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Reductive acetylation of a variety of carbonyl compounds such as aldehydes, ketones and α,β-unsaturated
enals/enones was carried out efficiently with pyridine zinc borohydride, (Py)Zn(BH4)2, in a mixture of THF-
EtOAc at room temperature or under reflux condition. The corresponding acetates were obtained in high to
excellent yields. In addition, chemoselective reductive acetylation of aldehydes over ketones was achieved
perfectly with the reagent at room temperature. 
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Introduction

Acetylation of carbonyl compounds is generally achieved
via reduction followed by the acetylation. However, the
literature review shows that direct reductive acetylation of
such compounds was rarely studied. Zn/Ac2O/tertiary
amines,1 Zn/Ac2O/pyridine,2 Zn/Ac2O/NaOAc,3 CH3COCl/
Bu3SnH,4 and lanthanide complexes/isopropenyl acetate5 are
the methods which have been reported for this trans-
formation. Moreover, the combination systems of boro-
hydrides have been also reported for one-pot reductive
acetylation of carbonyl compounds. The protocol of NaBH4/
EtOAc6 was the first report in this subject; however, the
method described reductive acetylation of few carbonyl
compounds to their acetates in moderate yields. Moreover,
this method was accompanied with the reduction, producing
carbinols as side products. Tamami et al. developed the
title reaction by the application of poly(4-vinylpyridine)
supported Zn(BH4)2 for chemoselective reductive acetyl-
ation of aldehydes over ketones.7 Though the method is
successful in its chemoselectivity, however, long reaction
times and moderate yields of products are disadvantages of
this method. 

Recently, we reported pyridine zinc borohydride complex,
(Py)Zn(BH4)2, as a bench-top and versatile reducing agent in
organic synthesis.8-12 In the course of our study to dis-
cover the new applications of this reagent, we found that the
reduction of benzaldehyde with the reagent in ethyl acetate
provided benzyl alcohol and benzyl acetate. Encouraged by
the result, we undertook the study for one-pot reductive
acetylation of a variety of carbonyl compounds, such as
aldehydes, ketones and α,β-unsaturated enals/enones, to
acetates using the reagent (Scheme 1). 

Results and Discussion

We initially compared the reductive acetylation reaction of
benzaldehyde in various solvents at room temperature
(Table 1). When benzaldehyde (1 mmol) was reacted with
(Py)Zn(BH4)2 (1 mmol) in ethyl acetate, the reaction

provided benzyl alcohol and benzyl acetate in ratio of 40:60,
respectively. By changing solvent systems, the ratio of the
formation of benzyl acetate was dramatically improved.
Among the examined solvent systems, THF-EtOAc (3:0.3
mL for 1 mmol scale) system provided the best result to give
only benzyl acetate in 95% yield (entry 2). For other
aromatic and aliphatic aldehydes, the same reaction was
carried out under the same conditions. As shown in Table 2,
the reactions were completed by 1-3 molar equivalents of
the reagent within 0.3-3.6 h to give the corresponding
acetates as sole products in 79-98% yields. o-Phthalaldehyde
with two aldehyde moieties was also successfully converted
to the corresponding acetate in 92% yield (Table 2, entry
11). Next, the same reaction was applied to ketones. Thus,
the reaction of acetophenone (1 mmol) was carried out with
a large excess of the reducing agent (4 mmol) in THF-
EtOAc (3:0.3 mL) under refluxing conditions. The reaction
gave α-phenylethyl acetate in 94% yield within 10 h. Simi-
larly, reductive acetylation of other ketones was completed
by 2-4 molar equivalents of this reagent within 0.3-10 h
under the identical conditions to give the corresponding
acetates as sole products in high to excellent yields (Table 3).

This method also was successful for the regioselective

Scheme 1

Table 1. Optimization of Solvent System in Reductive Acetylation
of PhCHO with (Py)Zn(BH4)2

a

Entry Solvent System (mL) Time (h) Alcohol + Ester (%)

1 EtOAc (3) 1.2 40 + 60
2 THF-EtOAc (3:0.3) 2 0 + 100
3 THF-EtOAc (2:0.2) 2 20 + 80
4 THF-EtOAc (1:0.1) 4 70 + 30
5 CH3CN-EtOAc (3:0.3) 3 20 + 80

aThe reactions were acarried out with the molar ratio of PhCHO:
(Py)Zn(BH4)2 (1:1) at room temperature.
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reductive acetylation of α,β-unsaturated carbonyl com-
pounds (Table 4). Finally, based on the results in Tables 2
and 3, we studied the chemoselective reductive acetylation
of aldehydes in the presence of ketones. We first carried out
the competitive reductive acetylation by reacting benz-
aldehyde in the presence of an equimolar amount of
acetophenone with one molar equivalent of the reducing
agent at room temperature. It was found that benzaldehyde
was selectively acetylated over acetophenone with a perfect
selection (Scheme 2). As shown in Table 5, all examined
aldehydes were chemoselectively converted over ketones
into the corresponding acetates (Table 5). To show the
efficiency of this reagent, we compared some of our results
with those of achieved by NaBH4/EtOAc6 and poly(4-
vinylpyridine) supported Zn(BH4)2

7 systems. Among those,

(Py)Zn(BH4)2 provided the best results (Table 6). The exact
mechanism of this synthetic method is unclear so far.
However, we think that the following mechanistic pathway
plays a role in the direct reductive acetylation of carbonyl
compounds with the reagent (Scheme 3).

In conclusions we have shown the one-pot reductive
acetylation of a variety of aldehydes and ketones with
(Py)Zn(BH4)2. Also, the chemoselective reductive acetyl-
ation of aldehydes in the presence of ketones with this
reducing agent was perfectly achieved. In view points of
high efficiency, regio- and chemoselectivity of the reactions,
mild reaction conditions and the easy work-up procedure,
we believe that this reagent can be considered as a suitable
and perfect reagent for one-pot reductive acetylation of
various kinds of carbonyl compounds.

Table 2. Reductive Acetylation of Aldehydes with (Py)Zn(BH4)2
a

Entry Substrate Product
Molar Ratio 
Reag./Subs.

Time (h) Yield (%)b Ref.

1 1:1 2 95 13

2 2:1 3.6 93 14

3 2:1 3 95 15

4 2:1 2.3 98 15

5 2:1 3 97 15

6 2:1 1 98 16

7 2:1 1.5 97 16

8 2:1 0.7 95 16

9 2.5:1 0.3 94 17

10 2:1 1.8 98 18

11 3:1 0.3 92 19

12 1:1 0.3 79 13

13 1:1 0.3 88 20

aAll reactions were carried out with 1 mmol scale of substrate in a mixture of THF-EtOAc (3:0.3 mL) at room temperature. bYields refer to isolated pure
products.

Scheme 2
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Table 3. Reductive Acetylation of Ketones with (Py)Zn(BH4)2
a

Entry Substrate Product
Molar Ratio 
Reag./Subs.

Time (h) Yield (%)b Ref.

1 4:1 10 94 21

2 4:1 2 96 22

3 4:1 2.5 97 23

4 4:1 5 96 24

5 3:1 1.6 95 25

6 2:1 0.3 95 13

7 4:1 10 98 15

8 4:1 8 96 23

9 4:1 2 95 26

10 2:1 0.3 80 26

11 3:1 0.4 83 27

12 4:1 2 90 28

13 2:1 0.3 75 29

14 4:1 4 96 30

aAll reactions were carried out with 1 mmol scale of substrate in a mixture of THF-EtOAc (3:0.3 mL) under reflux conditions. bYields refer to isolated
pure products.

Scheme 3
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Table 4. Reductive Acetylation of α,β-Unsaturated Carbonyl Compounds with (Py)Zn(BH4)2
a

Entry Substrate Product Condition
Molar Ratio 
Reag./Subs.

Time (h) Yield (%)b Ref.

1 rt 1:1 0.7 93 31

2 reflux 3:1 3.5 94 32

3 reflux 4:1 12 92 24

4 rt 2:1 0.6 89 13

5 reflux 3:1 10 90 33

aAll reactions were carried out with 1 mmol scale of substrate in a mixture of THF-EtOAc (3:0.3 mL). bYields refer to isolated pure products.

Table 5. Competitive Reductive Acetylation of Carbonyl Compounds with (Py)Zn(BH4)2
a

Entry Substrate 1 Substrate 2 Molar Ratiob Condition Time (h) Conv. 1 (%)c Conv. 2 (%)c

1 1:1:1 rt 2.2 100 0

2 2:1:1 reflux 0.4 100 0

3 1:1:1 rt 0.8 96 < 5

4 1:1:1 rt 0.8 96 < 5

5 2:1:1 rt 0.7 97 < 4

aAll reactions were carried out with 1 mmol scale of substrate in a mixture of THF-EtOAc (3:0.3 mL). bMolar ratio as Reag./Subs. 1/Subs. 2.
cConversions refer to TLC monitoring and isolated pure products.

Table 6. Comparison of Reductive Acetylation of Carbonyl Compounds with (Py)Zn(BH4)2 and Other Borohydride Systems

Entry Substrate
Molar Ratio (Reag./Subs.), Time (h) and Yield (%)

I II6 III7

1 (1:1)(2)(95) (1:1)(7)(67) (1:1)(15)(90)

2 (4:1)(10)(94) (1:1)(7)(80) (1:1)(20)(5)

3 (3:1)(1.6)(95) (1:1)(15)(86) −

4 (2:1)(0.3)(95) (1:1)(10)(89) −

5 (2:1)(0.3)(80) (1:1)(7)(86) (1:1)(20)(8)

6 (1:1)(0.7)(93) − (1:1)(20)(80)

7 (2:1)(0.6)(89) − (1:1)(18)(80)

I(Py)Zn(BH4)2; IINaBH4/EtOAc; IIIPoly(4-vinylpyridine) supported Zn(BH4)2
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Experimental Section

General. Pyridine zinc borohydride was prepared by the
reported procedure.8 All reagents and substrates were
purchased from Merck and Fluka companies with the best
quality and they were used without further purification. IR
and 1H NMR spectra were recorded on Thermo Nicolet
Nexus 670 FT-IR and 300 MHz Bruker Avance spectro-
meters, respectively. The products were characterized by
their 1H NMR or IR spectra and comparison with the
reported date in literature. All yields refer to isolated pure
products. TLC over silica gel 60 F254 aluminum sheets was
applied for the purity determination of the substrates,
products and for reaction monitoring 

A Typical Procedure for Reductive Acetylation of
Benzaldehyde to Benzyl Acetate with (Py)Zn(BH4)2. In a
round-bottomed flask (10 mL), equipped with a magnetic
stirrer, a solution of benzaldehyde (0.106 g, l mmol) in a
mixture of THF-EtOAc (3:0.3 mL) was prepared. (Py)-
Zn(BH4)2 (0.174 g, 1 mmol) was added and the reaction
mixture was stirred magnetically at room temperature for 2
h. TLC monitored the progress of the reaction (eluent; CCl4/
Et2O: 5/2). After completion of the reaction, distilled water
(6 mL) was added and the reaction mixture was continued to
stirring for 10 min. The mixture was extracted with CH2Cl2

(3 × 7 mL) and was then dried over anhydrous sodium
sulfate. Evaporation of the solvent followed by the prepa-
rative plate chromatography of the resulting crude material
over silica gel (eluent; CCl4/Et2O: 5/2) gives the pure liquid
benzyl acetate in 95% yield (0.142 g, Table 2).
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