April, 1991] © 1991 The Chemical Society of Japan

NOTES

Bull. Chem. Soc. Jpn., 64, 1381—1382 (1991) 1381

Electrochemical Halogenation of Trisubstituted Germanes and Silanes
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Synopsis. Electrochemical halogenation of trisubsti-
tuted germanes and silanes in acetonitrile occurred in the
cathode compartment in contrast to the well-known electro-
chemical halogenations which always occur in the anode
compartment.

Organogermanium compounds and organosilicon
compounds are interesting as the objects of electro-
chemical studies, because (1) they easily undergo elec-
trochemical reactions as a result of their higher
HOMO levels and lower LUMO levels compared with
the carbon analogues,) and (2) electrochemically
generated germanium and silicon species, such as
anions, radicals, and cations, may have chemical
properties, which are different from those of the cor-
responding carbon species.?

It is well-known that electrochemical halogenations
occur in the anode compartment and dehalogenations
in the cathode compartment.® Such electrochemical
dehalogenations have also been reported for haloger-
manes and halosilanes.# The authors wish to report
here an unusual cathodic halogenations, in which
trisubstituted germanes and silanes afford halogen-
ated germanes and silanes.

Experimental

All trisubstituted germanes and silanes were synthesized
by the reduction of chloro-germanes and -silanes with
LiAlHs. They were identified by comparing their physical
properties with those of reported values.®

Constant current electrolyses were carried out in a two-
compartment cell using platinum plates (electrode surface=
6 cm?) as the anode and the cathode. Aboout 2.5X10~* mol of
trisubstituted germanes or silanes was dissolved in 20 cm3 of
acetonitrile solution containing 0.1 moldm-3 of tetrabutyl-
ammonium perchlorate (TBAP) or tetrabutylammonium
tetrafluoroborate (TBATFB). Current density passed was
about 0.17 mA cm~2

After the electrolyses, alliquots were sampled from each
compartment and analysed directly with GC-MS for qualita-
tive analyses and with HPLC for qualitative and quantita-
tive analyses.

Table 1.
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Fig. 1. Generation of PhsGeCl (A) and (PhsGe):0O

() in the cathode compartment during the electro-
reduction of PhaGeH (O).

Results and Discussion

The results in Fig. 1 were obtained by the constant
current (1 mA) electrolysis of PhaGeH in the presence
of TBAP. In the cathode compartment, PhsGeCl and
(PhsGe)2O were generated at constant rates while
PhsGeH decreased at a constant rate. No such pro-
ducts were found in the anode compartment. After
the passage of 0.21 F mol-! of electricity, 63% yield of
PhsGeCl and 37% yield of (PhsGe)2O were obtained.
A novel reaction pathway must be given for the forma-
tion of (PhsGe)20 in the catholyte because the hydro-

Products in the Catholyte Solution Detected by GC-MS.

Typical Yields Determined by HPLC are Shown in Parentheses

Products (yield/%)

Compound
with TBAP with TBATFB

PhsGeH PhsGeCl, {PhsGe)20 PhsGeF, (PhsGe)20

_ (60) (40) (@) (70)
PhsSiH —, (PhsSi)2:0 PhaSiF, (PhsSi):0

. (80) @) (90)

PhaMeGeH” PhoMeGe(l, (PheMeGe)20 PhsMeGeF, (PhaMeGe)20
PhsMeSiH" -, (PhaMeSi)20 -, (PhzMeSi)20

a) The yield could not be determined by HPL.C. b) Yields are not shown because halogen-

ated compounds were readily hydrolyzed.
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lysis of PhsGeCl did not occur under the experimental
conditions. Supposing a one electron reaction for
the conversion of PhsGeH, the current efficiency is as
high as 300—400%. Assuming again a one electron
reaction for the following electrochemical generation
of PhsGeCl, the current efficiency is calculated as 240%
(see below Egs. 1 and 2). The chlorine source for the
PhsGeCl must be the electrolyte TBAP because there
is no other chlorine source. Oxygen may come from
TBAP, Oz, and/or residual H2O in the electrolyte
solution.

Table 1 summarises the experimental data. Typi-
cal product yields are shown though they varied
experiment to experiment. When TBATFB was used
as the supporting electrolyte, PhsGeF was obtained.
The fluorine source must be TBATFB. The genera-
tion of (PhsGe)20 here reveals that the oxygen source
was Oz and/or residual H2O in the system. In the
electrolysis of PhsSiH in the presence of TBAP,
PhsSiCl was not obtained although the experiments
were repeated carefully. Using TBATFB as the elec-
trolyte, a trace amount of PhsSiF was detected by GC-
MS, but it was not detectable by HPLC. These pro-
duct distributions may be undersood by means of the
lower dissociation energy of Si-Cl bond compared
with that of Si-O.8

Electrolyses were also carried out with other com-
pounds, such as PhoMeEH, PhMe2EH, and EEH (E=
Ge and S1). However, the expected products, such as
PhaMeEX, PhMesEX, and EisEX (X=Cl and F) were
readily hydrolyzed under the experimental conditions.
Among the expected products, only PhaMeGeCl and
PhaMeGeF were detected by GC-MS analyses besides
germoxanes and siloxanes.

Germyl (silyl) anions and germyl (silyl) radicals are
candidates for the reaction intermediates (see Egs. 1
and 2).

RsEH +e—> RsE™+H- 1)
RsEH +e—>RgE-+H~ @)

Accordingly, the reactivity of anions was examined as

follows. Firstly, PhaGe™ was prepared in tetrahydro- -

furan (THF) from PhsGeBr and Li. An alliquot was
added to a THF solution containing 0.1 moldm~3 of
TBAP. Another alliouot was added to an acetonitrile
solution containing 0.1 moldm-3 of TBAP. How-
ever, no halogenated products were obtained in either
case. Therefore, it was concluded that anions do not
react with TBAP directly. In addition, it was found
that the anions are not stable in acetonitrile, because
only trace amount of PhsGeH was observed after
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hydrolysis.

Nextly, the reactivity of radicals was examined.
PhsGeH was heated up to 80 ° in acetonitrile to gener-
ate PhsGe-. Trace amount of PhsGeCl was observed
in the presence of TBAP after 6 h. Another experi-
ment without Ar blanket gave (PhsGe)2O as an addi-
tional product.

These results suggest that radical species are more
probable as the reaction intermediates. However, it
should be noted that by the electrochemical method
PhsGeCl was obtained with a good yield. It seems
that the reaction mechanism is more complicated than
the simple reaction scheme: the generation of radicals
by electrochemical reduction followed by their attack
toward TBAP (or TBATFB).”

The authors would like to express their thanks to
Miss Tomoko Ueda for her hard work in the very
beginning stage of this work.
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