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Unexpected regioselectivity in the palladium-
catalyzed reaction of silacyclobutanes with

aryl iodides
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The reaction of aryl iodides with 1,1-diphenyl-
silacyclobutane in the presence of a catalytic
amount of Pd(PPh;), affords unexpected ring-
opening adducts, 1- and 2-propenyl(triaryl)-
silanes, in good yields. On the other hand, the
PdCl,(PhCN),-catalyzed reaction of 1,1-diphe-
nylsilacyclobutanes with aryl halides gives
unexpected products, triarylsilanols, after
hydrolysis in moderate yields. The -catalysis
involves the reaction of aryl-palladium inter-
mediates with silacyclobutanes along with
regioselective aryl-silicon bond formation.
Copyright © 2001 John Wiley & Sons, Ltd.
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Aryl halides such as iodobenzenes (1) are well-
known that can react with transition-metal com-
plexes on their carbon-halogen bond to form
aryl(halo)metal complexes.! We previously re-
ported the palladium-catalyzed reaction of 1 with
silacyclobutanes (2) under CO atmosphere in the
presence of an excess amount of triethylamine to
give cyclic silyl enol ethers via 3-(iodosilylpro-
pylketone as an intermediate.” This reaction was
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supposed to proceed via an acyl(iodo)palladium
complex obtained from the CO insertion reaction to
the aryl(iodo)palladium complex.> Then, acylpal-
ladium complex reacted with 2 to form cyclic silyl
enol ethers along with CO—carbon bond formation.
We expected that the reaction of aryl(iodo)palla-
dium derived from 1 with silacyclobutane would
afford  3-(iodosilyl)propylbenzene  derivatives
along with aryl-carbon bond formation. However,
the reaction gives unexpected products with
regioselective aryl-silicon bond formation. In this
paper, we wish to report the reaction of 1 with
2 affording two types of product, 1- and 2-pro-
penyl(aryl)silanes (3 and 4) and arylsilanols (5)
depending on the palladium complexes.

A mixture of Pd(PPhs), (0.01 mmol), iodoben-
zene (1a, 0.25 mmol), triethylamine (1 mmol), 1, 1-
diphenyl-1-silacyclobutane (2a, 0.25 mmol), and
dry toluene (0.5 ml) was heated in a sealed glass
tube under nitrogen at 120 °C for 24 h. The usual
workup followed by gas chromatography (GC) and
GC-mass spectrometry (MS) analyses showed that
1- and 2-propenyltriphenylsilane (3a and 4a) were
formed in 63% total yield (3a/4a="77/23) (Eqn
[1]).4’5 Concentration of the reaction mixture
followed by silica gel column chromatography
(eluent: hexane/dichloromethane =4/1 (v/v)) gave
a mixture of 3a and 4a in 52% total isolated yield.

 catPd(PPhy,  Ph-siT "
Phi + SiPh, —————= Ph; 3
EtN, Toluene + 2 (1)
120°C, 24 h
1a 2a ' y/
Ph-si” N7~
Phy 42

In addition to Pd(PPhs),, the PdCI,(PhCN),—
4PPh; and the Pd,(dba);—8PPh; (dba = dibenzyl-
ideneacetone) system also catalyzed the foregoing
reaction to give 3a and 4a in 31% and 51% total
yields respectively. On the other hand, in the
presence of a catalytic amount of PdCl,(PPh;), the
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Table 1 Reactions of 1 with 2a catalyzed by Pd(PPh;),*
Run 1 Product Yield (%)°
1 < >—I 63 (77:23
Os(\r" Q NF (77:23)
la bPh, 3a Ph, 4a
2 Meod )1 Me), M, 53 (22:78)
tb @ ST SN (
Ph, 3b Ph, 4b
3 Me -1 Me Me 83 (47:53)
le O SN U NS
Ph, 3¢ Ph, 4c
4 ) K R 95 (4:96)
1d O SO @ sPNF
Ph, 3d Ph, 4d

# Reaction conditions: 1a (0.25 mmol), 2a (0.25 mmol), Et;N (1.0 mmol), Pd(PPh3)4 (0.01 mmol), toluene (0.5 ml), 120 °C, 24 h.
® Determined by GC. Figures in parentheses are ratios of 3:4 (estimated by 'H NMR).

reaction gave a complex mixture. Thus, the reaction
proceeds smoothly in the presence of four equiva-
lents of triphenylphosphine towards the palladium
complex in order to afford compounds 3a and 4a.

The effects of amines were examined using
Pd(PPh;),. In both the absence and presence of a
catalytic amount of the amines, 1a did not react
with 2 at all, and the formation of a black
precipitate was observed.

Selected results are summarized in Table 1. In
the presence of triethylamine and Pd(PPhs),, aryl
iodides la-d reacted with 2a to give 1- and 2-
propenyl(aryl)silanes (3a—d and 4a-d)® in good
yields. In contrast, bromobenzenes and alkyl
iodides such as n-hexyl and cyclohexyl iodide did
not react with 2 owing to their low reactivity with
the palladium complex.

1,1-Dimethyl-1-silacyclobutane (2b) also re-
acted with 2a under identical conditions to give 1-
and 2-propenyldimethylphenylsilanes 3a’ and 4a’ in
16% total yield (3a’/4a’=50/50). However, 1,1-
dimethyl-1-silacyclopentane and 1,1-dimethyl-1-
silacyclohexane did not react with 1a, presumably
because of their nearly strain-free ring system.

On the other hand, a similar reaction of 1a with
2a in the presence of PdCl,(PhCN), gave another
unexpected product, triphenylsilanol (5a),® in 78%
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GC yield after hydrolysis (Eqn [2]). In addition,
free-phosphine palladium complexes, Pd,(dba);
and PdCl,, also catalyze the reaction to afford 5a
in 10% and 23% yields respectively. Using
PdCI,(PEt;3), and PdCl,(dppb) also gave 5a in 4%
and 8% yields respectively, owing to their low
reactivity for the reaction derived from their strong
coordinate ligands.

cat. PdClL (PhCN)g

Et3N, Toluene
120°C,24h

1a + 2a

—H—20> Ph; Si-OH Q)
5a

In contrast, bromobenzene did not react with 2a
owing to its low reactivity to the palladium
complex, but p-bromobenzonitrile, which involves
an electron-withdrawing group, showed a slight
response to this reaction, although the yield was
very low.

To consider the reaction mechanism, a mixture
of 1c¢ (0.125 mmol), 2a (0.125 mmol), and C¢Dg
(0.25 ml) were added to a stoichiometric amount of
Pd(PPhs), (0.125 mmol) in a sealed NMR tube.
Monitoring of the reaction by 'H NMR revealed
that most of the 1¢ was consumed at 120 °C for
24 h, whereas 2a remained intact. With regard to
the formation mechanism of 3 and 4, therefore, an
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Scheme 1

aryl(iodo)palladium species (6) should be formed
as an intermediate in the present reaction.

A possible mechanism for this reaction is shown
in Scheme 1. First, an iodo(aryl)palladium species
6' is formed in the reaction of 1 with in situ
generated palladium(0) complex, then intermediate
6 would react with 2 followed by f-elimination to
provide compound 4 and a hydride(iodo)palladium
complex (7). Furthermore, a reaction of 4 with 7
followed by f-silyl group elimination® gives
arylsilyl iodide (8) and propene. Finally, silanol §
is formed by hydrolysis of silyl iodide 8. In
practice, using methanol instead of water for the
treatment of the reaction gave aryl(methoxy)silane
(9)10 in a 50% isolated yield (Eqn [3]). To confirm
this hypothesis, the propene generated was trapped
by bromine to give 1,2-dibromopropane.

cat. PACL(PhCN),  MeOH_ PhySi—OMe
Et;N, Toluene o 3)
120°C,24h

1a + 2a

In conclusion, the reaction of aryl iodides with
silacyclobutanes affords two classes of compounds,
1- and 2-propenyl(aryl)silanes and arylsilanols,
depending on the palladium catalysts, with un-
expected aryl-silicon bond formation. In this
catalysis, the presence of triphenylphosphine de-
termines the kind of product.
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