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Abstract: Thio-Claisen rearrangement of a number of 3-(4-aryloxybut-2—ynlthio)benzofurans has been achieved under
very mild conditions to give 2H-benzo[b]thiopyrano[2,3-d]furans. Attempts at further thio-claisen rearrangement resulted

in the occurrence of thermal [1s, 3a] sigmatropic shift.
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The Claisen rearrangement since its discovery in 1912 [1]
has become a powerful method for carbon—-carbon bond
formation. Much of its current popularity is due to the
subsequent development of a series of new variants as well
as versatile application in the synthesis of various
heterocycles using oxy-, [2] aza-, [3] and thia- [4] Claisen
rearrangement. We have recently reported the regioselective
synthesis [5, 6] of thiopyrano and thieno[3,2-c]coumarins by
the application of the sigmatropic rearrangement. In
continuation of our ongoing research on [3,3] sigmatropic
rearrangement of 4-(4' aryloxy-but-2'-ynylthio)-6-methyl
pyran-2-one, [7] we have recently reported the regioselective
synthesis of [6,6] pyranothiopyran [8]. The synthesis of
sulfur heterocycles by radical cyclization [9] is also a
regioselective but low yielding process due to pg-
fragmentation of the intermediate radical. Here we apply this
simple methodology to different substrates for the formation
of hitherto unreported sulfur heterocycles, 2H-
benzo[b]thiopyrano[2,3-d]furan and its derivatives .

The starting materials 3-(4-aryloxybut-2-ynlthio)ben-
zofuran (3a-f) and 3-propargylthio benzofuran (3g) were
synthesized in 80-90 % yields by the phase transfer
catalyzed alkylation of 3-(2H)-benzofuranthione (1), with 1-
aryloxy-4-chlorobut-2-yne (2a-f) and propargyl bromide
(29), respectively, in dichloromethane and 1% aq. NaOH in
the presence of benzyltriethylammonium chloride (BTEAC)
at room temperature for 20 min. (Scheme 1).

However the compounds 3a-g are found to be very
unstable and undergo [3,3] sigmatropic rearrangement at
room temperature. As a result compounds 3a-g could not be
isolated in their pure state. For complete conversion the
substrate 3a was refluxed in dichloromethane (bp 39 °C) and
the reaction was monitored by TLC. Complete conversion
was achieved in 2 h. to afford the cyclic product 4a [10]
(85% yield) (Scheme 2).
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f, R = 3,5-Me,CqH30CH,, X = Cl
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Scheme 1. Reagents and conditions (i) BTEAC, 1% NaOH (aq),
CH,ClI,, rt, 20 min.
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Scheme 2. Reagents and conditions (ii) CH,Cl, reflux, 2h.

The structure of the compound 4a was readily elucidated
by 'H NMR spectroscopy, which exhibited two proton
doublets at 8y = 3.65 (J = 5.3 Hz) and another two proton
singlet at &y = 4.93 for S-CH, and O-CH, protons
respectively and a one proton triplet at 6y = 5.93 (J = 5.3 Hz,
=CH). The *C-NMR spectrum of 4a also supported the
proposed structure. The mass spectrum of the compound 4a
showed the molecular ion peak at m/z: 322. Similar results
were also obtained from other substrates 4b-g.

The formation of the products 4a-g may be rationalized
by a [3,3] sigmatropic rearrangement of the propynyl vinyl
sulfides to give allenyl intermediates 5, which may undergo
enolization to form allenyl-ene thiols 6. Allenyl-ene thiols 6
through [1,5] hydrogen shift may give intermediate 7, which

© 2011 Bentham Science Publishers Ltd.
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Scheme 4. Reagents and conditions, (i) 1,2-Dichlorobenzene, reflux, 3h.

may undergo an electrocyclic ring closure to provide the
products 4a-g (Scheme 3).

The products 4a-f are allyl-aryl ethers and therefore
suitable substrates for the occurrence of a second Claisen
rearrangement. However, this would require higher
temperature than the first [3,3] sigmatropic rearrangement of
compounds 3a-f, as during this rearrangement the aromatic
sextet of the aryl part will be disturbed. At higher
temperature in refluxing 1,2-dichlorobenzene, (b.p. 180 °C)
4c underwent [1,3] hydrogen shift and the endocyclic double
bond of compound 4c was transformed to an exocyclic
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double bond, giving product 8. The expected [3,3]
sigmatropic rearrangement was not observed (Scheme 4).

Thermal sigmatropic [1,3] shifts are reported to be rare in
the literature [11]. However, there are recent reports of
thermal [1,3] sigmatropic rearrangement in the case of 2-
crotylthiophene, [12] 1,3-dimethyl-5-(crotylthio)uracil, [13]
4-(prop-2-ynyloxy)quinolin-2[1H]-thiones, [14] and also in
the rearrangement of 3-benzyloxymethylcoumarin to give
hydroxylated-3-benzylcoumarins [15].

Similarly, a [1,3] hydrogen shift is also observed in the
case of 4-(phenylthiomethyl)thiopyrano[3,2-c]chromen-

R

9a, Ry =CH3 10a,R,=2-Br
9, Ry =H 10b, Ry =4 - CH, kR R
10c, Ry =H a|CH; 2-Br

b | CH; 4-CH,
C CH3 H
d | H 2- Br
e | H 4-CH;,
f|H H

Scheme 5. Reagents and conditions, (i) dry acetone, K,COs3, Nal, reflux, 1-1.5 h.
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Scheme 6.

Scheme 7.

5(2H)-one derivatives (11a-f). 4-(phenylthiomethyl)thio-
pyrano [3,2-c]chromen-5(2H)-ones were in turn synthesized
by the classical alkylation of 4-(chloromethyl)thiopyrano
[3,2-c]chromen-5(2H)-ones (9a,b) with thiophenols (10a-c)
in refluxing dry acetone in the presence of anhydrous
potassium carbonate and a small amount of sodium iodide
(Finkelstein conditions [16] ) for 1-1.5h (Scheme 5). The
substrates (9a, b) were in turn prepared according to the
earlier published procedure [6].

Compound (11a) on refluxing in 1,2-dichlorobenzene
(DCB) (b. p 180°C) for about 4-5 h underwent [1,3]
hydrogen shift to produce 4-(phenylthiomethylene)-3,4-
dihydrothiopyrano[3,2-c]chromen-5(2H)-one (12a) (Scheme
6).

The structure of the compound 12a was determined from
its elemental analysis and spectroscopic data. Other
substrates 11(b-f) were similarly treated to give the products
12(b-f) in overall excellent yields (80-96%).

The formation of the products 12(a-f) from 11(a-f) may
be rationalized by the occurrence of a [1,3]-hydrogen shift to
afford the products 12(a-f) (Scheme 7).

In conclusion, we have successfully performed a thio-
Claisen rearrangement of the prop-2-ynyl vinyl sulfides
using a very mild conditions to afford the tricyclic sulfur
heterocycles. This methodology displays appreciable
regioselectivity. The mildness of the reaction conditions and
high degree of chemoselectivity of the methodology is
notable. This methodology is a general one and is attractive
by its simplicity.
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