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a practical standpoint, our results demonstrate that reaction 
temperature is a critical variable in asymmetric reactions catalyzed 
by alcohol dehydrogenase9 and possibly other enzymes,10 and not 
only the optical purity but also the preferred stereochemical 
configuration of products may be altered by running reactions 
at different temperatures. 
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(10) A similar reversal of stereoselectivity with increasing chain length has 
been observed in the reaction of pig liver esterase with dialkyldimethyl-
malonates, see: Bjorkling, F.; Boutelje, J.; Gatenbeck, S.; HuIt, K.; Norin, 
T.; Szmulik, P. Tetrahedron 1985, 41, 1347. It is not clear if a similar 
temperature-dependent reversal would be observed in the case of pig liver 
esterase, since the reported reactions were performed only at 25 0C. 
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The uncoordinated binary hydride of gallium is terra incognita 
beyond the vapor-phase transients GaH l a and GaH3.lb This has 
not been for want of exploration. As early as 1941 Wiberg et al. 
laid claim to the synthesis of the free hydride via two routes.2 

Neither stood the test of subsequent re-examination,3a but 
Greenwood and Wallbridge3b presented analytical and spectro
scopic evidence for displacement reaction 1. More recent studies4'5 

Me3N-GaH3 + BF3 ~'5°C> A[GaH3Jx + Me3N-BF3 (1) 
viscous 
liquid 

disclose, however, that the predominant pathway entails not 
displacement but halide-hydride exchange. Here we outline the 
synthesis of gallane and preliminary details of its characterization. 

Of our earlier attempts to prepare gallane,5 only the interaction 
of GaCl3 with a tetrahydrogallate gave any encouragement, the 
solid mixture yielding at ambient temperatures small amounts 
of a volatile, thermally unstable product, but this could never be 
freed entirely from chloride. Altogether superior to GaCl3 as a 
precursor is monochlorogallane, [H2GaCl]2 Ia, a compound 
conveniently synthesized by the reaction of GaCl3 with an excess 
of Me3SiH.6 Not only is reduction already two-thirds complete, 
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but Ia is also a liquid even at quite low temperatures and therefore 
susceptible to more efficient mixing with the hydride ion source 
(MGaH4). We find that Ia reacts in vacuo with freshly prepared 
LiGaH4 at -30 0C to give not only substantial quantities of 
elemental gallium and hydrogen but also a volatile product, shown 
to be gallane, typically in amounts of 4-40 mg and yields of ca. 
5% based on eq 2. Operations were carried out at a pressure of 

-30 °C 

V2[H2GaCl]2 + LiGaH4 • 1A[GaHj]x + LiGaH3Cl 
neat reagents 

or n-octane 

(2) 
<10~4 mmHg in an all-glass apparatus which had been precon
ditioned by heating under continuous pumping, with short dis
tillation paths and the maintenance of all glassware to which the 
gallane had access at temperatures <-20 0C. Gallane condenses 
as a white solid which melts at ca. -50 0C and has a vapor pressure 
at -63 0C of ca. 1 mmHg. 

(a) Elemental analysis confirmed that the compound contained 
no chlorine, only gallium and hydrogen. The reaction with an 
excess of anhydrous HCl at -95 0C resulted in the quantitative 
formation of GaCl3 and H2 in accordance with eq 3. 

A[GaH3Jx + 3HCl — GaCl3 + 3H2 (3) 

(b) IR Spectrum. A film of the annealed solid compound at 
77 K displayed an IR spectrum resembling that of the condensate 
formed by the vapors derived from the reaction of an excess of 
NaGaH4 with GaCl3,

5 with three main absorptions at 1978 (s), 
1705 (s, br), and 550 cm"1 (s, br), which shifted to 1422, 1200, 
and 400 cm"1, respectively, for the perdeuterated compound. Very 
different spectra were exhibited by the vapor (Figure 1) or by solid 
matrices formed by codepositing the vapor with an excess of Ar, 
Kr, or N2 at ca. 20 K. Here the pattern and energies of the 
absorptions—with two distinct features near 2000 cm"1 attributable 
to y(Ga-Hterm) modes and two others at 1200-1300 cm"1 at
tributable to ;<(Ga-Hbridge) modes—advocate the molecule Ga2H6 

with a diborane-like structure Ib. Of the six bands clearly dis
cernible in the vapor spectrum three (at 1976, 1200, and 671 cm"1) 
had the P-R doublet structure characteristic of the parallel-type 
bands of just such a pseudo-linear molecule. The average P-R 
branch separation at 10.3 cm"1 implies7 then a rough value of 260 
pm for the Ga-Ga distance, in excellent agreement with the 
corresponding distance of 261 pm in the related molecule 
Me2Ga(/x-H)2GaMe2, as determined by electron diffraction.8 The 
identification of Ga2H6 receives support not only from obvious 
parallels with the spectra of Ia6 and Me2Ga(^-H)2GaMe2

8 but 
also from the energy shifts induced by perdeuteration of the 
product (see Table I). Annealing an Ar matrix containing the 
gallane at temperatures up to ca. 35 K caused the decay of the 
bands associated with Ga2H6 and the appearance and growth of 
a spectrum resembling that of the solid gallane. Facile aggregation 
of Ga2H6 molecules in the solid phase appears then to give an 
oligomer with a change in the mode of hydrogen bridging but 
retaining terminal Ga-H bonds (cf. a-AlH3

9). 
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Table I. IR Spectra of Digallane in the Vapor Phase at ca. 270 K and Isolated in Solid Ar or N2 Matrices at ca. 20 K 
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Figure 1. FT-IR spectrum of gallane vapor in a Pyrex glass cell with a 
pathlength of 10 cm, fitted with CsI windows and cooled to ca. 270 K; 
the record corresponds to the difference in absorbance between the initial, 
partially decomposed and final, fully decomposed sample (with appro
priate scaling). 

(c) 1H NMR Spectrum. The 1H NMR spectrum of the gallane 
dissolved in C6D5CD3 at -65 0C consisted of two singlets at 8 4.41 
and 1.11 with relative intensities 2:1, both showing the broadness 
characteristic of protons directly bound to gallium atoms. This 
too is consistent with the structure Ib. Coalescence to a single 
very broad resonance occurred when the sample was warmed to 
-30 0C; decomposition set in at ca. 0 °C with the appearance of 
gallium metal. 

(d) Chemical Trapping with Trimethylamine. The gallane re
acted with an excess of trimethylamine at -95 0C. At temper
atures below -30 0C, there was but a single product identified 
by its IR, Raman, and 1H NMR spectra as the adduct 
(Me3N)2GaH3;10 this dissociated at ambient temperatures to 

(9) Turley, J. W.; Rinn, H. W. Inorg. Chem. 1969, 8, 18. 

trimethylamine and Me3N-GaH3 characterized by its vibrational 
spectra.10,11 
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The enantioselective synthesis of secondary homoallyllic alcohols 
is of interest in the context of acyclic stereoselective synthesis, 
with particular emphasis on their utility as biosynthetic inter
mediates.1 The condensation of carbonyl compounds with main 
group organometallic allyl reagents has been a successful strategy 
in this respect. In particular, the use of chiral metal templates 
for asymmetric induction during the condensation of aldehydes 
with metal allyls has been developed. Chiral organometallic 
complexes including allylstannanes,2 allylaluminum,3 and allyl-
boranes4-6 react with aldehydes generating nonracemic homoallyl 
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