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Simple and Effective Route for Synthesis of Parvaquone, an Antiprotozoal Drug

Pravin C. Patil and Krishnacharya G. Akamanchi*

Parvaquone, an antiprotozoal agent against Theileria parva, was synthesized in 33.8% overall yield by using cheap
and commercial raw materials. Key intermediate, 2-cyclohexyl-1-naphthol was synthesized in 86% yield by
cyclohexylation of 1-naphthol and further converted into parvaquone in good yield through reaction sequences such
as oxidation, epoxidation followed by isomerization.
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Parvaquone, an antiprotozoal agent against Theileria parva, was
synthesized in 33.8% overall yield by using cheap and
commercial raw materials. Key intermediate, 2-cyclohexyl-1-
naphthol was synthesized in 86% yield by cyclohexylation of 1-
naphthol and further converted into parvaquone in good yield
through reaction sequences such as oxidation, epoxidation
followed by isomerization.

Naphthoquinones and substituted naphthoquinones articulate
spectrum of wide-ranging biological activities such as antibacterial,
antifungal, anti-inflammatory, antithrombotic, antiplatelet, antibiotic,
antiallergic, and apoptosis.' Naphthoquinones substituted with
alicyclic ring at 2 or 3 positions are deliberated as highly effective
agents for the suppression of trophozoites in ducks, chickens,
canaries and monkeys infected with mosquito or blood-induced
malaria. These compounds are capable of destroying fully developed
exoerythrocytic forms of malaria parasites.’

Theileriosis (East Coast Fever), a disease in cattles caused by
microscopic parasite Theileria parva and majorly found in central
and eastern Africa. Theileriosis is among the most concerned
livestock diseases in Africa causing an annual loss of 1.1 million
cattles and more than 250 million to be at risk.’ The disease resulted
in high mortality rate up to the 1970s due to the lack of effective
treatment and mortality can be up to 100%, with death occurring
within a month after the initial attachment of infected ticks.* 2-
cyclohexyl-1,4-naphthoquinone (Parvaquone, 1) and 2-((4-tert-
butylcyclohexyl)methyl)-3-hydroxy-1,4-naphthoquinone
(Buparvaquone) have been effectively used since their discovery in
the treatment of Theileriosis.*** Parvaquone, marketed as Clexon, is
an analogue for menoctone which had been identified as having anti-
theilerial activity against Theileria parva.’ Unfortunately, due to
complexity of structure and high cost of manufacturing prohibited
further development of menoctone. Recently, resistance of Theileria
parva to buparvaquone has been reported.® By considering these
limitations related with menoctone and buparvaquone, importance of
parvaquone is significantly evolving.
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First method for free radical mediated alkylation of naphthoquinone
was developed by Fieser et al in 1946 by generation of free radical
from corresponding diacyl peroxide in the presence of 2-hydroxy-1,
4-naphthoquinone (Lawson) to give corresponding alkylated
naphthoquinones.” Developed method provided inferior yield (5 to
6%) of alkylated naphthoquinones and generate numerous side
products during the course of reaction. However these protocols
were not applied toward synthesis of parvaquone 1.

In 1951, Fieser et al further developed a method for synthesis of 1
by generating cyclohexyl radical from cyclohexanecarboperoxoic
acid A in the presence of lawson provide 1 in 45% yield? (Scheme 1,
Method a). In 1968, Amini et al modified Fieser’s general method
for alkylation of naphthoquinone by replacing corresponding diacyl
peroxide with fert-butyl peroxide in respective hydrocarbons and the
developed protocol was extended toward synthesis of 1 by using
cyclohexane B in combination with tert-butyl peroxide in presence
of lawson® (Scheme 1, Method b). In continuation toward further
development, Khambay et al demonstrated new method for synthesis
of 1 through generating cyclohexyl radical from cyclohexane
carboxylic acid C using silver nitrate/ammonium persulfate in the
presences of lawson and afforded 1 in 25 % yield® (Scheme 1,
Method c).

0 Method a. A, CH;COOH, 100 °C, 45% 0
Method b. B, (CHs)sCOOC(CH)s, 53%
O‘ Method c. C, AQNOs, (NH4)S,08, 25% O‘
OH OH
o) o)

Parvaquone, 1

Scheme 1 Different routes for cyclohexyl radical mediated synthesis of
parvaquone starting from Lawson.
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Besides cyclohexyl radical mediated transformations, new
approach for the synthesis of 1 has been disclosed by Leach and
Urquhart et al by condensing 1,4-isochromandione 7 with
cyclohexanecarbaldehyde 8 followed by rearrangement of resulting

aldol product using sodium methoxide in methanol to afford overall

77.3% yield of 1'° (Scheme 2).
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NH4OAc, AcOH
NaOMe, MeOH

23 h,t, 77.3%

Scheme 2 Synthesis of parvaquone through condensation of 14-
isochromandione with cyclohexanecarbaldehyde.

Most of these single step transformations for synthesis of 1 retains
shortcomings such as necessity of specialized starting materials, use
of hazardous peroxides in presence of oxidants, harsh reaction
conditions, costly raw materials and afford low yields due to
byproduct formations, especially in free radical mediated routes.> **

To overcome on aforementioned meagernesses, multistep synthesis
through ring construction approach have been recently established
by Pena-Carrera et al for synthesis of 1''* and its derivatives''®
starting from diisopropyl squarate. Use of Grignard reagents,
cryogenic reaction conditions, use of trifluoroacetic anhydride,
boron tribromide under inert atmosphere restricted this process from
being industrially fisible. Considering these inadequacies, the
development of adaptable method for synthesis of 1 using cheap raw
materials and mild reaction conditions at open atmosphere still
remains a significant challenge.

We herein report a simple and effective synthesis of parvaquone
developed from cheap and commercially available raw materials. A
new reaction system has been established for the synthesis of
key intermediate, 2-cyclohexyl-1-naphthol 4, by cyclohexylation of
1-naphthol 2 using cyclohexanol 3 in presence of p-toluenesulfonic
acid. Obtained 4 was oxidized by using mild oxidant such as 30%
hydrogen peroxide in presence of hydrochloric acid to afford 2-
cyclohexyl-1, 4-naphthoquinone 5. Resulted compound 5 was
further converted into parvaquone, 1 by epoxidation followed by
isomerization. The general synthetic route is depicted in Scheme 3.

O OH
30% H202
Conc. HCI

p-TSA

5

30% Hy0, /
Nach3

2

Conc. H,SO,
OH

Scheme 3 Synthetic strategy for parvaquone synthesis starting from
1-naphthol.
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During literature survey related to synthesis of parvaquone, we
identified that the most significant challenge was introduction of
cyclohexyl moiety and therefore an alternative key intermediate, 4
was selected toward simplification of cyclohexylation process.
Cyclohexylation of naphthol has been reported by catalytic methods
using catalysts such as zinc chloride,'** (Scheme 4, path a), Retrol
(an acid activated bleaching earth)'® (Scheme 4, path b), cation
exchange resin (Scheme 4, path ¢),'™ and montmorillonite'*
(Scheme 4, path d) in the presence of various cyclohexylating
counterparts such as cyclohexanol, cyclohexene and cyclohexanone.
Most of these reported methods possesses disadvantages of affording
very low yield and necessity of high temperature.

"Prior art"
‘a Cyclohexanol, Zinc chloride or}
OH ‘b Cyclohexanol, Retrol or! OH
1 c. Cyclohexene, Cation exchange resin  or! ‘
1d. Cyclohexanone, Montmorillonite ;
OO ‘e Cyclohexanol, p-TSA, Solvent’ OO
2 T 4
"This method"

Scheme 4 Different approaches for synthesis of 2-cyclohexyl-1-naphthol.

With this background, we attempted an alternative approach for
synthesis of 4. Based on the preliminary observations from trial
experiments, cyclohexanol was chosen as cyclohexylating agent over
cyclohexene and cyclohexyl halides. The reactions of 2 with 3 were
carried out in solvents such as toluene, xylene and chlorobenzene at
their boiling point temperature in the presence of p-toluenesulfonic
acid (Scheme 4, path e). Among these solvents, chlorobenzene was
selected as the best solvent since cyclohexylated product 4 was
obtained in highest yield of 86% while toluene and xylene were
provided 53% and 42% yields of 4 respectively under the same set of
reaction conditions. To our notification, reaction in chlorobenzene
below 80 °C did not initiate conversion. When reaction of 2 with 3
was carried out under neat conditions by  using
p-toluenesulfonic acid at 95 °C, desired compound 4 was isolated in
38% yield.

By keeping chlorobenzene constant in the role of reaction solvent,
further optimization was carried out to select appropriate acid
catalyst for this transformation. The reactions of 2 with 3 were
carried out by using various acid catalysts such as p-toluenesulfonic
acid (p-TSA), methanesulfonic acid (MSA), sulfuric acid, tungstate
sulfuric acid (TSA) and phosphomolybdic acid and the results are
in Table 1. Among the listed acids used, p-
toluenesulfonic acid mediated cyclohexylation reaction afforded the
highest yield of 4 in 86% (Table 1, entry 1) while the lowest yield
was obtained from tungstate sulfuric acid mediated cyclohexylation
reaction (Table 1, entry 4). Methanesulphonic acid mediated
cyclohexylation provided average yield of 4 in 56% (Table 1, entry
2), while inferior yields were isolated from sulfuric acid and
phosphomolybdic acid mediated cyclohexylation reactions (Table 1,

entry 3 and 5, respectively).

summarized

This journal is © The Royal Society of Chemistry 2012
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Table 1 Optimization of acid catalyst towards synthesis of
2-cyclohexyl-1-naphthol
OH OH OH ‘
Acid catalyst
OO + Chlorobenzene OO
reflux
2 3 4
Entry Acid catalyst Yield (%) (4)

1 p-Toluenesulfonic acid 86

2 Methanesulfonic acid 56

3 Conc. Sulphuric acid 45

4 Tungstate sulfuric acid 35

5 Phosphomolybdic acid 40

While considering mechanistic aspect for synthesis of 4, we assume
that the reaction could follow general pathway of acid (p-TSA,
in this case) mediated alkylation of naphthol and might be analogous
to other acid catalysed Friedel-Crafts alkylations.'**® Cyclohexyl
cation, generated through reaction between cyclohexanol 3 and p-
TSA, would attack 1- naphthol 2 and followed by rearomatisation to

afford 2-cyclohexyl-1-naphthol, 4.

During screening of reaction sequences for transforming 4 into 1,
reaction conditions developed by Harrity et al'* were testified and
found to provide satisfactory results. Compound 4 was oxidized to 2-
cyclohexyl-1, 4-naphthoquinone S by using mild oxidant such as
30% hydrogen peroxide in presence of hydrochloric acid at room
temperature and provided 68% yield of 5. Compound 5 was further
converted into 2-cyclohexyl-(2, 3)-oxirane-1, 4-naphthoquinone, 6
by using 30% hydrogen peroxide in the presence of aq. sodium
carbonate. The reaction was smoothly occurred at room temperature
and provided 76% yield of 6. Isolated epoxide intermediate 6 was
then isomerized by using sulfuric acid at room temperature and
desired product 1 was isolated in good yield of 76% after work up
and purification.

Conclusion

The newly developed synthetic route of parvaquone is having
advantages of being operationally simple, environmentally benign
and required cheap and commercially accessible raw materials and
reagents which might contribute effectively toward cost reduction
and making process economically favourable. The intermediates 4, 5
and 6 were obtained in good yields of 86%, 68% and 76%
respectively leading to an overall yield of 33.8%. Use of 30%
hydrogen peroxide, industrially accepted green oxidant, under
control conditions would make the developed process favourable for
scale up when compared with hazardous peroxides under drastic
conditions at inert atmosphere.
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