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A simple and efficient method for the synthesis of polyfunctionalized 4H-thiopyrans by highly
regioselective cyclocondensation of b-oxodithioesters with 1,1,3-trialkyl or aryl substituted prop-
2-yn-1-ols using BF3�Et2O as the catalyst is described.
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Among the sulfur containing heterocycles, thiopyran structure
has high significance as a versatile scaffold for the synthesis of cer-
tain natural and unnatural products.1 In the literature, however,
only a few methods exist for the construction of 4H-thiopyrans
and the classical approach is the Diels–Alder reaction of thiabut-
adiene with an activated dienophile.2 Some of the recent methods
reported in the literature for the preparation of thiopyrans include
Grubb’s metathesis approach,3 microwave assisted multicompo-
nent reaction of a,b-unsaturated ketones with Lawesson’s reagent
and alkynes,4 and condensation of b-oxodithioesters with an
aldehyde and a nitrile under base catalysis.

In recent years, studies were extensively focused on the
development of novel catalytic methods for carbonAsulfur bond
formation reactions, particularly through addition of sulfur to
alkenes and alkynes owing to the growing industrial importance
of organosulfur compounds as reactive intermediates, pharmaceu-
ticals, and agrochemicals.5 In recent years, b-oxodithioesters have
emerged as versatile building blocks for the construction of a
variety of sulfur heterocycles such as thiophenes,6 dihydro-4H-
thiopyrans,7 2H-chromene-2-thiones,8 tetrahydrothiochromen-
5-ones,9 and benzo[a]quinolizine-4-thiones10 and in addition, they
were also employed as reactive intermediates in the preparation of
other heterocycles such as pyrazoles,11 pyrroles,12 indoles,13

4H-benzo[f]chromenes,14 imidazo[1,2-a]pyridines,15 dihydropyri-
midinones16 etc.

In our laboratory, we recently found that 1,1,3-trisubstituted
prop-2-yn-1-ol readily undergoes dehydrative cyclocondensation
reaction with phenols under Lewis acid catalysis producing
polyfunctionalized chromenes in high yields.17 In view of this,
we studied the scope of similar cyclocondensation reaction of
1,1,3-trisubstituted prop-2-yn-1-ols with b-oxodithioesters and
herein we report for the first time a new and efficient method
for the preparation of polyfunctionalized 4H-thiopyrans in high
yields (72–95%) by the regioselective cyclocondensation of
b-oxodithioesters with a 1,1,3-trisubstituted prop-2-yn-1-ol in
the presence of BF3�Et2O as the catalyst as shown in Scheme 1.

In our initial experiments, we studied the reaction of methyl
3-oxo-3-phenylpropanedithioate 1a with 1,1,3-triphenylprop-2-
yn-1-ol 2a in dichloromethane using a variety of Lewis acid
catalysts such as BF3�Et2O, Zn(OTf)2, Bi(OTf)3, Sc(OTf)3, InBr3, ZnCl2,
AlCl3, and FeCl3 and also with Bronsted acids such as p-toluene
sulfonic acid, and acetic acid. The results are shown in Table 1. In
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Scheme 1. Synthesis of polyfunctionalized 4H-thiopyrans.
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Scheme 2. Structural isomers 3a and 30a.

Figure 1. ORTEP diagram of 3a. Displacement ellipsoids are drawn at the 25%
probability level and H atoms are shown as small spheres of arbitrary radius. (CCDC
986964).
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this study, we obtained the best results with BF3�Et2O, which
promoted the reaction of 1a with 2a in a very short reaction time
(1 h) producing 2-(methylthio)-4,4,6-triphenyl-4H-thiopyran-3-yl)
(phenyl)methanone 3a in high yield (95%) when compared to other
catalysts. In our study, the solvent was found to have profound
influence on the reaction. For example, solvents such as toluene,
methanol, tetrahydrofuran, and acetonitrile, promoted the reaction
relatively slowly when compared to dichloromethane and they
produced 3a in 55%, 50%, 45%, and 20% yields, respectively, in 12 h.

In our study, the present cyclocondensation reaction of 1a with
2a was found to give exclusively one product. However, based on
the NMR, IR, and Mass spectral data (refer Supplementary informa-
tion file) obtained for the product we initially arrived at two
possible structures 3a and 30a as shown in Scheme 2. To rule out
one of the structures, we obtained a crystal of the product suitable
for X-ray crystallography and confirmed the structure of the
product to be 3a, that is, (2-(methylthio)-4,4,6-triphenyl-4
thiopyran-3-yl)(phenyl)methanone 3a (R = R1 = R2 = R3 = Ph). The
ORTEP view of the single crystal X-ray analysis of 3a with atomic
numbering is shown in Figure 1.18

In this study, we prepared a variety of b-oxodithioesters 1a–d
by a base mediated reaction of corresponding acetophenone with
dimethyltrithiocarbonate19 and obtained 1,1,3-trisubstituted
prop-2-yn-1-ols 2a–f by reacting the corresponding lithium aceta-
lide with a ketone.20 Next, we studied reactions of 1a–d with 2a–f
using BF3�Et2O as the catalyst in dichloromethane to obtain the
corresponding polyfunctionalized 4H-thiopyrans 3a–t in 72–95%
yields as shown in Table 2.21

The plausible reaction pathway for the formation of 3 from the
Lewis acid (LA) catalyzed reaction of 1 and 2 is shown in Scheme 3.
In this mechanism, we believe that initially 3-oxodithiocarbonate 1
and propargyl alcohol 2 undergo Lewis acid assisted dehydration
reaction followed by intramolecular cyclization of the resulting
allenyl vinyl thioether and 3,5-H transfer to give a 4H-thiopyran 3.

In summary, we showed a new and efficient method for the
preparation of polyfunctionalized 4H-thiopyrans by highly
regioselective two-component cyclocondensation of b-oxodithio-
esters and 1,1,3-trisubstituted prop-2-yn-1-ols using BF3�Et2O as
the catalyst.
Table 1
Screening of acid catalysts for the preparation of 3a

Ph
O

MeS
S

Ph

PhHO
Ph

+ catalyst (20
CH2Cl2

1a 2a

Entry Catalyst Time (h) %Yielda

1 BF3�OEt2 1 95
2 Zn(OTf)2 12 60
3 Bi(OTf)3 12 47
4 Sc(OTf)3 12 64
5 InBr3 12 26

a Isolated yields.
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Table 2
Synthesis of polyfunctionalized 4H-thiopyrans
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BF3-Et2O (20mol%)

CH2Cl2, rt, 1-3h
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1a-d 2a-f 3a-t

Entry R1 R2 R3 R4 %Yielda of 3 Reaction time (h) Mp (�C)

a Ph Ph Ph Ph 95 1.0 162–164
b Ph Ph Me Ph 83 2.0 135–137
c Ph 4-ClPh Me Ph 79 1.5 122–124
d Ph 4-MeOPh Me Ph 78 3.0 Liquid
e 4-ClPh Ph Ph Ph 90 1.0 216–218
f 4-ClPh Ph Me Ph 81 2.0 113–115
g 4-ClPh 4-ClPh Me Ph 77 1.5 Liquid
h 4-ClPh 4-MeOPh Me Ph 72 2.5 138–140
i 4-MeOPh Ph Ph Ph 90 1.5 189–191
j 4-MeOPh Ph Me Ph 88 2.5 120–122
k 4-MeOPh 4-ClPh Me Ph 85 3.0 Liquid
l 4-MeOPh 4-MeOPh Me Ph 82 2.0 Liquid
m 2-Thiophenyl Ph Ph Ph 87 1.5 142–143
n 2-Thiophenyl Ph Me Ph 80 2.5 102–104
o 2-Thiophenyl 4-ClPh Me Ph 72 3.0 Liquid
p 2-Thiophenyl 4-MeOPh Me Ph 77 2.5 Liquid
q Ph Ph Me Cyclopropyl 73 1.0 Liquid
r Ph Ph Me n-Hexyl 75 1.0 Liquid
s Ph Me Me Ph 72 1.0 Liquid
t Ph –CH2–(CH2)3–CH2– Ph 76 1.0 Liquid

All the products gave satisfactory 1H and 13C NMR, IR, and Mass spectral data.
a Isolated yields.
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Scheme 3. Plausible mechanism for the formation of 4H-thiopyrans.
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