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Abstract

The versatility of the palladium(II) chloride/triethylsilane system has been tested in the transformation of alcohols. The
conversion to the corresponding halides and alkanes has been achieved in good yields and in the absence of solvent for a variety
of substrates. © 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

Organosilicon reagents play a prominent role in or-
ganic synthesis and are widely applied in functional
group transformation. Recently, among group-14 metal
hydrides, silicon hydrides have found successful appli-
cation in reduction, substitution and addition processes
in both ionic [1,2] and radical [3] fashion due to their
selectivity, efficiency and low toxicity. The synthetic
applicability of organosilicon reagents has also been
augmented through the use of Pd(II) and Pd(0) com-
plexes [4]. However, the combination of silicon hydrides
with palladium dichloride has been reported in only few
cases, i.e. for the deprotection of amino acids or pep-
tides [5], nucleophilic substitutions at silicon [6,7], the
reduction of Schiff bases [8], and the preparation of
halosilanes [9,10].

Following our study carried out on the PdCl2-cata-
lyzed reduction of organic halides by triethylsilane [11],

we investigated the reactivity of this system in the
presence of alcoholic functions. Herein we report our
preliminary results which account for the versatility of
the PdCl2/Et3SiH couple in the transformation of alco-
hols to the corresponding halides and alkanes in the
absence of solvent.

2. Results and discussion

When PdCl2 (2 mol%) was added to an appropriate
mixture of halogenating agent (i.e. CH3I, CH2Br2 or
CCl3CCl3) and Et3SiH, an exothermic reaction took
place, after which the alcohol was immediately added.
Products analyses were carried out using GC with
authentic samples as calibrants. Yields were quantified
by using an internal standard. The results are summa-
rized in Table 1 [12]. These reactions were accomplished
in high yield and in different reaction times, depending
on the nature of the starting alcohol but do not suffer
from other competitive processes (i.e. elimination). Iod-
ination, bromination and chlorination are very efficient
for benzyl, allyl and tertiary alcohols, mild heating
seldom being required. Inspection of the data in Table
1 indicates also the formation of primary and sec-
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Table 1
Et3SiH/PdCl2 mediated conversion of alcohols to halidesa

RX yieldcROHb Time (h)/T,Halogenating
agentb (%)(°C)

0.3/25PhCH2OH 98CH3I
981/25CH2Br2

94dCCl3CCl3 5/60
83dPhCH�CHCH2OH CH3I 1/25

3/25CH2Br2 91
24/60 86CCl3CCl3

0.6/25(CH3)3COH CH3I 98
981.5/25CH2Br2

80CCl3CCl3 28/60
98c-C6H11OH CH3I 24/25

23/60CH2Br2 89d

48/60 80CCl3CCl3
24/251-Decanol 90CH3I
23/60CH2Br2 81
72/60 13CCl3CCl3
2/601,4-Butanediol 96dCH3I

90dCH2Br2 23/60
24/60 80d,eCCl3CCl3

a PdCl2 (2 mol%).
b ROH:(hal.agent):Et3SiH=1:1:1.4.
c Determined by GC analysis on the basis of product formation in the
crude reaction mixture using an internal standard.
d 2.8 equiv. of Et3SiH.
e Products refer to a 1:2:5 ratio of 1-triethylsilyloxy-4-chlorobutane:4-
chloro-1-butanol:tetrahydrofurane.

Table 2
Et3SiH/PdCl2 mediated conversion of alcohols to alkanes

RH yieldb, (%)MethodaROH Time (h)/T (°C)

3/25PhCH2OH A 98
9816/25B

4/252-Octanol A 98
1/25B 98

24/25 90A1-Decanol
80B 1/60

a CH3I and CH2Br2 were used in methods A and B, respectively.
b Determined by GC analysis on the basis of product formation in the
crude reaction mixture using an internal standard.

RX+Pd�RPdX �
Et3SiH

Et3SiX+Pd+RH (2)

Upon alcohol addition, silyl ethers are initially formed
prior to the appearance of the halides4. Trialkylsilyl
bromides and iodides are known to effect the transforma-
tion of alcohols to bromides and iodides [14,15], whereas
trimethylsilyl chloride needs some activation [16–18]. On
the other hand, trialkylsilyl iodides are efficient for the
conversion of silyl ethers to iodides whereas the halo-
genating ability of bromo trimethylsilane is quite poor
[15]. Therefore, the presence of metallic Pd in the reaction
mixture may also play a role in the second part of this
process.

The transformation of alcohol to the corresponding
alkane was also achieved. Following the above protocol,
as soon as the alcohol was transformed into its halide
(followed by GC), another portion of Et3SiH was added.
This methodology provided the transformation of alco-
hols to alkanes in an one-pot reaction with very good
yields. The results of the reduction process are given in
Table 2 [12]. It is quite clear that the reduction of
intermediate halides took place with Et3SiH mediated by
metallic Pd in a fashion similar to that illustrated in Eq.
(2).

These preliminary results account for the efficiency and
flexibility of the palladium catalyzed transformation of
alcohols in the presence of organosilicon hydrides. It
should also be noted that the absence of solvent in these
reactions is beneficial from an environmental point of
view [19].
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