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Abstract: The cross-coupling of organostannanes with organic io-
dides was achieved in the presence of a catalytic amount of asilica-
supported sulfur palladium complex (5 mol %) in CH;CN/H,0 (4 :
1) at 80 °C for 5hin 71-89% yields.
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The palladium-catalyzed cross-coupling of organostan-
nanes with organic halides and triflates is known as the
Stille reaction® and has become an extremely powerful
tool for the formation of carbon-carbon bonds. This cou-
pling reaction has been widely applied in organic synthe-
sis due to the stability of organostannanes and its
tolerance of many functional groups. However, the limita-
tion of the Stille reaction isthe forcing conditions typical -
ly at reflux in THF or dioxane and the requirement for dry
environments.

In palladium-catalyzed processes, paladium catalysts are
recovered by several methods including precipitation and
water-soluble phosphine ligands.? As an alternative, poly-
mer-supported palladium complexes having high activity
and selectivity received much attention because they can
be easily separated, recovered, and are reusable.® Poly-
mer-supported palladium catalysts have been used for al-
lylic substitution,* the Heck reaction,® the Suzuki
reaction,® and telomerizations,” etc. Alternatively, Jiang et
al,® introduced the silica-supported sulfur or cyano-con-
taining polymeric complexes in the Heck reaction. Re-
cently, Huang et al.® prepared some silica-supported
sulfur and cyano-containing paladium complexes and
utilized alkoxy-carboxylation® and amination of aryl ha-
lide,% Suzuki-type reaction,* carbonyl allylation,® Sono-
gashira reaction,® and the Heck reaction.® However, to
the best of our knowledge no report for the Stille reaction
has been known using polymer-supported or silica-sup-
ported palladium complexes. In connection with our pro-
grams to carry out the cross-coupling under agueous
conditions,'® we have investigated the silica-supported
paladium complex catalyzed cross-coupling of orga-
nostannanes with organic iodides, the results are summa-
rized in the Scheme.

Asasuitable catalyst for the Stille coupling reaction, sili-
ca-supported poly[3-(2-cyanoethylsulfanyl)propylsilox-
ane palladium] complex®® was chosen.™ Initialy, to

'Si"-S-Pd(5 mol %)

CH;CN/H,0(4: 1)
80°C,5h

R'—SnBu;  + R>—1 R'—R?

R'= 4-methoxyphenyl, 2-furyl, 2-thienyl
(E)}-PhCH=CH, PhC=C
R? = Ph, p-CH;0C¢H,, p-I-C¢H,

0 dcl,

'Si-S-Pd = O—$iCH2CH2CHZSCH2CH2CN
0

I
Scheme

determine the optimum conditions, the coupling of 2-thie-
nylstannane (1a) with p-methoxyphenyl iodide (2b) was
examined and found that CH,CN/H,0 (4 : 1) was the best
choice as solvent. The use of THF, DMF, and NMP gave
lower yields (20-40%). Running the reaction in CH;CN/
H,O (4 : 1) at 80 °C for 5 h gave the coupled product 3b
in 89% yield. For the same reaction at room temperature
for 5 h gave the coupled product 3b in 35% yield.

The results of the silica-supported palladium-catalyzed
cross-coupling of organostannanes with organic iodides
are summarized in Table 1.12 The poly[3-(2-cyanoethyl-
sulfanyl)propylsiloxane palladium] complex (Si’-S-Pd)
was prepared by the procedure of Hu&ithe sulfur and
palladium content were 3.72 wt% and 4.63 wt%, respec-
tively. The 2-thienylstannarfa was slowly added over 1
h to a solution of iodobenzen2a] in the presence of Si'-
S-Pd catalyst (5 mol %) in GBN/H,O (4 : 1) and stirred
at 80°C for 5 h to afford the coupled produgd in 80%
yield (entry 1 in Table 1¥ Filtration and reuse of the cat-
alyst gave the produBga in 72% vyield. The second reuse
of the catalyst gav8a in 67% yield with 5% decrease in
yield. Under the same conditions the reactiop-ofeth-
oxyphenyl iodide Zb) with 1a provided the coupled prod-
uct3b*in 89% yield (entry 2). For the 1,4-diiodobenzene
2c with 1a, bis-2-thienyl-substituted benzeBe'® was
readily obtained in 78% yield (entry 3). Treatment of 2-fu-
rylstannanelb with iodobenzene2@) gave the coupled
product3d in 83% yield (entry 4). Coupling db with 2b
and2c furnished the compound&*® and3f'’ in 83 and
83% vyields, respectively (entries 5 and 6). Forptmeeth-
oxyphenylstannangc, iodobenzene2g) and 1,4-diiodo-
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benzene (2¢) was successfully coupled to give 3g and 3h*8
in 78 and 71% yields, respectively (entries 7 and 8). This
coupling was a'so applied to alkenyl- and alkynyl-substi-
tuted stannanes 1d and 1e. The alkenylstannane 1d was
reacted with iodobenzene (2a) and p-methoxyiodoben-
zene (2b) to give the substituted alkenes 3i and 3j°in 73
and 75% yields (entries9 and 10). Finally the alkynylstan-
nane le was smoothly coupled with 2a and 2b to afford
the coupled alkynes 3k and 3 (entries 11 and 12).

Table 1. Silica-Supported Palladium Catalyzed Cross-Coupling of Organostannanes with
Organic lodides®

Entry Organo {ggilc‘lleess Time(h) Product Yieid(%)"
/A @ B
| 1 6 80
(D gm, I,
1a 2a 3a
S
2 1la MeQ 1 5 MeOr » 89
2b 3b
/Y S
P 5 78
3 1a 1@—1 < »
2c 3c
7\ 7\
6 83
4 QSHB% 2a QPh
1b 3d

9 pp - SnBus 2a 6 o X Ph 73
1d 3i
OMe
1 2b 6 75
10 d Ph/\/@
3j
11 Ph—==—SnBu, 2a 6 Ph—==—Ph 77
le 3k
12 1e 2b 6 Ph%@—OMe 7
31
? The reactions were run with organostannane (1.1 equiv) and organic iodide (1 equiv) in the

presence of silica-supported Pd (5 mol %) in CH;CN/H,O (4 : 1) at 80 °C. ® The yields are
isolated yields.

In summary, the cross-coupling of organostannanes with
organic iodides in the presence of the silica-supported
poly[3-(2-cyanoethyl sulfanyl)propylsiloxane palladium]
complex as catalyst was accomplished in agueous medi-
um. This polymeric catalyst can be reused without much
loss of activity. This method has the advantagesin separa-
tion of the product and reuse of the catalyst.
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