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Abstract—Pyrroles and thiophenes reacted with alkynes in the presence of dinuclear palladium complexes with high stereoselectivity
(cis-addition) in almost all cases. While regioselectivity in the reaction with pyrroles depended on substituents on the nitrogen atom
and alkynes, all reactions of thiophenes afforded 2-alkenylthiophenes.

© 2005 Elsevier Ltd. All rights reserved.

Heteroarenes are important units for a wide range of
useful organic compounds, such as fluorescent dyes, nat-
ural products, and pharmaceuticals. Development of
methods for their functionalization is important for
the efficient synthesis of their derivatives. Direct func-
tionalization of their C—H bonds is one of the attractive
methods because the transformation would eliminate
the need for preactivation, such as halogenation and
stoichiometric metalation, and lead to a more efficient
process.!> Whereas the addition of C-H bonds to an al-
kyne is a simple, accessible, and atom-economical pro-
cess for the synthesis of alkenyl heteroarenes, the
alkyne used in the reaction was limited to ynoates and
ynone, and the stereoselectivity for products was low.>
Transition metal catalysts enable the addition of C-H
bonds of heteroarenes to unactivated alkynes.*” Het-
eroarenes having directing groups react with silylalkynes
in the presence of Ru(H),(CO)(PPh;);.* The addition
to diphenylacetylene proceeds in the presence of
Rh4(CO);» under pressure of carbon monoxide.’ Stereo-
selective trans-addition reactions to alkynoates are cata-
lyzed by palladium® and gold’ complexes. During the
course of our study on the reactivity of novel bimetallic
complexes,® we found that the dinuclear palladium com-
plexes, Pd,R,(u-OH)(p-dpfam) (dpfam = N,N’-bis[2-
(diphenylphosphino)phenylformamidinate, R = p-Tol
(1a), Me (1b)) catalyzed cis-hydroarylation of alkynes
with unactivated arenes in the presence of trialkylborane
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(Eq. 1).8¢ We report herein that these catalysts can also
be efficient for the addition reaction of heteroarene C-H
bonds to alkynes.
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Reaction conditions were optimized for the reaction of
N-methylpyrrole with 3-hexyne (Eq. 2, Table 1). The
reaction proceeded at 100°C in the presence of
2mol % of 1b and 30 mol % of B(n-Bu); to afford E-
alkenylpyrroles 2 with high stereoselectivity, although
the regioselectivity was not high.” The products were ob-
tained in higher yields in hydrocarbon solvents (runs 3—
5) than in 1,4-dioxane and p-xylene (runs 1 and 2), while
the solvents did not affect the ratio of 2a and 2b. The
reaction did not take place in 1,2-dichloroethane, aceto-
nitrile, and nitromethane. When the reaction was carried
out without solvent, the products 2a and 2b were ob-
tained in 55% yield (run 7). Optimization of a reaction
time showed that the yield was highest after 5h (run
8) and a prolonged reaction time decreased the yield,
while the yield was much lower after 5 h in the reaction
in cyclohexane (run 6). Tri-sec-butylborane was also effi-
cient as additive as well as B(n-Bu);, although the reac-
tion with BEt; and BPh; gave poorer results.!?
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Table 1. Reaction of N-methylpyrrole with 3-hexyne®

Table 2. Reaction of thiophenes with alkynes®

Run Solvent Yield (%)° 2a:2b° Run R R’ Yield (%)°
1 1,4-Dioxane 32 79:21 1 Et H 34

2 p-Xylene 29 74:26 2 Et Me 94

3 n-Octane 34 83:17 3 Et COCHj3; 52

4 Isooctane 45 77:23 4 Et CO,CHj; 11

5 Cyclohexane 41 78:22 5 Ph H 79

6 Cyclohexane? 9 82:18 6 Ph Me 98 (98)°

7 —° 55 63:37 7 Ph COCHj3; 76

8 —de 69 62:38 8 Ph CO,CHj; 80

# A mixture of 3-hexyne (0.50 mmol), N-methylpyrrole (5.0 mmol), 1b
(0.010 mmol), and B(n-Bu); (0.15 mmol) in solvent (1.0 ml) was
heated at 100 °C, for 17 h.

®Isolated yields.

°Determined by '"H NMR analysis.

d
Sh.

¢ N-Methylpyrrole (1.0 ml) was used as solvent.
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The reaction of N-(tert-butoxycarbonyl)pyrrole pro-
ceeded with high regioselectivity to give 3-alkenylpyrrole
3, although the yield was low (Eq. 3). Bulkiness of sub-
stituents on nitrogen could affect the regioselectivity.
Unfortunately, no product was obtained in the reaction
of N-unsubstituted pyrroles. The reaction of N-methyl-
pyrrole with diphenylacetylene gave 2-alkenylpyrrole 4
with high regioselectivity (Eq. 4). In this reaction, how-
ever, the Z-isomer was also generated along with the E-
isomer. The ratio of E-4 and Z-4 was not improved even
at lower temperature, and it was constant from the
beginning to the end of the reaction.

Et Et
2 mol% 1b —
(/ \! 30 mol% B(n-Bu)s
+ Et———Ft I\ (3)
’I%loc cyclohexane ’é‘
104 100°C,17h 299 °°°
' 3
2 mol% 1b
7\ 30 mol% B(n-Bu),
N~ + Ph—=—Ph
e 100°C, 5h
Ph
/R 7 N (4)
N Z"Ph |+ °N
Me pp Me pp
E4 Z4

95% (85:15)

Although the reaction of furanes with 3-hexyne and
diphenylacetylene did not give any products, thiophenes
reacted with alkynes under the similar conditions to give
products®!! in moderate to high yields (Eq. 5, Table 2).
Complex 1a can also be used as a catalyst (entry 6). In
contrast to the reactions of N-methylpyrrole, E-2-alken-

*A mixture of an alkyne (0.50 mmol), thiophene (5.0 mmol), 1b
(0.010 mmol), and B(n-Bu); (0.15 mmol) in cyclohexane (1.0 ml) was
heated at 100 °C for 17 h.

®Isolated yields.

¢ Complex 1a was used as catalyst.

ylthiophenes were selectively generated in all reactions.
The reaction is tolerant to ketone and ester groups,
although the reaction with 2-thiophenecarboxaldehyde
afforded no product.

cat. 1b
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In summary, we demonstrated that C-H bonds of
heteroarenes reacted with unactivated alkynes in the
presence of dinuclear palladium complexes, and the
reaction proceeded with high stereoselectivity (cis-addi-
tion) except for the reaction of N-methylpyrrole with
diphenylacetylene. Further application of the present
reaction for functionalization of heteroarenes and mech-
anistic studies is in progress.
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The role of trialkylboranes is not clear at the present time.
However, we think a hydride-bridged complex generates
from the reaction of 1b and trialkylboranes. See Ref. 8c.
Representative procedure for the addition reaction. Syn-
thesis of (E)-2-methyl-5-(1,2-diphenylvinyl)thiophene
from 2-methylthiophene and diphenylacetylene. To a
solution of 1b (0.01 mmol, 8.2 mg), diphenylacetylene
(0.5 mmol, 89 mg), and 2-methylthiophene (5.0 mmol,
0.48 ml) in cyclohexane (1.0ml) was added a THF
solution (1.0 M) of tri(r-butyl)borane (0.15 mmol,
0.15 ml) under nitrogen atmosphere in a pressure vial.
After heating at 100 °C, for 17 h, the mixture was filtered
through a short plug of silica using ether as an eluent.
Excess 2-methylthiophene and cyclohexane were removed
under reduced pressure. Silica gel column chromatogra-
phy with hexane/EtOAc (20:1) afforded the product in
98% yield (135 mg). '"H NMR (CDCl;, 500 MHz) § 2.47
(d, /=1.0 Hz, 3H), 6.48 (d, J=3.5Hz, 1H), 6.59 (dd,
J=1.0, 3.5Hz, 1H), 6.98-7.02 (m, 3H), 7.11-7.17 (m,
3H), 7.33-7.37 (m, 2H), 7.41-7.46 (m, 3H). '3*C NMR
(CDCl;, 126 MHz) 6 15.6, 125.2, 125.7, 126.2, 126.6,
127.7,127.9, 128.7, 129.3, 129.9, 136.5, 136.8, 139.3, 139.6,
145.5. Anal. Calced for C9H;4S: C, 82.56; H, 5.83. Found:
C, 82.82; H, 6.00.
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