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Abstract

The selective reduction of acetophenone and its para
substituted derivatives was carried out in organic
solvents like ethyl acetate and toluene using sodium
borohydride as reducing agent under phase transfer
catalysis conditions. Various phase transfer catalysts

such as tetrabutylammonium bromide,
tetrabutylammonium hydrogen sulphate,
cetyltrimethylammonium bromide and

tricaprylylmethylammonium chloride (Aliquat 336)
were used. This reaction is also carried out in polar
solvents like isopropyl alcohol so as to study the
significance of phase transfer catalysis.

The reaction under polar solvent is found to be very
slow with low yield on comparison with the reaction in
organic solvents under phase transfer catalysis
condition. The products, 1-phenyl ethanol and its para
substituted derivatives were separated, purified,
weighed and identified by infra-red spectral technique.
The reaction was found to proceed with ease even
under mild conditions with very high yield in organic
solvents under phase transfer catalysis method without
the formation of any byproducts. More over this
method is found to follow green approach in organic
synthesis.

Keywords: Selective reduction, acetophenone, para
substituted acetophenones, phase transfer catalysis, phase
transfer catalysts.

Introduction

Reduction of organic substrates is quite important from
synthetic and technological view point where the reaction
involves the addition of hydrogen and removal of oxygen*.
Most of the industrially important compounds like alcohols,
aldehydes, amines etc. can be prepared by the reduction of
related substrates by using suitable reducing agents®-1°.

The common reducing agents used in organic synthesis are
sodium amalgam, lithium aluminum hydride, sodium
borohydride, aluminum isopropoxide etc. Use of such
inorganic reductants in organic synthesis is limited to the
reduction of organic substrates which are at least partially
soluble in water. If the solubility of the substrate is too low,
there cannot be proper interaction between the reductant in
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the aqueous phase and the organic substrate in the organic
medium. The classical way of overcoming this problem is to
use a dipolar organic solvent system that will dissolve both
the reactants. But these solvents are highly toxic and
expensive. All such problems were solved by the
introduction of phase transfer catalysis (PTC) with the usage
of crown ethers and quaternary onium salts as phase transfer
catalysts (PT catalysts)*-16,

Sodium borohydride is one of the most powerful inorganic
reducing agents used in various reactions in polar medial’-°,
It is a nucleophile which reacts by the way of addition of
hydride ion to the more positive end of the polarized bond.
Even though there are lot of reports on oxidation reactions
of various organic substrates under PTC, application of PTC
in reduction reactions is scanty?0-23,

It is very difficult to prepare organic alcohols by the
reduction of corresponding aldehydes and ketones using
reducing agent alone. The use of dipolar aprotic solvents has
to be discouraged due to the high cost and toxic nature.

Reduction of acetophenone and its para substituted
derivatives was carried out by using sodium borohydride as
the reductant under PTC conditions. The reaction was
carried out in ethyl acetate and toluene using PT catalysts

such as tetrabutylammonium  bromide (TBAB),
tetrabutylammonium  hydrogen  sulphate  (TBAHS),
cetyltrimethylammonium  bromide  (CTMAB) and

tricaprylylmethylammonium chloride (TCMAC or Aliquat
336). The reaction was also carried in conventional manner
to study the significance of PTC methods in such reactions.
The products obtained were purified and characterization
was done by recording the infra-red spectrum.

Material and Methods

Materials: Analar grade sodium borohydride (Merck, India)
was used and its solution was prepared in double distilled
water. Acetophenone (Merck, India, AR) was further
purified by distillation under reduced pressure. The
substituted acetophenones, 4-methoxyacetophenone, 4-
chloroacetophenone,  4-nitroacetophenone  and  4-
methylacetophenone (Sisco Research Laboratories Pvt. Ltd.,
India) were used as such. Tetrabutylammonium bromide
(TBAB), tetrabutylammonium hydrogen sulphate (TBAHS)
and cetyltrimethylammonium bromide (CTMAB) and
aliquat 336 (Sisco Research Laboratories Pvt. Ltd., India)
were used as PT catalyst. The organic solvents toluene and
ethyl acetate were purified according to the standard
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procedure?’. The purified solvents were refluxed for 1-2
hours with a mixture of PT catalyst and sodium borohydride
and then distilled.

Methods: The reduction of acetophenones was carried out
in both conventional and PTC conditions. In conventional
method, sodium borohydride solution is prepared by
dissolving 3 g sodium borohydride in 15 mL 2 N sodium
hydroxide and diluted to 50 mL in doubly distilled water. 5
g acetophenone is exactly weighed and dissolved in 50 mL
isopropyl alcohol and is taken in a round bottom flask.
Sodium borohydride solution is added to it at a rate of 0.5
mL per minute with occasional cooling.

This mixture was shaken well, fitted with a Liebig’s
condenser and refluxed for about three hours. After the
completion of reaction, isopropyl alcohol was removed by
distillation on a steam bath. The residue obtained is diluted
with water and extracted with cther three times.

The ether layer was collected, washed with water and dried
rapidly with anhydrous sodium sulphate. The ether content
was removed by steam distillation and distilled under
reduced pressure to obtain the pure product. Para substituted
acetophenones were also subjected to the same reaction
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procedure as explained above and products were isolated
after purification. The same procedure was repeated under
PTC conditions using ethyl acetate and toluene as solvents
by adding a pinch of PT catalysts. The reaction is further
repeated with substituted acetophenones with all the four PT
catalysts in ethyl acetate and toluene. The obtained products
after each reaction were separated, purified and analyzed by
infra-red spectral technique.

Results and Discussion

All the substrates (acetophenone and substituted
acetophenones) on reduction with borohydride under PTC
condition in non- polar solvents and under polar medium
gave corresponding alcohols (1-phenyl ethanol and its
derivatives) as the product. The yield was found to be very
high (above 80 %) under the PTC experimental conditions.
Product obtained under conventional method is also found
to be corresponding secondary alcohol but the yield is found
to very less (around 60 %). The weight and yield of products
obtained in both methods are given in table 1.

From the results shown in table 1, it is evident that PTC
method is far superior than the conventional method in terms
of ease of reaction and yield.

Table 1
Wight and yield data of products on the reduction of acetophenones

S.N. Substrate Weight of product (g) and yield (%)
Polar solvent PTC condition
TBAB TBAHS CTMAB TCMAC
1 Acetophenone 3.216 (64.3) 3.964 (79.3) 4.148 (83.0) 3.868 (77.4) 4.212 (84.2)
2 p-methoxyacetophenone 3.124 (62.5) 3.842 (76.8) 4.024 (80.5) 3.743 (75.0) 4.012 (80.2)
3 p-methyl acetophenone 3.365 (67.3) 4.012 (80.2) 4.242 (84.8) 3.921 (78.4) 4.324 (86.5)
4 p-chloroacetophenone 3.372 (67.4) 4.112 (82.2) 4.248 (85.0) 4.048 (81.0) 4.423 (88.5)
5 p-nitroacetophenone 3.422 (68.4) 4.212 (84.2) 4.369 (87.4) 4.148 (83.0) 4.527 (90.5)

Figure 1: IR spectrum of product on reduction of acetophenone
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We have refluxed the reaction mixture for three hours in
conventional method where as in PTC method, only one-
hour refluxing is enough for the completion of the reaction.
This is quite significant in terms of increasing the rate of
reaction at lower temperature with high yield. The yield is
increased from 64.3 % to 84.2 % in case of reduction of
acetophenone. Similar results were obtained for all other
para substituted acetophenones. The yield of products based
on the use of PT catalyst is in the order of TCMAC >
TBAHS > TBAB > CTMAB. All the products obtained after
purification were subjected to infra-red spectral studies for
characterization.

The infra-red absorption spectra of the obtained products
were recorded from KBr pellets using Jasco FT-IR 4100
spectrophotometer (Japan) and shown in figures 1, 2, 3, 4
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and 5. The infra-red spectrum of figure 1 showed peaks at
3010 cm?! (aromatic C-H stretching), 3720 cm?® (O-H
stretching), 2850 cm™ (aliphatic C-H stretching), 1920 cm'?
(C=0 stretching for secondary alcohol), 1360 cm* (aliphatic
C-H stretching), 1410 cm™ and 1690 cm* (C=C stretching
in aromatic ring). Existence of these peaks leads to the
conclusion that the product formed is 1-phenylethanol which
is an aromatic secondary alcohol.

In figure 2, the peak for aromatic C-H stretching is shifted to
2910 cm* which shows the presence of a methoxy group
where all other peaks are available as explained earlier
which proved the formation of 4-methoxy-1-phenylethanol.
The existence of a sharp peak at 2940 cm in figure 3 shows
the presence of a methyl group in addition to the other peaks
present in figure 1.
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Figure 2: IR spectrum of product on reduction of p-methoxyacetophenone
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Figure 3: IR spectrum of product on reduction of p-methylacetophenone
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Figure 4: IR spectrum of product on reduction of p-chloroacetophenone
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Figure 5: IR spectrum of product on reduction of p-nitroacetophenone

This proves that the product formed is 4-methyl-1-
phenylethanol. The presence of a sharp peak at 780 cm™ in
figure 4 represents C-Cl stretching and aromatic C-H
stretching shifts to higher wavelength of 3080 cm? in
addition to other peaks available in parent compound which
proves that product formed is p-chloro-1-phenylethanol.
Presence of additional peaks at 1550 cm and 1350 cm™ in
figure 5 represents N = O stretching of an aromatic nitro
compound apart from the usual peaks which are already
explained.

Therefore, the product obtained in this case may be p-nitro-
1-phenylethanol. Furthermore, these spectra were compared
with that original compounds available in literature and
found excellent correlation. This further proves that the
reduction of acetophenone and para substituted
acetophenones by sodium borohydride under PTC
conditions gives corresponding alcohols as product with
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very high yield.

Selective reduction of acetophenone and its para substituted
derivatives by sodium borohydride under PTC condition
gave excellent yield of 1-phenylethanol and para substituted
1-phenylethanols in ethyl acetate and toluene. There was no
formation of any byproducts detected under the
experimental conditions. But the yield is found to be more in
ethyl acetate than in toluene due to the high polarity of ethyl
acetate. PT catalysts can easily carry reductant as ion pair
from aqueous phase to organic phase in solvents having high
polarity due to high solubility and partitioning character.

All the PT catalysts used gave excellent yield of product but
there is a slight increase in the order TCMAC > TBAHS >
TBAB > CTMAB. This activity of PT catalysts is due to the
difference in the combination of alkyl groups and anions
present in it.
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PhCHOHCH3+ Q* X'+ Organic phase

Phase boundary
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Scheme 1: Starks cycle for the reduction of acetophenones
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Scheme 2: Mechanism for the reduction of acetophenones

The minimum requirement of a PT catalyst is that it should
have sufficient organic structure for transferring the anion to
the organic phase and should enjoy more solubility in it.
Commonly PT catalysts having symmetrical structure with
larger alkyl groups are more suitable for effecting the
reaction.

TCMAC is having larger alkyl groups with symmetrical
structure gave higher yield of the product followed by
TBAHS in which hydrogen sulphate is a better anion. This
is followed by TBAB which is a common and effective PT
catalyst with sufficient symmetrical alkyl group than that of
CTMAB which forms an emulsion in many reactions. The
overall reaction under PTC condition can be represented as
explained in Starks cycle in scheme 1 and the mechanism is
explained in scheme 2.

Conclusion

Selective reduction of acetophenones and substituted
acetophenones with sodium borohydride in aqueous medium
and in organic medium under PTC conditions was reported.
It was found that the reaction proceeds smoothly in organic
medium under PTC method with very high yield and other
benefits like high reaction rate, lower reaction temperature
and ease without the formation of byproducts. Greener
solvents like ethyl acetate and toluene were used in the entire
reaction. All the four PT catalysts used gave excellent yield
of the product in which TCMAC gave the best result.

This method proved the significance of PTC in organic
synthesis especially in the green chemistry era by ensuring
all the desired benefits. Therefore, PTC method can be
adapted to other reaction systems also and even for reactions
under solvent free conditions.
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