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summary 

Lithium alumini um hydride adds to olefins in the presence of zirconium tetra- 
chloride under mild conditions. This facile reaction offers a convenient laboratory 
method for the hydrogenation of olefins or for the preparation of 1-haloalkanes 
from olefins in high yield. Unstrained internal olefins appear to be unreactive. 

In general, the carbon--carbon double bond is comparatively inert to lithium 
aluminium hydride or alumininm hydride unless the reaction is carried out at 
fairly high temperatures. Thus 1-hexene and lithium aluminium hydride react 
only at 110°C in the absence of ether [l] (in the presence of ether this reaction 
does not take place)_ Some substances (such as AlC13, ZnClz , FeCl,, alkali 
halides, carbonates or phosphates), which had been claimed to catalyze the 
reaction 121, was found actually to have no effect at all [ 3]_ Therefore, though it 
is evident that the addition of ahuninium hydride to olefins to form organo- 
ahuninium compounds is closely related to the reaction of boron hydrides with 
olefins,in caseswherethesyntheticrouteinvolvesachoice betweenthe organo- 

akminiumortheorganoborane,thelatterprocedurehas proved preferable for 

laboratory work [4]. 
We report here that lithium aluminum hydride adds to carbon-carbon double 

bonds in the presence of zirconium tetrachloride, and that this facile reaction 
offers a convenient laboratory method for the hydrogenation of olefins or for 
the preparation of 1-haloalkanes from 1-alkenes. 

The preparation of l-bromohexane (or n-hexane) from 1-hexene via this route 
proceeded as follows. To a suspension of ZrCL (150 mg, 0.64 mmol) in benzene 
was added dropwise a clear solution of LiAlH4 in tetrahydrofuran (53 ml of 
0.2 molar, 10.6 mmol) with stirring at 7°C. Then 1-hexene (3.20 g, 38.1 mmol) 
was added neat &nd the reaction mixture was stirred at 25°C under nitrogen. 
After 30. hours of stirring, the reaction mixture was hydrolyzed by adding ice to 
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&Al& -6 zr(-& --f L,Zr-H (L=ligand) 
:. 

L, Zr-H + CH2 =CHC, 3X, --f L, Zr-C, HI 3 

L,Zr-C&H,, + LiAlH, + L,Zr-H + al-C&Hi3 

(al = l/4 &I) 

C27 

(I) 

(2) 

(3) 

the reaction mixture to give n-hexane in nearly quantitative yield (> 99%), to- 
gether with small amounts of cis- and trans-2hexene. In another experiment, the . 
solvent was removed from the reaction mixture under vacuum and the residue 
was treated with bromine (6.4 g, 40 mmol) in benzene to afford 1-bromohexane 
(5.8 g, 92% yield based on 1-hexene). Similar reactions with chlorine and iodine 
were used to prepare 1-chloro- and 1-iodo-hexane*. 

As shown in Table 1, olefins suitable for the reaction with lithium aluminium 
hydride include 1-alkenes, 2-methyl-1-pentene and cyclopentene. cis- or trans-2- 

hexene and cyclohexene are practically unreactive. 
The function of the catalyst is presently under investigation. It can be as- 

sumed that a zirconium hydride, formed by reaction of zirconium tetrachloride 
with lithium aluminiti hydride, plays an important role as evidenced by the fol- 
lowing facts. (I) The reaction of an equimolar mixture of ZrCh, and LiAlH4 in 
tetrahydrofuran in the absence of olefin at room temperature evolved hydrogen 
during about 3 hours and precipitation of metallic compounds (presumably, of 
zirconium and aluminium) was observed. (2) An equimolar mixture of zirconium 
tetrachloride and lithium aluminium hydride catalyzed the isomerization of 
1-hexene to cis- and trans-2-hexene. Thus, a mixture of ZrCL (100 mg, 
0.43 mmol) and LiAlH4 (16 mg, 0.42 mmol) in tetrahydrofuran changed 
l-hexene (3.20 g, 38.1 mmol) completely into cis- and trans-2-hexene after 
4 days at room temperature. 

In view of the recently developed hydrozirconation reaction [6], it is most 
conceivable that the conversion of alkenes into LiAlR4 by LiMH,/ZrCI, pro- 
ceeds via hydrozirconation of the double bond followed by zirconium- 
aluminium exchange as shown in eqns. l-3. 
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*The reactions of trialkylalumimxn compounds with halogens were reported to yield the corresponding 
alk~l halides C51. 


