
Tetrahedron Letters No. 50, pp 4985 - 4986. 
OPergslPlPn Preso Ltd. 1.978. hinted in Great Britain. 

REDUCTION OF ALDEHYDES AND KETONES WITH Cp2Zr(Cl)BH4 
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The use of covalent transition metal tetrahydroborate complexes1 as stoichfometric reducing 

agents in organic chemistry has been proposed recently 2, however, the only reported example of 

such a reagent is (Ph3P)2CuBH4 which converts acid chlorides to aldehydes in high yields under 

mild conditions.2,3 The possibility that a lanthanide tetrahydroborate complex is instrumental 

in the reduction of a,B-unsaturated ketones to allylic alcohols has also been noted", but that 

case is not well defined. The present report deals with the reactions of bis(cyclopentadieny1) 

chlorotetrahydroborato zirconium(IV)S, Cp2Zr(Cl)BH4, which promises to be the prototype for an 

entire series of stoichiometric reducing agents. 

The zirconium tetrahydroborate complex, 1, is conveniently prepared by the addition of one 

equivalent of borane-methyl sulfide to a stirred suspension of Cp2Zr(H)C16 followed by precipita- 

tion and recrystallization to give a free-flowing white powder in 70-80% yield. As a reagent, 

1 has been found to reduce aldehydes and ketones to alcohols in benzene solution at 25" (equation 

1). The reactions are generally complete within a few minutes, and isolated yields are often 

high (Table l).' 

;c=o 
1) Cp2Zr(ClIBH4 C6H6 ) \ /H 
21 H30+ 4lH (1) 

A comparison of Cp2Zr(Cl)BH4 with conventional boron and aluminum hydride reducing agents 

demonstrates the potential utility of 1. First, it is more selective than many hydridic reagents 

such as LiAlH4 and its derivativesa, borane s, and the trfalkylborohydrides.9 Thus, carboxylic 

acids, esters, nitriles, and nitro compounds react very slowly with 1 allowing selective reduction 

of aldehyde and ketone carbonyl groups. lo Second, since its reactivity is similar to sodium boro- 

hydride, Cp2Zr(C1)BH4 may be used to carry out reductions of non-polar substrates which are insol- 

uble in the alcoholic media generally used with NaBH4. Finally, its use does not require an inert 

atmosphere as many simpler alane and borane derivatives do. 

Unfortunately, certain aspects of the regio- and stereoselectivfty of l are disappointing." 

For example, a,B-unsaturated ketones are reduced in poor yield, giving both the saturated and 

unsaturated alcohols (Table 1). Also, little stereoselectivity is observed in the reduction of 

4-t-butylcyclohexanone. Hopefully, these shortcomings can be remedied by derivatives of 1, and 

work toward this goal is in progress. 
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Table 1 

Starting Material Product Yielda 

nonanal nonanol 90 

4-chlorobenzaldehyde 4-chlorobenzyl alcohol 96 

4-nitrobenzaldehyde 4-nitrobenzyl alcohol 100 

cinnamaldehyde cinnamyl alcohol 49b 

acetophenone 1-phenylethanol 98 

4-t-butylcyclohexanone 4-&-butylcyclohexanol 9oc 

Z-cyclohexenone 2-cyclohexenol lad 

cyclohexanol 18 

a) Yields are for isolated, distilled products (reference 7). b) No reduction of 
the C=C bond was observed; 28% yield of polymer was obtained. c) A 2:l mixture of 
the trans and cis compounds was obtained. -- d) 34% yield of polymer was obtained. 
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