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Frequency of tuberculosis is progressively increasing
worldwide. New emerging strains of bacilli that are
emerging are resistant to the currently available drugs
which make this issue more alarming. In this regard, a
series of substituted quinolinyl chalcones, quinolinyl
pyrimidines, and pyridines were synthesized and eval-
uated for their antitubercular activity in vitro against
Mycobacterium tuberculosis H37RV. To establish the
role of the 2-chloroquinoline nucleus as a pharmaco-
phoric group and study its influence on the antimyco-
bacterial activity, a 3D-QSAR study based on CoMFA
and CoMSIA was undertaken on this set of 2-chloro-
quinoline derivatives. Statistically significant models
that are able to well correlate the antimycobacterial
activity with the chemical structures of the 2-chloro-
quinolines have been developed. The contour maps
resulting from the best CoMFA and CoMSIA models
were used to identify the structural features relevant to
the biological activity in this series of analogs. Further
analysis of these interaction-field contour maps also
showed a high level of internal consistency. The infor-
mation obtained from the field 3-D contour maps may
be fruitfully utilized in the design of more potent
2-chloroquinoline-based analogs as potential antituber-
cular candidates.
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Tuberculosis is caused by several species of mycobacte-
ria, including Mycobacterium tuberculosis, M. bovis, M. af-

ricanum, M. microti, M. avium, and M. leprae that are
intracellular, gram-positive, non-motile, and rod-shaped
obligate aerobic pathogens of higher vertebrates (1,2).
Tuberculosis is an infectious pulmonary disease infecting

8–10 million people globally and causing 3 million deaths
every year according to a World Health Organization report
(3). Owing to the rapid spread of mycobacterium strains
resistant to all first-line antitubercular drugs. such as isoni-
azid, rifampicin, and ethionamide, and due to the toxicity
of second-line drugs, such as ethionamide, aminosalicylic
acid, cycloserine, amikacin, kanamycin, and capreomycin,
the discovery of new antitubercular agents with improved
activity, lower toxicity, broader spectrum, and safer thera-
peutic profiles is a pressing need (4). The distribution of
tuberculosis is not uniform across the globe. About 80%
of the population in many Asian and African countries test
positive in the tuberculin test, while only 5–10% of the US
population test positive (5). Globally, 9.2 million new cases
and 1.7 million deaths from TB were reported in the year
2006, of which 0.7 million cases and 0.2 million deaths
were of HIV-positive people. Among the infected individu-
als approximately 8 million develop active TB and almost
2 million of these die from this deadly disease. Each year,
95% of new TB cases appear in developing countries (6).

New antitubercular drug regimens are clearly needed to
reduce the time required for a durable cure and to treat
the ever expanding problem of drug- and multidrug-resis-
tant (MDR) M. tuberculosis strains (7).

Despite the efforts of agencies such as WHO; the Global
Fund for HIV, TB, and Malaria; and the Gates Foundation
which have galvanized multilateral support and initiated
public–private partnerships to increase resources to combat
this disease of poverty, only seven candidate TB drugs from
five different chemical classes are undergoing clinical trials
till very recently, these are the fluoroquinolones gatifloxacin
and moxifloxacin, a diarylquinoline (TMC207), the nitroimi-
dazoles-OPC67683 and PA824, a pyrrole (LL3858) and an
ethylenediamine (SQ109) (8). The need to develop less toxic
and more potent compounds against tuberculosis has led
to the discovery of diarylquinolines that target the mycobac-
terial F1F0 proton ATP synthase, a new drug target in myco-
bacteria. Among diarylquinolines, a modified form of
diarylquinoline R207910 has been identified as a promising
anti-TB drug with in vitro activity against M. smegmatis (MIC
of 0.003 lg/mL) and M. tuberculosis (MIC of 0.030 lg/mL)
and potent activity against MDR-TB strains (9). It has been
reported that C6-substituted pyrimidine derivatives display
antitubercular activity (10–14). Pyridines and pyrimidines
have also been identified with antitubercular activity and can
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be developed as new structural classes of antitubercular
agents. Among the pyridines, N-alkyl-1,2-dihydro-2-thioxo-
3-pyridine carbothioamides have been recognized as a
novel class of compounds with good antitubercular activity.
Two compounds in this series have an MIC of 0.50 lg/mL
(15). Within the pyrimidine group, 2,4-diaminopyrimidines
have been identified with IC50 of 0.0058 lM and a safety
index >600 (16). The most effective analogs show more than
97% inhibition of mycobacterium at a concentration of
2.50 lg/mL and this series was examined in detail by QSAR
analysis (17). Thus, this structural class holds great hope for
development of new and effective antitubercular agents.

Chalcones have been associated with a wide variety of
pharmacological activity and also act as a synthon for pre-
paring new heterocycles (18). Keeping in mind the bio-
medical applications and in continuation of our previous
study, (a)we envisioned the development of a novel series
of quinoline derivatives incorporating the pyrimidine in a
single molecular framework with a potential spectrum of
bioresponses. The antitubercular activity of these com-
pounds against M. tuberculosis H37Rv strain was studied
using the radiometric BACTEC and broth dilution assay
methods. The current work describes the synthesis of a
series of 2-chloroquinoline derivatives with encouraging
antimycobacterial activity against M. tuberculosis H37Rv.

To deduce a correlation between structure and biological
activity of these 2-chloroquinoline derivatives as antituber-
cular agents, a 3D-QSAR study employing comparative
molecular field analysis (CoMFA) (19,20) and comparative
molecular similarity indices analysis (CoMSIA) (21–23) was
performed. The structural variations in the molecular fields
at particular regions in the space were investigated and the
resulting 3D-QSAR models could provide useful indicators
for further design of new drug candidates for tuberculosis.

Methods and Materials

Melting points were determined in open capillary tubes
and are uncorrected. Thin layer chromatography (TLC)
was performed on Silica gel G (Merck TLC Plate, Darm-
stadt, Germany) with the solvent system ethyl acetate:
hexane (3:7, v/v); iodine chamber was used for visualiza-
tion of the TLC spots. 1H NMR was determined in CDCl3
solution on a Bruker DPX 300 MHz spectrometer. 13C
NMR (75 and 125 MHz) spectra were registered on a Bru-
ker DPX 300 and ARX 500 at 25 °C in CDCl3. IR spectra
were recorded on a Shimadzu 8400 spectrometer in KBr
disks. Elemental analysis was carried out on a Carlo Erba
1108 analyzer. The starting material quinoline was pre-
pared using Vilsmeier-Haack synthesis.

Synthesis of 3-(aryl)-1-phenyl-1H-pyrazole-4-
carbaldehydes (1)
Synthesis of 3-(aryl)-1-phenyl-1H-pyrazole-4-carbaldehy-
des was achieved by reported method (18).

General method for preparation of 2-chloro-3-(1-
arylprop-2-en-1-one-3-yl)-6-fluoro/bromoquinoline
(2a–m)
To a solution of 2-chloro-6-fluoro/bromo-quinoline-3-car-
boxaldehyde (0.01 mol) and substituted acetophenone
(0.01 mol) in ethanol (25 mL), 40% NaOH solution was
added till the reaction mixture became basic. The reaction
mixture was stirred for 24 h. The content was poured onto
crushed ice and neutralized. The isolated product was
crystallized from ethanol.

2-chloro-3-(1-(3-Nitro)-phenyl-prop-2-en-1-one-3-
yl)-6-fluoroquinoline (2a)
Yield 65%, mp 120–121 °C; Rf 0.66; IR (KBr): 3065, 3010,
1668, 1630, 1610, 1585, 1491, 1150, 850, 735 per cm.
1H NMR (300 MHz, CDCl3) d (ppm): 6.70–7.80 (m, 11H,
vinyl + Ar–H), 7.83(d, 1H, J = 15.8 Hz, vinyl proton), 8.12
(t, 1H, J = 8.00 Hz, quinoline), 8.30 (s, 1H, NH), 8.85 (s,
1H, quinoline). 13C NMR (CDCl3) d (ppm): 109.8, 116.2,
120.0, 126.0, 127.4, 128.1, 130.2, 131.0, 141.0, 143.2,
144.7, 160.0, 191.0. MS m/z: 356 (M+), 358 (M+2). Anal.
Calcd. for C18H10ClFN2O3: C, 51.77%; H, 2.41%; N,
6.71%. Found: C, 51.67%; H, 2.35%; N, 6.65%.

2-chloro-3-(1-(3,4-dichloro)phenyl-prop-2-en-1-
one-3-yl)-6-fluoroquinoline (2b)
Yield 61%, mp 70–72 °C; Rf 0.60; IR (KBr): 3067, 3015,
1670, 1628, 1615, 1580, 1492, 1150, 740, 670 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 7.32–7.80 (m, 6H,
vinyl + Ar–H), 7.84 (d, 1H, J = 15.8 Hz, vinyl proton), 8.03
(t, 1H, J = 8.00 Hz, quinoline), 8.80 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 109.7, 116.2, 120.8, 127.1, 129.9,
130.2, 131.6, 135.0, 136.5, 145.2, 148.7. MS m/z: 378.0
(M+), 380.0 (M+2). Anal. Calcd. for C18H9NOCl3F: C, 56.80%;
H, 2.38%; N, 3.68%. Found: C, 56.72%; H, 2.26%; N, 3.56%.

2-chloro-3-(1-(4-ethoxy)-phenyl-prop-2-en-1-one-
3-yl)-6-fluoroquinoline (2c)
Yield 55%, mp 66–68 °C; Rf 0.58; IR (KBr): 3015, 2975,
1670, 1628, 1610, 1590, 1450, 1250, 1075, 740, 650 per
cm. 1H NMR (300 MHz, CDCl3) d (ppm): 1.5 (t, 3H,
J = 6.98 Hz, -CH3), 4.0 (q, 2H, J = 6.96 Hz, -CH2), 6.96–
7.70 (m, 7H, vinyl + Ar–H), 7.85 (d, 1H, J = 15.8 Hz, vinyl
proton), 8.12 (t, 1H, J = 8.00 Hz, quinoline), 8.80 (s, 1H,
quinoline). 13C NMR (CDCl3) d (ppm): 14.8, 63.5, 114.8,
129.5, 130.5, 135.6, 146.6, 149.8, 161.8, 164.5, 190.1.
MS m/z: 353.0.0 (M+), 355.0 (M+2). Anal. Calcd. for
C20H15NO2ClF: C, 67.52%.; H, 4.25%.; N, 3.94%. Found:
C, 67.44%; H, 4.18%; N, 3.86%.

2-chloro-3-(1-(2-thienyl)-prop-2-en-1-one-3-yl)-6-
fluoroquinoline (2d)
Yield 58%, mp 144–146 °C; Rf 0.54; IR (KBr): 3020, 1665,
1630, 1600, 1585, 1475, 742, 635 per cm. 1H NMR
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(300 MHz, CDCl3) d (ppm): 7.06–7.65 (m, 8H, vinyl + Ar–
H), 7.62 (d, 1H, J = 15.7 Hz, vinyl proton), 8.15 (t, 1H,
J = 8.20 Hz, quinoline), 8.79 (s, 1H, quinoline). 13C NMR
(CDCl3) d (ppm): 109.8, 120.4, 128.5, 129.4, 130.7,
131.0, 135.2, 137.2, 139.4, 141.2, 149.8, 161.3, 180.1.
MS m/z: 315.0 (M+), 317.0 (M+2). Anal. Calcd. for
C17H11NOClFS: C, 60.48%; H, 2.85%; N, 4.41%. Found:
C, 60.36%; H, 2.73%; N, 4.32%.

2-chloro-3-(1-(4-fluoro)-phenyl-prop-2-en-1-one-3-
yl)-6-fluoroquinoline (2e)
Yield 61%, mp 130–132 °C; Rf 0.48; IR (KBr): 3031, 3080,
1670, 1628, 1616, 1580, 1450, 735, 651 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 7.16–7.79 (m, 7H,
vinyl + Ar–H), 7.90 (d, 1H, J = 15.8 Hz,vinyl proton), 8.18
(t, 1H, J = 8.00 Hz, quinoline), 8.85 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 110.8, 116.8, 121.4, 127.6, 129.2,
130.7, 132.5, 135.4, 136.7, 142.4, 143.3, 149.7, 161.4,
165.9, 190.1. MS m/z: 327.0 (M+), 329.0 (M+2). Anal.
Calcd. for C18H10NOClF2: C, 65.57%; H, 3.06%; N,
4.25%. Found: C, 65.43%; H, 2.96%; N, 4.15%.

2-chloro-3-(1-(4-bromo)-phenyl-prop-2-en-1-one-3-
yl)-6-fluoroquinoline (2f)
Yield 62%, mp 134–136 °C; Rf 0.58; IR (KBr): 3110, 3080,
1668, 1628, 1600, 1585, 1450, 781, 685 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 7.32–7.70 (m, 7H,
vinyl + Ar–H), 7.92 (d, 1H, J = 15.5 Hz, vinyl proton), 8.20
(t, 1H, J = 8.12 Hz, quinoline), 8.80 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 111.0, 119.8, 128.7, 129.9, 131.5,
133.5, 134.5, 136.8, 138.4, 143.7, 145.6, 150.7, 161.2,
190.7. MS m/z: 388.0 (M+), 390.0 (M+2). Anal. Calcd. for
C18H10NOClFBr: C, 55.34%; H, 2.58%; N, 3.59%. Found:
C, 55.22%; H, 2.47%; N, 3.45%.

2-chloro-3-(1-(3,4-dichloro)phenyl-prop-2-en-1-
one-3-yl)-6-bromoquinoline (2g)
Yield 59%, mp 240–242 °C; Rf 0.55; IR (KBr): 3150, 3030,
1672, 1630, 1598, 1550, 1450, 781, 741 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 7.40–7.91 (m, 7H,
vinyl + Ar–H), 8.01 (t, 1H, J = 8.12 Hz, quinoline), 8.87 (s,
1H, quinoline). 13C NMR (CDCl3) d (ppm): 122.7, 124.8,
129.7, 132.4, 136.8, 138.9, 139.8, 147.4, 148.2, 151.0,
191.0. MS m/z: 439.0 (M+), 441.0 (M+2). Anal. Calcd. for
C18H9NOCl3Br: C, 48.96%; H, 2.05%; N, 3.17%. Found:
C, 48.84%; H, 1.98%; N, 3.02%.

2-chloro-3-(1-(4-fluoro)phenyl-prop-2-en-1-one-3-
yl)-6-bromoquinoline (2h)
Yield 54%, mp 82–84 °C; Rf 0.61; IR (KBr): 3100, 3025,
1667, 1630, 1615, 1585, 1480, 771, 735, 681 per cm.

1H
NMR (300 MHz, CDCl3) d (ppm): 7.16–7.85 (m, 7H,
vinyl + Ar–H), 7.94(d, 1H, J = 15.8 Hz, vinyl proton), 8.35
(d, 1H, J = 8.52 Hz, quinoline), 8.83 (s, 1H, quinoline). 13C

NMR (CDCl3) d (ppm): 118.9, 121.2, 124.7, 128.5, 129.5,
131.8, 135.6, 137.4, 147.7, 148.9, 151.2, 169.8, 189.7.
MS m/z: 388.0 (M+), 390.0 (M+2). Anal. Calcd. for
C18H10NOClBrF: C, 55.34%; H, 2.58%; N, 3.59%. Found:
C, 55.28%; H, 2.45%; N, 3.48%.

2-chloro-3-(1-(4-amino)phenyl-prop-2-en-1-one-3-
yl)-6-bromoquinoline (2i)
Yield 55%, mp 118–120 °C; Rf 0.56; IR (KBr): 3400–3200,
3080, 3000, 1664, 1601, 1585, 1490, 1250, 780, 735 per
cm. 1H NMR (300 MHz, CDCl3) d (ppm): 4.01 (broad, 2H,
-NH2), 6.80–7.85 (m, 7H, vinyl + Ar–H), 7.85(d, 1H,
J = 15.65 Hz, vinyl proton), 8.05 (d, 1H, J = 7.95 Hz,
quinoline), 8.80 (s, 1H, quinoline). 13C NMR (CDCl3) d
(ppm): 118.7, 121.3, 128.7, 129.3, 131.5, 135.6, 136.7,
148.2, 149.4, 158.2, 190.3. MS m/z: 385.0 (M+), 387.0
(M+2). Anal. Calcd. for C18H12N2OCl2Br: C, 55.77%; H,
3.12%; N, 7.23%. Found: C, 55.64%; H, 3.01%; N,
7.16%.

2-chloro-3-(1-(2-amino)phenyl-prop-2-en-1-one-3-
yl)-6-bromoquinoline (2j)
Yield 59%, mp 88–90 °C; Rf 0.58; IR (KBr): 3350–3250,
3070, 3010, 1660, 1628, 1604, 1590, 1450, 1220, 779,
740 per cm. 1H NMR (300 MHz, CDCl3) d (ppm): 3.98
(broad, 2H, -NH2), 7.10–7.75 (m, 8H, vinyl + Ar–H), 8.30
(d, 1H, J = 7.80 Hz, quinoline), 8.82 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 116.5, 118.5, 121.8, 125.7, 127.2,
129.6, 134.4, 138.6, 141.2, 148.9, 149.4, 150.2, 190.5
MS m/z: 385.0 (M+), 387.0 (M+2). Anal. Calcd. for
C18H12N2OClBr: C, 55.77%; H, 3.12%; N, 7.23%. Found:
C, 55.63%; H, 3.05%; N, 7.13%.

2-chloro-3-(1-(2-indene-1-one-3-yl)-6-
bromoquinoline (2k)
Yield 44%, mp 143–145 °C; Rf 0.62; IR (KBr): 3140,
3010, 2975, 1662, 1630, 1598, 1491, 781, 740 per cm.
1H NMR (300 MHz, CDCl3) d (ppm): 4.10 (s, 2H, CH2),
7.01–7.75 (m, 7H, vinyl + Ar–H), 8.30 (d, 1H,
J = 7.80 Hz, quinoline), 8.82 (s, 1H, quinoline). 13C NMR
(CDCl3) d (ppm): 121.8, 125.7, 127.2, 129.6, 134.4,
138.6, 141.2, 148.9, 149.4, 150.2, 190.5. MS m/z:
382.0 (M+), 384.0 (M+2). Anal. Calcd. for C19H11NOClBr:
C, 61.11%; H, 3.66%; N, 3.39%. Found: C, 60.98%; H,
3.58%; N, 3.27%.

2-chloro-3-(1-(4-ethoxyphenyl)prop-2-en-1-one-3-
yl)-6-bromoquinoline (2l)
Yield 58%, mp 170–172 °C; Rf 0.49; IR (KBr): 3115, 3030,
2980, 1673, 1600, 1585, 1493, 1250, 1075, 780, 731 per
cm. 1H NMR (300 MHz, CDCl3) d (ppm):1.20 (t, 3H,
J = 6.90 Hz, CH3), 4.02 (q, 2H, J = 6.98 Hz, CH2), 6.96–
7.75 (m, 7H, vinyl + Ar–H), 7.85 (d, 1H, J = 15.8 Hz,
vinyl), 8.15 (d, 1H, J = 7.80 Hz, quinoline), 8.80 (s, 1H,
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quinoline). 13C NMR (CDCl3) d (ppm): 15.8, 63.2, 116.7,
121.4, 123.2, 128.7, 130.1, 131.7, 132.3, 135.8, 147.6,
148.9, 150.4, 162.3, 191.8. MS m/z: 414.0 (M+), 416.0
(M+2). Anal. Calcd. for C20H15NO2ClBr: C, 57.65%; H,
3.63%; N, 3.36%. Found: C, 57.58%; H, 3.59%; N,
3.31%.

2-chloro-3-(1-(3-nitrophenyl)prop-2-en-1-one-3-yl)-
6-bromoquinoline (2m)
Yield 52%, mp 154–156 °C; Rf 0.51; IR (KBr): 3110, 3010,
1660, 1628 1601, 1585, 1450, 1250, 1075, 850, 780,
735 per cm. 1H NMR (300 MHz, CDCl3) d (ppm): 7.75–
8.47 (m, 9H, vinyl + Ar–H, quinoline), 8.85 (s, 1H, quino-
line). 13C NMR (CDCl3) d (ppm): 121.8, 124.8, 129.0,
134.0, 136.0, 139.8, 149.8, 151.7, 153.6, 189.2. MS m/z:
415.0 (M+), 417.0 (M+2). Anal. Calcd. for C18H10N2O3ClBr:
C, 51.77%; H, 2.41%; N, 6.71%. Found: C, 51.65%; H,
2.35%; N, 6.62%.

General method for preparation of 2-chloro-3-(2-
amino-3-cyano-4-arylpyridin-6-yl)-6-fluoro/
bromoquinoline (3a–g)
An equimolar mixture of 2-chloro-3-(1-arylprop-2-en-1-
one-3-yl)-6-fluoro/bromoquinoline (compound II) and mal-
ononitrile with ammonium acetate (0.08 M) in 30 mL etha-
nol was heated under reflux for 6 h. The reaction mixture
was poured onto crushed ice, and the product was crys-
tallized from ethanol.

2-chloro-3-(2-amino-3-cyano-4-(4-ethoxyphenyl)
pyridin-6-yl)-6-fluoroquinoline (3a)
Yield 58%, mp 144–146 °C; Rf 0.55; IR (KBr): 3400–
3200, 3020, 2960, 2148, 1630, 1600, 1550, 1250, 1100,
1075, 740, 648 per cm. 1H NMR (300 MHz, CDCl3)
d (ppm): 1.33 (t, 3H, J = 6.98 Hz, -CH3), 3.99 (q, 2H,
J = 6.96 Hz, -CH2), 4.05 (broad, 2H, -NH2), 6.83–8.03
(m, 8H, Ar–H + quinoline + pyridine), 9.01 (s, 1H, quino-
line). 13C NMR (CDCl3) d (ppm): 14.9, 64.7, 87.0, 109.2,
115.0, 116.8, 121.2, 127.1, 128.7, 138.7, 139.5, 141.2,
152.0, 158.3, 159.4, 160.9. MS m/z: 402.0 (M+),
404.0 (M+2). Anal. Calcd. for C23H16N4OClF: C, 65.25%;
H, 3.49%; N, 13.14%. Found: C, 65.10%; H, 3.36%; N,
13.02%.

2-chloro-3-(2-amino-3-cyano-4-(2,4-
dichlorophenyl)-pyridin-6-yl)-6-fluoroquinoline (3b)
Yield 56%, mp 129–131 °C; Rf 0.52; IR (KBr): 3410–3250,
3015, 2150, 1628, 1592, 1100, 735, 680 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 3.92 (broad, 2H, -NH2),
7.21–7.47 (m, 6H, Ar–H + quinoline + pyridine), 8.15 (t,
1H, J = 8.00 Hz, quinoline), 8.85 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 89.2, 19.5, 110.1, 115.7, 121.0,
121.7, 127.5, 130.5, 135.8, 137.0, 145.7, 151.8, 157.6,
158.9, 160.9.0 MS m/z: 439.00 (M+), 441.0 (M+2). Anal.

Calcd. for C21H10N4Cl3F: C, 56.85%; H, 2.27%; N,
12.63%. Found: C, 56.78%; H, 2.19%; N, 12.54%.

2-chloro-3-(2-amino-3-cyano-4-(4-flouorophenyl)-
pyridin-6-yl)-6-fluoroquinoline (3c)
Yield 61%, mp 269–270 °C; 0.60; Rf 0.60; IR (KBr): 3410–
3250, 3080, 2120, 1628, 1550, 1498, 1100, 740, 645 per
cm. 1HNMR (300 MHz, CDCl3) d (ppm): 4.01 (broad, 2H,
-NH2), 7.03–7.49 (m, 7H, Ar–H + quinoline + pyridine), 8.09
(t, 1H, J = 8.00 Hz, quinoline), 8.95 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 88.7, 110.5, 115.8, 117.1, 121.0
125.8, 127.2, 130.0, 135.5, 137.8, 145.5, 151.0, 155.8,
157.4, 161.8, 163. MS m/z: 390.0 (M+), 392.0 (M+2). Anal.
Calcd. for C21H11N4ClF2: C, 64.21%; H, 2.82%; N, 14.26%.
Found: C, 64.13%; H, 2.75%; N, 14.18%.

2-chloro-3-(2-amino-3-cyano-4-(2-theinyl)-pyridin-
6-yl)-6-fluoroquinoline (3d)
Yield 55%, mp 110–55 °C; Rf 0.58; IR (KBr): 3415–3215,
3120, 2150, 1628, 1575, 1498, 1100, 740, 680 per cm.
1H NMR (300 MHz, CDCl3) d (ppm): 4.02 (broad, 2H,-
NH2), 7.01–7.47 (m, 6H, Ar–H + quinoline + pyridine), 8.15
(t, 1H, J = 8.00 Hz, quinoline), 8.90 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 90.2, 110.2, 121.8, 127.6, 130.2,
133.4, 135.8, 139.7, 142.0, 147.9, 151.8, 157.9, 161.0.
MS m/z: 378.00 (M+), 380.0 (M+2). Anal. Calcd. for
C19H10N4ClFS: C, 59.92%; H, 2.65%; N, 14.71%. Found:
C, 59.81%; H, 2.58%; N, 14.63%.

2-chloro-3-(2-amino-3-cyano-4-(4-bromophenyl)-
pyridin-6-yl)-6-fluoroquinoline (3e)
Yield 53%, mp 159–161 °C; Rf 0.53; IR (KBr): 3400–3200,
3031, 2130, 1630, 1575, 1498, 1100, 780, 735, 645 per
cm.1H NMR (300 MHz, CDCl3) d (ppm): 3.98(broad, 2H,
-NH2), 7.32–7.49 (m, 7H, Ar–H + quinoline + pyridine), 8.15
(t, 1H, J = 8.10 Hz, quinoline), 8.89 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 89.7, 109.5, 110.2, 117.7, 121.8,
125.4, 128.2, 130.1, 132.3, 135.5, 136.8, 145.5, 151.1,
155.8, 159.7, 161.0. MS m/z: 449.0 (M+), 451.0 (M+2).
Anal. Calcd. for C21H11N4ClFBr: C, 55.59%; H, 2.44%; N,
12.35%. Found: C, 55.42%; H, 2.36%; N, 12.26%.

2-chloro-3-(2-amino-3-cyano-4-(3-nitrophenyl)-
pyridin-6-yl)-6-bromoquinoline (3f)
Yield 57%, mp 154–156 °C; Rf 0.49; IR (KBr): 3400–3200,
3080, 2150, 1628, 1575, 1580, 1497, 1132, 780, 735 per
cm. 1H NMR (300 MHz, CDCl3) d (ppm): 4.02 (broad, 2H,
-NH2), 7.47-7.91 (m, 7H, Ar–H), 8.15 (t, 1H, J = 8.00 Hz,
quinoline), 8.85 (s, 1H, quinoline). 13C NMR (CDCl3)
d (ppm): 89.4, 110.0, 115.8, 121.2, 125.7, 129.0, 131.1,
132.3, 135.5, 136.8, 147.5, 151.8, 155.7, 158.2, 162.0.
MS m/z: 478.0 (M+), 480.0 (M+2). Anal. Calcd. for
C21H11N5ClFBr: C, 52.47%; H, 2.31%; N, 14.57%. Found:
C, 52.38%; H, 2.25%; N, 14.46%.
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2-chloro-3-(2-amino-3-cyano-4-(3, 4-
dichlorophenyl)-pyridin-6-yl)-6- bromoquinoline (3g)
Yield 50%, mp 159–161 °C; Rf 0.55; IR (KBr): 3450–3200,
3030, 2150, 1628, 1595, 1580, 1498, 1150, 780, 741 per
cm. 1H NMR (300 MHz, CDCl3) d (ppm): 4.01 (broad, 2H,
-NH2), 7.27-7.81 (m, 6H, Ar–H + quinoline + pyridine),
8.12 (d, 1H, J = 8.07 Hz, quinoline), 8.85 (s, 1H, quino-
line). 13C NMR (CDCl3) d (ppm): 89.0, 110.3, 115.0,
122.0, 126.1, 128.0, 133.8, 134.5, 138.8, 149.5, 151.8,
154.7, 156.2, 162.0. MS m/z: 499.0 (M+), 501.0 (M+2).
Anal. Calcd. for C21H10N4Cl3Br: C, 49.99%; H, 2.00%; N,
11.10%. Found: C, 49.85%; H, 1.87%; N, 11.01%.

General preparation of 2-chloro-3-(2-amino-4-
phenyl-pyrimidin–6-yl)-6-fluoroquinoline (4a–h)
An equimolar mixture of 2-chloro-3-(1-aryl-prop-2-en-1-
on-3yl)-6-fluoro/bromoquinoline (2), guanidine hydrochlo-
ride was irradiated with microwave radiation at 480 power
for 10 min in the presence of catalytically amount of
potassium carbonate. Then, the product was isolated with
ethanol and crystallized it.

2-chloro-3-(2-amino-4-(4-ethoxyphenyl)pyrimidin-
6-yl)-6-fluoroquinoline (4a)
Yield 60%, mp 279–281 °C; Rf 0.62; IR (KBr): 3430–3200,
3020, 2980, 1628, 1600, 1575, 1580, 1498, 1250, 1100,
1075, 741, 680 per cm. 1H NMR (300 MHz, CDCl3)
d (ppm): 1.35 (t, 3H, -CH3), 3.98 (q, 2H, -CH2), 4.01
(broad, 2H, -NH2), 6.98–7.48 (m, 7H, Ar–H + quino-
line + pyrimidine), 8.12 (t, 1H, J = 8.10 Hz, quinoline),
8.85 (s, 1H, Quinoline). 13C NMR (CDCl3) d (ppm): 14.6,
64.7, 93.7, 110.8, 114.7, 121.2, 123.5, 126.8, 127.9,
130.2, 132.5, 135.8, 142.7, 150.0, 158.7, 161.8, 163.9,
164.7. MS m/z: 392.0 (M+), 394.0 (M+2). Anal. Calcd. for
C21H16N4ClFO: C, 63.88%; H, 4.08%; N, 14.19%. Found:
C, 63.76%; H, 3.97%; N, 14.03%.

2-chloro-3-(2-amino-4-(3,4-dichlorophenyl)
pyrimidin-6-yl)-6-fluoroquinoline (4b)
Yield 59%, mp 180–181 °C; Rf 0.52; IR (KBr): 3410–3215,
3030, 1630, 1600, 1556, 1498, 1115, 741, 680 per cm.
1H NMR (300 MHz, CDCl3) d (ppm): 4.05(broad, 2H,
-NH2), 6.96–7.43 (m, 6H, Ar–H + quinoline + pyrimidine),
8.12 (t, 1H, J = 8.20 Hz, quinoline), 8.85 (s, 1H, quinoline).
13C NMR (CDCl3) d (ppm): 93.4, 109.9, 121.0, 127.5,
130.3, 132.5, 135.8, 142.3, 149.3, 160.9, 162.8, 164.0.
MS m/z: 415.0 (M+), 417.0 (M+2). Anal. Calcd. for
C19H10N4Cl3F: C, 54.38%; H, 2.40%; N, 13.35%. Found:
C, C, 54.24%; H, 2.27%; N, 13.27%.

2-chloro-3-(2-amino-4-(4-fluorophenyl)pyrimidin-6-
yl)-6-fluoroquinoline (4c)
Yield 62%, mp 114–116 °C; Rf 0.62; IR (KBr): 3415–3250,
3028, 1628, 1601, 1558, 1497, 1110, 735, 680 per cm.

1H NMR (300 MHz, CDCl3) d (ppm): 4.05 (broad, 2H,
-NH2), 7.10–7.46 (m, 7H, Ar–H + quinoline + pyrimidine),
8.15 (t, 1H, J = 8.00 Hz, quinoline), 8.83 (s, 1H, quinoline).
13C NMR (CDCl3) d (ppm): 94.1, 109.5, 116.4, 121.0,
128.5, 129.9, 130.7, 132.5, 135.8, 144.3, 150.0, 158.2,
161.8, 163.2, 164.7. MS m/z: 366.0 (M+), 368.0 (M+2).
Anal. Calcd. for C19H11N4ClF2: C, 61.88%; H, 3.01%; N,
15.19%. Found: C, 61.75%; H, 2.84%; N, 15.05%.

2-chloro-3-(2-amino-4-(2-thienyl)- pyrimidin-6-yl)-
6-fluoroquinoline (4d)
Yield 55%, mp 284–286 °C; Rf 0.63; IR (KBr): 3415–3200,
1630, 1610, 1598, 1498, 1120, 735, 680, 670 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 4.10 (broad, 2H, NH2),
7.10–7.41 (m, 6H, Ar–H + quinoline + pyrimidine), 8.12 (t,
1H, J = 8.00 Hz, quinoline), 8.92 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 92.8, 109.0, 121.0, 127.6, 130.3,
131.8, 135.7, 140.2, 143.7, 149.7, 157.9, 160.2, 162.8.
MS m/z (%):354.0 (M+), 356.0 (M+2). Anal. Calcd. for
C17H10N4ClFS: C, 57.23%; H, 2.82%; N, 15.70%. Found:
C, 57.08%; H, 2.75%; N, 15.66%.

2-chloro-3-(2-amino-4-(9H-indeno[2,1-a]pyrimidin-
6-yl)-6-fluoroquinoline (4e)
Yield 54%, mp 183–185 °C; Rf 0.56; IR (KBr): 3410-3210,
1629, 1608, 1597, 1495, 1110, 780, 741, 635 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 3.81 (s, 2H, indonyl),
4.05 (broad, 2H, -NH2), 7.12–7.49 (m, 6H, Ar–H + quino-
line + pyrimidine), 8.18 (d, 1H, J = 8.03 Hz, quinoline),
8.93 (s, 1H, quinoline). 13C NMR (CDCl3) d (ppm): 94.1,
110.0, 121.0, 123.7, 128.2, 129.7, 130.3, 135.8, 160.9,
162.8. MS m/z: 427.0 (M+), 429.0 (M+2). Anal. Calcd. for
C20H12N4ClFBr: C, 53.11%; H, 2.58%; N, 13.04%. Found:
C, 53.01%; H, 2.46%; N, 12.87%.

2-chloro-3-(2-amino-4-(4-bromophenyl)pyrimidin-
6-yl)-6-bromoquinoline (4f)
Yield 42%, mp 164–166 °C; Rf 0.58; IR (KBr): 3450–3210,
1630, 1611, 1598, 1497, 1140, 780, 741, 635 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 4.10 (broad, 2H, -NH2),
7.15–7.91 (m, 7H, Ar–H + quinoline + pyrimidine), 8.18 (d,
1H, J = 8.15 Hz, quinoline), 8.80 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 29.9, 115.8, 121.8, 125.7, 127.9,
129.9, 131.2, 135.8, 138.9, 145.8, 151.2, 160.0, 161.2,
170.0. MS m/z: 421.0 (M+), 423.0 (M+2). Anal. Calcd. for
C19H11N4ClBr2: C, 58.49%; H, 3.57%; N, 12.40%. Found:
C, 58.36%; H, 3.41%; N, 12.28%.

2-chloro-3-(2-amino-4-(3, 4 dichlorophenyl)
pyrimidin-6-yl)-6-bromoquinoline (4g)
Yield 53%, mp 164–166 °C; Rf 0.54; IR (KBr): 3450–3200,
1628, 1610, 1598, 1497, 1150, 780, 741 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 4.10 (broad, 2H, -NH2),
7.01–7.91 (m, 6H, Ar–H + quinoline + pyrimidine), 8.18 (d,
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1H, J = 8.10 Hz, quinoline), 8.85 (s, 1H, quinoline). 13C
NMR (CDCl3) d (ppm): 93.4, 121.8, 127.0, 128.8, 129.1,
130.8, 133.9, 134.6, 135.3, 145.8, 151.2, 155.4, 162.3,
164.0. MS m/z (%):479.0 (M+), 480.0 (M+2). Anal. Calcd.
for C19H10N4Cl3Br: C, 47.49%; H, 2.10%; N, 11.66%.
Found: C, 47.38%; H, 2.02%; N, 11.58%.

2-chloro-3-(2-amino-4-(3-nitrophenyl)-3, 4-
dihydropyrimidin-1H-6-yl)-6-bromoquinoline (4h)
Yield 50%, mp 189–191 °C; Rf 0.52; IR (KBr): 3410–3200,
1635, 1600, 1590, 1497, 1140, 780, 741 per cm. 1H
NMR (300 MHz, CDCl3) d (ppm): 4.12 (broad, 2H, -NH2),
7.10 (s, 1H, pyrimidine) 7.58–7.80 (m, 6H, Ar–H + quino-
line), 8.15 (d, 1H, J = 8.57 Hz, quinoline), 8.85 (s, 1H,
quinoline). 13C NMR (CDCl3) d (ppm): 93.7, 121.3, 122.0,
129.9, 131.8, 134.6, 136.8, 144.7, 149.7, 150.1, 158.7,
164.3, 166.0. MS m/z (%):454.0 (M+), 456.0 (M+2). Anal.
Calcd. for C19H11N5O2ClBr: C, 49.97%; H, 2.43%; N,
15.34%. Found: C, 49.82%; H, 2.32%; N, 15.23%.

Biological activity
All compounds discussed in the previous section were
screened for their antitubercular activity. The activity was
carried out against Mycobacterium tuberculosis H37Rv,
(ATCC-27294) strain using the broth dilution assay method
(24,25). The antitubercular activity is presented in Table 1.
The antitubercular activity was measured (by TAACF, USA
Tuberculosis Antimicrobial Acquisition and Coordinating
Facility) for all the compounds at a fixed concentration of
6.25 lg/mL. Following this, only those compounds show-
ing more than 90% inhibition at this concentration were
tested further for measuring the MIC values; these are
quoted in the Table 1. For the remaining molecules
because no MIC values were measured, we have used an
alternate strategy that has been well published and
accepted (12,13,26) to transform the activity data that
could be used in 3D-QSAR as the dependent variable.
The activity data were transformed as follows:

Biological activity ¼ � log cþ logit

where c is the molar concentration = concentration (lg/
mL) 9 0.001/(molecular weight) and logit = log[% inhibi-
tion/(100�% inhibition)].

Computational details
The 3D-QSAR studies (CoMFA and CoMSIA) were per-
formed with the QSAR module integrated in Sybyl 7.1a

molecular modeling software package from Sybyl.Sybyl,
Version 7.1, Tripos Associate Inc., St. Louis, MO, USA,
running on a Pentium IV computer under the Centos WS
4.8 as OS.

Ligand preparation
The choice of the template molecule and its conformation
are of utmost importance in the development of a

3D-QSAR model. In this investigation, molecule 3e

(Table 1) was selected as the template molecule because
it is the most active compound in the data set. Because
the bioactive conformation of these 2-chloroquinoline
analogs is not known, the lowest energy conformation of
3e was searched using a simulated annealing approach
and used as a template to generate the conformation of
the remaining molecules. The ligand geometries were
optimized by energy minimization using the Powell gradient
method, with the Gasteiger–H€uckel charges for the atoms
and the standard Tripos force field, to a convergence
gradient of 0.001 kcal/mol/�A.

Molecular alignment
The spatial alignment of molecules under study is one of
the most crucial and determining factors in obtaining a reli-
able model. Molecular alignment was performed using the
database alignment in Sybyl with the atom-fit superimposi-
tion technique. The lowest energy conformation of the
molecules was used to align on the template molecule 3e.
The atoms selected for molecular alignment were based
on the common substructure of the molecules, due to its
effectiveness and easy implementation.

Training and test sets
The data set was segregated into a training set for gener-
ating 3D-QSAR models and a test set (27) for validating
the models. This was carried out on the basis of chemical
and biological diversity using similarity search techniques
viz. D-optimal design, Tanimoto similarity coefficient, and
the Euclidian distance matrix criteria defined in Cerius2.b

The selection of the training and test sets was carried out
such that the test-set compounds had structural diversity
and a range of biological activities similar to that of the
training set. This approach grouped 10 compounds into
the test set leaving other 18 compounds to form the train-
ing set. The test set was used to evaluate the predictive
power of the CoMFA and CoMSIA models. The structures
and biological activity of the compounds in the training
and test sets are listed in Table 1.

CoMFA and CoMSIA setup
After alignment of the molecules in the data set, CoMFA
and CoMSIA studies were carried with the QSAR option in
Sybyl. CoMFA steric and electrostatic interaction fields
were calculated at each intersection point of a 3D cubic
lattice with a regularly spaced grid of 2 �A, extending to
4 �A beyond the aligned molecules in all directions. The
van der Waals potentials and Coulombic terms represent-
ing the steric and electrostatic fields, respectively, were
calculated using the Tripos force field with a distance
dependent dielectric. A sp3 hybridized carbon atom with a
charge of +1 served as the probe atom to calculate steric
and electrostatic fields. The CoMFA steric and electrostatic
fields thus generated were scaled by the CoMFA-STD
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Table 1: The experimental and predicted activity values for the molecules

Molecule ID Structure

Mycobacterium

tuberculosis H37
% inhibition (6.25 lg) Observed activity

Predicted
activity (CoMFA)

Predicted
activity (CoMSIA) (SHD)

2a

N Cl

F
O

NO2

9% 2.88 2.82 2.82

2b

N Cl

F

O Cl

Cl

13% 2.96 2.91 2.80

2c

N Cl

F
O

OC2H5

13% 5.75 4.21 4.48

2d

N Cl

F
O

S 21% 3.13 3.18 3.22

2e

N Cl

F
O

F

7% 2.60 2.60 2.70

2f

N Cl

F
O

Br

98% (5.0) 5.49 3.84 4.85

2g

N Cl

Br
O

Cl

Cl
5% 2.57 2.55 2.62

2h

N Cl

Br
O

F

99% (6.25) 5.79 4.35 4.04

2i

N Cl

Br
O

NH2

13% 2.97 3.06 2.96

2j
Br

N Cl

O NH2

6% 2.60 2.63 2.55

2k
N Cl

Br
O

41% 3.66 3.53 3.92

2l

N Cl

Br
O

OC2H5

19% 3.19 3.19 3.27
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Table 1: continued

Molecule ID Structure

Mycobacterium

tuberculosis H37
% inhibition (6.25 lg) Observed activity

Predicted
activity (CoMFA)

Predicted
activity (CoMSIA) (SHD)

2m

N Cl

Br
O

NO2

11% 2.92 2.88 2.89

3a

F

N Cl

N NH2

CN

OC2H5

24% 3.31 3.37 3.71

3b

F

N Cl

N NH2

CN
Cl

Cl

8% 2.79 2.71 3.44

3c

F

N Cl

N NH2

CN

F

99% (4.5) 5.79 5.86 5.32

3d
F

N Cl

N NH2

CN

S

21% 3.21 3.27 3.76

3e

F

N Cl

N NH2

CN

Br

99% (6.25) 5.86 5.75 5.97

3f

Br

N Cl

N NH2

CN

NO2

6% 2.69 2.95 3.71

3g

N Cl

Br
N NH2

CN

Cl
Cl

3% 2.40 2.48 3.58
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Table 1: continued

Molecule ID Structure

Mycobacterium

tuberculosis H37
% inhibition (6.25 lg) Observed activity

Predicted
activity (CoMFA)

Predicted
activity (CoMSIA) (SHD)

4a

N Cl

F
N

N

NH2

H5C2O 97% (5) 5.31 5.32 5.35

4b

N Cl

F
N

N

NH2

Cl
Cl

12% 2.96 3.10 3.07

4c

N Cl

F
N

N

NH2

F

36% 3.52 3.52 3.48

4d

N Cl

F
N

N

NH2

S

9% 2.75 2.72 2.43

4e

N Cl

F
N

N

NH2

Br

3% 2.33 2.66 3.61

4f

N

N
H2N

N

Cl

Br

14% 3.07 3.09 3.13
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method and their energy values were truncated at
�30 kcal/mol.

As an extension to the CoMFA approach which has just
two fields, CoMSIA incorporates five different interaction
energy fields, namely steric, electrostatic, hydrophobic,
hydrogen bond donor, and hydrogen bond acceptor.
CoMSIA descriptors were calculated with the same lattice
box as that used for the CoMFA calculations, with a grid
spacing of 2 �A and a sp3 hybridized carbon atom as the
probe with values for the radius as 1.0 �A, charge +1.0,
hydrophobicity +1.0, and H-bond properties (donor and
acceptor) +1.0. A Gaussian type distance dependence
was used between the grid point and each atom in the
molecule with a default value of 0.3 as the attenuation
factor.

Partial least squares (PLS) (28) regression was used to
derive the 3D-QSAR models with the standard implemen-
tation in the Sybyl package. The CoMFA and CoMSIA de-
scriptors were used as independent variables, while the
biological activity data served as the dependent variable.
Initial PLS regression analyses were performed in conjunc-
tion with the cross-validation (leave-one-out method)
(29,30) option to obtain the optimal number of compo-
nents which were subsequently used in deriving the final
CoMFA and CoMSIA models. To avoid over-fitting of data,
the number of components corresponding to the highest
cross-validated q2 value and the smallest PRESS value
was used. The conventional correlation coefficient r2 and
the standard error of estimate (SEE) were subsequently
computed for the final models using the optimal number of
components.

To further assess the statistical confidence and robustness
of the derived 3D-QSAR models, a 100-cycle bootstrap

analysis (31) using the optimum number of components
was performed. This procedure involves the generation of
multiple new data sets from the original data sets, after
random sampling from the original data set. In each run,
some molecules may be excluded in the PLS analysis,
whereas some others might be included more than once.
Also y-scrambling (32) (100-trials) was performed on the
chosen 3D-QSAR models to probe the dependence of
the model on chance correlations. External predictivity of
the models was determined by calculating the r2pred from a
test set of 10 compounds that were not included in the
model generation procedure.

The results of the 3D-QSAR studies were visualized as 3D
‘coefficient contour maps’ (contoured in terms of contribu-
tion) generated by interpolation of the pairwise products
between the PLS coefficients (coeff) and the standard
deviations (stdev) of the corresponding CoMFA and CoM-
SIA descriptor values. These maps signify those areas in
3D space where variations in steric, electrostatic, and
hydrogen bonding features in the molecular structures cor-
relate strongly with corresponding changes in activities.

Results and Discussion

Chemistry
2-Chloroquinoline-3-carbaldehyde has been synthesized
by Vilsmeier reaction on p-fluoro or bromo substituted
acetanilide (Scheme 1). The chalcones (2a–m) have been
synthesized by condensation of compound 1 with different
aromatic ketones using the Claisen–Schmidt condensa-
tion. The chalcones on cyclization with ammonium acetate
and malononitrile or with guanidine hydrochloride furnished
cyanopyridines (3a–e) and aminopyrimidines, respectively
(4a–g). The molecules (3a–m to 4a–g) (Table 1) were

Table 1: continued

Molecule ID Structure

Mycobacterium

tuberculosis H37
% inhibition (6.25 lg) Observed activity

Predicted
activity (CoMFA)

Predicted
activity (CoMSIA) (SHD)

4g

N Cl

Br
N

N

NH2

Cl
Cl

16% 3.17 3.00 3.12

4h

N Cl

Br
N

N

NH2

NO2

99% (6.25) 5.86 4.65 5.97
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characterized by 1H NMR, 13C NMR, and mass spectrom-
etry techniques and their purity established by elemental
analysis. IR spectra of molecules (3a–m) show the charac-
teristic band at 2150–2200 per cm for the cyano group
and the characteristic band at 3400–3200 per cm for the
amino group. 1H NMR spectra are also in agreement with
these structures.

Biological activity
The analogs 2h, 4a, and 4h exhibit promising activity and
inhibit the growth of mycobacterium to 97%, 98%, and
99%, respectively, at a concentration of 6.25 lg/mL. Ana-
logs 3c and 3e were found to be the most active of the
series inhibiting the growth of drug-sensitive bacteria to
99% at 4.25 and 6.25 lg/mL concentration, respectively.
The remaining analogs of the series produced moderate
inhibition in the range of 5–41% (Table 1). A visualizing
SAR suggests that R = 4-F-C6H5 is more active against
Mycobacterium HRV-37 in case of chalcone and cyano-
pyridine derivatives.

3D-QSAR studies
The major objective behind CoMFA and CoMSIA analysis
is to find features associated with activity within the sys-
tem. The CoMFA and CoMSIA models based on atom-fit
alignment are given in Table 2, which shows that all the
statistical indices are in an acceptable domain.

The CoMFA model generated for the 2-chloroquinolines
has (r2cv) of 0.69 and a conventional correlation coefficient
(r2) of 0.99 with a bootstrap correlation coefficient (r2bs) of
0.98. Also a low standard error of estimate (SEE) of 0.09
with an excellent F value of 384.18 suggests the statistical
significance of the derived CoMFA model. These values
suggest that the model should be able to predict the activ-
ity of compounds outside the training set but within this
structural class. Furthermore, a significantly low r2 of 0.11
obtained for y-scrambling (100 cycles) eliminates the pos-

sibility of chance correlation. The contributions of the steric
and electrostatic fields are 47% and 53%, respectively.
The statistical significance of these models is further sup-
ported by the ‘fitness plot’ which shows the observed ver-
sus predicted activity of training and test-set compounds
and provides an idea about how well the model was
trained and how well it predicts the activity of the external
test set (Figures 1A and 2A).

The CoMSIA analysis was performed using the same
structural alignment, PLS protocol, and the training/ test
sets as defined in the CoMFA study. Several models were
developed considering steric, electrostatic, hydrogen
bonding, and hydrophobic fields either separately or in
combinations to determine which of the five fields are
actually able to explain the structure activity relationships.
It was observed that using the steric, hydrogen bond
donor, hydrogen bond acceptor, and hydrophobic fields
when used independently yielded models with a lower q2

value. However, the CoMSIA model derived from the com-
bination of steric, hydrophobic, and H-bond donor field
produced a model with the highest cross-validated coeffi-
cient (q2) of 0.61, indicating a good predictive capacity
with SEE of 0.12 and the F-test value of 147.47. The
squared correlation coefficient r2 of 0.96 with boot strap
r2bs of 0.97 suggests a good internal consistency exists
within the underlying data set. Furthermore, a low r2 of
0.15 obtained by y-scrambling eliminates the possibility of
chance correlation. The relationship between experimental
and predicted activities for the training/test-set compounds
is illustrated in Figures 1B and 2B. The contributions of
steric, hydrophobic, and hydrogen bond donor fields to
this model are 25%, 28%, and 47%, respectively.

The predictive ability of the 3D-QSAR models was gauged
from the r2pred calculated for each of these models. The
predicted r2 values for the CoMFA and CoMSIA models
were found to be 0.64 and 0.60, respectively. These val-
ues suggest that models can be used to predict the inhibi-
tory activity of untested compounds.

The major advantage of CoMFA and CoMSIA techniques
is that the information contained in these models can be
visualized as 3D contour plots which can be fruitfully used
to tune molecules to improve their activity. The contour
plots were generated as scalar products of coefficients
and standard deviation (stdev*coeff), associated with the
CoMFA or CoMSIA column. These contour maps indicate
regions where differences in steric, electrostatic, hydro-
phobic, and hydrogen bond fields may affect the biological
activity.

The CoMFA steric and electrostatic contour maps
obtained from the final non-cross-validated analysis are
shown in Figures 3A and 3B, respectively, associated with
reference compound, 3e. Green contours indicate regions
where steric bulk is tolerable and can be exploited to
improve the activity while yellow contours indicate regions

Table 2: Statistical results of the CoMFA and CoMSIA models

CoMFA CoMSIA (SHD)

N 18 18
q2 0.69 0.61
r2 0.99 0.96
r2pred 0.64 0.60
r2bs 0.98 0.97
r2 y-scrambling 0.11 0.15
F 384.18 147.47
SE 0.09 0.12
Field contribution
Steric 0.47 0.25
Electrostatic 0.53
Hydrophobic 0.28
H-bond donor 0.47
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where steric bulk is detrimental to the activity. Large green
contours are found localized around the ortho and para

positions of ring (D) indicating that the steric bulk is
favored in this region. This is consistent with experimental
results where compounds 3c, 3e, and 4a with a para sub-
stituent are more active than those that lack substituent at
this position. As regards, compounds 2a–2m which do
not have the pyridine ring (C) at the 3rd position of the
quinoline nucleus, like 3e, the substituted aromatic ring
present at this position adopts an orientation analogous to
the most active compound 3e. The para substituent on

the phenyl ring of compounds 2f and 2h extends into the
green contour and as a result, these compounds are as
active as 3e. Yellow contours are observed around the
meta position of ring (D) indicating that any steric substitu-
ent at this position would greatly reduce the biological
activity, suggesting limited bulk tolerance. Less active
compounds, as exemplified by 3f, 3g, and 4g, are found
with their meta substituents oriented in the direction of the
yellow contour. Likewise, compounds 2g and 2m pos-
sessing a meta substituent on the phenyl ring also have
lower activity.
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Figure 1: The ‘fitness plot’
showing the observed vs. predicted
activity of training-set compounds
for CoMFA (A) and CoMSIA (B)
models.
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Figure 2: The ‘fitness plot’
showing the observed vs. predicted
activity of test-set compounds for
CoMFA (A) and CoMSIA (B)
models.

A B

Figure 3: The CoMFA molecular
interaction fields around the most
active molecule (A) steric contours
– favored (green); disfavored
(yellow) (B) electrostatic contours –
electropositive (blue);
electronegative (red).

A B

Figure 4: The CoMSIA molecular
interaction fields around most
active molecule (A) hydrogen bond
donor contours – favored (cyan);
disfavored (purple) (B) Hydrophobic
contours – favored (Yellow);
disfavored (white).

680 Chem Biol Drug Des 2013; 82: 669–684

Khunt et al.



The electrostatic contour maps of the CoMFA model are
characterized by red isopleths near the para and ortho

positions of ring (D) as well as around the cyano
substituent of pyridine ring (C). This indicates that increas-
ing electronegativity at these positions should lead to

increase in antitubercular activity. This is evident from
compounds 3c, 3e, and 4a bearing an electronegative
substituent which show good antitubercular activity. Even
compounds 2f and 2h bearing an electronegative substitu-
tion at the para position of the phenyl ring display high
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Scheme 1: Synthesis of pyridine and pyrimidine; Reagents and condition: (a) 40% NaOH; (b) CH3COONH4; (c) K2CO3, Microwave
irradiation; Reflux..
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activity. A small blue contour is observed around the 5′
position of ring © indicating that a reduction in the electro-
negativity near this position should lead to increase in
activity.

The CoMSIA steric regions are in agreement with the
CoMFA steric contours and therefore for the sake of brev-
ity are not discussed again. The hydrophobic map of the
CoMSIA model cloaked around the most potent com-
pound 3e is displayed in Figure 4A. The presence of yel-
low contour around the ortho and para positions of ring
(D) suggests that occupancy by hydrophobic groups at
these sites would favor increase in the activity. Com-
pounds 3c, 3e, and 4a possessing such substituents at
these positions display better activity than compounds
lacking such substituents. Similarly, compounds 2f and 2h

with a para substituent on the phenyl ring also show
higher activity than compounds without a corresponding
group. Also a small white contour disfavoring hydrophobic
substitution is observed around the meta position of ring
(D). This is supported by compounds 3f, 3g, 4g, and 4h

with substituents at this position which have poor antitu-
bercular activity. As regards H-bonding, a cyan contour
favoring the presence of a hydrogen bond donor function-
ality is observed around the amino group on the pyridine
ring (C) while a purple contour disfavoring the presence of
an H-bond donor substituent is observed around the
cyano group placed at the 3′ position of the pyridine ring
(C) in the most active compound 3e.

Thus, in the absence of information on the binding mode
of these 2-chloroquinoline derivatives, the putative interac-
tion fields obtained from this comparative 3D-QSAR study
will be helpful for improving the antitubercular activity in
this series of molecules. Considering this fact, a set of
new 2-chloroquinoline analogs has been proposed as dis-
cussed in the next section which display higher antituber-
cular activity.

Conclusions

The synthesis and biological evaluation of a series of 2-
chloro-3-substitued 6-bromo/fluoroquinolines as antituber-
cular agents has been discussed. Most importantly, this
work validated our initial proposition that pyridine/pyrimi-
dine-substituted quinoline scaffolds would lead to mole-
cules with potent antitubercular activity. 3-Formylquinoline
synthesized by the Vilsmeier reaction, on Claisen con-
densation with substituted acetophenones yielded the
chalcones. These chalcones were converted to a variety
of 2-chloro-3-substitued-6-bromo/fluoro quinolines which
were then screened for antitubercular activity. The study
resulted in the identification of compounds 2f, 2h, 3c,
3e, 4a, and 4h as promising inhibitors of M. tuberculo-

sis. The q2 and r2 values of the CoMFA and CoMSIA
models were statistically sound and suggest that all the
reported inhibitors would bind to the receptor in an

almost similar fashion. While the CoMFA model could
point to the importance of steric and electrostatic fields,
the CoMSIA model could explain the contribution of
hydrophobic and hydrogen bond donor fields as well.
CoMFA/CoMSIA models possess good predictive ability
as discerned from the result for the external test set and
were used to guide the further development of some
new 2-chloroquinolines which are predicted with
improved activities.
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Figure S1. NMR spectra of compound 2a.

Figure S2. Expanded NMR spectra of compound 2a.

Figure S3. NMR spectra of compound 3b.

Figure S4. NMR spectra of compound 4a.

Figure S5. Mass spectra of compound 2a.

Figure S6. Mass spectra of compound 3a.

Figure S7. Mass spectra of compound 4a.
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