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Abstract: A convenient, novel synthesis of (E)-gem-dimetalloalk-
enes containing boron and germanium from the (Z)-1-bromo-1-alk-
enylboronate esters has been developed. a-Bromo-(Z)-1-
alkenylboronate esters readily prepared from the literature proce-
dures smoothly underwent a reaction with freshly generated tri-
methylgermyllithium in hexamethylphosphoramide (HMPA) from
the hexamethyldigermanium at –78 °C to provide the corresponding
‘ate’ complexes. These ‘ate’ complexes underwent intramolecular
nucleophilic substitution reaction to provide the corresponding
(E)-1-alkenylboronate esters containing trimethylgermyl moiety.
These intermediates were isolated in good yields (72–81%) and
were characterized by the spectral data (1H NMR and 13C NMR).
Upon oxidation of these intermediates with trimethylamine-N-
oxide, the corresponding alkyl trimethylgermyl ketones were pre-
pared in good yields (78–86%). Oxidation with alkaline hydrogen
peroxide followed by acidification afforded the corresponding
carboxylic acids in good yields (82–88%).
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The acylgermanes are important intermediates1 in organic
synthesis. They are potential prochiral ketones for asym-
metric reduction reactions. In view of the synthetic impor-
tance of alkyl trimethylgermyl ketones, it was desirable to
have a general and convenient methodology for their
synthesis, especially from readily available organoborane
reagents.

In a previous study, a stereoselective preparation of the
(Z)-1-bromo-1-alkenylboronate esters via the hydrobora-
tion of 1-bromo-1-alkynes followed by treatment with

1,3-propane diol has been reported.2 It should be noted
that these a-halo-(Z)-1-alkyenylboronate esters are
known to undergo intramolecular nucleophilic substitu-
tion reactions3–6 with nucleophiles such as hydrides,7

Grignard reagents,8 organolithium reagents8, allylmagne-
sium bromide,9 trimethylsilylmethyllithium,10 and tri-
methylsilyllithium.11

In this report, we reacted 1-bromo-(Z)-1-hexenylboronate
esters with a nucleophilic reagent such as freshly prepared
trimethylgermyllithium in hexamethylphosphoramide
followed by oxidation with hydrogen peroxide and
sodium acetate (Scheme 1). Consequently, we describe a
facile general synthesis of (E)-gem-dimetalloalkenes con-
taining boron and germanium and their oxidation to alkyl
trimethylgermyl ketones and carboxylic acids based on
versatile intermediates such as a-bromo-(Z)-1-alkenyl-
boronate esters.

The required starting materials such as 1-bromo-1-
alkynes and a-bromo-(Z)-1-alkenylboronate esters were
prepared using literature procedures.2 In a typical experi-
ment, a-bromo-(Z)-1-hexenylboronate ester was reacted
with trimethylgermylllithium in hexamethylphosphor-
amide (easily generated by reacting hexamethyldigerma-
nium with methyllithium12a at 0 °C for 0.5 h) at –78 °C
under an inert atmosphere and the reaction mixture was
stirred at –78 °C for two hours followed by stirring over-
night at room temperature. The resulting product (entry 1
in Table 1, 81% yield) was isolated and purified by col-
umn chromatography over silica gel. It was then subjected
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to oxidation using trimethylamine-N-oxide (TMANO)12b

in tetrahydrofuran at room temperature for 12 hours. After
workup, the reaction provided n-pentyl trimethylgermyl
ketone in 80% isolated yield. Using the above procedure,
the representative alkyl trimethylgermyl ketones were
prepared. Oxidation of the resulting (E)-1-trimethyl-
germyl-1-alkenylboronate esters (Table 1) with alkaline
peroxide followed by acidic workup provided the corre-
sponding carboxylic acids (Scheme 1).

Presumably, the starting a-bromo-(Z)-1-alkenylboronate
ester could form an ‘ate’ complex as a result of a reaction
with trimethylgermyllithium. This would further undergo
an anionotropic rearrangement involving the migration of
the trimethylgermyl group from boron to the adjacent
alkenyl carbon with inversion of configuration to provide
E-trisubstituted boron intermediate containing trimethyl-
germyl moiety, the oxidation of which would provide
alkyl trimethylgermyl ketones and carboxylic acids under
different oxidation conditions (Scheme 1).

In summation, we have developed a novel synthetic route
for the preparation of alkyl trimethylgermyl ketones and
carboxylic acids14 based on the reactions of trimethyl-
germyllithium with a-bromo-(Z)-1-alkenylboronate
esters followed by oxidation studies. The representative
synthetic applications of these E-trisubstituted organo-

borane intermediates containing trimethylgermyl moiety
are currently underway.
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Table 1 Stereoselective Synthesis of (E)-gem-Dimetalloalkenes 
Containing Boron and Germanium

Entrya R Isolated 
yieldb,c

Germyl 
ketones

Carboxylic 
acids

1 n-Bu 81% 80% 82%

2 n-C5H11 80% 86% 88%

3 n-C6H13 78% 84% 85%

4 Cl(CH2)3 78% 78% 84%

5 t-Bu 72% 82% 82%

6 CH2CH2CHMe2 74% 78% 80%

7 CH2CH2Ph 80% 82% 82%

a All compounds were oxidized with trimethylamine-N-oxide 
(TMANO) to the corresponding alkyl trimethylgermyl ketones in 
>78% isolated yields. Oxidation with alkaline hydrogen peroxide fol-
lowed by acidification provided the corresponding carboxylic acids in 
high yields (82–88%). They were characterized by spectral data (IR, 
1H NMR, and 13C NMR).
b All reactions were carried out on a 5-mmol scale. The yields are 
based on the corresponding a-bromo-(Z)-1-alkenylboronate esters.
c All compounds were isolated by column chromatography over silica 
gel and were characterized by IR and NMR spectral data. The 
stereochemical purities13 of these intermediates were confirmed by 
1H NMR and 13C NMR.
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