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A series of cinnamide derivatives was designed as potential antimycobacterial agents using molecular
hybridization approach. The diamine moiety, a key feature of ethambutol and its other analogs, and cer-
tain structural features of cerulenin and cinnamic acid were hybridized to obtain cinnamide derivatives.
The minimum inhibitory concentration (MIC) of all synthesized compounds was determined against M.
tuberculosis H37Rv using Resazurin Microtitre plate Assay (REMA) method. The synthesized molecules
showed good to moderate activity with MIC in the range of 5–150 lM and good safety profile. Addition-
ally, the most potent compound 1a, having MIC 5.1 lM exhibited synergy with rifampicin.

� 2011 Elsevier Ltd. All rights reserved.
Figure 1. Diamine based antimycobacterials.

Figure 2. Traditionally known antimycobacterials having synergistic action.
Tuberculosis (TB) is an airborne, contagious disease caused by
Mycobacterium tuberculosis (Mtb) in humans. WHO reported nearly
8–9 million new cases of TB in 2009 including three million deaths
which represent the largest number of incidence of human deaths
attributable to a single etiological agent.1 In particular, the current
concern is the massive problem resulting from extensively drug-
resistant tuberculosis, XDR-TB.2

Ethambutol, a clinically used first line drug for tuberculosis, has
1,2-ethylenediamine as a core structural feature. This scaffold
has been explored extensively, and one of the candidates with this
scaffold, SQ109, has advanced into clinical trials.3 Studies have
shown that replacing the basic scaffold of 1,2-ethylenediamine
by other similar diamine like piperazine or homopiperazine
(e.g., SQ786 and SQ775), still retains useful activity (Fig. 1).

On the other hand, cerulenin and trans-cinnamic acid (Fig. 2)
are traditionally known to have antimycobacterial activity and also
proven to have synergistic action when tested along with known
clinically used drugs.4 Additionally, cinnamyl derivative of rifampi-
cin showed improved intracellular and in vivo activities than by
rifampicin per se.5

In our continuous program in the search for new, potent
antimycobacterial agents,6 we have designed a new class of
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cinnamide derivatives. The design strategy incorporated the
diamine feature of ethambutol and its analogs along with the
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Figure 3. Design concept for cinnamide derivatives.

Figure 4. Different diamine linkers used for synthesis.

Table 1
Cinnamide derivatives with their antimycobacterial activity and toxicity

Compound MICa (lM) CC50
b (lM) SI

1a 5.1 618 121
1b 9.0 855 95
1c 17.3 708 41
1d 16.7 480 29

SI—selective index.
a Compounds were tested against Mtb H37Rv strains using REMA method.
b Cytotoxicity studies were done on VERO cell line C1008 using MTT assay.

Figure 5. General structure of cinnamide derivatives.

Table 2
Cinnamide derivatives with their antimycobacterial activity and toxicity

Compound R MICa (lM) CC50
b (lM) SI

1a Phenyl 5.1 618 121
1e 4-CH3 phenyl 143.7 565 4
1f 4-OCH3 phenyl 131.6 680 5
1g 4-Cl phenyl 128.9 788 6
1h 3,4-diCl phenyl 54.8 653 12
1i 2-Cl phenyl 64.4 725 11
1j 3-NO2 phenyl 68.5 615 9
1k 2-OCH3 phenyl 65.8 695 11
1l 2,6-diCl phenyl 54.8 653 12
1m Furan 10.8 683 63
1n Thiophene 9.41 692 74
EMB — 15.3 1470 96

SI—selective index.
EMB—Ethambutol.

a Compounds were tested against Mtb H37Rv strains using REMA method.
b Cytotoxicity studies were done on VERO cell line C1008 using MTT assay.
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aromatic a,b-unsaturated carbonyl moiety, to obtain cinnamide
compounds (Fig. 3). Earlier reports have used similar strategies
where cinnamic acid has been coupled to isoniazid in the search
of potential antimycobacterial agents.7 Also according to recent
reports, the designed cinnamide derivatives may act on the biosyn-
thesis of mycolic acids and more specifically on FAS-II, which uses
a,b-enoyl systems as substrates.8 Moreover, these molecules could
also have synergy with rifampicin, similar to that exhibited by
cerulenin and trans-cinnamic acid.

Initially, molecules with different diamine linkers were synthe-
sized, that is, 1,2-ethylenediamine, piperazine, and homopiper-
azine (Fig. 4). In addition, 2-(piperazin-1-yl) ethanamine as a
novel diamine scaffold was envisaged. The target compounds, that
is, cinnamide derivatives 1a–1d were synthesized according to
Scheme 1 using the reaction between trans-cinnamic acid and dia-
mine via a mixed anhydride intermediate, formed using methyl
chloroformate in presence of triethylamine.9 Some of the synthe-
sized derivatives are already reported as glycogen phosphorylase
inhibitors10 and hence their spectral data was matched and found
to be in accordance with reported data.

The antimycobacterial activity of all the synthesized com-
pounds was tested against M. tuberculosis H37Rv to determine the
minimum inhibitor concentration (MIC) using REMA (Resazurin
Microtitre Assay) method.11 Ethambutol was used as the reference
drug. The biological results (Table 1) show that the compound hav-
ing a 1,2-ethylenediamine 1a linkage was the most active amongst
Scheme 1. Synthetic scheme f
the synthesized molecules, that is, 1a–1d in this series. Further, to
optimize the potency of the compound derived from 1,2-ethylene-
diamine 1a, the conventional Topliss method was applied.12
or cinnamide derivatives.
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The biological results of all synthesized molecules are as shown
in (Fig. 5, Table 2). The MIC values of the compounds having sub-
stitution at para-position on the aromatic ring 1e–1h, showed de-
crease in antimycobacterial activity relative to the unsubstituted
compound 1a. Next, the molecules with substitution at ortho- or
meta-position of aromatic ring 1i–1l were synthesized. However
these molecules also did not exhibit increased potency. Further,
heteroaromatic ring system was incorporated as in 1m and 1n in-
stead of phenyl ring. Both these derivatives showed better activity
than substituted aromatic compounds; however they exhibit less
potency than unsubstituted compound 1a.

All the synthesized compounds were tested for cytotoxicity
against mammalian VERO cell line (C1008) using MTT assay.13

All the compounds had low cytotoxicity in this assay, and the po-
tent compounds had a good selective index.

The most potent cinnamide derivative 1a, was further tested for
its synergistic activity with rifampicin.14 The MIC of rifampicin and
1a was found to be 0.125 and 1.625 lg/mL, respectively. In combi-
nation, MIC of rifampicin was reduced to 0.0078 lg/mL and of
compound 1a to 0.406 lg/mL, resulting in 16-fold and 4-fold
reduction in MIC of rifampicin and 1a, respectively, which repre-
sents synergism.

In summary, a small library of cinnamide derivatives has been
synthesized using molecular hybridization approach. Among the
synthesized molecules, compound 1a shows promising results as
an antimycobacterial agent. Thus this strategy could prove useful
in design of antimycobacterial agents with inherent activity as well
as synergy with rifampicin.
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