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Abstract

The oxidation of 2-methylnaphthalene was carried out in acetic acid with aqueous hydrogen peroxide. 2-Methyl-1,4-
naphthoquinone was obtained in a selectivity of near®0% at 100C for 3 h. The reaction has been studied by varying
different parameters like concentration of hydrogen peroxide, strength of acetic acid, molar ratio of 2-methylnaphthalene to
hydrogen peroxide, reaction temperature and time. Compared to the conventional preparation of Vitaiis iiethod
could be economical and ecofriendly as the use of mineral acid and chromium salts are avoided. © 2002 Elsevier Science
B.V. All rights reserved.
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1. Introduction 1kg of the product and there is a necessary treatment
of chromium containing waste water. Adam and
It is well known that quinones possess pronounced co-workers [12-14] described the use of acetic acid,
bio-activity and find important medicinal applica- hydrogen peroxide and methyl trioxorhenium (conver-
tions [1]. Ever since the Vitamin K(menadione) was  sion of 2-methylnaphthalene was 81%, affording 47%
found to be more active than Vitamin;Kand Vita- of 2-methyl-1,4-naphthoquinone and 7% of 6-methyl-
min K as antihemorrhagic agent [2], many methods 1,4-naphthoquinone,li()) or Pd'-polystyrene sul-
have been described to bring about the controlled phonic acid resin [15] as catalysts. The rhenium
oxidation of 2-methylnaphthalend)(using various  catalyzed oxidation of 2-methylnaphthalene, using
oxidizing agents in the presence of catalyst [3-9]. Ina 85% HO; solution gave a conversion 93% at 4D
well-known process, 2-methylnaphthalene is oxidized after 4h. However, this reaction is rather hazardous,
with a solution of sulfuric acid and chromic acid as concentrated hydrogen peroxide is potentially ex-
to give Vitamin Kz (2-methyl-1,4-napthoquinone, plosive [16]. In another method, metalloporphyrin
(1)) in 30-60% of yield [10,11]. However, in this catalyzed oxidation of 2-methylnaphthalene by potas-
stoichiometric oxidation about 18kg of chromium sium monopersulphate was reported [17], with the
containing waste is produced for the synthesis of selectivity upto 53% for 2-methyl-1,4-naphtho-
quinone. The economics associated with the use
* Corresponding author. Tek925-735-3087. of all these catalysts and the present day’s strin-
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catalysts make it difficult to proceed with them any of 2-methylnaphthalene were studied in detail. In the

more.

We have now studied the oxidation of 2-methyl-
naphthalene in detail using2B, in the presence of
acetic acid and without a solid acid catalyst. In the
present work, we report here for the first time, a very
highly selective formation of 2-methyl-1,4- naphtho-
quinone in comparison with ¥50,4/CrOs catalyzed
reactions.

2. Experimental

We mainly used 30% of pD, solution that was
prepared by diluting the 50% 2@, (Qualigens
fine chemicals) in distilled water at room tem-
perature. 2-Methyl naphthalene (Lancaster, 97%),
2-methyl-1,4-naphthoquinone (Aldrich) and glacial
acetic acid (Loba Chemie) were of analytical purity
and used without further purification.

To a solution of 2-methylnaphthalene, 1 g in 20 mi
of acetic acid, 9 ml of 30% pD, was added slowly at
100°C and stirred for 3 h, while carefully monitoring
the reaction. The product mixture was extracted with
CHoCl,. The combined organic phase was washed
with water and the collected organic extract was dried
at 20—40C in vacuum. The preliminary product anal-

ysis was made by a Chemito 8510 gas chromatography

(GC) using 20% SE-30 column coupled with FID. The
product was identified using standards. The products
were confirmed by GC-MS aritH NMR. The experi-

ments were repeated by varying the temperature, reac-

tion time and concentration of 4D, and acetic acid.

3. Results and discussion

The influence of hydrogen peroxide concentration
and the role of acetic acid strength on the oxidation

CH3
HyO;
_— >

AcOH

presence of acetic acid, 2-methylnaphthaleReig
oxidized by hydrogen peroxide preferentially to the
2-methyl-1,4-naphthoquinonél § (Scheme 1).

3.1. Effect of hydrogen peroxide strength

Initially, we investigated the influence of 2,
(10-50wt.%) on the reaction at 106 and molar
ratio of 2-methylnaphthalenez®, as 1:10. We found
that 30% HO, gave >95% conversion of 2-methyl-
naphthalene with nearly=90% selective formation
of 2-methyl-1,4-naphthoquinonél§. When we used
50% H,O,, we observed that there was a forma-
tion of 6-methyl-1,4-naphthoquinoné () along with
2-methyl-1,4-naphthoquinone (Fig. 1).

3.2. Effect of molar ratio of
2-methylnaphthalene to H,O»

Keeping the reaction temperature at 2@and us-
ing 30% HO, and 17 M of acetic acid, we examined
the effect of molar ratio of 2-methylnaphthalene and
H>0, from 1:2 to 1:10. At molar ratio of 1:10, both
the conversion and selectivity reachef0% after 3h

(Fig. 2).
3.3. Effect of acetic acid strength

The strength of acetic acid also has a pronounced
effect on the system when all other conditions be-
ing identical. For detailed study, the concentration
of acetic acid was varied from 5 to 17 M. The con-
version of 2-methylnaphthalene increased from 35
to >90% as the strength of acetic acid increased
from 5 to 17 M (Fig. 3), even though, the selectivity
of 2-methyl-1,4-naphthoquinone remains unchanged
nearly >90%.

111

1I

Scheme 1. The oxidation of 2-methylnaphthalehebyy H,O> in acetic acid.
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Fig. 1. Influence of HO, concentration on oxidation of 2-methylnaphthalene: reaction temperatd@)°C, reaction time= 3 h, molar
ratio of 2-methylnaphthalenex@,:acetic acid(17 M) = 1:10:50.

¢ Conversion
m Selectivity

0 T T T 1
1:2 1:4 1:6 1:8 1:10
2MN : H202

Fig. 2. Influence of molar ratio of 2-methylnaphthalene teOht reaction temperature= 100°C, reaction time= 3h, acetic acid
(17M) = 20ml.
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Table 1
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Oxidation of 2-methylnaphthalene with,B- in the presence of acetic aéid

S. no. Temperature’C) Time (h) Conversionl{ (%) Yield (1) (%) Selectivity (1) (%)
1 40 3 7 6.5 93
2 60 3 40 37 93
3 80 3 52 47 90
4 100 3 95 86 91
5 100 0.5 48 43 90
6 100 1.0 86 77 90
7 100 15 87 78 90
8 100 2.0 95 86 90

a2-Methylnaphthalene:$0;:acetic acid(20 ml) = 1:10:50 molar ratio.
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Fig. 3. Effect of acetic acid strength on oxidation of 2-methyl-
naphthalene: reaction temperatuse€l00°C, reaction time= 3 h,
molar ratio of 2-methylnaphthalene:;8, = 1:10.

3.4. Effect of temperature

Effect of temperature was studied over the re-
action keeping the reaction time constant for 3h.
The influence of temperature on the oxidation of
2-methylnaphthalene is depicted in the Table 1. It
may be noted that 2-methylnaphthalehecpnversion
dropped to 7% when the temperature was lowered
from 100 to 40°C, even though, the quinone selec-
tivity remained unchanged at neath90%. The con-
version of 2-methylnaphthalene increased with time
and reached>90% after 3h of reaction (Table 1).
The reaction was monitored with the variation of
time period. The conversion of 2-methylnaphthalene
was increased with the increase in the time. The re-
action was carried for 0.5, 1.0, 1.5, 2.0 and 3.0h.

As given in the fourth row, selective formation of
2-methyl-1,4-naphthoquinone is maximum when the
reaction was carried out for 3 h.

4, Conclusion

Oxidation of 2-methylnaphthalene with hydrogen
peroxide in the acetic acid yields 2-methyl-1,4-naphth-
oquinone at 100C without the involvement of any
other catalyst. From the detailed study, it implies that
this process is a very efficient one for the synthe-
sis of Vitamin Kz with >90% selectivity in the ab-
sence of a mineral acid catalyst or a solid catalyst.
The use of acetic acid and hydrogen peroxide com-
plies with the clean technology concept and clearly
represents advancement for an oxidation process un-
der economically and environmentally acceptable con-
ditions, which hitherto used mineral acid, chromium
and manganese salts for oxidation of this reaction.
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