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Platinum-catalyzed hydroarylation of alkynes was applied
to thiophenes. Reaction of thiophenes with ethyl propiolate in
trifluoroacetic acid in the presence of a K,PtCl,/AgOTf catalyst
gave bis(substituted thienyl)propionates in good yields. The
same Pt-catalyzed reaction with propiolic acid proceeded
efficiently to provide bis(substituted thienyl)propionic acids in
high yields.

Previously, we reported Pd-catalyzed hydroarylation of
alkynes with arenes.! In this reaction, Pd(OAc), catalyzes this
hydroarylation in trifluoroacetic acid (TFA) under mild condi-
tions (Scheme 1). Relatively electron-rich aromatics provide
arylated cis-olefins. The use of TFA is essential. TFA activates
both the reactivity of the Pd catalyst and the final protonation
step. In the Pd(OAc);,-catalyzed hydroarylation of ethyl propio-
late, however, a butadiene derivative is formed as a byproduct,
together with the desired ethyl cinnamate. The formation of this
butadiene derivative reduces the yield of the cinnamate. To in-
crease the selectivity, we examined the use of platinum chloride
as the catalyst.”? The addition of the PtCl,/AgOTf catalyst in-
stead of Pd(OAc); led to produce no butadiene derivatives. This
PtCl,/AgOTf-catalyzed hydroarylation of ethyl propiolate using
other electron-rich arenes proceeded very well. Furthermore,
K,PtCly/AgOTf was effective for hydroarylation. The desired
products were obtained in a higher yield. The K,PtCl;/AgOTf
catalyst was effective in the reaction of propiolic acid with
benzene and gave a higher yield of cinnamic acid than did the
PtCl,/AgOTf catalyst.

During the course of our study on hydroarylation, we
examined a K,PtCly/AgOTf-catalyzed reaction of thiophenes
with ethyl propiolate to broaden the scope of our hydroarylation
reaction. Interestingly, some dithienylalkanoic acid derivatives
show biological activities such as herbicides,® antagonists of
M3 muscarinic receptors, antispasmodics,’ and analgesics.
Therefore, it is significant to explore a simple and convenient
method for preparing such dithienylalkanoic acid derivatives.
However, there are only a few reports of the metal-catalyzed
reaction of thiophenes with alkynes (thienylation of alkynes).”
Only one paper reports the double thienylation of alkynes cata-
lyzed by indium triflate.”® Indium triflate-catalyzed thienylation
requires severe reaction conditions: 130°C and 60h for the
reaction of 2-ethylthiophene with phenylacetylene and 90 °C
and 50h for the reaction of 2,5-dimethylthiophene with ethyl
propiolate. Interestingly, the K, PtCl, / AgOTf-catalyzed reaction
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of thiophenes with ethyl propiolate did not give the desired
thienylacrylate, but instead afforded the double thienylated
product under very mild conditions, as shown in Scheme 2. Here,
we report a new Pt'-catalyzed double thienylation of ethyl
propiolate.

First, we chose 2,5-dimethylthiophene as a substrate
because we expected that the 3 position was the only reactive
site and a simple and easily assignable product was formed.
When a solution of 2,5-dimethylthiophene (1a) and ethyl propio-
late (2a) in TFA was allowed to react in the presence of K,PtCly
(2%) and AgOTf (8%) at 40°C for 6h, ethyl 3,3-bis(2,5-
dimethylthien-3-yl)propionate (3a)® was isolated in 46% yield
by column chromatography on silica gel after work-up of the
reaction mixture (Table 1, Entry 1). Using 2 mL of TFA, product
3a was obtained in 50% yield (Entry 2). Further increasing the
amount of TFA to 4mL, however, did not improve the yield
(Entry 3). Finally, the best result, a 63% yield, was obtained
using 1.5 mmol each of 1a and 2a (Entry 4). No mono-thienylat-
ed products were obtained in the present reaction. This result
suggests that double thienylation occurs efficiently, even in the
case of an equimolar amount of the reactants.

We then examined the K,PtCly/AgOTf-catalyzed reaction
of 2-methylthiophene (1b) with 2a. Similarly, double thienyla-
tion of 1b occurred, giving ethyl 3,3-bis(5-methylthien-2-yl)pro-
pionate (3b)3 in 35% yield (Entry 5). The reaction of 2-ethylthio-
phene (1¢) with 2a yielded ethyl 3,3-bis(5-ethylthien-2-y1)propi-
onate (3¢)® as the sole identified product (Entry 6). In the reac-
tion of 3-methylbenzothiophene (1d) with 2a, the reactivity
was very low. The reaction of 1d with 2a required a longer reac-
tion time, 45h, at 40 °C to obtain a reasonable yield. Doubling
the addition of 1d gave ethyl 3,3-bis(3-methylbenzo[b]thien-2-
yDpropionate (3d)® in 53% yield (Entry 7). Interestingly, the
double thienylation products were obtained predominantly.

When the reaction of 1a with 2a was conducted for a longer
time, product 3a was hydrolyzed to yield the corresponding acid.
The reaction of thiophenes with propiolic acid (2b) was then
examined. A similar reaction of 1a (3 mmol) with 2b (1 mmol)
was conducted in TFA (2mL) at 40°C for 15h (Entry 8). We
obtained 3,3-bis(2,5-dimethylthien-3-yl)propionic acid (3e)? in
91% yield. In the reaction of 1¢ (2mmol) with 2b (1 mmol),
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Table 1. Double thienylation of 2 catalyzed by a platinum catalyst?

Entry 1/mmol 2 /mmol TFA/mL Time/h Product Yield® /%
1 2 (1a) 1 (2a) 1 6 3a 46
2 2 (1a) 1 (2a) 2 6 3a 50
3 2 (1a) 1 (2a) 4 6 3a 42
4 1.5 (1a) 1.5 (2a) 2 6 3a 63
5¢ 1 (1b) 1 (2a) 2 2 3b 35
6° 1 (1¢) 1 (2a) 2 2 3c 46
7 1 (1d) 1 (2a) 1 45 3d 53
8 3 (1a) 1 (2b) 2 15 3e 91
9 2 (1¢) 1 (2b) 2 48 3f 90

#Reaction conditions: K,PtCly (0.02 mmol), AgOTf (0.08 mmol), 1, 2, and TFA at 40 °C. bIsolated yield based on the least
amount of substrates. “Reaction was conducted at room temperature.

e O

1a: R1 R? = Me
1b: R = Me, RZ-H
1¢:R'=Et RZ=H

3,3-bis(5-ethylthien-2-yl)propionic acid (3f)® was also isolated
in 90% yield (Entry 9).

The double thienylation reaction is thought to occur step-
wise, as follows.? First, a cationic platinum catalyst coordinates
with the triple bond in ethyl propiolate or propiolic acid. Then,
thiophene attacks the resulting electron-deficient triple bond to
yield a vinyl platinum complex, which is immediately protonat-
ed by TFA to produce a thienylacrylate or acrylic acid. A cation-
ic platinum catalyst activates the thienylacrylate or acid by coor-
dination. Again, a thiophene reacts with this complex. Finally,
protonation affords the double-thienylated product. The second
addition of the thiophene was confirmed by the reaction of 3-
(2-thienyl)acrylic acid with thiophene, which gave 3,3-bis(2-
thienyl)propionic acid in a moderate yield.

In summary, we demonstrated an efficient double thienyla-
tion of propiolate or propiolic acid catalyzed by a K,PtCly/
AgOTf system. The hydroarylation of ethyl propiolate or
propiolic acid with thiophenes proceeds effectively by using
K,PtCly/AgOTf catalyst. The subsequent thienylation reaction
occurs immediately to afford the double-thienylated products
in good to high yields. Further development using this catalytic
system is in progress.
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