller proportion to the reaction
mixture in order to dissolve the phenyldithiocarbamate and this
increased the yield signicantly (entry 6). With the intention to
investigate a green approach for this synthesis, we carried out
this reaction in solvent free conditions as well, but the results
were not satisfactory.

The overall observation shows that the reaction proceeds
well in acetonitrile with 20 mol% iodine catalyst on reux.
Having optimized the reaction conditions we rst examined the
reaction of a number of substituted benzaldehydes with
phenyldithiocarbamate and b-naphthol. Generally the reaction
proceeded well with this substrate to deliver substituted
1,3-thiazine (4a–4q) in good to excellent yields (Table 2, entries
1–17). The results demonstrated that both the electronic
features and the orientation of the benzaldehydes have a
limited inuence on this reaction. We also extended the scope
of the reaction to various anilines and the results are tabulated
(Table 2, entries 8–17). Another notable characteristic of this
reaction is that a wide range of functional groups such as uoro,
chloro, nitro and methoxy remain intact under these reaction
conditions. To further extend the utility of this tandem reaction
we tried the same reaction with aliphatic amines such as
ethylamine, piperidine andmorpholine but the reaction did not
proceed at all.

Mechanistically, it can be ascertained that the reactions
proceed via the formation of an ortho-quinonemethide12 from
b-naphthol and an aldehyde. The subsequent thia-Michael
addition of phenyldithiocarbamate13 followed by the cyclo-
dehydration through the nucleophilic amination of the
Table 2 Iodine catalyzed synthesis of 1,3-thiazine

Entrya 4 Yieldb (%) Time (h)

1 4a: R1 ¼ 2-Cl, R2 ¼ H. 92 4
2 4b: R1 ¼ 4-OCH3, R

2 ¼ H. 71 4
3 4c: R1 ¼ 3-NO2, R

2 ¼ H. 86 3
4 4d: R1 ¼ 4-Cl, R2 ¼ H. 79 3
5 4e: R1 ¼ 4-CN, R2 ¼ H. 75 3
6 4f: R1 ¼ 2-F, R2 ¼ H. 80 4
7 4g: R1 ¼ 4-CH3, R

2 ¼ H. 69 5
8 4h: R1 ¼ 3-NO2, R

2 ¼ 2-Cl. 78 4
9 4i: R1 ¼ 2-Cl, R2 ¼ 2-Cl. 85 4
10 4j: R1 ¼ 4-F, R2 ¼ 2-Cl. 81 3
11 4k: R1 ¼ 4-Cl, R2 ¼ 2-Cl. 76 4
12 4l: R1 ¼ 2-F, R2 ¼ 2-Cl. 71 3
13 4m: R1 ¼ 4-Br, R2 ¼ 2-Cl. 73 4
14 4n: R1 ¼ H, R2 ¼ 4-F 72 2.5
15 4o: R1 ¼ H, R2 ¼ 4-Br 86 3
16 4p: R1 ¼ H, R2 ¼ 4-Cl 77 3.5
17 4q: R1 ¼ H, R2 ¼ 3-NO2 80 4

a Reaction conditions: all the reactions were carried out on 4mmol scale
in acetonitrile (7 ml)–ethanol (3 ml). b Isolated yield.
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Scheme 3 Proposed mechanism of the iodine-catalysed synthesis of
1,3-thiazine.
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phenolic group14 would give the desired 1,3-thiazine product
(Scheme 3).

Conclusion

In conclusion, we have reported an efficient and simple protocol
for the synthesis of biologically important 1,4-diphenyl-1H-
naphthol[2,1-d][1,3]thiazine-3(4H)thione via a thia-Michael
addition13 and cyclodehydration14 with molecular iodine as the
catalyst. This method offers many advantages such as short a
reaction time, signicant yield and easy availability of the
catalyst at a low cost. It was gratifying to observe that this
approach does not require any activated aldehydes or anilines
in order to accomplish the reaction.

Experimental section
General methods

All reactions were performed under reux conditions and open
to air. Melting points were determined in open capillary tubes
and are uncorrected. 1H NMR (400 MHz) and 13C NMR
(100 MHz) spectra were recorded in CDCl3. Chemical shis are
given in d-values referenced to TMS. All the yields mentioned in
the experimental data are of isolated products unless otherwise
mentioned.

General procedure for the synthesis of 1,3-thiazine

A mixture of 2-chlorobenzadehyde (4 mmol) and b-naphthol
(4 mmol) was mixed in a 50 ml two necked round bottom (RB)
ask containing acetonitrile (7 ml) as the solvent. To this
reaction mixture 20 mol% iodine was added and reuxed. Aer
10 minutes a mixture of CS2 (4 mmol) and aniline (4 mmol) in
3 ml ethanol and KOH (8 mmol) was added to the RB ask. The
reaction mixture was allowed to reux for 4 h. The completion
of the reaction was monitored using thin layer chromatography
(TLC). Aer the completion of the reaction, the reaction mixture
was quenched with a 20% solution of sodium thiosulfate and
extracted with ethyl acetate. The combined organic layer was
dried over sodium sulfate, concentrated using evaporation and
the settled white product was dried. Some of the derivatives
8810 | RSC Adv., 2014, 4, 8808–8811
which are obtained as gels were puried by using column
chromatography on silica gel (60–120 mesh, ethyl acetate–
n-hexane).
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