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Transition metal complexes have been widely 

used in recent years as reagents or catalysts for 

organic synthesis1,2. The chemistry of titanium co

mpounds among transition metals has been con

cerned about function of low valent titanium com

plexes and their derivatives have been reported 

as the useful reagents for organic synthesis3,4.

Recently, it has been shown that titanium com

plexes are the effective catalysts for isomerization 

and hydroalumination of alkenes and alkynes5,6. 

The hydroboration of alkenes with NaBHj cataly

zed by CpgTiCk and TiCh has been developed7. 

The alkoxy derivatives of the alkali metal alumi- 

nohydrides have been widely used as mild and 

selective reducing agents in reduction of carbonyl 

compounds and in the systhesis of optically active 

compounds8,9. But little works have been reported 

on the hydroalumination of unsaturated hydrocar

bons with UAIH4-CH3OH by using the titanium 

complexes.

The object of this work has been placed on the 

catalytic behavior of the titanium complex in the 

hydroalumination of alkynes with LiAIH4-CH3OH 

reagent system. Also the attention has been focu

sed on the utility of LiAlH4 derivatives as mild 

and selective reducing agents in unsaturated hyd

rocarbons and the new application of the above 

hydroalumination in organic synthesis.

The hydroalumination of alkynes was carried 

out by a similar manner as described previously6. 

LiAlH4 (10 mmol) and THF (30 m/) were placed 

a 50 m/ flask under argon atmosphere, and metha

nol (10 mmol) was slowly added at room tempera

ture, hydrogen was envolved. After strirring for 

1 h, CpsTiCh (1.0 mm이) was introduced to the 

above solution, the color of the solution was cha

nged from gray to violet. After stirring for 1 h, 

alkyne (10 mmol) was added to the s이ution over 

5 min. The reaction mixture was further stirred 

for 3 h at 30龙，treated with dil-HCl (or D2O) at 

0°C and extracted with n-pentane. The organic 

layer was dried over NazSQ. The products were 

obtained by distillation or evaporation. The yield 

was determined by GC. The products were identi

fied by means of NMR, IR, and mass spectra by 

comparing with those of authentic samples.

To examine the effect of the reagent system, 

the hydroalulmination of diphenylethyne was car

ried out in THF by the variety of reagent systems 

consisting of LiAlH4, CH3OH, and CpzTiCk The 

results are given in Table 1.

The reaction of diphenylethyne with LiAlH4 ha

rdly occurred at 30°C. When the reaction was ref

luxed at 65°C for 28 h, cis- and ^raws-diphenyle-
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Ph(= CPh _丄讥旧4-떞쪊/CP2T1CI2 > H+ , XC = CZ + 、、C = 4 + PhCH2CH,Ph
THF / \ ^ / \

Ph 1 Ph Ph 2 H 3

Table 1. Effects of reagent system in hydroalumination of diphenylethyne3

마iC 三 CPh 

(mmol)

LiAlH4

(mmol)

CHQH 

(mmol)

Cp2TiCl2 

(mmol)

Time

(h)

Ratio of Products6

1 2 3

1(/ 10 0 0 28 27 72 1

10 10 0 1 5 56 35 9

10 10 0 1 24 30 24 46

10 10 10 0 10 0 0 0

10 10 10 1 5 56 44 0

"All the reactions were conducted at 30°C.叮he yields were determined by GC and based on diphenylethyne 

used. *The mixture was refluxed at 65°C.

RC三 CR' + LiAlHrCl&OH 斯?勾 브］ RCH = CHR' 
R: alkyl, R': H, alkyl ‘ C

Table 2. Hydroalumination of alkynes0

Alkyne Product Yield (%y

CH3(CH2)3C^ CH CH3(CH2)3C = CH2 76
CHHCH2)2C 三 cch3 CH3(CH2)2C = CH-CH3 70
ch3(ch2)5c^ CH ch3(ch2)5ch=ch2 72
ch3(ch2)2= ch3(ch2)2ch= 65

c(ch2)2ch3 ch(ch2)2ch3
PhC三 CH PhCH=CH2 68
PhCH2C= CH PhCH2CH=CH2 62

aCp2TiCl2: LiAlH4: CH30H : Alkyne =1 ： 10 ： 10 ： 10; All 

the reactions were performed at 30°C for 5 h.叮he yield 

was determined by GC.

thenes were obtained in the ratio of 27 : 726,10. By 

the use of catalytic amounts of Cp2TiCl2, the reac

tion was smoothly proceeded with formation of 

alkane. The reaction was investigated with LiAlH4- 

CH3OH as more mild red나cing agent than LiAlH4. 

The hydroalumination of alkynes using LiAlH4- 

CH3OH reagent system catalyzed by Cp2TiCl2 shows 

applicability in conversion of alkyne to alkenes 

without formation of alkane. This reagent system 

was also successfully applied to the hydroalumi

nation of some aliphatic and aromatic alkynes. The 

results were listed in Table 2.

The hydroalumination of aliphatic and aromatic 

alkynes gave the corresponding alkenes as the 

major products in good yield. It has been shown

H+ Ph H
c=c • Y=C

HZ 、H H' 、마!
애/Cp2TiC】2 56 44

PhC£CPh----------------------------------- ・
THF, 3O°C

D20 Ph ,Ph Ph D
----------- A 、C=' ♦ 、cC

ooc h' d H’ 'Ph
52 48

Scheme 1.

that the formation of dihydroaluminated products 

preceeds in the hydroalumination of alkynes with 

LiAlH4 in the presence of CpzTiCL". In contrast 

to this, the hydroalumination of alkynes with 

LLAIH4-CH3OH catalyzed by CpJliCL affords pre

ferentially monohydroaluminated products. The 

results suggest that L1AIH4-CH3OH reagent sys

tem is more mild and selective reducing reagent 

than UAIH4 itself, and no dihydroalumination of 

alkynes may be occurred during the reaction. In 

the hydroalumination of diphenylethyne as inter

nal alkyne, the formation of ns-l,2-diphenylethene 

predominated in the inital stage (Scheme 1). In 

the hydroalumination of internal alkenes, the cis- 

isomer is major product in preference to the 

trans-isomer. The reaction takes preferentially 

place in cis addition rather trans addition11, but 

the selectivity for cis- and ZnzMS-alkenes is not 

good. A possible pathways of the reaction is not 

clear in this study.
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