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Carbonyl compounds have been deoxygenatively dimerized to 

alkenes with the title reagent. Deoxygenation of epoxides 

to alkenes, reductive coupling of allylic and benzylic 

alcohols to hydrocarbons, and reduction of alkenes to 

alkenes are also described. 

Recent interest has been focused on low-valent transition metals as 

reducing agents in organic synthesis. 2) Here we wish to report that a niobium 

reagent prepared by treating NbCl5 with NaA1H4 is capable of carrying out 

reductions of several types of organic systems. 

Table 1 lists the results of the reduction of aldehydes and ketones 

producing dimeric olefins. Aromatic carbonyl compounds reacted smoothly, but 

purely aliphatic ones only sluggishly. Among many reductants, NaA1H4 gave the 

best results 3) and the optimum ratio of NbC15/NaA1H4/carbonyl compound was 

2:1:1.4) A typical experimental procedure is as follows: A solution of 

NaAlH 4 5) in THE (1.OM, 1.0 ml, 1.0 mmol) was added to a solution of NbCl 

 (0.54 g, 2.0 mmol) in benzene-THF6) (40:1, 10 ml) at 0•Ž under argon atmos-

phere. Instantaneous reaction occurred under an evolution of gas to give a 

black suspension. After 10 min, a solution of p-chlorobenzaldehyde (0.14 g, 

1.0 mmol) in benzene (3 ml) was added dropwise and the resulting mixture was 

heated at reflux for 3 h. The mixture was diluted with ether (20 ml) and 

treated with 15% NaOH solution (0.5 ml) and anhydrous MgSO4 (5 g). The semi-

solid mixture was filtered through a pad of Celite 545 and the remaining solid 

was repeatedly washed with ether. The combined filtrate and washings were 

washed with 1N HC1 and brine. Purification by silica gel column chroma-

tography (hexane) afforded p,p'-dichlorostilbene (0.12 g, E/Z = >20:1) in 95% 

yield. 

Both allylic and benzylic alcohols dimerized with loss of the hydroxyl 

group in good yields (Table 2). On treatment of 4-methyl-3-penten-2-ol with 

NbCl5/NaA1H4' coupling occurred with allylic rearrangement leading to mixtures. 

Allylic bromides, 3-bromocyclohexene and 3-bromocyclooctene, have been trans-

formed similarly to the corresponding hydrocarbons in 82% and 71% yields,
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Table 1. Direct Deoxygenation of Aldehydes and Ketones to Alkenes with 
NbC15/NaAlH4a)

a) One mol of carbonyl compound, two mol of NbC15, and one mol of NaA1H4 

were employed. Reactions were performed at 80•Ž. b) Yields represent 

isolated purified products. c) See ref. 7. d) See ref. 8. 

Table 2. Reductive Coupling of Alcohols Using NbCl5/NaAlH4a)

a) One mol of alcohol, 1.2 mol of NbC15, and 1.2 mol of NaA1H4 were employed. 
b) Ratio of dl:meso = 1:1.
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Table 3. Deoxygenation of Epoxides with NbCl5/NaAlH4a)

a) A molar ratio of 2:1:1 NbC15/NaA1H4/epoxide was used. b) Yields were 
determined by GLC using an internal standard. 

Table 4. Reduction of Alkynes with NbCl5/NaAlH4a)

a) A molar ratio of 1.5:1.5:1.0 NbCl5/NaA1H4/alkyne was used. b) Yields were 
determined by GLC using an internal standard. The products were contaminated 
by <2% saturated hydrocarbons. 

respectively. 9) The lack of stereospecificity observed in the Z- and E-cyclo-

dodecene oxides (Table 3) may suggest stepwise deoxygenation through a radical 

intermediate. 

The reagent has also been found to be effective for the reduction of 

alkynes. High stereoselectivity was observed in the reduction of internal 

alkynes to the corresponding Z alkenes. The NbC15/NaA1H4 shows higher 

preference of Z products than TiC14/LiA1H4.10) Attempt to reduce alkynes 
catalytically by Cp2NbC12-NaA1H4 system failed. 11,12) 
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