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Cp,TiCl, catalyzed one-pot synthesis of n-Bu;GeH from GeCl,
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Abstract

The reaction of GeCl, with n-BuMgCl in presence of a catalytic amount of Cp,TiCl, gives n-Bu;GeH and n-Bu,Ge in ca. 70
and 25% yield, respectively. This method provides an industrially feasible one-pot synthesis for Bu;GeH and Bu,Ge. The reaction
temperature and stoichiometry seem to be important in the distribution of the products. Apart from elemental analysis these
compounds have been characterized by comparing their boiling points, NMR spectral data and GC assay with that of the
authentic samples. © 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

The usefulness of tri-n-butyltin hydride as a synthon
[1] in organic chemistry has been explored for the past
three decades especially for free radical inter- and in-
tramolecular couplings [2], regio- and stereoselective
syntheses [3], tertiary amine synthesis via hydrostanna-
tion of imines [4], reduction of CO groups [5] and
selective dehalogenation reactions [1b, 6]. However,
there are several limitations associated with this
reagent. The use of tri-n-butyl germane, n-Bu;GeH as
an alternative reagent has been a clever approach as it
behaves like n-Bu;SnH in many cases, but gives fewer
side reactions with improved selectivity [7]. Several
advantages of Bu;GeH over Bu;SnH have been well
documented in the literature [7,8]. The thermodynamic
data suggest that the Ge-H bond is 8 kcal mol !
stronger than that of the Sn—H bond, which is at-
tributed to the slow hydrogen donating ability of
Bu;GeH and the minimum side reactions [7,9]. The
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bond dissociation energy suggest that germyl radicals
are equal or better halogen abstractors in comparison
to the stanyl radical [7,10].

Commercially available n-Buy;GeH is about 10-40
times more expensive than n-Bu;SnH. Although part of
the reason is due to the high cost of Ge metal in
comparison to that of Sn, the corresponding n-Bu;SnH
is synthesized by a one-pot route using commercially
available starting materials [11]. In the case of the
corresponding germane, so far no similar convenient
one-pot syntheses are available. The commonly em-
ployed method involves a three step process where
n-Bu;GeH is produced by the LiAlH, reduction [12] of
Bu;GeCl, which is either isolated as one of the scram-
bling products [13] from the reaction of GeCl, with
Bu,Ge or obtained by alkylating [14] Bu,Ge with AICl,.
Bu,Ge is generally obtained by the reaction between
GeCl, and BuMgCl. Although the reported yield for
the last step[12] is 85-90%, the overall yield could be
much lower. GeO, has also been used as a starting
material for the production of Bu;GeH [15]. In this case
GeO, was converted to K,[Ge(O,C4H,);] by reacting
with catechol in presence of MeOK. Reaction of
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K,[Ge(O,C¢H,);] with BuMgBr/Cp,TiCl, was reported
to yield 75% of the product. However, when we re-
peated the reaction several times on a 250—500 g scale,
the yield was only 35-45%. We also observed that
K,[Ge(O,C4H,)5] has a tendency to absorb the H,O
produced from the system. The presence of the water
molecules seems to decrease the yield drastically and we
had to dry K,[Ge(O,C¢H,);] at above 100°C for several
days to get rid of the moisture before the reaction.
Moreover, the acid hydrolyzed Grignard reaction mix-
ture had to be extracted several times with dilute
NaOH solution to get rid of the catechol completely
from the system. Yet another route uses GeCl, as the
starting material from which the germane has been
isolated in 45% yield [7]. The essential steps are summa-
rized below.

GeCl, Mg/n-BuCl BuyGe + Bu;GeGeBuy
Et,0 —
16}
Bu;GeH LiAlH, Bu, Gel

Since we have been interested in an industrially feasi-
ble process for the simultaneous production of Bu;GeH
and Bu,Ge, we choose to use the readily available
GeC(l, starting material. Herein we report a Cp,TiCl,
catalyzed convenient one-pot synthesis for Bu;GeH and
Bu,Ge from GeCl,.

2. Experimental

All the reactions and subsequent work-up were per-
formed under N, atmosphere using the Schlenk tech-
nique in conjunction with a glove box (Vacuum
Atmospheres Model HE-493/MO-5). The starting ma-
terials such as GeCl,, Cp,TiCl, and rn-BuMgCl were
purchased from Alfa—Asear, a Johnson Matthey com-
pany. Proton and '"*C-NMR spectral data were
recorded using a Varian XL-300 FTNMR spectrometer
operating at 300.1 and 75.5 MHz, respectively. GC
analyses were performed on a Shimadzu GC-14A. The
elemental assays were done at E and R Microlab,
Corona, NY and Robertson Microlit, NJ.

2.1. Reaction of GeCl, with n-BuMgCl in presence of
Cp,TiCl,

Germanium tetrachloride (35 g, 0.16 mol) was loaded
into a precooled (dry ice/acetone) three necked flask (3
1 capacity) containing anhydrous diethyl ether (1 1) and
Cp,TiCl, (3 g). To this, a 2 M solution of n-BuMgCl
(400 ml, 0.80 mol) in Et,O was added over a period of
1 h with stirring. Once the addition was over, the slush
bath was removed and the contents of the flask were

slowly allowed to warm to r.t. It was then refluxed
overnight. The mixture was hydrolyzed by carefully
adding 2 M HCI (400 ml) at 0°C over a period of 1 h.
The organic layer was separated while the aqueous
phase was extracted with ether (200 ml x 3) and the
washings were collected along with the organic layer.
The organic layer was dried by treating with anhydrous
MgSO, for about 3 h. It was then filtered and solvent
was removed using a rotavap under reduced pressure.
The resulting crude was then filtered to remove a small
amount of an orange-red solid, presumably a Cp,Ti-
based complex (not characterized). GC analysis of the
crude showed mainly two peaks at 3.18 (major) and
7.10 (minor) retention time due to Bu;GeH and Bu,Ge,
respectively. These two products were then separated
by careful distillation under reduced pressure to give
Bu,GeH (27.5 g, 69%. Found: C, 58.87; H, 11.23. Anal.
Calc. for C,,H,3Ge: C, 58.87; H, 11.40) and n-Bu,Ge
(12.6 g, 26%. Found: C, 63.86; H, 12.07. Anal. Calc. for
C,H3cGe: C, 63.88; H, 11.97) at 85°C/7—8 mbar (61—
63°C/0.3 torr [12a]) and at 115°C/6-7 mbar (160-
161°C/22.7 hPa [15]), respectively. Detailed NMR
spectra of these two complexes are listed in Table 1.

3. Results and discussion

An ether solvent-mediated reaction of GeCl, with
4-5 mols of n-BuMgCl carried out at — 78°C to r.t., in
the presence of a catalytic amount of Cp,TiCl, reacted
cleanly to give n-Bu;GeH as the major product. In-

Table 1
'H- and "*C-NMR spectral data of n-Bu;GeH and n-Bu,Ge recor-
dred in CDCl; using TMS reference

He—Ge_ _C,. _C,4
¢l ey

Numbering of atoms n-Bu;GeH (6 PPM)
a,b

n-Bu,Ge (5 PPM)

o 3.68 -

H-1(J,.)) 0.85 (3.0 Hz) 0.69

C-1 12.0 12.50

H-2 (J,,) 1.2-14 1.31(8.1 Hz)
C-2 28.72 27.50

H-3 (J3.4) 1.2-1.4 (6.8 Hz) 1.31(7.1Hz)
C-3 26.31 26.60

H-4 1.08 0.87

C-4 13.83 13.70

4 Proton spectra are high order, virtually coupled.

® Carbon in CDCl; are identified from DEPT, HETCOR spectra
and from T1 relaxation data.

¢ Septet pattern was observed due to Ge(CH,—); coupling. T1’s for
carbons in seconds are C-1: 2.7 s, 2.3 s; C-2: 3.6 s, 3.1 s; C-3: 44 s,
3.6 s; C-4: 5.1 s, 4.1 s respectively for n-Bu;GeH and n-Bu,Ge.
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Fig. 1. Proton NMR spectrum showing the septet pattern of Ge—H due to coupling wih the three identical CH, groups.

order to insure that the reaction was complete, it was
refluxed overnight. The byproduct, Bu,Ge has also
been isolated to analytical purity.

Cp,TiCl,
GeCl, + 5n-BuMgCl ———n-Bu;GeH + n-Bu,Ge

No other major products have been detected or
isolated from the study. However, when the reaction
was conducted at r.t., it was very vigorous with consid-
erable gas evolution occuring, and the yield of Bu;GeH
decreased to 35-45% along with the formation of
Bu,Ge. In addition to these two products, sizable quan-
tities of a high boiling residue was also observed in the
flask. Although no optimization work has been done,
we feel that the reaction temperature, stoichiometry,
anhydrous reaction conditions and the order of addi-
tion of the reagents may be important in the distribu-
tion of the products.

Apart from the satisfactory elemental assay, these
two products have been well characterized by compar-
ing their boiling points, GC retention time and NMR
spectral data with that of authentic samples. We have
also carried out a detailed NMR spectral analysis in-
cluding HETCOR and DEPT to assign all the protons

Cp,TiCl,

-MgCl,

-12C4Hy0 | n-BuMgCl
-1/2C,Hg

Cp,TiCl

Bu;GeH
n—BuMCgCI
3BuMgCl + GeCl; — Bu3GeCl -MgCl,

. -butene .
CpTiH oo
P22 B-H elimination Cp.TiBu
Scheme 1. Proposed mechanism for the Cp,TiCl, catalyzed reaction
of GeCl, with n-BuMgCl to produce Bu;GeH.

and carbons unambiguously. It is interesting to note
that the proton attached to the Ge in Bu;GeH gave a
text book example of a septet (Fig. 1) at 3.68 ppm in
CDCI; (3.99 ppm neat) due to three bond coupling with
the three CH, groups through Ge.

The exact mechanism of the above process is not
clearly understood. However the following mechanism
is proposed (Scheme 1) based on Corriu’s studies
[15,16].

The first step of the reaction could be the formation
of Bu;GeCl from the reaction of GeCl, with BuMgCI.
This is reduced by ‘Cp,TiH’ produced in situ by the
reaction of Cp,TiCl, with BuMgCl. The presence of a
B-hydrogen in the butyl group seems to be important in
obtaining the R;GeH. The generality of this route to
other germanes with particular emphasis on the opti-
mization of the process, the influence of B-hydrogen
and the use of Cp,TiCl instead of Cp,TiCl, will be
verified in a future publication.
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