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1-Chloro-2-formyl indenes and tetralenes have been synthesized using Vilsmeier–Haack–Arnold reaction
onto indanones and tetralones. Most of these analogues exhibited antitubercular activity against Myco-
bacterium tuberculosis H37Rv strain with MICs ranging from 30 to 500 lg/mL. Analogue 13 was further
modified to some derivatives. The most active analogue 23 showing MIC at 30 lg/mL was further eval-
uated for acute oral toxicity in Swiss albino mice and was found to be safe up to 300 mg/kg dose.

� 2011 Elsevier Ltd. All rights reserved.
OOH

OH

Shinanolone
MIC=100 μg/mL

Cl
CHO

O

OCH3OH

Cl
OCHO

OAc

H3CO

Hydroxymethoxy tetralone
MIC=6.25 μg/mL

          12         23          26

H3CO
Tuberculosis is one of the largest killers in the world from any
single infectious disease.1 One third of the world’s population is
thought to be infected by this pathogen. In 2007, there were an esti-
mated 13.7 million chronic active cases and in 2008, about 1.3 mil-
lion were died of this disease.2,3 Although per capita TB incidence is
stable or declining in all the six WHO regions, number of patients
every year is increasing continuously. Due to the development of
multidrug resistance and extensive drug resistance of Mycobacte-
rium against various antimycobacterial drugs and also a high prev-
alence of it in AIDS patients, the problem has become fiercer. WHO
has targeted the elimination of tuberculosis by 2050 as a public
health problem. The development of resistance to present antitu-
bercular drugs has posed a serious threat to the treatment and man-
agement of the disease. Hence, there is an urgent need to develop a
new, effective and affordable antiTB drug.

In the recent past, two naturally occurring tetralones, that is,
shinanolone and hydroxymethoxy tetralone have been reported
as potent antimycobacterial agents.1,4,5 Shinanolone was obtained
through bioactivity guided isolation from the chloroform extract of
roots of Euclea natalensis (Family: Ebenaceae), exhibiting antituber-
cular activity against Mycobacterium tuberculosis H37Rv strain with
MIC at 100 lg/mL. Hydroxymethoxy tetralone showed better
potency having MIC at 6.25 lg/mL against the same strain of M.
tuberculosis. Hydroxymethoxy tetralone was isolated from the
chloroform extract of Engelhardia roxburghiana Hay (Family:
All rights reserved.
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Juglandaceae) roots. Encouraged by the efficacy of these tetralone
derivatives, we synthesized several tetralone and indanone deriva-
tives as antimycobacterial agents (Fig. 1), using Vilsmeier–Haack–
Arnold reaction to formylate activated aromatic ring systems.6 The
reaction has got a wide application in synthesizing many heterocy-
clic compounds.7–12 Vilsmeier–Haack–Arnold reaction of 1-inda-
nones and 1-tetralones yield unusual 1-chloro-2-formyl indenes
and tetralenes under mild reaction conditions.13 All the synthe-
sized analogues were evaluated against M. tuberculosis H37Rv
strain by BACTEC method. Analogue, 23 was further evaluated for
acute oral toxicity in Swiss albino mice.
MIC=60 μg/mL MIC=30 μg/mL MIC=30 μg/mL

Figure 1. Shinanolone, hydroxymethoxy tetralone and some of the active ana-
logues as antitubercular agents.
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Scheme 1. Vilsmeier–Haack–Arnold reaction of indanones and tetralones.
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The synthesis of these analogues is depicted in Scheme 1. Various
tetralones (1–4) and indanones (5–11) were treated with Vilsmeier
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Scheme 2. Reagents and conditions: (i) DMF–POCl3, 0 �C to rt, 1 h, 83%; (ii) DCM, m-CPB
MeOH, rt, 91%; (v) Ac2O, dry pyridine, rt, overnight, 89%; (vi) NH2OH.HCl, ethanol, reflu
reagent to get corresponding 1-chloro-2-formyl tetralene (12–15)
and indene (16–22) derivatives. Substrate 11 was synthesized as
per our previously reported method.14 For Vilsmeier reagent, a mix-
ture of dry dimethylformamide–phosphorus oxychloride (DMF–
POCl3) was used.15 However, 2-tetralone (b-tetralone) unexpectedly
yielded a fully aromatized product, that is, 1-chloro-2, 3-diformyl
naphthalene (30) under the similar reaction conditions. All the com-
pounds were characterized by spectroscopy.16

Further, in order to establish structure activity relationship of
these compounds, 13 and 2 were further modified to various ana-
logues as shown in Scheme 2. Aldehyde 13 underwent Baeyer–
Villiger oxidation in presence of m-chloroperbenzoic acid to af-
ford a formate ester 23. On sodium borohydride reduction com-
pound 2 yielded a corresponding alcohol 25. Its subsequent
acetylation gave 26 in good yield.17 The oxime derivative (27)
was obtained by treating it with hydroxylamine hydrochloride.18

While, a fully reduced tetralin analogue (28) was obtained by
treating it with sodium borohydride in trifluoroacetic acid in good
yield.19

Recently, NMR spectroscopy has been used for monitoring the
chemical reactions in real.20 The 1H NMR experiment was run at
2–5 min intervals for substrate 2 after dissolving it in deuterated
chloroform and adding the reagents (POCl3 + DMF). From the pro-
ton spectra it was evident that over the period of time some of
the tetralone 2, resonances at d 2.0, 2.5, 6.7, and 7.8 ppm were
disappeared and appearance of new peaks at d 2.7, 3.2, 3.8, 5.8,
7.6, 8.2, and 10.2 ppm just after one minute of reaction indicated
the spontaneity of the reaction. The complete transformation of
starting tetralone was observed after 15–20 min. Then final prod-
uct 13, was obtained after pouring this reaction mixture in cold
water.

All these analogues were evaluated21 for antitubercular activ-
ity against M. tuberculosis H37Rv strain radiometrically by BAC-
TEC 460 and their minimum inhibitory concentrations (MICs)
are presented in Table 1. Most of the compounds of this series
exhibited antitubercular activity with MICs ranging from 30 to
500 lg/mL. Compounds 16, 21, 24, 27, 29, and 30 possessed
low level of activity showing MIC value of 500–250 lg/mL,
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x, 1 h, 79%; (vii) NaBH4–TFA, 0–10 �C, 83%; (viii) DMF–POCl3, 80 �C, 3 h, 76%.



Table 1
Antimycobacterial activity of tetralene and indene analogues against M. tuberculosis
H37Rv strain by BACTEC assay

S. No. Compd No. MIC (lg/mL) S. No. Compd no. MIC (lg/mL)

1 12 60 12 23 30
2 13 125 13 24 500
3 14 125 14 25 naa

4 15 naa 15 26 30
5 16 250 16 27 500
6 17 125 17 28 125
7 18 125 18 29 500
8 19 125 19 30 500
9 20 125 20 Rifampicin 2.0
10 21 250 21 Streptomycin 2.0
11 22 naa — — —

a na = Inactive at 500 lg/mL.
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Compounds 13, 14, 17–20, and 28 exhibited moderate level of
activity (MIC = 125 lg/mL), while compounds 12, 23, and 26 pos-
sessed higher level of activity (MIC range 60–30 lg/mL). Rest of
the compounds, that is, 15, 22, and 25 were found inactive at
500 lg/mL concentration.

Compound 12 having a 1-chloro-2-formyl arrangement in the
tetralin system exhibited antitubercular activity (MIC at 60
lg/mL). On introducing a methoxy group in the aromatic ring
at 6-position (i.e., 13), antitubercular activity was reduced (MIC
at 125 lg/mL). Similarly, on attaching a methyl group at 4-posi-
tion of aliphatic ring (i.e., 14) antitubercular activity was reduced
(MIC at 125 lg/mL). The five membered 1-chloro-2-formyl
indene derivatives exhibited moderate level of antitubercular
activity. When the 5-methyl derivative (16) was replaced with
a methoxy group (17), activity was enhanced by two fold. Simi-
larly, 5,6-methylenedioxy indene analogue (18) exhibited better
activity than the analogue 16. Replacement of 5-methyl group
with a chloro substituent (19, MIC = 125 lg/mL) doubled the
activity. However, introduction of a phenyl unit at 3-position
of the indene unit did not improve the activity (compounds 21
and 22). Further modifications of compound 13 were not found
beneficial, as most of the analogues exhibited lower activity than
the parent compound. However, modification of 2-aldehyde of
analogue 13 to its corresponding 2-formate ester 23, activity
was increased by four folds (MIC = 30 lg/mL). Thus, although
most of the indene analogues possessed moderate level of anti-
tubercular activity, tetralene analogues were better candidates
for higher potency.

The most active analogue of 13, that is, 2-formyl ester 23 was
further evaluated for in vivo acute oral toxicity in Swiss albino
mice at 5, 50 and 300 mg/kg single oral dose.22 No observational
changes, morbidity and mortality were observed throughout the
experimental period. Blood and serum samples upon analysis
showed nonsignificant changes in all the parameters studied like
total RBC, WBC count, differential leukocyte count, hemoglobin,
serum total cholesterol, triglycerides, creatinine level, SGPT and
SGOT activity. Similarly, animals on gross pathological study
showed no changes in any of the organs studied including their
absolute and relative weights. Thus, the experiment showed that
compound 23 was well tolerated by the Swiss albino mice up to
the dose level of 300 mg/kg body weight as a single acute oral
dose. However, sub-acute and chronic experiments with the test
drug need to be carried out to look for any adverse effect on re-
peated exposure to the test drug compound 23 for its future
development.

In conclusion, both tetralone and indanone based 1-chloro-2-
formyl analogues have exhibited antimycobacterial activity against
M. tuberculosis H37Rv strain. The most active analogue 23 was
found to be safe up to 300 mg/kg dose in Swiss albino mice in acute
oral toxicity. A detailed structure activity relationship study is
needed for this class of compounds to get a better candidate in
future.
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