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Palladium–iminophosphine-catalysed carbostannylation of arynes:
synthesis of ortho-substituted arylstannanes†
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Arynes were found to insert into a carbon–tin bond of
alkynyl- and vinylstannanes in the presence of a catalytic
amount of a palladium–iminophosphine complex to afford
ortho-substituted arylstannanes, which were convertible into
a wide variety of 1,2-disubstituted arenes via carbon–carbon
bond forming reactions.

Herein we report palladium–iminophosphine-catalysed carbo-
stannylation1–3 of arynes, demonstrating that the novel catalytic
process offers a convenient method to generate variously ortho-
substituted arylstannanes, which are applicable to biaryl
syntheses through the Migita–Kosugi–Stille coupling reaction.4
To the best of our knowledge, the present reaction is the first
demonstration of transition metal-catalysed carbometalation of
arynes.5,6

First we investigated the carbostannylation of in situ prepared
benzyne in the presence of a palladium(0) complex coordinated
by N-(2-diphenylphosphinobenzylidene)-2-phenylethylamine
(1) (Scheme 1 and Table 1). When 2-(trimethylsilyl)phenyl
triflate (3a) and CsF were allowed to react with tri-
butyl(phenylethynyl)tin (2a) at 50 °C for 3 h using [Pd2Cl2(h3-
C3H5)2] and 1 (5 mol% of Pd, Pd/1 = 1) in acetonitrile,
tributyl[2-(phenylethynyl)phenyl]tin (4a) was produced in 54%
yield7,8 along with diphenylacetylene as a by-product (entry 1).
Formation of diphenylacetylene can be ascribed to cross-
coupling of 3a at the C–OTf bond with 2a followed by fluoride
ion-induced protodesilylation.9 Tributyl(3,3-dimethylbut-
1-ynyl)tin (2b) also reacted smoothly with benzyne to afford 4b
in 53% yield (entry 2). Aliphatic alkynylstannanes 2c and 2d
also participate in the reaction, providing the corresponding
carbostannylation products (entries 3 and 4). Addition of
tributyl(3-methoxyprop-1-ynyl)tin (2e) to benzyne took place
effectively, indicating that a propargylic ether is compatible
with the reaction (entry 5). The reaction of conjugated
enynylstannanes 2f and 2g proceeded as well to give
2-(enynyl)phenylstannanes in 51 and 35% yield, respectively
(entries 6 and 7). Worthy of note is that benzyne inserted into

the C–Sn bond of tributyl(vinyl)tin (2h), which was unreactive
towards alkynes under similar catalytic conditions (entry
8).1a,e

The carbostannylation was also applicable to substituted
benzynes (Scheme 2). The reaction of 2a with 4-Me-substituted
benzyne precursor 3b provided regioisomeric products 4i and 5i
in a ratio of 51+49. 5-Me-Substituted benzyne precursor 3c also
gave a similar ratio of 4i and 5i in a similar yield. These results
indicate that common intermediate 4-methylbenzyne should be
involved in both reactions. Similarly, 3-methoxybenzyne (from
3d) and 1,2-naphthalyne§ (from 3e) underwent carbostannyla-
tion with 2a and afforded the corresponding products consisting
of two regioisomers in 58 and 42% yield, respectively.

† Electronic supplementary information (ESI) available: experimental
details. See http://www.rsc.org/suppdata/cc/b1/b103745p/

Scheme 1

Table 1 Palladium-1-catalysed carbostannylation of benzynea

Entry Organostannane Time/h Yield (%)b Product

1 3 54

2 8 53

3 4 41

4 0.5 30

5 2.5 51

6 2 51

7 1.5 35

8c 25 47

a The reaction was carried out in MeCN (3 mL) at 50 °C using an
organostannane (0.34 mmol), 3a (0.69 mmol) and CsF (0.69 mmol) in the
presence of [Pd2Cl2(h3-C3H5)2] (8.2 mmol) and 1 (0.016 mmol). b Isolated
yield based on the organostannane. c 2b–3a–CsF = 1+3+6.
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Two plausible catalytic cycles of carbostannylation are
depicted in Scheme 3. Cycle A includes the formation of
complex 6 resulting from oxidative addition of an organo-
stannane to the Pd(0)–1 complex.1a,e Subsequent insertion of an
aryne into the C–Pd or Sn–Pd bond of 6 followed by reductive
elimination affords the product. Alternatively, the Pd(0)–1
complex first interacts with an aryne to produce palladacycle 7,
which furnishes the product through the reaction with an
organostannane (Cycle B).10,11 At present, no evidence is
available that determines the reaction pathway decisively.12

The synthetic utility of the carbostannylation products is
demonstrated by the palladium-catalysed cross-coupling of 4a
with 4-iodonitrobenzene or benzoyl chloride. As shown in
Scheme 4, biaryl 8 or 2-(phenylethynyl)benzophenone (9),
respectively, are produced. Furthermore, 2-(phenylethynyl)-
benzhydrol¶ (10) was obtained in 65% yield via transmetalation
of 4a with n-BuLi followed by treatment with benzaldehyde.

In conclusion, carbostannylation of arynes has been achieved
using the Pd–1 complex, and ortho-alkynyl- and vinyl-
substituted arylstannanes are readily prepared, which are
subsequently coupled with organic electrophiles. Further stud-

ies on the mechanism as well as carbostannylations using other
organostannanes and unsaturated compounds are in progress in
our laboratories.
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Scheme 2
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Scheme 4 Reagents and conditions: i, 4-NO2-C6H4-I (1.5 equiv.), CuI
(0.75 equiv.), 10 mol% of Pd(PPh3)4, DMF, 50 °C, 33 h; ii, PhCOCl
(1.5 equiv.), 2.5 mol% of Pd2 (dba)3, NMP, 30 °C, 48 h; iii, n-BuLi
(1.5 equiv.), THF, 278 °C, 1 h then PhCHO (1.5 equiv.), 278 °C-rt, 1 h.
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