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Abstract 

Buparvaquone 1a is a predominant anti-protozoal drug, it 
belongs to the pharmacologically active class of hydroxy-
naphthoquinones. There are numerous publications on the 
wide therapeutic applications of 1a, but only a few 
approaches were reported towards its synthesis. Most of 
the prior arts report the synthesis from expensive raw 
materials with low yield, whereas only a few involves the 
use of readily available and less expensive raw materials 
with moderate to better yield. The present review work 
covers the developments on therapeutic applications of 1a 

along with the synthetic approaches disclosed till date. 
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Introduction 
Buparvaquone, 2-(trans-4-tert-butylcyclohexyl)-3-chloro-1,4-
naphthoquinone 1a, it is a popular second-generation drug having 
the hydroxy-naphthoquinone framework with a molecular formula: 
C21H26O3, molecular weight: 326.43 g/mol and the CAS registry 
number: 88426-33-9. It is used for the therapy and prophylaxis of 
numerous theileriosis forms with the trade name, Butalex or 
Coopers. Disclosed therapeutic applications and synthetic 
approaches of 1a, as per prior arts were tabulated chronologically as 
below. 

O

O

OH
1a

 
Buparvaquone, 2-(trans-4-tert-butylcycolohexyl)-3-chloro-1,4-napththoquinone 1a 

Therapeutic Applications of 1a 
A thorough literature search was carried out on the therapeutic 
applications of 1a, the collected research papers were sorted out as 
per the yearly chronology and carefully examined. Key notes of such 
an examination were tabulated in Table 1, which gives an insight on 
to the therapeutic wideness of 1a. 

Table 1: Prior art highlights regarding the widespread therapeutic utility of 1a. 

Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

Hudson, A. 
T., et al, 
1983 

Reports the anti-malarial, anti-
coccidial and anti-inflammatory of 1a 
along with a few other hydroxy 
naphthoquinones. 

[1] 

Victoria, L. 
S., et al, 1984 

Discloses the combination of 1a with 
Clopidol, it was proved to be very 
effective as an anti-malarial against 
Plasmodium falciparum. 

[2] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

McHardy, 
N., et al, 
1985 

Reveales a comparison of drug 
efficacy studies towards anti-
theilerial activity of 1a and 
Parvaquone (a popular anti-
protozoan drug) againt Theileria 
parva and Theileria annulata in cattle. 
From the results, it was evident that 
1a was twenty-fold more active than 
Parvaquone. 

[3] 

Dhar, S., et 
al, 1986 and 
1987 

Reports the studies related to 
chemotherapy of Theileria annulata 
infection by the use of 1a and also the 
effective chemoimmunoprophylaxis 
by 1a over theileriosis in calves. 

[4, 5] 

Mutugi, J. 
J., et al, 1988 

Discloses a dilution based induced 
infection study of Theileria parva to 
impart immunization in cattle and its 
treatment by 1a. 

[6] 

Dhar, S., et 
al, 1988 

Reports the intramuscular intrusion 
of 1a to treat Theileria annulata in 
cross-bred calves. No toxicity 
indicatives were observed post 
treatment with 1a in calves. 

[7] 

Zaugg, J. L., 
et al, 1989 

Discloses the application of 1a to treat 
equine babesiosis existed in 
European origin horses. 

[8] 

Michael, S. 
A., et al, 
1989 

Reports the use of 1a to cure chronic, 
undulating Theileria annulata 
infection in cows. In about seven 
weeks, all the cows had recovered 
completely from the infection. The 
milk yield was significantly low in 
cows prior to the infection, it was 

[9] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

improved drastically post treatment 
for the induced infection. 

Bansal, G. 
C., et al, 
1989 

Discloses a study related to anti-
theilerial ability of 1a in male calves, 
which are infected for 
experimentation with Theileria 
annulata. 

[10] 

Sharma, N. 
N., et al, 
1990 

Reveals the intramuscular treatment 
of male calves infected by Theileria 
annulata using 1a, curing the entire 
treated bunch of male calves. 

[11] 

Dhar, S., et 
al, 1990 

Reports a comparative study of 1a 
and Oxytetracycline. Study was 
conducted towards the 
chemoimmunoprophylaxis over 
bovine tropical theileriosis in young 
calves, splitting them into two 
groups for the medication. Post thirty 
days, the immunity status of all 
calves in both groups was found to be 
similar. 

[12] 

Rintelen, 
M., et al, 
1990 

Discloses a work on the impact of 1a 
in preventing Theileria annulata 
infection. The infected cells were 
cured by 1a, but certainly not by 
Cyclosporin A. It was by retarding 
the generation of mixed lymphocyte 
reaction. 

[13] 

Motzel, S. 
L., et al, 
1990 

Reports a work on the efficacy tests of 
1a and Parvaquone, domestic cats are 
experimentally infected by 
Cytauxzoon felis. It was observed that, 

[14] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

both the drugs found ineffective to 
treat the infection satisfactorily. 

Stewart, N. 
P., et al, 
1990 

Reveals an attempt to treat the 
Theileria buffeli infections in calves by 
1a, as alone or in combination with 
Primaquine phosphate. Alone 1a was 
not effective, but the drug 
combination had suppressed the 
parasites effectively and antibodies 
were not observed after eight weeks 
of treatment. 

[15] 

Hashemi-
Fesharki, 
R., 1991 

Reports a work which was done in 
Iran to treat the infections caused by 
Theileria annulata in cattle. It reports 
the use of Parvaquone and 1a for the 
treatment, its therapeutic efficacy 
was estimated from the studies. From 
the results, 1a was found more 
effective to eliminate infections than 
Parvaquone. 

[16] 

McHardy, 
N., 1991 

Reports a unified pathway to treat 
the fatal East Coast Fever in calves 
using 1a. 

[17] 

Mutugi, J. 
J., et al, 1991 

Discloses a comparative work, where 
both 1a and Oxytetracycline were 
used separately in two sets to 
eliminate the Theileria parva infection 
in calves. It was evident from the 
results that, both the drugs were 
found equally effective in imparting 
immunization in calves. 

[18] 

Mitema, E. 
S., et al, 1991 

Reports a therapeutic work executed 
over a bunch of white tailed deer. 

[19] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

Imidocarb, Chloroquine and 1a were 
used separately for the suppression 
of Theileria cervi infection in deer. It 
was found that 1a was effective with 
better efficacy than the other two 
drugs. 

Croft, S. L., 
et al, 1992 

Discloses the use a few hydroxy 
naphthoquinones against Leishmania 
donovani. From the results, 1a was a 
front runner along with other four 
quinone derivatives with better 
efficacy. 

[20] 

Zaugg, J. L., 
et al, 1992 

Reports a study related to efficacy 
estimation of 1a by using it for the 
horses infected from Babesia equi. 
From the outcome, it was observed 
that 1a alone could not eliminate the 
carrier infection issue. 

[21] 

Dolan, T. T., 
et al, 1992 

Reports a field clinical trial of 1a 
executed in Kenya against the fatal 
East Coast Fever in the cattle bunch. 

[22] 

Ngumi, P. 
N., et al, 
1992 

Reveals a work on the immunization 
study in cattle against Theileria parva 
infection. Different doses of 1a were 
used for the treatment, dosage 
optimization was done for the 
clinical execution. 

[23] 

Ahmed, J. 
S., et al, 1992 

Reports a work on the impact and 
efficiency of 1a on the expression of 
interleukin 2 receptors in Theileria 
annulata infected cells. 

[24] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

Singh, D. 
K., et al, 
1993 

Discloses the efficacy comparison 
study of four different drugs like 
Parvaquone, 1a, Oxytetracycline and 
Halofuginone lactate. These drugs 
were tested over the infection of 
Theileria annulata in cross-bred calves. 
Among them, 1a was proved to be 
very efficient in treating infected 
calves. 

[25] 

Singh, J., et 
al, 1993 

Reports a comparative study 
executed in Punjab to treat Theileria 
annulata infection in calves. Both 
Oxytetracycline and 1a were used to 
treat the selected infected animals, 
proving 1a to be more clinically 
efficient. 

[26] 

Mishra, A. 
K., et al, 
1993 

Reports a study on some selected 
animal groups suffering from natural 
bovine tropical theileriosis. All the 
animals had shown fast recovery 
from the infection post treatment 
with 1a, with no mortality. 
Furthermore, past depressed milk 
yield of cows was raised noticeably. 

[27] 

Mbogo, S. 
K., et al, 
1996 

Reveals a case study imposed on a 
few Friesian cattle which are infected 
from a mild Theileria parva parasite. 
Their immunization features were 
tabulated by the use of 1a to treat the 
parasite proliferation. 

[28] 

Vexenat, J. 
A., et al, 
1998 

Discloses a study executed over dogs 
to treat canine visceral leishmaniosis 
by 1a. Satisfactory results were not 

[29] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

obtained, since the disease 
progression was not halted in dogs. 

Wilkie, G. 
M., et al, 
1998 

Reveals the clinical trials and the 
efficacy of 1a towards the infection 
caused in calves by Theileria annulata 
and Theileria parva. From the results 
obtained between 7–14-day duration, 
it was found beneficial to use 1a to 
treat the infected ones. 

[30] 

Wilkie, G. 
M., et al, 
1998 

Reports the in-vitro method for 
testing the therapeutic activity of 1a 
in serum on the infection, 
development and proliferation of 
Theileria in its bovine host 
mononuclear cells. Drug effect was 
found at its peak during the first 24 h 
and it remained till 14 days, thus 1a 
contributes to eliminate the severe 
infection. 

[31] 

Muraguri, 
G. R., et al, 
1999 

Reports a comparative study 
regarding the therapeutic efficacy of 
Parvaquone and 1a, both have given 
a similar impact to cure the East 
Coast fever in cattle. 

[32] 

el-
Metenawy, 
T. M., 1999 

Reports a work on pigeons, which are 
infected by Haemoproteus columbae. It 
was treated with 1a, and other drugs 
like Berenil and Triquine separately. 
From the outcome, 1a and Berenil 
drugs were found effective to treat 
the infection. 

[33] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

Naziroğlu, 
M., et al, 
1999 

Discloses a post treatment study of 1a 
in cattle with theileriosis. The level of 
lipid peroxidation in plasma and 
erythrocytes were observed to be 
higher post treatment. Meanwhile, 
plasma levels of vitamin E and β-
carotene were lower. 

[34] 

Müller, J., et 
al, 2000 

Reveals the therapeutic efficiency of 
1a against congenital toxoplasmosis 
in mouse model. 

[35] 

Penzhorn, 
B. L., et al, 
2000 

Reports a work conducted over cats, 
which are infected by Babesia felis. 
Around five drugs were used for the 
treatment, in that 1a was found to 
have no significant anti-babesial 
effect. 

[36] 

Kumar, S., 
et al, 2003 

Reveals that the combination of 
drugs (Arteether & 1a) was found 
more effective than Imidocarb for 
treating Babesia equi infection in 
donkeys. 

[37] 

Gwamaka, 
M., et al, 
2004 

Reports the effect of drugs like, 
Dexamethasone and Promethazine 
in combination with 1a to treat East 
Coast fever. 

[38] 

Mbwambo, 
H. A., et al, 
2006 

Discloses a field work done in 
Tanzania to treat East Coast Fever by 
1a. It was found efficacious and a 
valuable alternative to treat the 
infection caused by Theileria parva, 
than Parvaquone, Fruvexon etc. 

[39] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

Osman, S. 
A., et al, 
2007 

Reports a case study done in Egypt 
over infected water buffaloes. Early-
stage treatment by 1a had improved 
the health condition of the animal. 

[40] 

Mhadhbi, 
M., et al, 
2010 

Reveals a case study from Tunisia 
about the resistance shown by 
Theileria annulata to 1a in cows. 

[41] 

Mchardy, 
N., et al, 
2012 

Reports a work to control mites 
through honeybees induced with 1a 
alongside sugar solution. Honey bee 
larvae was unaffected by 1a, but 
Varroa mites got paralyzed, detach 
and die upon contact with drug 
ridden bees. 

[42] 

Müller, J., et 
al, 2015 

Discloses the therapeutic efficiency 
of 1a against Neospora caninum in 
infected mice. In a four-day 
treatment period, 1a had successfully 
inhibited the tachyzoite replication to 
reduce the infection. 

[43] 

Müller, J., et 
al, 2016 

Reveals a work on repurposing of 
anti-parasitic drugs. The vertical 
transmission in the pregnant 
neosporosis mouse was effectively 
inhibited by the induced 1a. 

[44] 

Checa, R., et 
al, 2017 

Discloses a comparative study done 
on sick dogs infected with Babesia 
microti. Drug efficacy studies were 
done by the use of Imidocarb 
dipropionate, Atovaquone (a 
popular anti-malarial drug) or (1a & 
azithromycin) to treat the infection. 

[45] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

Rufener, R., 
et al, 2018 

Reports the use of 1a against 
Echinococcus multilocularis under 
drug repurposing work. The tape-
worm induced disease, alveolar 
echinococcosis was not effectively 
inhibited by 1a. 

[46] 

Müller, J., et 
al, 2019 

Reveals the use of 1a for the 
treatment of Besnoitia besnoiti and a 
few other pharmacological aspects 
were also estimated with regard to 
inhibition of parasite growth. 

[47] 

Goud, K. S., 
et al, 2020 

Reports the effective use of 1a to treat 
Theileria orientalis infection in young 
calves. Use of 1a along with 
haematinics for the treatment was 
found to be effective in calves. 

[48] 

Borba-
Santos, L. 
P., et al, 
2021 

Discloses the antifungal activity of 1a 
against Sporothrix brasiliensis. 
Experimental evidences confirmed 
that, the use of 1a will be a useful 
alternative treatment for feline 
sporotrichosis. 

[49] 

Ferreira, V. 
F., et al, 2021 

Reports a review work comprising 
the medicinal aspects of 1a along 
with six other quinone-framework 
based drugs. 

[50] 

Nixon, G. 
L., et al, 
2013 

Reports a detailed study on the 
therapeutic action of Atovaquone. 
Mechanism of infection retardation 
by 1a is very much similar to that of 
Atovaquone. It is a renowned 
inhibitor of ubiquinol, inhibition 
of bc1 activity results in the loss of 

[51] 
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Work 
disclosed 
by 

Highlights of the disclosed research 
work 

Reference/s 

mitochondrial functions. Meanwhile, 
it affects the concentrations of 
metabolites in the pyrimidine 
biosynthetic pathway. 

From the prior arts it is quite evident that, 1a is therapeutically active 
as a prominent prophylactic drug. 

Approaches for the synthesis of 1a 

Hudson, A. T., et al, 1983 and 1984, disclosed the synthesis of some 
cyclohexyl naphthoquinones (Scheme-1). Compound 1-(trans-4-tert-
butylcyclohexyl)acetic acid 2a was reacted with 2-chloro-1,4-
naphthoquinone 3 under the mediation of silver nitrate and 
ammonium persulfate in  acetonitrile and water at 70-75 0C for 4-5 h 
to isolate 2-(trans-4-tert-butylcyclohexylmethyl)-3-chloro-1,4-
naphthoquinone 4a. Its hydrolysis by potassium hydroxide in 
aqueous dimethoxyethane under reflux 1-2 h, followed by 
acidification and filtration gave 1a. A similar pathway was followed 
to react 2 and 3 to get 4 (yield: 32.18%), its hydrolysis and 
acidification gave the crude racemic mixture 1. It was treated with 
1,4-dioxane and sodium carbonate solution at 70-75 0C and gradually 
added 30% hydrogen peroxide. To it, added water, acidified and 
then washed with water saturated by sulphur dioxide. Reaction 
mass was stirred at 0 0C for 2 h, followed by the addition of 25% 
sodium hydroxide solution and copper sulfate pentahydrate 
solution at ambient temperature to get the precipitate. It was filtered, 
acidified and recrystallized from petroleum ether to get 1a. 
Furthermore, the process also reports the isolation of 1b by the 
reaction of 2b with 3. It also provides a concentrated sulfuric acid 
mediated and temperature (50 to 70 0C) driven epimerization 
pathway for the conversion of 1 to 1a [1, 52].  
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Scheme-1: Synthesis of 1a from 2 and 3. 

Wang, Y., et al, 2008 and Lv, Y., 2016, revealed the reaction (Scheme-

2) of 4-tert-(butylcyclohexyl)acetic acid 2 and 2-ethoxy-1,4-
naphthoquinone 5 propelled by the mediation of silver nitrate and 
ammonium persulfate in acetonitrile and water under reflux for 5-6 
h. Post reaction completion, mass was cooled, filtered, extracted to 
chloroform, followed by water wash and solvent evaporation gave 
2-(4-tert-butylcyclohexylmethyl)-3-ethoxy-1,4-naphthoquinone 6. Its 
hydrolysis by potassium hydroxide in methanol and water for 1-2 h 
under reflux, followed by acidification to pH: 3-4, toluene extraction, 
water wash and solvent evaporation gave the crude racemic mixture 
1. It was recrystallized from ethyl acetate to get 1a (yield: 19.8-
20.63%), [53, 54]. 
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Scheme-2: Synthesis 1a from 2 and 5. 

Arulmoli, T., et al, 2012, disclosed a few reactions (Scheme-3a) of 2 
and 3, mediated by silver nitrate and ammonium persulfate in 
acetonitrile and water at 75-80 0C for 2-3 h to get 4. Its hydrolysis by 
potassium hydroxide solution in methanol at 60-65 0C for 4-5 hrs, 
followed by acidification to pH: 1-2, to get the crude racemic mixture 
1. It was taken in methylisobutylketone and heated to 80-85 0C, 
followed by water addition, layer separation, gradual cooling and 
filtration gave the crude solid. It was again taken in 
methylisobutylketone and heated to 95-100 0C, cooled gradually and 
filtered to get 1a (yield: 33.4%). Furthermore, the reaction (Scheme-

3b) between triethyl phosphono acetate 7 and 4-tert-
(butylcyclohexane) 8 under the mediation of sodium methoxide in 
toluene at 40-45 0C for 2-3 h, followed by water quenching, extraction, 
water wash and solvent evaporation gave the syrupy liquid of ethyl 
2-(4-tert-butylcyclohexylidene) acetate 9 (yield: 87.5%). It was taken 
in methanol and potassium hydroxide solution was added gradually. 
Then the reaction mixture was heated to 60-65 0C for 5-6 h, followed 
by distillation, water addition, acidification to pH: 1-2 and filtration 
gave 2 (yield: 88.92%) [55].  

O

OH

O

O

Cl

+

O

O

Cl

O

O

OH
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Scheme-3a: Synthesis of 1a from 2 and 3. 
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Scheme-3b: Synthesis of 2 from 7 and 8. 

Balaya, L., et al, 2014, disclosed the condensation (Scheme-4a) of 4-
tert-butyl-1-cyclohexaneacetaldehyde 10 and 1,4-isochromandione 
11 using ammonium acetate and acetic acid at 55-60 0C for 10-12 h. 
Post reaction completion, water was added and filtered to get 3-[(4-
tert-butylcyclohexyl)methylene]-lH-isochromene-l,4(3H)-dione 12. 
It was treated with sodium methoxide in methanol at 30-35 0C for 22-
24 h, followed by water addition and filtration gave the crude 
racemic mixture 1. It was recrystallized from methylisobutylketone 
to isolate 1a (yield: 24.85%). Similarly, the reaction (Scheme-4b) of 
10 and 2,3-dihydroisoquinoline-1,4-dione 13 in the presence of 
ammonium acetate and acetic acid at 45-55 0C for 10-12 h, followed 
by water addition and filtration gave 3-[(4-tert-butylcyclohexyl) 
methylene]-lH-isoquinoline-l,4-dione 14. Impact of sodium 
methoxide in methanol on 14 for 20-24 h at 30-35 0C, followed by 
water addition and filtration gave 2-(4-tert-butylcyclohexylmethyl)-
3-amino-1,4-naphthoquinone 15. It was treated with sodium nitrite 
in hydrochloric acid at 0-5 0C, followed by water addition to get the 
precipitation and filtration gave the crude racemic mixture 1. It was 
recrystallized from methylisobutylketone to get 1a (yield: 10%). 
Furthermore, the process also provides a three step process 
(Scheme-4c) for the synthesis of 10 from 7 and 8 [56].   
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Scheme-4a: Synthesis of 1a from 10 and 11. 
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Scheme-4b: Synthesis of 1a from 10 and 13. 
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Scheme-4c: Synthesis of 10 from 7 and 8. 

Ma, H., et al, 2013 and 2014, disclosed the reaction of 10 and 11 for 
the synthesis of 12. Various experiments were conducted (Scheme-

4a) by the use of reagents like, isobutylamine (yield: 64.8%) and 
morpholine (yield: 63.5%) to isolate 12. Crystallization of 12 was 
carried out using a few solvents like, ether, isopropylether and 
methyl-tert-butylether. Conversion of 12 to 1 was done by the 
reagents like, sodium methoxide (yield: 95.8%), sodium ethoxide 
(yield: 96%) and potassium-tert-butoxide (yield: 93.5%). Crude 
racemic mixture 1 was recrystallized from alcohol and water in a few 
different ratios to get 1a [57, 58].  
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Shen, N., et al, 2015, revealed the reaction (Scheme-5) of 2 with 
thionyl chloride in dichloromethane at low temperature, followed 
by the introduction of 2-mercaptopyridine oxide sodium salt 17 
along with triethylamine in dichloromethane to get tert-
butylcyclohexyl acetic acid 2-thioxo-pyridin-1-yl ester 18 (yield: 90-
94%). It was treated with 1,4-naphthoquinone 19 in toluene to get 2-
[(4-tert-butylcyclohexyl)methyl]-3-(2-pyridinylsulfanyl)-1,4-
naphthaquinone 20 (yield: 30-50%). It was hydrolyzed in the 
presence of tri-potassiumphosphatetrihydrate in aqueous methanol, 
followed by acidification to pH: 4-5 and filtration gave the crude 
racemic mixture 1 with 87.5-93.4% of purity by HPLC (yield: 65-85%). 
It was decolorized, clarity filtered and recrystallized from isopropyl 
alcohol to isolate 1a, with 99.86% of purity by HPLC (yield: 75-80%) 
[59]. 
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Scheme-5: Synthesis of 1a from 2, 17 and 19. 

Cui, Q., et al, 2020, disclosed a few reactions (Scheme-6) of phthalic 
acid diesters 21 and 2-(4-tert-butyl cyclohexylmethyl)succinate 
diesters 22 in tetrahydrofuran under the influence of sodium 
methoxide at 40-45 0C for 4-6 h, followed by water addition, heating, 
acidification to pH: 1-2, extraction to dichloromethane, bicarbonate 
wash, water wash and solvent evaporation gave 2-{(4-tert-
butylcyclohexyl)methyl}-2,3- dihydro-1,4-naphthoquinone 23 (yield: 
88.5%). Similar reaction was carried out in the presence of potassium 
tert-butoxide in toluene, to get 23 (yield: 90.7%). Halogenation of 23 
by (Bromine/HBr/HCl) in dichloroethane at 30-35 0C for 3 h and the 
alkali influenced elimination at 50-55 0C for 2 h gave 2-{(4-tert-
butylcyclohexyl)methyl}-3-halo-1,4-naphthoquinone 24, which was 
not isolated. An in-situe hydrolysis of it at 75-80 0C for 2 h, followed 
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by acidification, extraction to dichloroethane and solvent 
evaporation gave the crude racemic mixture 1. It was decolourized, 
clarity filtered and recrystallized from isopropyl alcohol to isolate 1a 

(yield: 80-93%), with 97.2-99.7% of liquid phase purity. Furthermore, 
the process also provides a pathway to prepare 22. The reaction of 4-
tert-butylcyclohexyl formaldehyde 25 and succinic acid diesters 26 
in piperidine and acetic acid at 90-120 0C for 5-9 h, followed by 
quenching to water, extraction to toluene, solvent evaporation and 
high vacuum distillation gave 4-(4-tert-butylcyclohexyl)-3-
methoxycarbonyl-3-butenoate 27. Its reduction in autoclave using 
Pd/C in methanol at 40-60 0C for 3-4 h with a hydrogen pressure of 
5-7 Kg, followed by filtration, solvent evaporation and high vacuum 
distillation gave 22 with a reasonably good yield [60].  
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Scheme-6: Synthesis of 1a from 21 and 22.  

Saralaya, S, S., et al, 2012 & 2022, revealed the synthesis of three 
derivatives of hydroxy naphthoquinone, such as 2-trans-(4-tert-
butylcyclohexyl)-3-hydroxy-1,4- naphthoquinone 28a (has a close 
structural resemblance to 1a), 2-trans-4-(4-chlorophenyl)cyclohexyl)-
3-hydroxy-1,4-naphthoquinone 29a and 2-cyclohexyl-3-hydroxy-
1,4-naphthoguinone 30 respectively, with the use of readily available 
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and commercially viable raw material 2,3-dichloro-1,4-
naphthoquinone 31. The reaction optimization studies were 
performed to isolate 29a in good yield and purity with a 
reproducible solvent combination for recrystallization.  Furthermore, 
the recovery of silver salt and some major solvents like acetonitrile 
and dichloromethane were achieved. Meanwhile, the reuse studies 
of recovered reagents and solvents were also performed. These 
initiatives had collectively contributed to lower process costs and 
had favoured the commercialization of 29a. 

O

O

OH
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O

O

OH

Cl

O

O

OH
29a 30

 

Condensation (Scheme-7) of 31 with 1-trans-(4-tert-butyl-
cyclohexyl)-carboxylic acid 32a was done under the catalytic 
influence of silver nitrate in association with the oxidizer ammonium 
persulfate in acetonitrile and water. Reaction mixture was refluxed 
for 3-5 h, followed by filtration, extraction to dichloromethane, water 
wash and solvent evaporation gave 2-(trans-4-tert-butylcyclohexyl)-
3-chloro-1,4-naphthoquinone 33a (yield: 21.35%). Alkali driven 
hydrolysis of 33a in methanol and water, followed by acidification, 
filtration and recrystallization from acetonitrile gave 28a (yield: 
63.5%). Similar strategy could be drafted for the synthesis of 1a and 
the cost reduction can be achieved by lowering the solvent volume, 
recovery and reuse of silver salt, acetonitrile, dichloromethane, etc 
to commercialize 1a [61, 62, 63]. 

O

O

OH

28a

O

O

Cl

Cl
+

O OH

O

O

Cl
31 32a 33a  

Scheme-7: Synthesis of 28a from 31 and 32a. 
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Conclusions 
Present review work covers the till date prior arts for the therapeutic 
applications and the approaches adopted for the synthesis of 1a. It 
had a wide range of therapeutic utility, it was clearly evident from 
the numerous field trial outcomes and also from the drug 
repurposing initiatives. Synthesis of 1a was achieved by using 
different raw materials with low to moderate yields. Many synthetic 
methods were explored to harmonize the molar efficiencies and also 
to improve the yield and purity. Widespread applications of 1a, 
necessitate the development of a commercially viable approach for 
its synthesis. This has attracted many synthetic chemists to venture 
the possibility to develop new routes of synthesis for the large scale 
manufacturing of 1a. The drug under focus surprisingly had 
received less synthetic interest compared to Atovaquone and 
Parvaquone. Hence, this review work can effectively contribute to 
the therapeutic widening of 1a under drug combinational and 
repurposing initiatives. 
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