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Recently, the reduction of alkenes and alkynes by the reagent, LiAlH4-transition metal 

halide has been reported. 132 Although one might assume that this reaction proceeds via 

hydrometallation, deuterolysis shows that only titanium compounds of the first row transi- 

tion metals are effective in the formation of the hydrometallation intermediate, although 

other first row transition metal compounds (e.g. NiCl 
5 
and CoC12) are effective in cata- 

lyzing the formation of reduction products. Schwartz has reported that hydrozirconation 

of alkenes and alkynes also involves a hydrometallation intermediate, although the zirconium 

compound must be used in stoichiometric amounts with respect to the substrate. Our research2 

has centered around the investigation of less expensive and more readily available catalyst 

systems (metal hydride + transition metal compound) to prepare the intermediate hydrometal- 

lated product. The importance of forming the hydrometallated intermediate rather than the 

reduction product (alkane or alkene) lies in the formation of an organometallic compound 

that can be easily functionalized. Although hydroboration proceeds readily between an ole- 

fin and diborane in THF in the absence of a catalyst, the C-B bond is relatively stable and 

not as susceptible to functionalization as C-Mg or C-Al compounds. Unfortunately MgH2 and 

A1H3 do not hydrometallate alkenes or alkynes at all readily compared to B2H6; however, 

reaction does take place when certain transition metal catalysts are present. The present 

study reports an excellent hydrometallation system that consists of HAl(NR2)2 compounds in 

the presence of a catalytic amount of Cp2TiC12. 

by the reactions of Al, H2 and HNRZ4 

Since HAl(NR2)2 compounds can be prepared 

in a one step reaction in quantitative yield and the 

resulting compounds are soluble in hydrocarbons as well as ethers, these hydrometallating 

agents should be both versatile and economically attractive. 

We would like to report that the reaction of alkenes and alkynes with bis-diisopropyl- 

aminoalane, HA1(NPr2'12, in the presence of bis-(cyclopentadienyl)titaniwn dichloride, 

Cp2TiC12, takes place in THF in high yield producing the hydrometallated intermediate as 

determined by deuterolysis of the reaction product. Table I contains the results of several 

representative alkcnes and alkynes with the reagent system. 

It is clear that both terminal olefins (1-octene, 2-ethyl-1-hexene and methylene cyclo- 
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Table I. Reactions of Alkenes and Alkynes with Bis-diisopropylaminoalene and 

5 Mole % Bis(cyclopentadienyl)titanium Dichloride a 

Recovered Hydrolysis Mass %D 
Substrate Substrate [%) Products (% yield) Balance(%) Incorporation 

H 
CH2=C-(CH2)5CH3 

H2C= 

0 CH3 WI21 6CH3 (100) 

0 a3(CH21 4CH3 (100) 

0 

56.3 

100 

CH3 W2 I 4CH3 (100) 

0 (47.3) 

@H3 (100) 

C)-CH3 (trace) 

100 
(0) 

0 

10.2 

0 

CH3-C-C-(CH2)2CH3 b 0 

t-Bu-CH2CH3 (100) 87.5 0 

CH3- I? 
HZCH3 (89.8) 

H (CH2)3CH3 
96.9 75 

CH3(CH2)4CH3 (53.2) 
H 

CH2=C-(CH2)3CH3(46.2) 

87.8 ___ 

79 

CH3(CH2)4CH3 (9.7) 89.3 

H' ' 
(0) 

(CH2)2CH3 

98.2 

86.8 

89.5 

96.0 

89.7 

96.5 

89.8 

86 

83 

81 

29 

72 

___ 

_-_ 

52(85)' 

___ 

a) The reactions were carried out at 58' for 10 hours. b) 
at R.T. for 1 hour. c) 52% at RT, 85% at O°C. 

The reaction was carried out 
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Table II. Reactions of 2-Hexyne with HAl(NPr21)2 and Cp2TiC12 in 1.0:2.0:0.1 Mole Ratioa. 

2-Hexyne Hydrolysis Products Trans-2- % D in 
Exp. Time (hr) Recovered % Hexene (%) Cis-2-Hexene (%) Hexene (4) Product 
1 0.7 80.1 6.5 16.9 - - 
2 1 74.5 7.6 20.4 - 85.3 
3 2 64.9 7.9 29.9 trace 86.0 
4 4 52.5 8.0 39.1 trace 85.0 
5 8 29.5 8.0 65.3 trace 85.0 
6 16' 0 22.8 47.3 26.2 50.7 

a) Reactions were carried out in benzene at 0'. b) Yield was determined by glc using 
octane as the internal standard. c) The temperature was allowed to increase to room 
temperature. 

Table III. Reactions of 1-Octene with HAl(NPr21)2-Cp2TiC12. Effect of Temperature and 

Catalyst Concentration. 

Mole % Cp2E2 Temp. ("C) Time Octane (%) % D Incorporation 

5 58 2 hr. 100 
10 58 1 hr. 100 
20 58 15 min. 100 
5 25 12 hr. 100 
5 25 1.5 hr. 10 

88 
83 
86 
86 
- 
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