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Sodium borohydride reduction of ketones,
aldehydes and imines using PEG400 as

catalyst without solvent
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Abstract: Aldehydes, ketones and imines were readily reduced by sodium borohydride, with the
participation of a small amount of water, in good to excellent yields using PEG400 as catalyst in the

absence of organic solvents.
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INTRODUCTION

Sodium borohydride, as a kind of common reductant,
has been used widely in organic synthesis."> Reduc-
tion of liquid or solid ketones and aldehydes using
sodium borohydride or potassium borohydride in alco-
hol or water solvent is a general and efficient procedure
to prepare alcohols.>~> Recently, solid state reduction
of ketones and aldehydes using sodium borohydride
has been reported.® However, the obvious drawbacks
of these solid phase reductions are that the process
needs the reaction flask to be shaken for a day,” or
microwave irradiation that, up to now, only allows
preparation on a small scale.® Reduction of imines is
an important method of preparing secondary or ter-
tiary amines® and sodium borohydride or retouched
sodium borohydride can efficiently reduce imines.!°
Most reductions were carried out in organic solvents;!!
therefore we want to investigate a new process without
the use of organic solvent.

As is known, solvent-free organic synthesis has great
value and expansive prospects.!”> In recent years,
polyethylene glycols (PEGs) of various molecular
weights have found a lot of industrial application as
phase-transfer catalysts (PTC) or as acyclic crown
ether analogs.!>!* PEG400, with a middle molecular
weight, is always selected as a desirable phase-transfer
catalyst in non-aqueous heterogeneous reactions. The
attractive features of PEG400 include its low cost,
stability, ready availability and apparent lack of signif-
icant toxicological properties. In addition, compared
with crown ether and quaternary ammonium salts, it
has a more powerful ability to solubilize inorganic salts
due to the fact that they have terminal polar hydroxyl
groups, which play important roles in attacking the
crystal lattice of the solid.

In the continuation of our research on the use
of PEGs as PTC in organic synthesis without
solvent,’”"!” we now report a facile method for
the preparation of alcohols and amines by sodium
borohydride reduction of aldehydes, ketones and
imines using PEG400 as PTC (see Scheme 1).

EXPERIMENTAL

Thin layer chromatography (TLC) was carried out
with GF,s54 as adsorbent and petroleum ether/diethyl
ether (2/1) as eluent. Liquid ketones or aldehydes were
distilled before use.

Reduction of acetophenone

A mixture of acetophenone (0.1 mol), H,O (0.2 mol),
and PEG400 (1.5mL) were put into a 50mL
three-necked, round-bottomed flask equipped with a
mechanical stirrer. After stirring for 10 min, NaBH,
(0.05 mol) was added for 20 min. Then the mixture
was vigorously stirred at room temperature. The
progress of the reaction was monitored by TLC.
The reaction mixture was washed with water three
times. The organic phase was separated, dried over
magnesium sulfate and then distilled under reduced
pressure to give pure alpha-methylbenzyl alcohol.
Identification was based on comparison of physical
data.

Reduction of N-benzylideneaniline

A mixture of N-benzylideneaniline (0.1mol), H,O
(0.2 mol), and PEG400 (1.5 mL) was put into a 50 mL.
three-necked, round-bottomed flask equipped with a
mechanical stirrer. After stirring for 10 min, NaBH,
(0.05mol) was added for 20 min. Then the mixture
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Scheme 1. Reduction of aldehydes, ketones and imines.

was vigorously stirred at 55-60°C. The progress of
the reaction was monitored by TLC. The reaction
mixture was cooled to room temperature and was
washed with water three times. The product was
filtered, dried, recrystallized from ethanol to give
pure N-phenylbenzylamine. Identification was based
on comparison of physical data.

RESULTS AND DISCUSSION

As shown in Table 1, several structurally different
ketones and aldehydes underwent reduction to
corresponding alcohols in excellent yields, and
aliphatic ketones, alicyclic ketones and aromatic
aldehydes can be reduced in a relatively shorter time
than aromatic ketones owing to the higher activity
of carbonyl groups. Also, the aromatic ketones or
aldehydes with electron-withdrawing groups, such as
—Cl, —Br, in the aromatic ring are more reactive than
those with electron-donating groups such as —OCH3;.
The carbonyl group of «, B-unsaturated ketones or
aldehydes was selectively reduced by NaBH,; while
the double bond was retained. However, ketones or
aldehydes with —OH groups in the aromatic ring could

2 RCH,NHR' + NaH,BOj, + 2H, T
4

be reduced by NaBH, under these conditions because
they formed sodium phenolates. According to Table 1,
a longer reaction time and higher reaction temperature
were needed in the reduction of imines than ketones
or aldehydes, but the reaction temperature could
not exceed 70°C because more NaBH, would be
hydrolyzed at higher temperature. Lower yields were
obtained because the imine group was less active
than the carbonyl group because of the formation
of some by-products. The easier reduction of imine
‘u’ (Table 1) than other aryl imines may be due to the
steric effect of the aryl ring.

Using PEG400 as a phase-transfer catalyst in the
reaction allowed us to perform the condensation
under mild conditions and obtain a higher yield. The
optimum amount of PEG400 was between 3 and
4% (mole ratio of PEG400 to substrate). A longer
reaction time was needed and a lower yield was
obtained with less PEG400.

A small amount of water may accelerate the reaction
by providing protons and hydrolyzing the boric acid
ester formed in the reaction. Taking the reduction
of acetophenone as an example, the effect of the
amount of NaBH,; and water on the reaction was

Table 1. Reduction of ketones, aldehydes or imines using sodium borohydride and PEG400

MP(°C) or BP(°C/mmHg)
Ketone, aldehyde Time Yield

Entry or imine Alcohol or amine (min) (%) Found Lit
a CH3COCH3 CH3CH(OH)CH3 30 94 81-82/760 82/76018
b CH3CH,COCHS3 CHgCH>CH(OH)CH3 40 a7 99/760 100/760'8
c (CH3)2CHCOCHS3 (CH3)2CHCH(OH)CH3 50 96 111-112/760 112/76019
d Cyclopentanone Cyclopentanol 40 98 139/760 140/76018
e Cyclohexanone Cyclohexanol 50 97 160-161/760 161/76018
f CgH5COCH;3 CeHsCH(OH)CH3 90 96 97-98/20 98/2019
g p-BrCgH4COCH3 p-BrCeH4CH(OH)CH3 50 98 127-128/10 128/1020
h p-CH30CgH4COCH3 p-CHzOCgH4CH(OH)CH4 120 94 121/8 122/820
i (CgH5)2C=0 (CgHs)2CHOH 110 93 66-67 65-6718
j (CgH5CH2)»C=0 (CgHsCHo)2CHOH 70 92 197-198/20 198/20'9
K CgHsCH=CHCOCHj3 CeHsCH=CHCH(OH)CH; 100 95 39-40 39-4119
| CgHsCH=CHCOCgHs CeHsCH=CHCH(OH)CgHs 120 94 53-54 54-5520
m CgHsCHO CgHs5CHoOH 40 96 204-205/760 205/76018
n p-ClCgHsCHO p-ClCgH5CH,0OH 30 96 164-165/16 165/16'8
0 p-CHzOCgHsCHO p-CH30CgHsCHoOH 90 93 140-141/20 141/20'8
p Furfural Furfuryl alcohol 0 94 169-170/760 170/7601°
q CgHsCH=CHCHO CgHsCH=CHCH,OH 70 9 141-142/20 142/2019
r CgHsCH=NCgHs CgHsCHoNHCgHs 240 89 36-38 35-3819
s p-BrCgH4C(CH3)NCgHs p-BrCgH4CH(CH3)NHCgHs 210 88 75-76 7620
t p-CH30CgH5CH=NCgHs p-CH30CsH5CHoNHCgH5 250 88 58-59 5919
u CgHsCH=NCH,CgHs CgHsCHoNHCH»CgHs 180 92 171-172/20 172/2019
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Table 2. Effect of the amount of NaBH,4 and water on the reaction

Acetophenone(mol) NaBH4(mol) HoO(mol) Time(h) Yield(%)

0.04 0.04 0 24 35
0.04 0.015 0.04 7 80
0.04 0.015 0.16 4 86
0.04 0.02 0.08 1.5 96
0.04 0.04 0.08 1.2 96

investigated. The results are summarized in Table 2. It
was found that the reaction could not be accomplished
without water over a long reaction time even though
the amount of NaBH; was much more than the
theoretical amount. The optimal mole ratio of NaBHy,
acetophenone and water is 1:2:4.

CONCLUSION

Here we have reported a new procedure for the
reduction of some ketones, aldehydes and imines. The
advantages offered by this procedure include higher
yield, operational simplicity, low cost, less pollution
of the environment and easy application in industrial
processes.
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