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Abstract—A series of 9-substituted tetrahydroacridines were synthesized by nucleophilic substitution of chloro group with different
nucleophiles in 9-chlorotetrahydroacridine (2). The latter could be obtained by POCl3 mediated cyclization of the intermediate
enamine, which in turn, was prepared by acid catalyzed condensation of anthranilic acid and cyclohexanone. Most of the com-
pounds on antitubercular evaluation against M. tuberculosis H37 Rv and H37 Ra strains exhibited potent activities with MIC
6.125–0.78 lg/mL comparable to the standard drugs.
� 2006 Elsevier Ltd. All rights reserved.
Tuberculosis (TB), caused by M. tuberculosis, is a major
public health and socioeconomical problem in most of
the developing countries.1–3 It kills more than two mil-
lion people every year worldwide in concurrence with
HIV related infections.4 About one-third of world’s
population is currently infected with this disease and
the number is increasing every year. The coincidence
of tuberculosis with the AIDS epidemic is an additional
problem.5 In cancer or other such disease where inten-
sive use of immunosuppressants is required, the TB
infection is aggravated and the death among such dis-
eases is attributed mainly to TB rather than other diseas-
es.6 INH, rifampicin, ethambutol, pyrazinamide, and
many other first and second line agents are known today
to treat tuberculosis. The increasing incidence of the
resistance to the currently available single and/or com-
bined treatment and the spread of epidemic infections
due to mycobacteria warrant the search of new active
compounds particularly prototype leads7,8 as novel ther-
apies based on different mechanism of action. Acridine
derivatives, atebrin and quinacrine (Fig. 1), have been
widely used in malaria chemotherapy during world
war-II in the absence of quinine9a and this skeleton is
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still being explored for better antimalarials.9b The anti-
bacterial activities are also known to be associated with
many acridine analogues and detail SAR in this class
has been discussed recently.10 It has been established
that amino acridines having electronic conjugation be-
tween the ring nitrogen and the amino group are most
active antibacterial agents.11 It has also been document-
ed that acridines reduce antimycobacterial resistance.
However, there are only few reports about the use of
acridines as antimycobacterial agent.12,13

Although phenoxazines, phenothiazines, and acridines
are well-known pharmacophore for antitubercular activ-
ity, yet there is no report on the antimycobacterial
profile of tetrahydroacridines. One of the proven
mechanisms for biological action of acridine is their
intercalation to nucleotide base pairs in the helix. Very
recently, few acridines have been shown to inhibit
DNA-coiling enzyme (topoisomerases) rather than
DNA itself where the damage is caused by stabilization
of the enzyme–DNA cleavage complex.14 It was thought
that if one of the condensed benzene ring is replaced
with condensed tetrahydrobenzene the DNA intercala-
tion may be affected. Although 9-amino-1,2,3,4-tetrahy-
droacridines (tacrine) are effective inhibitor of
acetylcholine esterase useful in neurological disorders,15

there is only one report where it has been mentioned
that this class may be active against Bacillus subtilis16
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Figure 1. Few acridine derivatives used as drugs.
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however, no activity is reported. Moreover, tetrahydro-
acridines have never been screened against M. tuberculosis.
In addition, there are numerous reports about their use
as fluorescent tags to mycobacterial DNA and to reduce
the development of resistance to antimycobacterial
agents.17,18 Keeping the above facts in view and in con-
tinuation of our efforts to develop new antitubercular
agents we were interested to synthesize 1,2,3,4-tetrahy-
droacridines having different substituents at C-9 and to
assess the effect of these compounds on antitubercular
profile (Schemes 1 and 2).

The intermediate 9-chloroacridine (2) was prepared by
slight modification of the earlier reported method.19

Thus, anthranilic acid and cyclohexanone were con-
densed in presence of dil HCl to give the intermediate
enamine derivative (1), which on cyclization in presence
of POCl3 afforded 9-chloroacridine (2) in good yield.

The intermediate 9-chloroacridine (2) was reacted with
different amines and phenols to give the respective
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Scheme 1. Synthesis of 2-chloroacridine.
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Scheme 2. Synthesis of 9-amino tetrahydroacridines.
desired products. Thus, reaction of 9-chloroacridine
with different amines viz. n-hexyl amine, n-octyl amine,
n-dodecyl amine, benzyl amine, (3-chlorophenyl)-ethyl
amine, furylmethyl amine, anisidine, and morpholine
in phenol20 at 120–130 �C furnished respective 1,2,3,4-
tetrahydro-9-aminoacridines (3–10) in very good yield.
However, reaction of tetrahydroacridine 2 with 1,5-,
1,7-, and 1,10-diamines led to the formation of respec-
tive N1,Nn-bis-(9-acridino)-diaminoalkanes (11–15) in
good yields. The structures of compounds were estab-
lished on the basis of spectroscopic data and analysis.21

The chloro group in chloroacridine intermediate 2 was
also replaced with substituted phenoxy group by its
reaction with different phenols viz. 4-chloro phenol,
2,4-dichloro phenol, 4-fluoro phenol, 3,4-dimethyl phe-
nol, and 2-methoxy-4-allyl phenol resulting in respective
9-O-phenyl-tetrahydroacridines (16–20) (Scheme 3) in
moderate to good yields. However, reaction of com-
pound 2 with thiophenol resulted in respective 9-
thiophenyl-tetrahydroacridine derivative (21).
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Scheme 3. Synthesis of 9-(phenoxy and thiophenyl)-derivatives.
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All the synthesized compounds were evaluated against
M. tuberculosis H37 Ra and M. tuberculosis H37 Rv
strains following earlier protocol.22,23 Out of all the 20
compounds screened for anti-TB activities against
M. tuberculosis H37 Ra and M. tuberculosis H37 Rv
strains, nine compounds 3–6, 10, 11, and 13–15 exhibit-
ed potent antitubercular activities with MIC varying
from 12.5 to 0.78 lg/mL. Other compounds of the series
were inactive as their MICs were above 12.5 lg/mL. A
closure look into structure–activity relationship of the
above compounds as evident from Table 1 reveals that
tetrahydroacridines having 9-amino substituents are
more active than those with thiophenyl or phenoxy sub-
stituents as their MIC values are >12.5 lg/mL. Further,
among the 9-aminoalkyl acridines, compound 4 with
eight-carbon chain length of N-alkyl substituent was
most active against the avirulent strain M. tuberculosis
H37 Ra with MIC of 1.56 lg/mL, while it has MIC of
3.125 lg/mL against the virulent strain M. tuberculosis
H37 Rv. At the same time compound 5 with a chain
Table 1. In vitro antitubercular activities of synthesized

tetrahydroacridines

Compound MIC M. tuberculosis

H37 Ra

MIC M. tuberculosis

H37 Rv

logP

3 6.25 6.25 5.29

4 1.56 3.12 6.12

5 6.25 0.78 7.79

6 >25 12.5 3.60

7 25 >12.5 4.94

8 25 >12.5 5.78

9 >25 >12.5 5.05

10 >25 12.5 2.69

11 25 12.5 6.28

12 >25 ND 6.74

13 25 12.5 7.15

14 6.25 12.5 7.99

15 3.12 12.5 9.24

16 >25 >12.5 5.81

17 >25 >12.5 6.37

18 >25 >12.5 5.41

19 >25 >12.5 6.23

20 25 >12.5 6.18

21 >25 >12.5 5.82

MIC is defined as the lowest concentration inhibiting >90% or 90% of

the inoculum relative to control against H37 Rv, MIC of the com-

pounds used as control, INH 0.65, rifampicine 0.75, and ethambutol

3.25 lg/mL against H37 Rv. ND, not done.
of 12 carbon as the aminoalkyl substituent was the most
potent compound of the series with MIC 0.78 lg/mL
against H37 Rv strain, while it has MIC of 6.25 lg/mL
against H37 Ra strain. These results indicate that com-
pound 4 is more specific to avirulent strain H37 Ra,
while compound 5 is more specific to the virulent strain
H37 Rv. Instead of 9-aminoalkyl group, substitution
with aromatic ring did not offer any significant inhibi-
tion to the bacterial growth. Among the bis-acridinyl
diamino alkanes (11–15) compound 15 with 10-carbon
chain spacer exhibited MIC of 3.125 lg/mL that too
against avirulent strain, other compounds have MIC
value either 12.5 or >12.5 lg/mL indicating that incor-
poration of one more acridine unit in such molecule is
not beneficial. It is also evident from the activity data
that replacement of aminoalkyl group at C-9 either with
phenoxy (16–20) or thiophenyl (21) group results in
complete loss of activity indicating that N atom at C-9
is essential for displaying antitubercular activity.

In conclusion we have synthesized 9-substituted tetrahy-
droacridines as new series of antitubercular compounds
with potent activity. The compound 5 having MIC as
low as 0.78 lg/mL proved to be an excellent lead for fur-
ther optimization and development.
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