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APPLICATION OF THE COMBINATION OF SODIUM BISULFITE AS A PROTECTIVE
REAGENT AND SOLID SUPPORTS IN THE SELECTIVE REDUCTION

OF 4-ACETYLBENZALDEHYDE WITH DIBORANE
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4-Acetylbenzaldehyde (2) has been selectively reduced by
using a combination of protective group and solid supports. The
formyl group of 2 was protected by addition of sodium bisulfite.
The adduct, supported on silica gel, was then selectively reduced
to 4-(l-hydroxyethyl)benzaldehyde with diborane.

Sodium bisulfite (1) reacts with unhindered ketones or aldehydes to give
bisulfite-addition products. It shows unique reactivity for the carbonyl groups,

1)

e.g. it gives an adduct with cycloheptanone but not with cyclooctanone. Because
of limited stability of the adduct, sodium bisulfite is usually utilized only for
separation or identification of carbonyl compounds and has not been used as a
protective reagent. However, the adducts are stable in aqueous solution or in the
form of solid crystals. Further, in aqueous solution the concentration of the
product is determined by the equilibrium and this sometimes causes inadequate

protection of the carbonyl group (the last row of Table 1). In such a case it may

be possible to use the adduct as a solid. Recently, solid adsorbents have been

used for selective reactions in organic syntheses.z) Examples are seen in the
selective protection of carboxyl groups3) and in the selective oxidation of
primary amines and alkyl hydrogen succinates.4)
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Fig. 1. The reaction profile of heterogeneous reduction of

involving a solid support adduct of 1 and 2 on silica gel. The reactions were conducted

and a protective reagent. under molar ratio of 1 to 2 (O), 2 to 1, and wight ratio of
Typically, 2 was combined amount of 1 and 2 to Si0y, 1 to 10, at 0°C; 3 (@), 4 (&),
I
5 @.

added to an aqueous

solution of 1 and mixed well for 1 hour to produce the adduct. Then an appropriate
amount of silica gel (Table 1) was added to the solution and the water was
evaporated in vacuo at 60°C. Some of 2 was lost in the evacuation procedure and
the recovery of 2 from the adduct adsorbed onto the support was 76%. To a packed
column of the dried solid a calculated amount of diborane was introduced in a
stream of nitrogen at 0°C. The hydroborated adduct was decomposed by the addition
of an aqueous solution of sodium hydroxide and the products were extracted with
benzene. After concentrating the extract Zn vacuo, the residue was analyzed by
g.l.c. The products 4-(l-hydroxyethyl)benzaldehyde (3)§) 4-acetylbenzyl alcohol
(4)7) and 1- (4-hydroxymethylphenyl)ethanol (5) were obtained almost quantitatively
with less than 2% of side reaction products. Selectivity for the formation of 3
was 70 to 93%.

A plot of the composition of the products against the conversion of the
reactant is shown in Fig. 1. The results show that 1 is an effective protective
reagent for the formyl group in this reaction. At lower conversions of 2, compa-
rable amounts of 3, 4, and 5 were observed. The product 4 and most of 5 are

considered to result from 2 which was not protected.
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Table 1. Selective formation of 4-(l-hydroxyethyl)benzaldehyde 3?)

b) Amount of . a)
Amount of NaHSO, 1 Adsorbent adsorbentC) Selectivity for 3/%
0.5 SiO2 10 66
1 8102 10 80
2 SiO2 10 87
5 5102 5 93
5 SiO2 10 86
5 SiO2 50 70
5 A1203 10 77
0 none®) - 0.0
0 SiO2 10 1.1
5 nonef) - 27

a)The reactions were conducted ca. 5 mg of 2 at 0°C. The products were

b)

identified with authentic samples synthesized independently. Molar ratio

relative to 2. c)

d)

Weight ratio to combined amount of 1 and 2.

Selectivity, {3/(3+4+5)} x 100, was calculated at ca. 60% conversion
e) £)

of 2.

borohydride in aqueous solution.

Homogeneous reaction in diglyme. Reduction with sodium

The effect of the amount of 1 and solid support on selectivity for the
formation of 3 was examined and the results are shown in Table 1. It was found
that selectivity for 3 decreases with decreasing amounts of 1. On the other hand,
the selectivity for 3 also decreases with increasing amounts of the solid support.
These results are explainable on the basis of the equilibrium between 1, 2, and
the adduct, where the amount of the adduct decreases with increasing dilution with
water or with increasing amount of the solid adsorbent.

Instead of silica gel, alumina also gave reasonably good results. To confirm
the lower reactivity of the acetyl group in comparison with the reactivity of the
formyl group, 2 was reduced both in diglyme and on the surface of silica gel
without using 1. Table 1 shows that practically all of the formyl group reacted
and the acetyl group was intact in both cases. It also shows that selectivity for
3 was low in the reduction of the adduct with sodium borohydride in aqueous
solution without using adsorbent.

The adduct is stable only in aqueous neutral solution and in the form of
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crystals. In the former case diborane is decomposed by water and in the latter
case only the surface of the solid adduct crystal may become reduced by diborane
gas. Thus, by using the combination of 1 and solid support, product 3 may be
obtained selectively by the reduction of 2 followed by hydrolysis.

Such a combination seems possible not only for formyl-acetyl groups, but also

1)

in carbonyl-carbonyl groups. Another possibility could involve a pair of

hindered and unhindered aliphatic ketones.s)
The authors are indebted to Miss Michiko Shinzawa of Tokyo Gakugei University
for assisting in the experiments and to Professor Frederic I. Tsuji of the

University of California, San Diego, for linguistic comments.
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