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CHEMOSELECTIVE REDUCTION OF ALDEHYDES WITH

TETRA-n-BUTYLAMMONIUM TRIACETOXYBOROHYDRIDEl

Charles F. Nutaitis and Gordon W. Gribble*

Department of Chemistry, Dartmouth College, Hanover, New Hampshire 03755

Summary: Aldehydes, but not ketones, are smoothly reduced to alcohols by tetra-n~butylammonium
triacetoxyborohydride in refluxing benzene.

The chemoselective reduction of aldehydes to primary alcohols, in the presence of ketones,
has received a great deal of attention and several methodologies have resulted.2

Several years ago we reported3 that sodium triacetoxyborohydride (NaBH(OAc)3) in refluxing
benzene is useful4 in this regard and, in fact, exhibits excellent aldehyde chemoselectivity even
in the presence of excess reagent. However, since the preparation of this reagent involved treat-
ing a solid suspension of sodium borohydride in benzene with acetic acid (3.25 equiv.) followed by

brief refluxing, it seemed possible that other borohydride species5 could be present (i.e., BH OAc,

3
BHZ(OAC);, B(OAC)Z) and that this, coupled with possible heat~induced decomposition and/or dis-
proportionation during preparation, would obscure the true chemoselectivity of the relatively labile
BH(OAc); ion. Therefore, we have investigated the generation of this species from a soluble
borohydride reagent under milder conditions in order to circumvent these aforementioned problems.

In this paper we describe the generation of tetra-n-butylammonium triacetoxyborochydride - prepared
in situ from dichloromethane soluble tetra-n-butylammonium borohydride6 - and its use as a chemo~
selective reducing agent.

The results of the treatment of a 1:1 mixture of various alkehydes and ketones with EfBu4NBH
(OAc)3 are summarized in the Table. The most striking observation is that even with excess reagent
in refluxing benzene for 24 h there is complete reduction of the aldehyde but virtually no reduction
of the ketone (analysis by 1H NMR spectroscopy7). Only the unusually reactive ketone 4-tert-butyl-
cyclohexanone is affected under these conditions, being slowly reduced to a mixture of cis- and

trans—4-tert-butylcyclohexanol in 19% yield after 24 h in refluxing benzene (2.5 hydride equivalents)
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Table. Reduction of a 1:1 Mixture of Aldehyde and Ketone by Tetra-n-butylammonium Triacetoxyboro-
hydride in Benzene (80°C, 24 h)@

Exp Aldehyde Ketone Yieiicg}fmif i;:\gry Yieliezznzfczzered
1 benzaldehyde acetophenone 95 96
2 phenylacetaldehyde dibenzylketone 96 94
3 p-methoxybenzaldehyde acetophenone 95 99
4 benzaldehyde benzophenone 90 94
5 phenylacetaldehyde 2-heptanone 92 96
6 2,6-dichlorobenzaldehyde acetophenone 80d 92
7 mesitaldehyde acetophenone 87°¢ 96

8Initial concentrations were 0.024M ketone, 0.024M aldehyde, and 0.096M n~Bu;NBH(OAc)j3, except in
exp. 3 where the borohydride concentration was 0.146M.

ineld refers to isolated product (column chromatography); identified by 1I-[ NMR.
®Yield refers to isolated ketone (column chromatography).
Mp 95-97°.
“Mp 85-87°.
We have also examined several ketoaldehydes (1, 3, 5) and in each case the hydroxyketone

(2, 4, 6) is obtained in good yield.
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As expected from the work of Raber6, the reaction of ketoaldehyde 1 with n-Bu NBHA (one

4

equiv) is nonchemoselective and gives a mixture of 2, the corresponding hydroxyaldehyde, and re-

covered 1. With excess EfBUANBHAE is transformed into the expected d10114 (65% yield).

Interestingly, ketoaldehyde Z}S gave diol 2}6 (80% yield) on treatment with n-Bu NBH(OAc)B,

4

presumably the result of intramolecular hydride delivery from intermediate 8. A similar example of

ketone reduction in a B-hydroxyketone by NaBH(OAc)3, via intramolecular hydride delivery, has re-

cently been reported.17
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In suwmary, it seems evident that the chemoselectivity of the BH(OAc); ion in aldehyde vs.
ketone reductions is even greater than originally reporteda, assuming that the counterion plays no
role in these reactions.6b Moreover, the simplicity of this aldehyde reduction procedure and the
availability18 of E—Bul’NBH4 makes this methodology extremely attractive and an excellent alternative
to the existing methods for aldehyde selective reduction.2

Representative Procedure. To a magnetically stirred solution of tetra-n-butylammonium boro-
hydride (2.56 g, 0.010 mol) in benzene (50 ml) and dichloromethane (5 ml) at 20°C under nitrogen
was added dropwise over 5 min a solution of acetic acid (1.70 ml, 0.030 mol) in benzene (10 ml).
This solution was stirred at 20°C for 1 h to complete formation of tetra-n-butylammonium triacetoxy-
borohydride. The solution was heated to 75-80°C and thep treated in one portion with a solution of
4-benzoylbenzaldehyde (})(0.42 g, 0.0020 mol) in benzene (10 ml). The mixture was refluxed for 24 h
and then processed by pouring into water, basifying with sodium hydroxide, and extracting with
ether. The organic layer was washed with water, dried (NapS0;), and concentrated in vacuo to afford

a yellow oil. Flash chromatography (silica gel) gave 0.37 g (88%) of 4-benzoylbenzyl alcohol (2)9.
\
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