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Herein, we reported a new and efficient approach starting from acetophenone. In this work, o-hydroxyacetophenone was prepared under |
| microwave irradiation of o-bromoacetophenone which was efficiently prepared by the use of HBr/H,O, system. |
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INTRODUCTION

a-Hydroxyacetophenone is an important intermediates
which is used for the synthesis of pharmaceuticals and agro-
chemicals'?. a-Hydroxyacetophenone was synthesized from
enamine derivatives ketones and oxygen’, ketone combined
with iodobenzene diacetate in the presence of potassium
hydroxide with methanol®, o-hydroxylation of silylenol ethers
react with chloroperbenzoic acid’ and o-iodoketone with
irradiation under a high-pressure mercury lamp also can
product a-hydroxyacetophenone'*". o-Bromoacetophenone
was usually prepared by reaction of acetophenone with N-
bromosuccinimide (NBS) or molecular bromine in the presence
of Lewis acids such as NH;OAc®, NaHSO,-SiO,*, Mg(ClO,),**.

However, these methods have some drawbacks. For
example, the bromine is toxic which corrodes the equipment.
It is difficult handling and environmental pollution'”. Besides,
N-bromosuccinimide is easier handling, but it is unfortunately
limited by low atom efficiency and the complex reprocessing’.
Most importantly the common drawbacks in synthesis o-hydro-
acetophenone are the use of organic solvent', long reaction
time and environmental problems".

Thus, it is necessary to search for a new methods to
synthesize o-hydroxyacetophenone. In this work, HBr/H,O,
system was used as an efficient and environmentally friendly
halogenation reagent in the synthesis of a-bromoacetophe-
none. Meanwhile, microwave synthesis was used to prepare
o-hydroxyacetophenone from o-bromoacetophenone.

EXPERIMENTAL

Melting points were determined on a WPS-2 melting
point apparatus and were uncorrected. 'H NMR spectra were

recorded on a Bruker Avance (400 MHz) spectrometer using
CDCl; as the solvent. IR measurements were made on a Hitachi
IR meter 260-10 for KBr pellets and only characteristic
peaks were recorded. Spots were visualized with UV. HPLC
(Shimadzu LC-10Avp Plus) and GC (Shimadzu GC-2014C)
were utilized to determine product compositions. Microwave-
assisted syntheses were carried out in a microwave reactor
(I0 keer WBFY-201) using a special 50 mL reaction vessel.
All chemicals were analytical grade without further purifi-
cation.

Typical procedure for bromination of acetophenone: To
the acetophenone (2 mmol) in 1,4-dioxane (10 mL) was added
48 % aqueous solution of HBr (2 mmol) and 30 % aqueous
solution of H,O, (2.2 mmol). The solution was magnetically
stirred at reflux temperature for 20 h. After completion the
organic phase was extracted with dichloromethane for column
chromatography.

o-Bromoacetophenone: 'H NMR 3§, 8.27-8.10 (m, 2H),
7.89-7.78 (m, 1H), 7.65-7.60 (m, 2H), 4.39 (s, 2H); IR (KBr,
Vi, cm™), 3070, 3030, 1585, 1495, 1460, 3000, 1420, 1320,
1690, 1050.

Synthesis of a-hydroxyacetophenone by microwave
process: To the mixture of oi-bromoacetophenone (0.50 mmol)
and water (8 mL) was added tetra-butylammonium chloride
(0.10 mmol). Then the mxture was irradiated for 10 min by
Ps, microwaves. After completed the mixture was extracted
with dichloromethane for column chromatography.

o-Hydroxyacetophenone: 'HNMR 6, 8.01-7.94 (m, 2H),
7.70-7.64 (m, 1H), 7.58-7.56 (m, 2H), 4.79 (s, 2H); IR (KBr,
Vi, €M), 3085, 3066, 3030, 1595, 1495, 1445, 3400, 2920,
1400, 1380, 1700, 550.
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RESULTS AND DISCUSSION

Synthesis of a-bromoacetophenone with HBr/H,O,
system was shown in (Scheme-I). The effect of different solvents
was evaluated and the results were summarized in (Table-1,
entryl-7). When the reaction was carried out using ethers
solvents (Table-1, entry 4, 6 and 7), the reaction conversion
was higher. Correspondingly, the o.-bromoacetophenone yield
was higher. This may be due to the good solubility of o-bromo-
acetophenone in ether solvents caused by "polarily-matching
rule". For 1,4-dioxane as solvent, the conversion was 73.2 %
and the yield of o-bromoacetophenone got to 69.8 %. And
with the reaction time increasing, the conversion and yield of
a-bromoacetophenone also increased (Table-1, entry 7-9). In
20 h reaction, the conversion reached 73.2 % and the yield of
a-bromoacetophenone was 69.8 %.

I 9 Br
C. C.
CHs HBr/H»>0- C
H2
Scheme-I
TABLE-1
EFFECT OF SOLVENT IN THE SYNTHESIS
OF 0-BROMOACETOPHENONE*

Entry Solvent Time (h) Conv.%%) Yield ®(%)
1 Dichloromethane 20 23.0 18.7
2 n-Hexane 20 20.2 16.3
3 Cyclohexane 20 37.4 28.5
4 Ether 20 69.1 60.4
5 1,2-Dichloroethane 20 34.2 25.8
6 Tetrahydrofuran 20 69.5 67.7
7 1,4-Dioxane 20 73.2 69.8
8 1,4-Dioxane 16 60.1 52.7
9 1,4-Dioxane 22 74.0 69.1

48 % HBr (2 mmol) and 30 % H,0, (2.2 mmol) and acetophenone
(2 mmol) in 1,4-dioxane (10 mL) were rapidly magnetically stirred
at room temperature for 20 h; ® Yield was determined by GC with
4-nitrotoluene an internal standard

The reaction temperature and the catalyst were also inves-
tigated to obtain the optimized condition. The results were
summarized in Table-2.

With the reaction temperature rising, as shown in Table-2,
the conversion and yield somewhat increased (Table-2, entry1-
6). When at the refluxing temperature, the conversion of aceto-
phenone (87.1 %) and the yield of o-bromoacetophenone
obtained 86.2 %. In order to study the effect of catalyst, the
catalyst was carried out under the same experimental condi-
tions (Table-2, entry7-8). The results show that the conversion
of acetophenone could be excellent, but the yield of o-
bromoacetophenone got to only 12.6 and 20.7 % in the catalytic
presence. Based on this result, we inferred that acetophenone
has generated other products in the presence of catalyst and
this suspicion has been confirmed by GC. Therefore, in the
system of HB1/H,O,, the catalytic was useless.

In summary, we developed a general method for the
synthesis of o.-bromoacetophenone using HBr/H,O, system.
However, o-bromoacetophenone was an intermediate and this
method did not improve o-hydroxyacetophenone yield. So,

TABLE-2
EFFECT OF REACTION TEMPERATURE AND CATALYST
IN THE SYNTHESIS OF o-BROMOACETOPHENONE"

Entry Temp. (°C) Conv. (%) Yield °(%)
1 25 73.2 69.8
2 40 73.3 70.2
3 50 77.1 70.6
4 65 79.3 76.2
5 75 78.8 75.0
6 Reflux 87.1 86.2
7 Reflux 82.1 12.6
8¢ Reflux 84.9 20.7

48 % HBr (2 mmol) and 30 % H,0O, (2.2 mmol) and acetophenone

(2 mmol) in 1,4-dioxane (10 mL) were rapidly magnetically stirred at
room temperature for 30 min, then reflux for 20 h; “Yield was deter-
mined by GC using nitrobenzene as internal standard; “Added Tetra-
butylammonium bromide for the catalytic; ‘Added polyethylene 400
for the catalytic

in order to improve the a-hydroxyacetophenone yield, the
microwave synthesis method was used. It is well known that
microwave heating can shorten the reaction time, accelerate
the reaction rate and improve product yields'“". And the
synthesis of a-hydroxyacetophenone by microwave process
was investigated (Scheme-II).
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As shown in Table-3, the microwave heating significantly
improve the reaction yield and shorten the reaction time in
comparison with heat conditions (Table-3, entry 4 and 5). With
the reaction time rising (Table-3 entry 1-4), the conversion
and the yield increased. Undoubtedly, microwave systhesis of
o-hydroxyacetophenone is preferable.

Scheme-II

TABLE-3
EFFECT OF REACTION TIME IN THE MICROWAVE
SYNTHESIS OF o-HYDROXYACETOPHENONE"

Entry  Time (min) Reactiontype Conv."(%)  Yield (%)
1 5 MW P, - -
” 10 MW P, 5.1 4.6
B 15 MW P, 9.0 8.3
4 20 MW P, 14.5 13.2
5¢ 20 Reflux - -
6° 300 Reflux >99 99

“a-Bromoacetophenone (0.5 mmol) in water (10 mL) was irradiated by
MW power; "Yields were determined by GC with 4-nitrotoluene as
internal standard; ‘a-Bromoacetophenone (0. 5 mmol) in water (10
mL) was reaction by heat

The phase transfer catalyst were further developed by
microwave synthesis. Results were summarized in Table-4.

As the results in Table-4 indicated, when the reaction was
carried out with phase transfer catalyst, the conversion and
the yield were higher than the system of o-bromoacetophenone
in water under microwaves alone (Table-4, entry 1-2, 3-4). It
was found that catalysts play rather important roles in the
synthesis of a-hydroxyacetophenone. In order to find a better
phase transfer catalyst to improve reaction conversion and



Vol. 27, No. 9 (2015)

Efficient Synthesis of o-Hydroxyacetophenone 3187

TABLE-4
EFFECT OF CATALYST TYPE IN THE SYNTHESIS OF a-HYDROXYACETOPHENONE*

Entry Reaction type Catalyst Conv. (%)" Yield (%)"
1 MW P, - 5.1 4.6
2 MW P,, Tetrabutylammonium chloride 38.3 36.4
3 MW P, - 29.7 27.3
4 MW Py, Tetrabutylammonium chloride 51.6 49.8
5 MW P, Tetrabutylammonium bromide 32.8 30.1
6 MW P, Polyethylene 400 36.4 35.0
7 MW P, Benzyltriphenylphonium ammonium chloride 35.7 34.3
8 MW P, Polyethylene 20000 40.9 39.2
9° MW Ps, Tetrabutylammonium chloride 85.7 83.7

*o-Bromoacetophenone (0. 5 mmol) in water (10 mL) was irradiated by microwave for 10 min; “Yields were determined by GC with 4-nitrotoluene
as internal standard; ‘o-Bromoacetophenone (0. 5 mmol) in water (10 mL) was irradiated by microwave

yield, several phase transfer catalysts were also tested (Table-4,
entry 4-8). When the reaction was carried out with tetrabutyl-
ammonium chloride as phase transfer catalyst, the conversion
and yield were higher than others and the conversion got to
85.7 %, the yield of o-hydroxy acetophenone obtained 83.7 %.
This could be ascribed to that tetrabutylammonium chloride
was better dissolving in both aqueous phase and organic phase
than other catalysts, it accelerated the hydrolysis of a-bromo-
acetophenone and improved the yields.

It was also found that microwave power played an impor-
tant role in improvement of the reaction. The conversion and
yield of a-hydroxyacetophenone under different microwave
power in water were summarized in Table-5.

TABLE-5
EFFECT OF MICROWAVE POWER IN THE
SYNTHESIS OF o-HYDROXYACETOPHENONE"

Entry Reaction type Conv. (%)° Yield (%)°
1 MW P,, ; ;
2 MW Py, 40.1 376
3 MW P, 85.7 83.7
4 MW P, 89.3 772
5 MW P,, 88.9 73.1

‘o-Bromoacetophenone (0. 5 mmol) in water (10 mL) was irradiated
by microwave for 5 min; "Yields were determined by GC with 4-
nitrotoluene as internal standard

As can be seen from Table-5, it was found that with the
microwave power rising, the conversion and yield were signifi-
cantly increasing (Table-5, entry1-5). But when the microwave
power was MW Py and MW P, (Table-5, entry4-5), the yield
of a-hydroxyacetophenone were decline. Based on this result,
we inferred that when the microwave power was MW Pg, and
MW P, the reaction temperature got too high and o-hydroxy-
acetophenone was decomposition. Therefore, we selectted the
microwave power as MW Ps.

Conclusion

In summary, oi-bromoacetophenon was highly selectively
prepared in high yield with a HBr/H,O, system in the presence

of 1,4-dioxane. HB1/H,O; system has many advantages, such
as simple experimental procedure, high yields of o-bromo-
acetophenone, a lower impact on the environment since
bromine is generated in situ from HB1r/H,O,. The synthesis of
a-hydroacetophenone is also simple, clean and environment
friendly. Microwave reaction was found significantly to improve
the o-hydroacetophenone yield and shorten the reaction time
of the key step reactions.
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