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PRELIMINARY COMMUNICATI0N 

Facile trans- and cis-hydraluminations of certain alkynyl derivatives of Group IV 
elements 

The stereospecific c&-addition of aluminum hydrides’*2 and boron hydrides3 
to alkynes has been well established. The resulting cis+inyIaluminum products have 
been found to undergo a rather slow thermal isomerization to the truns-vinylaluminum 
systems via a geminal-dialumina-alkane intermediate’. Recently, the rrans-hydralum- 
inasion of alkynes in donor solvents by use of lithium aluminum hydride4*’ or by 
lithium diisobutylmethylaluminum hydride6 has been achieved. We now wish to 
report that certain terminal alkynes, as their trimethysilyl or triaIkylgermy1 deriv- 
atives can be reduced easily and stereospecifically in a cis- or a trans- fashion by di- 
isobutylaluminum hydride. 
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Thus, in hydrocarbon media the alkynylsilane (II) is converted to the trruzs-alkenyl- 
silane (III) containin, 0 < 5 7; of the cis-adduct (IV). However, in the presence of one 
equivalent of a strong donor, e.g., N-methylpyrrolidine, the addition of hydride occurs 
stereospecitically cis, giving IV which contains 4% III. Use of a weaker donor, such 
as ethyl ether, results in a 65 : 35 mixture of cis and truns products. Almost complete 
conversion of the cis-aIkeny1aluminum compound (IV) to the trans-isomer (III) (final 
ratio 1 : 18) couid be achieved by heating IV (presumab1y as amine complex) with 
asmallamount ofdiisobutyialuminum hydrideat 100” for 66 h*.Attempted isomeriza- 
tion of III under similar conditions failed. 

The structures of the sty@-silanes of -get-manes obtained upon hydrolysis, 
as we11 as those of the various olefinic products from related hydraluminations (see 
Table l), were assigned on the basis of the NMR coupling constants’ and the C-H 
out-of-plane deformations in the infrared spectra 
of configuiation upon 

8. With the assumption of no change 
hydrolysis *, the position of the aluminum attachment in III 

and fv was shown, by treatment with deuterium oxide and NMR analysis of the 
resulting deuterated silanes, (trans V; cis VI) to be exchrsively on the same carbon 
as the trimethylsilyl (or triethylgermyl) group. 

* CJ Ref. 9 for the support for this assumption. 
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TABLE 1 

HYDRALIJMINATION OF PHENYLFTHYNYL DERIVATIVES WITH DlISOBUTYLALUMINULl HYDRIDE 
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(il ICdie~~AIH 

C,H,-CK-E y 
(ii, “20,DIcJI 

C,H,CH=$HE 1 

E Position 
Of 

deuteron 

Geometry R,N” NMR data 

a(ppm) J(cps) 

CL B 

H B cisb 6.69’ 5.69 17.5 

&H,), 

d 

; 
cis 6.43 5.57 12.5 

Si(CH& CiS + 7.36 5.83 15 
SW% : frans 6.88 6.33 19 
WC&), cis + 7.50 5.52 14 
Ge(W-% B tram 6.84 6.57 18.5 

’ N-Methylpyrrolidine. b In a competing metallation reaction a phenylethynylaluminum derivative is form- 
ed to an extent of 29 % (isolation of C,H,C=C-D upon hydrolysis with D,O). c Center of triplet, J = 1.5 
cps. d Only cleavage occurs to give phenylacetylene upon hydrolysis. 

In a typical experiment, phenylacetylene was converted via the Grignard 
reagent to phenylethynyltrimethylsilanelo (IIa). A solution of 0.056 mole of IIa and 
0.056 mole of diisobutylaluminum hydride in 25 ml of heptane was allowed to stand 
at room temperature for 15 h. Hydrolytic work-up yielded the &runs-olefin Va (b-p. 
SO-91°/13 mm) in 96% yield. Alternatively, adding one equivalent of N-methyl- 
pyrrolidine to the diisobutylaluminum hydride and mixing this complex” with the 
alkynylsilane (IIa) at 60“ for 15 h and then at 100” for 4 h resulted in the cis-olefin 
Via (b-p. 43-45’/0.53 mm) in 96 ‘A yield (containing ca. 4 “/, of IIIa). Similar results 
were obtained with IIb and 11~. 

In order to test whether the trans-isomer IIIa might be formed by a rapid 
conversion of the c&isomer IVa in a thermodynamically controlled process, the 
hydralumination reaction without amine was run at -10”. However, even after 
5 % of conversion the amount of truns-olefm (Va) predominated in a ratio 19 : 1. This 
finding tends to rule out a c%trans isomerization’ for trans-hydralumination. 

As a further test of possible steric requirements for truns-addition, the carbon 
analog of II, 3,3_dimethyl-1-phenylbutyne-1 (VII), was treated with diisobutylalumi- 
num hydride. In sharp contrast to II, however, the hydrolysis product was solely 
the cis-olefin, 3,3dimethyl-l-phenylbutene-1 and work-up with deuterium oxide 
showed the aluminum to be attached exclusively to the same carbon as the phenyl 
group. 

In the light of previous evidence indicating an electrophilic attack of aluminum 
alkyls and hydrides on unsaturated hydrocarbons2*12, we suggest that initially 
alkynylsilanes (or alkynylgermanes) form a n-complex with the Lewis acidic diiso- 
butylaluminum hydride. Subsequent attack by R-#JH from the opposite side leads 
to rruns-hydralumination (VIII). In the presence of an amine the alane forms a corn- 
plex (R;AlH-NR;“) which attacks the alkynylsilane in a nucleophilic fashion (IX). 

The alternative mechanistic possibility, that trans-hydralumination of al- 
kynylsilanes by diisobutylaluminum hydride results from initial nucleophilic attack 
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by hydride, is disfavored by the following experiment. When IIa was treated with a 
recognized hydride source, namely lithium aluminum hydride, only silicon-carbon 
cleavage leading to phenylacetylene resulted. 

The change in the orientation and stereochemistry for the hydralumination 
of the silyl and germyl derivatives of Ia, compared with that of the carbon analog 
VII, may be related to differences in the polarization of the CzC bond. The shift of 
the C=C stretch in these alkynyl-silanes” and -germanes to higher frequencies (cu. 
2160 cm- ‘) and the enhanced intensity of this absorption can be interpreted in terms 
of dative bonding (d,-p,) in the ground state’ 3* : R;E-C&-R - R;‘E+&R. 
We now suggest that such polarization is also operative in the transition state of 
hydralumination of silyl- and germyl-alkynes, thereby promoting sr-complex forma- 
tion (VIII) and directing the orientation of the R>Al group to the carbon adjacent 
to the R;‘E group (VIII and IX). 

Additional studies in progress promise to elucidate the mechanisms of hydro- 
metallations under various conditions, and to provide flexible methods for the 
stereospecific reduction of alkynes and the preparation of vinyl derivatives. 

We wish to express our appreciation to the Public Health Service for support 
of this research under Grant GM-13421. 
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* Cf: Ref. 14 for il study of dative bonding in VinyManes. 
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