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Abstract—An efficient, high yield and one-pot synthesis of phenyl cyclopropyl methanones by reaction of different aryl alcohols with
4'-fluoro-4-chloro-butyrophenone in THF/DMF in the presence of NaH/TBAB is reported. Most of the methanones were further
reduced to respective alcohols or methylenes. All the compounds were evaluated for their anti-tubercular activities against M. tuber-
culosis H37Rv in vitro displaying MICs ranging from 25 to 3.125 pg/mL. The most active compounds showed activity against MDR
strains and two of them (14 and 16) showed marginal enhancement of MST in mice.

© 2005 Elsevier Ltd. All rights reserved.

An increase in the global burden of tuberculosis with the
worldwide mortality rate of 23% is a major cause of con-
cern in the socioeconomic and health sectors.!-> The syn-
ergy of this disease with HIV infection and the emergence
of MDR tuberculosis (TB) poses a threatening global
challenge particularly in the developing countries.’
Although a number of lead molecules exist today to devel-
op new drugs, no new chemical entity has emerged for
clinical use over the last 40 years for the treatment of this
disease.*> Therefore, there is an urgent need to develop
new drugs, acting through a novel mechanism of action
for the chemotherapy of TB. The incredible thickness of
mycobacterial cell wall, absent in human cells, is respon-
sible for longer period of treatment and the emergence
of resistance against the known first line anti-TB
drugs.®® Therefore, it is a selective target and many cru-
cial enzymes involved in the biosynthesis of cell wall mac-
romolecules and their inhibitors are being looked at as
future hope to develop new drugs against this disease.
One such enzyme system is FAS-II required in the initial
steps of mycolic acid biosynthesis.” Many inhibitors of
FAS-II system are known and among them phenethyl
alcohol'? and triclosan'® are important for lead optimiza-
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tion (Fig. 1). Recently, anti-mycobacterial activities
have been reported in simple acetophenones,!'? benzylid-
eneacetophenones!'® and  p-nitro-a-acetylamino-f-
hydroxypropiophenones.!'>!!'d We have also identified
a glycosylated phenyl cyclopropyl methanone (Fig. 2)
as a very good anti-tubercular agent active even
against MDR strains of M. tuberculosis and in vivo
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Figure 1. FAS-II inhibitors.
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Figure 2. Glycosyl phenylcyclopropylmethanone.
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too.!2 Cyclopropyl ring is a common structural element of
the mycobacterial cell wall'® and its chemotherapeutic!*
importance is also well known. Further, aryl cyclopropyl
ketones play a prominent role as intermediates in the syn-
thesis of many other biologically active compounds.'?
Keeping in view the above, we were prompted to synthe-
size aryl cyclopropyl methanones and evaluate them for
anti-mycobacterial activity.

A number of methods for the synthesis of cyclopropyl
ring formation exist in the literature'® and very recently,
we have reported a rapid one-pot procedure for the syn-
thesis of combinatorial library of phenyl cyclopropyl
methanones on solid phase.!” Requirements for larger
quantity of material for biological evaluation led us to
explore a new conventional approach for their synthesis.

Phenyl cyclopropylmethanones 1-12 were prepared by
reaction of 4-chloro-4’-fluoro butyrophenone with
furylmethyl-, phenylmethyl-, 4-methoxy phenylmethyl-,
3,4-dimethoxy phenylmethyl-, 2-chloro phenylmethyl-,
4- fluoro phenylmethyl-, 3-pyridylmethyl-, 4-pyridylm-
ethyl-, 4-chlorophenylmethyl-, 3,4-dichloro phenylmeth-
yl-, cyclohexyl and cyclopentyl alcohols in THF/DMF
(1:1) in the presence of NaH and tetrabutylammonium
bromide (TBAB) as phase transfer catalysts at 0-
100 °C in very good yields (Scheme 1). The structures
of all the compounds were determined on the basis of
their spectroscopic data and microanalysis.'®

The keto group in most of the active methanones has
been partially or completely reduced to alcohol and
methylene groups with sodium borohydride and Wolf—
Kishner reduction, respectively, to see its effect on
anti-tubercular activity profile. Thus, reduction of phen-
yl cyclopropyl ketones 1-8 and 11 with NaBH, in etha-
nol gave compounds 13-21, respectively, in good
yields.!"” However, reduction of compounds 1-6 and 8
with hydrazine hydrochloride followed by heating in
the presence of KOH led to the respective phenyl cyclo-
propyl methanes 22-28 in moderate yields.?"

In one of the most active compounds, 16, the hydroxyl
group was further derivatized as O-(epoxy-n-propyl)
derivative 29 by its reaction with epichlorohydrin in
THF in the presence of catalytic amount of tetrabutyl
ammonium bromide following our earlier reported
method?! (Scheme 2).

All the compounds synthesized were evaluated for their
anti-tubercular activity against M. tuberculosis H37Ra
by MABA method?? while Agar Microdilution meth-
0od?® was used against M. tuberculosis H37Rv. Com-
pound 16 was also screened against MDR strains,

O

while the most active compounds 14 and 16 were also
evaluated in mice model.?*

As evident from Table 1, except compounds 9, 10, 12,
15, 17-19 and 28 all other compounds displayed activity
with MIC ranging from 25 to 3.25 pg/mL against the
virulent strain M. tuberculosis H37Rv. However, none
of the compounds except compound 16 was active
against avirulent strain H37Ra indicating that these
compounds are specific for virulent strain. Further,
compound 16, having fluoro substituent, completely
inhibited the growth of clinical isolates of MDR strains
of M. tuberculosis H37Rv at 6.25 pg/mL while the stan-
dard first line anti-TB drugs were ineffective at their crit-
ical concentrations for MDR strains (Table 2).

A closer look into the structure—activity relationship in

these compounds shows that cyclopropyl phenyl metha-
nones 6, 9, 10 and 12 are inactive as their MICs are

Table 1. In vitro antimycobacterial activities of compounds 1-29

Comp- X MABA MIC  Agar microdilution
ound (ng/ml) MIC (pg/ml)
against against
M. tuberculosis M. tuberculosis
H37Ra H37Rv
1 Phenyl 25 6.25
2 4-Methoxy phenyl >50 12.5
3 3,4-Methoxy phenyl 25 12.5
4 4-Fluoro phenyl >25 12.5
5 Furfuyl 25 25
6 3-Pyridyl >25 25
7 4- Pyridyl >25 12.5
8 2-Chloro phenyl >25 12.5
9 4-Chloro phenyl >25 25
10 3.4-Dichloro phenyl >25 25
11 Cyclopentyl >25 25
12 Cyclohexyl >25 >25
13 Phenyl >50 25
14 4-Methoxy phenyl >50 3.12
15 3,4-Methoxy phenyl 3.12 >50
16 4-Fluoro phenyl 25 6.25
17 Furyl >25 >25
18 3-Pyridyl >25 >25
19 4- Pyridyl >25 >25
20 2-Chloro phenyl >25 -
21 Cyclopentyl 25 3.12
22 Phenyl >50 12.5
23 4-Methoxy phenyl >25 25
24 3,4-Methoxy phenyl 12.5 25
25 4-Fluoro phenyl nd 12.5
26 Furfuryl 25 25
27 3-Pyridyl >25 25
28 2-Chloro phenyl >25 >50
29 4-Fluoro phenyl nd 3.12
0]

XCH,0H + F—Q/\/\/CI

Scheme 1.
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Figure 3. (A) Chemotherapeutic efficacy of compound 14 against M.
tuberculosis H37Rv in mice. (B) Chemotherapeutic efficacy of Com-
pound 16 against M. tuberculosis H37Rv in mice.
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>25 png/mL. However, compounds 1-4, 7-8 have MICs
in the range of 12.5-6.25 pg/mL. It is interesting to note
that the partially reduced alcohols 14 (3.12 pg/mL), 16
(6.25 pg/mL) and 21 (3.12 pg/mL) of the corresponding
phenyl cyclopropyl methanones 2 (12.5 pg/mL), 4
(12.5 pg/mL) and 11 (25 pg/mL) did offer better protec-
tion. Among the completely reduced cyclopropyl phenyl
methanes, none of the compounds offer better inhibition
than the parent ketones as the MICs were either retained
or enhanced. Further, replacement of aryloxy moiety in
these compounds with heteroaryloxy group did not im-
prove the anti-tubercular efficacy. Replacement of aryl-
oxy group with cyclopentyloxy moiety in the alcohols
did offer a better result. However, in general, replacing
the aryloxy group with cycloalkyloxy group gave com-
pounds with comparable activities. Two of the cyclopro-
pyl phenyl methanols, compounds 14 and 16 with 4-
methoxybenzyloxy and 4-fluorobenzyloxy substituents
offer very good protection (MICs 3.125 and 6.25 pg/
mL, respectively). Since it is known that fluoro group
plays a very important role in the biological activity pro-
file of many biologically active molecules in vivo, there-
fore, compound 16 was further functionalized to the
respective O-(n-epoxypropyl) derivative 29, which has
MIC of 3.12 pg/mL.

Cytotoxicity of the two compounds 14 and 16 in VERO
cell line at different concentrations beginning from
10 x MIC of the compounds was assayed and is ex-
pressed as inhibitory concentration (ICsp). On the basis

OH
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Scheme 2.

Table 2. In vitro activity of compound 16 and standard drugs against MDR strains of M. tuberculosis H37Rv
Compd. or drug Growth of MDR strains after six weeks

BC-248(1) BC-283 (1) VA-101 (2) BC-426 (3) BC-437 (3)

Compound 16 (6.25 pg/ml) -- -- -- -- --
INH (1 pg/ml) ++ ++ ++ ++ ++
Rifampicin (64 pg/ml) ++ ++ ++ ++ ++
Ethambutol (6 pg/ml) ++ ++ ++ -- --
No drug control ++ ++ ++ ++ ++

--, no growth; +, 1-20 growth (resistance), ++, heavy growth; (1) Strains resistant to rifampicin, isoniazid and ethambutol. (2) Strains resistant to
rifampicin, isoniazid and ethambutol. (3) Strains resistant to rifampicin and isoniazid.
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of ICsq values, selectivity index (SI) of these compounds
was found to be 16 and 10, respectively, indicating that
these compounds are suitable for in vivo evaluation.

The efficacy of compounds 14 and 16 against challenge
of M. tuberculosis H37Rv was also seen at 100 mg/kg
in vivo in the mouse model. As evident from Figures
3A and B, there were 27% and 17% enhancements in
MST of the mice as compared to control by compounds
14 and 16, respectively.

In conclusion, we have developed a novel one-pot syn-
thesis of aryloxyphenyl cyclopropyl methanones and
their derivatives, which have shown very good activity
against M. tuberculosis. It will be interesting to prepare
an analogue of the active compound, which may be non-
toxic to eukaryotes but strongly anti-tubercular.
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