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a b s t r a c t

A series of 21 new amino alcohol fused spirochromone conjugates have been synthesized, characterized
with analytical data and evaluated their antimycobacterial activity against Mycobacterium tuberculosis
(virulent strain H37Rv) in vitro. Some of the compounds exerted significant inhibition, in particular, com-
pound 4f found to be the most potent derivative exhibiting MIC = 3.13 lg/mL.

� 2013 Elsevier Ltd. All rights reserved.

Tuberculosis is an infectious pulmonary disease caused by the
pathogenic species Mycobacterium tuberculosis (Mtb) which is
responsible for almost 8.7 million new infections and 1.4 million
casualties in 2011 alone.1 Further, the emergence of multidrug
resistant (MDR) and extensively drug resistant (XDR) Mtb strains
coupled with HIV co-infection making the disease even more chal-
lenging. Although, several compounds are currently in advanced
phases of clinical trials, for the last 40 years there is no new com-
pounds have been brought to the market for TB treatment. Consid-
ering the global impact of this devastating disease there is an
urgent need for the design and development of novel chemical
entities endowed with promising antimycobacterial activities.

As a privileged structure in drug discovery, the chromone
framework is ubiquitous in a wide variety of naturally occurring
and synthetic compounds that exhibit wide range of biological
activities.2 Consequently, interest in the isolation from natural re-
sources, synthesis of chromone derivatives and evaluation of their
biological activity with emphasis on their potential medicinal
applications has continued. In this context, and in view of our
long-standing interest in the chemistry of privileged chromone
motif,3 in particular, the design and synthesis of novel natural
products like small molecules based on chromone motif for various
biological applications, recently we reported that various spirochr-
omone derivatives possessing 1,2,3-triazole ring system can serve

as a lead for developing antitubercular agents.4 This result has
prompted us to take-up this spirochromone motif as an active
pharmacophore for further diversification to exploit its anti TB po-
tential. Towards this goal, it was decided to design and synthesise,
a series of novel amino alcohol annulated spirochromone conju-
gates (Fig. 1) by introduction of amino alcohol unit to the phenolic
–OH on the C-7 chromone ring and evaluate their anti TB proper-
ties. The interest in incorporation of amino alcohol moiety stems
from the fact that this motif is an essential component in many
antitubercular agents5 including a well known anti-Tb drug etham-
butol.6 Further, to the best of our knowledge, synthesis and anti-
mycobacterial activities of these amino alcohol annulated
spirochromone conjugates is unprecedented.

The synthetic strategy followed for the preparation of amino
alcohol fused spirochromone conjugates is given in Scheme 1.
Firstly, for the preparation of precursor spirochromanone moiety
2a–c a Kabbe condensation7 between various cycloalkanones and
2,4-dihydroxy acetophenone was employed. In the Kabbe conden-
sation, the use of acetonitrile as solvent and carrying out the
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Figure 1. Design of amino alcohol annulated spirochromone conjugates.
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reaction at 50 �C for 24 h in the presence of pyrrolidine as a base is
optimum in order to obtain spirochromanone 2a–c in 72–80%
yields.8 On the other hand, refluxing with toluene or ethanol as a
solvent using DS apparatus, the condition generally used in Kabbe
condensation did not produce the required products in good yield.
Subsequently, the spirochromanone 2a–c were O-alkylated with
epichlorohydrin in the presence of K2CO3 in refluxing acetone gave
epoxides 3a–c in 82–88% yields. Finally, the amino alcohol moiety
was incorporated through nucleophilic ring opening of this spi-
rochromone epoxides 3a–c with various aromatic/aliphatic amines
to afford amino alcohol fused spirochromone conjugates 4–6, in
moderate to good yields. The structure of all the new products
4–6 (21 compounds) were confirmed by the IR, 1H NMR, 13C
NMR and mass spectral data (Supplementary data).9 In the IR spec-
trum (compound 4h as a representative example), a signal corre-
sponding to the chromanone carbonyl was observed at
1675 cm�1. The signal corresponding to the C-3 protons of chroma-
none skeleton was observed as a singlet at d 2.78 ppm in the 1H
NMR spectrum and the corresponding 13C resonance signal was
observed at d 47 ppm. In the 13C NMR spectrum, the spirocarbon
was discernible at d 90.4 ppm. Similarly, the characteristic signal
appeared as a multiplet at d 4.25–4.31 ppm was ascribable to the

methine proton attached to secondary –OH. Conclusive evidence
for its structure was obtained from single-crystal X-ray analysis
(Fig. 2; Supplementary data).10

All the new aminoalcohol fused spirochromone conjugates
were screened for their in vitro antimycobacterial activity against
Mycobacterium tuberculosis H37Rv (ATCC27294) using an agar dilu-
tion method.11 The minimum inhibitory concentration (MIC; lg/
mL) was determined for each compound. The MIC is defined as

HO OH

CH3

O

O

O

HO B O

O

O B

O

1

2a B = cyclopentyl (80%)
2b B = cyclohexyl (72%)
2c B = N-piperidinyl (75%)

3a B = cyclopentyl (88%)
3b B = cyclohexyl (85%)
3c B = N-piperidinyl (82%)

O

O

O B

OH
H
N

4 B = cyclopentyl
5 B = cyclohexyl
6 B = N-piperidinyl

R

O

O

O

OH
H
N

4

R

R

C6H5 (85%)

(2-CH3) C6H4 (72%)

(2-Cl) C6H4 (35%)

(2-iPr) C6H4 (67%)
(2-OMe) C6H4 (79%)
(3-F) C6H4 (56%)
(4-OMe) C6H4 (76%)

(4-iPr) C6H4 (90%)

(2-OH, 4-NO2) C6H3 (55%)
-CH2(4-OMe) C6H4 (38%)
morpholinyl (81%)

4h
4i
4j
4k

O

O

O

OH
H
N

R

R

C6H5 (88%)
(2-CH3) C6H4 (80%)
(2-OMe) C6H4 (82%)
(4-OMe) C6H4 (84%)
(4-iPr) C6H4 (85%)

5a

5b

5c

5d

5e

5

R

C6H5 (75%)
(2-CH3) C6H4 (73%)
(2-OMe) C6H4 (80%)
(4-OMe) C6H4 (84%)
(4-iPr) C6H4 (80%)

6a

6b

6c

6d

6e

O

O

O

OH
H
N

R
N

Boc

6

(i) (ii)

(iii)

4a
4b
4c
4d
4e
4f
4g

Scheme 1. Reagents and conditions: (i) cyclopentanone/cyclohexanone/N-Boc-piperidone, pyrrolidine, acetonitrile, 50 �C, 24 h; (ii) epichlorohydrin, K2CO3, acetone, reflux,
12 h; (iii) alkyl/aryl amine, LiBr, MeOH, rt, 12 h.

Figure 2. ORTEP diagram of the compound 4h (thermal ellipsoids are drawn at 50%
probability level).
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