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Abstract—Structural optimization of the previously identified 4-(adamantan-1-yl)-2-quinolinecarbohydrazide (AQCH, MIC =
6.25 lg/mL, 99% inhibition, Mycobacterium tuberculosis H37Rv) has led to two series of 4-(adamantan-1-yl)-2-substituted quino-
lines (Series 1–2). All new derivatives were evaluated in vitro for antimycobacterial activities against drug-sensitive M. tuberculosis
H37Rv strain. Several 4-adamantan-1-yl-quinoline-2-carboxylic acid N 0-alkylhydrazides (Series 1) described herein showed promis-
ing inhibitory activity. In particular, analogs 7, 9, 20, and 21 displayed MIC of 3.125 lg/mL. Further investigation of AQCH by its
reaction with various aliphatic, aromatic, and heteroaromatic aldehydes led to the synthesis of 4-adamantan-1-yl-quinoline-2-car-
boxylic acid alkylidene hydrazides (Series 2). Analogs 42–44 and 48 have produced promising antimycobacterial activities (99% inhi-
bition) at 3.125 lg/mL against drug-sensitive M. tuberculosis H37Rv strain. The most potent analog 35 of the series produced 99%
inhibition at 1.00 lg/mL against drug-sensitive strain, and MIC of 3.125 lg/mL against isoniazid-resistant TB strain. To understand
the relationship between structure and activity, a 3D-QSAR analysis has been carried out by three methods—comparative molecular
field analysis (CoMFA), CoMFA with inclusion of a hydropathy field (HINT), and comparative molecular similarity indices anal-
ysis (CoMSIA). Several statistically significant CoMFA, CoMFA with HINT, and CoMSIA models were generated. Prediction of
the activity of a test set of molecules was the best for the CoMFA model generated with database alignment. Based on the CoMFA
contours, we have tried to explain the structure–activity relationships of the compounds reported herein.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Tuberculosis (TB) is a treatable contagious disease and
despite availability of useful drugs continues to kill
approximately 2 million people worldwide each year.1

The factors responsible for this are: (i) patient non-com-
pliance to existing drug regimens which has resulted in
the emergence of single drug-resistant strains to all ma-
jor anti-TB drugs; (ii) emergence of multidrug-resistant
TB (MDR-TB), which is defined as the disease caused
by the strains of Mycobacterium tuberculosis resistant
to two mainstay first-line anti-TB drugs, isoniazid and
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rifampicin; and (iii) association of human immunodefi-
ciency virus (HIV) with TB, in which TB is the leading
cause of death among patients who are HIV-positive.2

Consequently, new drugs with divergent and unique
structure and with a mechanism of action possibly dif-
ferent from that of existing drugs are urgently required.

Recently, a broad structure-based bio-evaluation of
several new chemical entities against various pathogens
including M. tuberculosis led us to identify ring-substi-
tuted quinolines as a new structural class of anti-TB
agents.3 The ring-substituted quinolines inhibit both
drug-sensitive and drug-resistant M. tuberculosis in vitro.
The structural optimization of ring-substituted quino-
lines to maximize anti-TB activity resulted in several
promising analogs.4–8 Of note, two analogs, 2,8-dicycl-
opentyl-4-methylquinoline (1, DCMQ)3 and 4-(ada-
mantan-1-yl)-2-quinolinecarbohydrazide (2, AQCH)6

(Fig. 1), displayed promising activities against
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Figure 1. Structures of promising ring-substituted quinolines.
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Figure 2. General structure of the synthesized ring-substituted

quinolines.
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drug-sensitive and drug-resistant M. tuberculosis H37Rv
strains and were considered important lead molecules.
The lack of cross-resistance with currently used
anti-TB agents suggests that ring-substituted quinolines
possibly act on a novel, yet unknown target. This obser-
vation is supported by the fact that ring-substituted
quinolines 1 and 2 did not inhibit M. tuberculosis puri-
fied DNA gyrase, the target for quinolones (unpublished
data). The short (1–3 overall steps), facile, and
inexpensive synthesis of ring-substituted quinolines is
considered another important factor which made us to
embark on further structural optimization of this class.
We report herein the synthesis and anti-TB activity of
two new series of 4-adamantan-1-yl group containing
2-substituted quinolines (Series 1–2, Fig. 2) that is a di-
rect outcome of our efforts to optimize 2. As remarked
earlier, the potential TB drug-target(s) for the ring-
substituted quinolines remains unknown. As a result,
we have also used the ligand-based approach of
3D-QSAR by CoMFA, CoMFA in conjunction with
HINT, a hydrophobic field evaluator, and CoMSIA
for understanding the SAR of the synthesized
compounds.
2. Chemistry

Commercially available quinoline-2-carboxylic acid (3)
was easily converted to its ethyl ester hydrochloride
derivative by reaction with abs ethyl alcohol and passing
a slow stream of dry HCl gas through the reaction solu-
tion. The hydrochloride salt upon neutralization with
25% NH4OH afforded ethyl 2-quinolinecarboxylate
(4). The key step of the synthesis involved the regiospec-
ific alkylation at the C-4 position of the quinoline ring.
This was accomplished by a direct homolytic free radical
alkylation reaction of 4 via a silver-catalyzed oxidative
decarboxylation of 1-adamantanecarboxylic acid by
ammonium persulfate in the presence of 10% sulfuric
acid and CH3CN as solvent to produce ethyl 4-(ada-
mantan-1-yl)-2-quinolinecarboxylate (5). The reaction
proceeded through a homolytic free radical mechanism,
and offered a unique procedure of functionalization of
the electron-deficient quinoline ring with alkyl groups
of various sizes.9,10 Ethyl 4-(adamantan-1-yl)-2-quino-
linecarboxylate (5) upon acidic hydrolysis with 6 N
HCl at reflux temperature gave 4-(adamantan-1-yl)-2-
quinolinecarboxylic acid hydrochloride (6). The latter
compound 6 was then treated with thionyl chloride in
anhydrous dichloroethane (DCE) at 80 �C for 2 h to
provide corresponding acid chloride, which upon reac-
tion in situ with various substituted hydrazines in anhy-
drous dichloromethane (DCM) in the presence of
triethylamine (Et3N) at 4 �C for 1 h afforded 4-adaman-
tan-1-yl-quinoline-2-carboxylic acid N 0-alkylhydrazides
7–11 (Scheme 1).

Ethyl 4-(adamantan-1-yl)-2-quinolinecarboxylate (5)
was conveniently and quantitatively converted to 4-
(adamantan-1-yl)-2-quinolinecarbohydrazide (2) by
reaction with hydrazine hydrate in 95% ethyl alcohol
at 80 �C for 8 h.6 Primary alkyl halides were successfully
treated with 2 in the presence of Et3N in abs ethyl alco-
hol at 80 �C for 8 h to produce an easily separable mix-
ture of 4-adamantan-1-yl-quinoline-2-carboxylic acid
N 0-alkylhydrazides and 4-adamantan-1-yl-quinoline-2-
carboxylic acid N 0,N 0-dialkylhydrazides 12–19 and
23–27. However, reaction of 2 with secondary alkyl ha-
lides in the presence of Et3N using conditions used for
primary alkyl halides did not offer desired product.
Alternatively, replacement of Et3N with K2CO3 in the
presence of N,N-dimethylformamide (DMF) as a
solvent at 80 �C for 8 h successfully reacted 2 with second-
ary alkyl halides to produce adamantan-1-yl-quinoline-2-
carboxylic acid N 0-alkylhydrazides 20–22 (Scheme 1).

Finally, 4-(adamantan-1-yl)-2-quinolinecarbohydrazide
2 upon reaction with various commercially available ali-
phatic, aromatic, and heteroaromatic aldehydes in the
presence of abs ethyl alcohol at 80 �C for 2 h easily pro-
duced 4-adamantan-1-yl-quinoline-2-carboxylic acid
alkylidene hydrazides 28–49 (Scheme 1).
3. Biological activity

In vitro activities of the synthesized derivatives (Series
1–4) against M. tuberculosis H37Rv strain (ATCC
27294, susceptible both to rifampicin and isoniazid)
were initially carried out using the microplate alamar
blue assay (MABA) at a concentration of 6.25 lg/
mL.11 Compounds exhibiting fluorescence were then
tested in the BACTEC 460 radiometric system12 and
the % inhibition data are summarized in Tables 1
and 2. Compounds demonstrating P90% inhibition at
6.25 lg/mL in the primary screen were also tested at
the lower concentration of 3.125 and 1.0 lg/mL to deter-
mine MIC value that is defined as the minimum concen-
tration exhibiting 99% inhibition. Isoniazid (99%
inhibition, MIC = 1 lg/mL) was included, as a standard
drug, for comparison.
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Scheme 1. Reagents and conditions: (i) abs EtOH, HCl gas, 4 �C, 2 h, 25% NH4OH solution; (ii) AgNO3, 1-adamatanecarboxylic acid, (NH4)2S2O8,

CH3CN, 10% H2SO4, 70–80 �C, 15 min; (iii) 6 N HCl, 100 �C, 8 h; (iv) NH2NH2ÆH2O, 95% EtOH, 80 �C, 8 h; (v) SOCl2, DCE, 80 �C, 2 h; RNHNH2,

Et3N, DCM, 4 �C, 1 h; (vi) RX, Et3N, abs EtOH, 80 �C, 8 h or RBr, K2CO3, DMF, 80 �C, 8 h; (vii) RCHO, abs EtOH, 80 �C, 2 h.
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Analogs 10 (R = C6H4-o-F, R1 = H), 11 (R = C6H4-p-F,
R1 = H) and 16 (R = CH(CH3)C2H5, R1 = H) exhibited
promising activity and inhibited the growth of mycobac-
teria to 99%, 93%, and 97%, respectively, at the test
concentration of 6.25 lg/mL. Analogs 7 (R = COCH3,
R1 = H), 20 (R = c-C5H9, R1 = H) and 21 (R = c-
C6H11, R1 = H) were most active of the series and inhib-
ited the growth of drug-sensitive M. tuberculosis H37Rv
by 99% at the lower test dose of 3.125 lg/mL. The
remaining analogs of the Series 1 produced modest inhi-
bition in the range of 19–82% at 6.25 lg/mL (Table 1).
In agreement with our earlier observation, fluorophenyl
group containing analogs have shown promising anti-
TB activity.8 A general observation of the SAR indicates
that 4-adamantan-1-yl-quinoline-2-carboxylic acid N 0-
alkylhydrazides produce superior anti-TB activity com-
pared to 4-adamantan-1-yl-quinoline-2-carboxylic acid
N 0,N 0-dialkylhydrazides.

Analogs 28–49 (Series 2) exhibited modest to promising
anti-TB activity (Table 2). For example, analogs 32
(R = C6H4-m-OH) and 49 (R = 7-chloroquinolin-4-yl)
exhibited 99% and 95% inhibition of drug-sensitive M.
tuberculosis H37Rv, respectively, at 6.25 lg/mL. While,
analogs 42 (R = 1H-pyrrol-2-yl), 43 (R = thiophen-2-
yl), 44 (R = furan-2-yl) , and 48 (R = quinolin-4-yl) pro-
duced 99% inhibition at a lower test dose of 3.125 lg/
mL. The most potent analog 35 (R = C6H4-o-Cl) of
the series exhibited 99% inhibition at the lowest tested
dose of 1.00 lg/mL and was comparable to standard iso-
niazid. The remaining analogs of the series exhibited
inhibition ranged between 10% and 84% against M.
tuberculosis H37Rv at 6.25 lg/mL.

The most active derivative, 4-adamantan-1-yl-quinoline-
2-carboxylic acid (2-chlorobenzylidene)hydrazide (35),
was also evaluated for antimycobacterial activity against
isoniazid-resistant strain of M. tuberculosis H37Rv and
exhibited promising activity (99% inhibition, MIC =
3.125 lg/mL).
4. Computational details

4.1. Dataset

The set of 44 molecules (Tables 1 and 2) was used in
the 3D-QSAR study. The dataset was divided into a



Table 1. In vitro antimycobacterial activity and pIC50s of 4-adamantan-1-yl-quinoline-2-carboxylic acid N 0-alkylhydrazides and N 0,N 0-

dialkylhydrazides 7–27 (Series 1) against drug-sensitive M. tuberculosis H37Rv strain

N

H
N

O

N
R

R1

Compound R R1 Test concn (lg/mL) % inhibition pIC50

2 H H 6.250 99 6.71

7 COCH3 H 3.125 99 7.06

8 CHO H 6.250 19 4.12

9
F

H 3.125 99 7.12

10

F

H 6.250 99 6.82

11

F
H 6.250 93 5.95

12 (CH2)2CH3 H 6.250 82 5.42

13 (CH2)2CH3 (CH2)2CH3 6.250 75 5.29

14 (CH2)3CH3 H 6.250 55 4.87

15 (CH2)3CH3 (CH2)3CH3 6.250 64 5.09

16 CH(CH3)C2H5 H 6.250 97 6.29

17 (CH2)5CH3 H 6.250 77 5.32

18 (CH2)5CH3 (CH2)5CH3 6.250 65 5.14

19 CH2CH@CH2 CH2CH@CH2 6.250 22 4.26

20 c-C5H9 H 3.125 99 7.09

21 c-C6H11 H 3.125 99 7.11

22 CH(CH3)2 H 6.250 51 4.78

23 H 6.250 65 5.10

24 6.250 55 5.02

25 H 6.250 50 4.85

26 6.250 45 4.86

27

O O

6.250 51 4.95
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training set (30 molecules) and a test set (14 molecules: id’s
7, 8, 9, 11, 16, 20, 21, 25, 37, 36, 45, 46, 48, and 49) by
means of chemical as well as biological diversity. Daylight
fingerprints of the molecules along with the pIC50 data
were used to separate the molecules into training and test
sets based on the Tanimoto similarity coefficient.13
4.2. Biological data

For the QSAR study, the activity values were trans-
formed as follows14

Activity = �logc + logit



Table 2. In vitro antimycobacterial activity and pIC50s of 4-adamantan-1-yl-quinoline-2-carboxylic acid alkylidene hydrazides 28–49 (Series 2)

against drug-sensitive M. tuberculosis H37Rv strain

N

H
N

O

N R

Compound R Test concn (lg/mL) % inhibition pIC50

28 CH2CH3 6.250 69 5.11

29 CH(CH3)2 6.250 63 5.01

30 C(CH3)3 6.250 10 3.84

31 3.125 99 7.11

32

OH

6.250 99 6.83

33

OH
6.250 73 5.27

34
OCH3

6.250 20 4.25

35

Cl

1.000 99 7.64

36

F
F

F

F

F
6.250 16 4.18

37
CF3F3C

6.250 64 5.19

38
OCH3 6.250 69 5.24

39

OCH3

6.250 57 5.02

40

N

6.250 79 5.48

41 6.250 66 5.2

42 N
H

3.125 99 7.10

43
S

3.125 99 7.12

(continued on next page)
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Table 2 (continued )

Compound R Test concn (lg/mL) % inhibition pIC50

44

O

3.125 99 7.10

45
N

6.250 84 5.54

46
N

6.250 53 4.87

47

N

6.25 70 5.19

48

N

3.125 99 7.16

49

NCl

6.25 95 6.18
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where c is molar concentration = concentration (lg/
mL) * 0.001/(molecular weight)

logit = log [% inhibition/(100 � % inhibition)].

4.3. Molecular modeling

The CoMFA,15 CoMSIA16, and CoMFA with HINT17

studies were carried out using SYBYL 7.118 installed on
a Pentium 2.8 GHz PC with the Linux OS (Red Hat
Enterprise WS 3.0). The 4-(adamantan-1-yl)quinoline
is a rigid moiety. At the C2-position of the quinoline
ring, three basic moieties –CONHNHCO–, –CONHNRR1,
and –CONHN@CHR are present. The geometries of
these groups were derived from the crystal structures—
sg6059 (for molecules 7 and 8), cf6244 (for molecules 2
and 9–27), and bt2126 (for molecules 28–49) (Fig. 3).19
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Figure 3. Structures of the reported molecules whose X-day data were

used for building the molecules.
The structures of the molecules were built with the
Sketcher module and energy minimized by Powell’s
method using the MMFF9420 force field with a dis-
tance-dependent dielectric term. The geometries of the
R and R1 groups were optimized by subjecting the mol-
ecules to molecular dynamics (MD) simulation keeping
the remaining part of the structure fixed. This was
accomplished by heating to 700 K for 1 ps and slowly
annealing to 200 K in steps of 100 K for 1 ps at each
temperature, with a step size of 1 fs; and snapshots
were captured every 5 fs. The lowest energy structure
from the MD trajectory was sent through a final round
of minimization. The minimization was terminated at a
maximum value of 0.5 kcal/mol/Å for the gradient.

4.4. Alignment

The most crucial input for the CoMFA is the alignment
of the molecules. Molecule 35 with the highest activity
and the least conformational flexibility was chosen as
the template and all other molecules were aligned to
it using the database alignment method in SYBYL
(Fig. 4). The molecules were aligned with reference to
the quinoline ring. A second alignment was also carried
out using the FIELD FIT method, wherein the steric
and electrostatic fields around the molecules were
superimposed over the same fields of the template
molecule.

4.5. CoMFA interaction energy calculation

The steric and electrostatic fields in CoMFA were calcu-
lated at each lattice intersection of a regularly spaced grid
of 2.0 Å in all three dimensions within the defined region.
A sp3 carbon atom with +1.0 charge was used as the
probe. The van der Waals potential and Coulombic ener-
gy between the probe and the molecule were calculated
using the standard Tripos force field. A distance-depen-
dent dielectric constant of 1.0r was used in the calcula-
tion of the electrostatics. The steric field was truncated
at points where the value exceeded +/30.0 kcal/mol,



Figure 4. A view of the molecules aligned using database alignment.
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and the electrostatic fields were ignored at those lattice
points where the steric interactions were high.

4.6. HINT hydropathic field calculation

The hydropathic fields were calculated with the HINT
module in SYBYL. The region defined for calculation
of the CoMFA fields was also used to describe the space
in which the HINT fields were generated. HINT calcu-
lates the hydrophobic interaction between all atom pairs
in a molecule using the following equation

B =
P P

bij

where, bij, ai ajSiSjRijTij

bij, micro-interaction constant representing the attrac-
tion/interaction between atoms i and j

ai, the hydrophobic atom constant for atom i

Si, the solvent accessible surface area for atom i

Rij, the functional distance behavior for the interaction
between atoms i and j

Tij, a discriminant function designed to keep the signs of
interactions consistent with the HINT convention that
favorable interactions are positive and unfavorable
interactions are negative.

4.7. CoMSIA interaction energy calculations

Five CoMSIA fields—steric, electrostatic, hydrophobic,
and hydrogen-bond donor and acceptor potentials were
calculated at each lattice intersection of a regularly
spaced grid of 2.0 Å. A probe atom with radius 1.0 Å,
+1.0 charge, hydrophobicity of +1.0, and hydrogen-
bond donor and acceptor properties of +1.0 was used
to calculate steric, electrostatic, hydrophobic, and
hydrogen-bond donor and acceptor fields. The contribu-
tion from each one of these descriptors was truncated
above 0.3 kcal/mol.

4.8. Partial least squares (PLS) analysis

The PLS method was used to set up a correlation be-
tween the molecular fields and the inhibitory activity
of the molecules. The optimal number of components
was determined with SAMPLS21 (Samples-distance par-
tial least square) and cross-validation was carried out by
the leave-one-out method. The model with the optimum
number of components (highest q2) and with the lowest
standard error of prediction (SDEP) was considered for
further analysis. Equal weights were assigned to the ste-
ric and electrostatic fields by the COMFA_STD scaling
option. To speed up the analysis and reduce noise, col-
umns with a r value below 2.0 kcal/mol were filtered
off. Final analysis was performed to calculate the con-
ventional r2 using the optimum number of components.
To further assess the robustness and statistical confi-
dence of the derived models, bootstrapping22 analysis
for 10 runs was performed. Bootstrapping involves the
generation of many new datasets from the original data-
set and is obtained by randomly choosing samples from
the original dataset. The statistical calculation is per-
formed on each of these bootstrap samplings. The differ-
ence between the parameters calculated from the
original dataset and the average of the parameters calcu-
lated from the many bootstrap samplings is a measure of
the bias of the original calculations. Models with a
cross-validation (q2) value above 0.3 were sought, since
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at this value the probability of chance correlation is less
than 5%.23

4.9. Predictive correlation coefficient

The predictive ability of each 3D-QSAR model was
determined from a set of 24 test molecules not included
in the model generation. The predictive correlation coef-
ficient (r2

predÞ, based on the test set molecules, is defined as

r2
pred ¼ ðSD� PRESSÞ=SD

where SD is the sum of squared deviations between the
biological activity of the test set and the mean activity of
the training set molecules and the PRESS is the sum of
squared deviations between predicted and actual activity
values for every molecule in the test set.

4.10. CoMFA contour maps

Contour maps were generated as a scalar product of
coefficients and standard deviation (StDev * Coeff) asso-
ciated with each column. Favored and disfavored levels,
fixed at 80% and 20%, respectively, were used to display
the steric and the electrostatic fields. The contours for
steric fields are shown in green (more bulk favored)
and yellow (less bulk favored), while the electrostatic
field contours are displayed in red (electronegative sub-
stituents favored) and blue (electropositive substituents
favored) colors.

4.11. Results and discussion

The geometry of the groups at the 2-position of the
quinoline ring was adopted from the X-ray structures
of related molecules. The variation in biological activity
is approximately four log units. The CoMFA and CoM-
SIA models were generated for both the alignments,
namely database and field fit. The hydrophobic field cal-
culated using HINT was used in conjunction with CoM-
FA fields to derive additional models. The statistics of
Table 3. A summary of the statistics of the 3D-QSAR models

Parameter Database alignment

CoMFA Model 1 CoMFA + HINT

Model 2

CoMSI

Model

N 5 5 6

r2 0.94 0.95 0.96

r2
cv 0.60 0.46 0.48

SEE 0.25 0.24 0.22

F-value 100.1 88.5 84.9

r2
pred 0.49 0.23 0.43

r2
bs 0.94 0.94 0.96

SD 0.03 0.04 0.01

Contributions (%)

Steric 56 46 17

Electrostatic 44 38 53

Hydrophobic — 16 30

r2
cv, cross-validated correlation coefficient using SAMPLS; N, optimum num

coefficient; SEE, standard error of estimate; r2
pred, predictive (test molecule

bootstrapping analysis; SD, standard deviation from 10 bootstrapping runs.
the models generated are shown in Table 3. The activity
of molecule 8 in the test set was poorly predicted
(+2.0 U) by all six models. Hence, this molecule was
considered as an outlier and not included in the calcula-
tion of the predictive correlation coefficient (r2

predÞ.

The CoMFA models obtained by both the alignments
(Models 1 and 4) and only the CoMSIA model (with ste-
ric, electrostatic, and hydrophobic fields, Model 3) ob-
tained by database alignment exhibit the best statistics
for the training set and test sets. Among the three,
Model 1, that is, CoMFA model obtained by database
alignment, has overall the best statistical qualities, a
cross-validated correlation coefficient (q2) of 0.60, con-
ventional correlation coefficient (r2) of 0.94, and predic-
tive correlation coefficient (r2

predÞ of 0.49. A plot of the
predicted versus experimental activity for the training
set molecules using Model 1 is shown in Figure 5. The
incorporation of the hydropathic field of HINT to the
CoMFA models does not improve the statistical quality
of the models. The statistical data in Table 3 indicate
that the steric and electrostatic fields are sufficient to
generate a 3D-QSAR model with good correlation and
predictive power.

The CoMFA model, with its hundreds or thousands of
terms, is generally represented as a 3D ‘coefficient con-
tour.’ Colored contours in the map represent those areas
in 3D space where changes in the steric and electrostatic
field values of a compound correlate strongly with con-
comitant change in its biological activity. The CoMFA
steric and electrostatic contour plots of Model 1 are
shown in Figures 6 and 7, respectively, and these are
seen clustered around the groups R, R 0 present at the
hydrazone nitrogen.

Analysis of steric contours (Fig. 6) reveals two green col-
ored contours and one small yellow colored contour.
One green contour lies in the plane of the quinoline ring
near the phenyl ring in molecule 35, while the other one
lies outside the plane of the phenyl ring. The bulkier
Field fit alignment

A (SEH)

3

CoMFA

Model 4

CoMFA + HINT

Model 5

CoMSIA (SEH)

Model 6

6 6 6

0.96 0.96 0.96

0.54 0.49 0.42

0.20 0.20 0.23

103.5 100.4 80.6

0.43 0.33 0.34

0.97 0.95 0.96

0.02 0.03 0.02

54 42 17

46 40 53

— 18 30

ber of components; r2, conventional (non cross-validated) correlation

s) correlation coefficient; r2
bs, correlation coefficient after 10 runs of
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substituents like the phenyl ring in molecules 9, 10, 11,
31, 32, and 35 and the quinoline ring in 48 and 49, at-
tached to the hydrazone moiety, are buried partly in
the green contour present in the plane of the quinoline
ring. All these molecules exhibit good activity. In mole-
cules 12–18 and 23–26, one of the alkyl substituents at-
tached to hydrazone nitrogen is partially buried in the
other green contour outside the plane of the quinoline
ring. As a result, these molecules exhibit moderate
activity. Among these, molecule 16, with the sec-butyl
Figure 6. A map of the CoMFA contour (Model 1) for steric fields drawn ar

sites where steric bulk is disfavored are shown in yellow.
substituent, exhibits the highest activity. It has a
branched alkyl substituent, with a greater portion bur-
ied in the sterically favorable green contours, while other
similar molecules with an unbranched alkyl substituent
only partially fill the favorable region, and hence have
much lower activities. Molecules 20 and 21 also exhibit
good activity and contain the cycloalkyl substituent.
This indicates that the bulky branched chain and cyclo-
alkyl substituents are favored on the hydrazine nitrogen
as well as the phenyl and quinoline substituents are fa-
vored on hydrazone nitrogen.

Analysis of the electrostatic contours (Fig. 4) shows three
red colored contours and one blue colored contour. The
two red colored contours lie perpendicular to one face of
phenyl ring in 35, while the third one lies on the opposite
face. The blue contour lies near the phenyl ring in the
plane of the quinoline ring. The N, S, O, and Cl atoms
of the pyrrole (42), thiophene (43), furan (44), and phenyl
(35) rings, respectively, lie near these red colored con-
tours. The electronegative substituents are at the favored
positions in these molecules and hence, these molecules
exhibit good activity. Likewise, the hydroxyl group in
32, the oxygen atom of the acetyl group in 7, and the
nitrogen atom of o-pyridyl group in 45 lie near the elec-
trostatically favorable red contours, and consequently
these molecules exhibit good activity. The dimethylami-
no substituent in 40 is buried completely in the blue col-
ored contour which is favored for methyl groups but
unfavored for nitrogen, and as a result, 40 has moderate
activity. In molecule 37, the o-CF3 group lies near the
favored red contour, while the second p-CF3 group is
ound molecule 35. The green colored contour favors steric bulk, while



Figure 7. CoMFA contour map (Model 1) for electrostatic fields drawn around molecule 35. The red contour shows regions where electronegative

substituents are favored, while the blue contour is associated with positions where electropositive substituents improve activity.
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buried in the unfavorable blue contour, and consequent-
ly, it exhibits moderate activity.
5. Conclusions

In our efforts to optimize previously identified lead
4-(adamantan-1-yl)-2-quinolinecarbohydrazide 2, we
synthesized two new series of 2-substituted qunolines
containing 4-(adamantan-1-yl) group. Analogs 7, 9, 20,
and 21 of the 4-adamantan-1-yl-quinoline-2-carboxylic
acid N 0-alkylhydrazides (Series 1) exhibited promising
anti-TB activity (99% inhibition) at 3.125 lg/mL. While
four analogs 42–44 and 48 of the 4-adamantan-1-yl-
quinoline-2-carboxylic acid alkylidene/arylidene/hetero-
arylidene hydrazides (Series 2) produced 99% inhibition
at 3.125 lg/mL. The most potent compound 4-adaman-
tan-1-yl-quinoline-2-carboxylic acid (2-chlorobenzylid-
ene)hydrazide (35) inhibited drug-sensitive M.
tuberculosis H37Rv at 1.00 lg/mL (99% inhibition) and
was equipotent to standard drug isoniazid. Thus,
ring-substituted quinolines reported herein may be con-
sidered attractive for further optimization to obtain
compounds with greater potency. To understand struc-
ture–activity relationship of the reported compounds,
a 3D-QSAR analysis was carried out using CoMFA
alone, CoMFA in conjunction with a hydrophobic field
evaluated using HINT, and CoMSIA, to map the struc-
tural features contributing to the inhibitory activity of
these molecules. Inclusion of the HINT hydropathic
field to the CoMFA models does not improve the qual-
ity of the models. The CoMSIA models are comparable
in most aspects to the CoMFA models but lack good
predictive power. The database alignment of molecules
produced models with better statistics than those with
field fit alignment. Out of the various models evaluated,
the CoMFA model based on database alignment pro-
duced a statistically sound model with a good correla-
tion and predictive power. Analysis of the CoMFA
contours provides details on the fine relationship linking
structure and activity, and offers clues for structural
modifications that can improve the activity.
6. Experimental

Melting points were recorded on a Mettler DSC 851
instrument or a capillary melting point apparatus and
are uncorrected. 1H spectra were recorded on a
300 MHz Bruker FT-NMR (Avance DPX300) spec-
trometer using tetramethylsilane as internal standard
and the chemical shifts are reported in d units. Mass
spectra were recorded on a HRMS (Finnigan Mat
LCQ) spectrometer using ESI mode. Elemental analyses
were carried out on an Elementar Vario EL spectrome-
ter. Chromatographic purifications were carried out
with silica gel 60 (230–400 mesh) and TLC (silica gel)
was done on silica gel coated (Merck Kiesel 60 F254,
0.2 mm thickness) sheets. All chemicals were purchased
from Aldrich Chemical Ltd (Milwaukee, WI, USA).
Solvents used for the chemical synthesis were acquired
from commercial sources, were of analytical grade and
used without further purification unless otherwise
stated.

6.1. Synthesis of 4-(adamantan-1-yl)-2-quinolinecarboxy-
lic acidÆHCl (6)

A solution of ethyl 4-(adamantan-1-yl)-2-quinolinecarb-
oxylate6 (5, 2 g, 10 mmol) in 6 N HCl (20 mL) was heated
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at 100 �C for 8 h. 4-(Adamantan-1-yl)-2-quinolinecarb-
oxylic acid hydrochloride (6) was obtained directly by
evaporation of the acid hydrolysis solution. Yield: 95%;
mp: 124–126 �C; 1H NMR (CD3OD): d 8.47 (d, 1H,
J = 8.5 Hz), 7.95 (d, 1H, J = 7.1 Hz), 7.77 (s, 1H), 7.54
(m, 1H), 7.44 (m, 1H), 1.88 (m, 15H); ESIMS: m/z 308
(M+1); Anal. Calcd for C20H22ClNO2 (343.8): C, 69.86;
H, 6.45; N, 4.07. Found: C, 69.92; H, 6.63; N, 4.32.

6.2. General procedure for synthesis of 4-adamantan-1-yl-
quinoline-2-carboxylic acid N 0-alkylhydrazides (7–11)

To a mixture of 4-(adamantan-1-yl)-2-quinolinecarb-
oxylic acid hydrochloride (6, 0.1 g, 0.3 mmol) in anhy-
drous DCE (10 mL), SOCl2(60 lL, 0.9 mmol) was
added. Reaction mixture was heated at 80 �C for 2 h.
Excess of reagents were removed under reduced pressure
to afford acid chloride intermediate in situ. This interme-
diate was dissolved in anhydrous DCM (15 mL) and
allowed to react with various aliphatic or aromatic
hydrazides in the presence of triethylamine (100 lL,
0.7 mmol) at 4 �C for 1 h. Reaction mixture was diluted
with DCM (25 mL), washed with water (2· 15 mL),
brine solution (15 mL), and dried over Na2SO4. The
organic layer was concentrated under reduced pressure
to afford crude product which was purified by flash col-
umn chromatography on silica gel using EtOAc/hexanes
(7:93) as eluant to provide 4-adamantan-1-yl-quinoline-
2-carboxylic acid N 0-alkylhydrazides 7–11.

6.2.1. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
acetylhydrazide (7). Yield: 37%; mp: 212–214 �C (dec);
IR (KBr): 3219, 1638 cm�1; 1H NMR (CDCl3): d
10.40 (br s, 1H), 8.65 (d, 1H, J = 9.0 Hz), 8.16 (m,
2H), 7.70 (m, 1H,), 7.58 (m, 1H), 1.88 (m, 15H), 1.25
(s, 3H); ESIMS: m/z 364 (M+1); Anal. Calcd for
C22H25N3O2 (363.1): C, 72.70; H, 6.93; N, 11.56. Found:
C, 72.78; H, 6.97; N, 11.60.

6.2.2. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
formylhydrazide (8). Yield: 20%; mp: 175–177 �C (dec);
IR (KBr): 3317, 1650 cm�1; 1H NMR (CDCl3): d 8.81
(s, 1H), 8.67 (d, 1H, J = 8.7 Hz), 8.29 (s, 1H), 8.17 (d,
1H, J = 6.7 Hz), 7.71 (m, 1H), 7.54 (m, 1H), 1.88 (m,
15H); ESIMS: m/z 350 (M+1); Anal. Calcd for
C21H23N3O2 (349.2): C, 72.18; H, 6.63; N, 12.03. Found:
C, 72.20; H, 6.67; N, 12.07.

6.2.3. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
(2-fluorophenyl)hydrazide (9). Yield: 65%; semi-solid; IR
(KBr): 3274, 1678 cm�1; 1H NMR (CDCl3): d 9.79 (br s,
1H), 8.69 (d, 1H, J = 8.6 Hz), 8.19 (m, 2H), 7.74 (m,
1H), 7.61 (m, 1H), 7.02 (m, 3H), 6.88 (m, 1H), 1.88
(m, 15H); ESIMS: m/z 416 (M+1); Anal. Calcd for
C26H26FN3O (415.5): C, 75.16; H, 6.31; N, 10.11.
Found: C, 75.8; H, 6.25; N, 10.05.

6.2.4. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
(3-fluorophenyl)hydrazide (10). Yield: 60%; semi-solid:
IR (KBr): 3212, 1697 cm�1; 1H NMR (CDCl3): d 9.78
(br s, 1H), 8.67 (d, 1H, J = 8.7 Hz), 8.19 (s, 1H), 8.16
(d, 1H, J = 8.4 Hz), 7.71 (m, 1H), 7.59 (m, 1H), 7.16
(m, 1H), 6.68 (m, 2H), 6.57 (m, 1H), 1.88 (m, 15H);
ESIMS: m/z 416 (M+1); Anal. Calcd for C26H26FN3O
(415.5): C, 75.16; H, 6.31; N, 10.11. Found: C, 75.33;
H, 6.10; N, 10.34.

6.2.5. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
(4-fluoropheny)hydrazide (11). Yield: 62%; oil; IR (neat):
3293, 1688 cm�1; 1H NMR (CDCl3): 9.76 (br s, 1H),
8.69 (d, 1H, J = 8.7 Hz), 8.17 (m, 2H), 7.73 (m, 1H),
7.60 (m, 1H), 6.95 (m, 4H), 6.25 (br s, 1H), 1.88 (m,
15H); APCI MS: m/z 416 (M+1); Anal. Calcd for
C26H26FN3O (415.5): C, 75.16; H, 6.31; N, 10.11.
Found: C, 74.89; H, 6.55; N, 10.23.

6.3. General method for the synthesis of 4-adamantan-1-
yl-quinoline-2-carboxylic acid N 0-alkylhydrazides and
N 0,N 0-dialkylhydrazides (12–27)

To a solution of 4-(adamantan-1-yl)-2-quinolinecarbo-
hydrazide6 (2, 0.3 g, 0.9 mmol) in abs ethyl alcohol
(15 mL), aliphatic or aromatic halide (0.27 mmol) was
added. Triethylamine (150 lL, 1.08 mmol) was then
added to the reaction mixture. Reaction mixture was
heated at 80 �C for 8 h. Reaction mixture was cooled
to ambient temperature and solvent evaporated under
reduced pressure to afford a mixture of mono- and
disubstituted hydrazides, which upon chromatographic
purification using EtOAc/hexanes (10:90) as eluant gave
product.

In the cases involving use of secondary alkyl halides, the
above-mentioned procedure proved to be unsuccessful.
Alternate experimental procedure described below was
used to obtain remaining derivatives.

To a solution of 4-(adamantan-1-yl)-2-quinolinecarbo-
hydrazide6 (2, 0.1 g, 0.3 mmol) in DMF (8 mL), second-
ary alkyl bromide (0.9 mmol) and K2CO3 (0.1 g,
0.9 mmol) were added. Reaction mixture was stirred at
80 �C for 8 h. Reaction mixture was cooled to ambient
temperature, and solvent was evaporated under reduced
pressure to provide crude product, which upon chroma-
tographic purification using EtOAc/hexanes (10:90) as
eluant produced product.

6.3.1. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
propylhydrazide (12). Yield: 38%; semi-soild; IR (KBr):
3274, 1678 cm�1; 1H NMR (CDCl3): d 9.41 (br s, 1H),
8.66 (d, 1H, J = 8.8 Hz), 8.25 (s, 1H), 8.12 (d, 1H,
J = 8.3 Hz), 7.68 (m, 1H,), 7.56 (m, 1H), 3.01 (m, 2H),
1.88 (m, 15H), 1.61 (m, 2H), 0.95 (m, 3H); ESIMS:
m/z 364 (M+1); Anal. Calcd for C23H29N3O (363.5):
C, 76.00; H, 8.04; N, 11.56. Found: C, 76.12; H, 8.13;
N, 11.63.

6.3.2. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0,
N 0-dipropylhydrazide (13). Yield: 28%; semi-solid; IR
(KBr): 3274, 1678 cm�1; 1H NMR (CDCl3): d 8.66
(d, 1H, J = 8.7 Hz), 8.25 (s, 1H), 8.16 (d, 1H,
J = 8.4 Hz), 7.67 (m, 1H), 7.57 (m, 1H), 2.90 (m, 4H),
1.95 (m, 15H), 1.64 (m, 4H), 0.94 (m, 6H); ESIMS:
m/z 406 (M+1); Anal. Calcd for C26H35N3O (405.6):
C, 77.00; H, 8.70; N, 10.36. Found: C, 77.12; H, 8.81;
N, 10.25.
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6.3.3. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
butylhydrazide (14). Yield: 45%; semi-solid; IR (KBr):
3268, 1673 cm�1; 1H NMR (CDCl3): d 8.66 (d, 1H,
J = 8.6 Hz), 8.25 (s, 1H), 8.12 (d, 1H, J = 9.6 Hz), 7.68
(m, 1H), 7.56 (m, 1H), 2.98 (m, 2H), 1.87 (m, 15H),
1.58 (m, 4H), 0.89 (m, 3H); ESIMS: m/z 378 (M+1);
Anal. Calcd for C24H31N3O (377.5): C, 76.35; H, 8.28;
N, 11.13. Found: C, 76.27; H, 8.21; N, 11.07.

6.3.4. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0,
N 0-dibutylhydrazide (15). Yield: 30%; semi-solid; IR
(KBr): 3274, 1678 cm�1; 1H NMR (CDCl3): d 8.66 (d,
1H, J = 9.2 Hz), 8.26 (s, 1H), 8.15 (d, 1H, J = 8.3 Hz),
7.69 (m, 1H), 7.56 (m, 1H), 2.87 (m, 4H), 1.88 (m,
15H), 1.58 (m, 4H), 1.33 (m, 4H), 0.88 (m, 6H); ESIMS:
m/z 434 (M+1); Anal. Calcd for C28H39N3O (433.6): C,
77.55; H, 9.07; N, 9.69. Found: C, 77.49; H, 9.01; N,
9.75.

6.3.5. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
sec-butylhydrazide (16). Yield: 60%; semi-solid; IR
(KBr): 3250, 1685 cm�1; 1H NMR (CDCl3): d 8.64 (d,
1H, J = 8.5 Hz), 8.35 (d, 1H, J = 8.2 Hz), 8.07 (s, 1H),
7.69 (m, 1H), 7.59 (m, 1H), 3.01 (m, 1H), 1.88 (m,
15H), 1.44 (m, 3H), 1.43 (m, 2H), 1.03 (m, 3H); ESIMS:
m/z 378 (M+1); Anal. Calcd for C24H31N3O (377.5): C,
76.35; H, 8.28; N, 11.13. Found: C, 76.21; H, 8.10; N,
11.02.

6.3.6. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
hexylhydrazide (17). Yield: 35%; semi-solid; IR (KBr):
3270, 1673 cm�1; 1H NMR (CDCl3): d 8.60 (d, 1H,
J = 8.5 Hz), 8.27 (s, 1H), 8.10 (d, 1H, J = 9.4 Hz), 7.55
(m, 1H), 7.50 (m, 1H), 2.92 (m, 2H), 1.85 (m, 15H),
1.53 (m, 8H), 0.80 (m, 3H); ESIMS: m/z 406 (M+1);
Anal. Calcd for C26H35N3O (405.6): C, 77.00; H, 8.70;
N, 10.36. Found: C, 76.74; H, 8.92; N, 10.71.

6.3.7. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0,
N 0-dihexylhydrazide (18). Yield: 32%; semi-solid; IR
(KBr): 3272, 1675 cm�1; 1H NMR (CDCl3): d 8.63 (d,
1H, J = 9.0 Hz), 8.30 (s, 1H), 8.20 (d, 1H, J = 8.5 Hz),
7.70 (m, 1H), 7.60 (m, 1H), 2.90 (m, 4H), 1.89 (m,
15H), 1.56 (m, 8H), 1.35 (m, 8H), 0.90 (m, 6H); ESIMS:
m/z 488 (M+1); Anal. Calcd for C32H47N3O (487.7): C,
78.48; H, 9.67; N, 8.58. Found: C, 78.21; H, 9.43; N,
8.94.

6.3.8. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0,
N 0-diallylhydrazide (19). Yield: 58%; mp: 145–147 �C
(dec); IR (KBr): 3252, 1683 cm�1; 1H NMR (CDCl3):
d 8.92 (br s, 1H), 8.64 (d, 1H, J = 8.7 Hz), 8.22 (s,
1H), 8.12 (d, 1H, J = 8.3 Hz), 7.68 (m, 1H), 7.55 (m,
1H), 6.03 (m, 2H), 5.21 (m, 4H), 3.60 (m, 4H), 1.88
(m, 15H); ESIMS: m/z 402 (M+1); Anal. Calcd for
C26H31N3O (401.5), calcd: C, 77.77; H, 7.78; N, 10.46.
Found: C, 77.58; H, 7.67; N, 10.38.

6.3.9. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
cyclopentylhydrazide (20). Yield: 48%; semi-solid; IR
(KBr): 3250, 1700 cm�1; 1H NMR (CDCl3): d 8.60 (d,
1H, J = 8.3 Hz), 8.33 (d, 1H, J = 7.4 Hz), 8.10 (s, 1H),
7.73 (m, 1H), 7.60 (m, 1H), 2.80 (m, 1H), 1.86 (m,
15H), 1.50 (m, 8H); ESIMS: m/z 390 (M+1); Anal.
Calcd for C25H31N3O (389.5): C, 77.08; H, 8.02; N,
10.79. Found: C, 76.87; H, 8.21; N, 10.95.

6.3.10. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
cyclohexylhydrazide (21). Yield: 52%; semi-solid; IR
(KBr): 3253, 1707 cm�1; 1H NMR (CDCl3): d 8.64 (d,
1H, J = 8.2 Hz), 8.35 (d, 1H, J = 7.3 Hz), 8.08 (s, 1H),
7.70 (m, 1H), 7.58 (m, 1H), 2.84 (m, 1H), 1.88 (m,
15H), 1.52 (m, 10H); ESIMS: m/z 404 (M+1); Anal.
Calcd for C26H33N3O (403.5): C, 77.38; H, 8.24; N,
10.41. Found: C, 77.56; H, 8.08; N, 10.33.

6.3.11. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
isopropylhydrazide (22). Yield: 54%; semi-solid; IR
(KBr): 1706 cm�1; 1H NMR (CDCl3): d 8.64 (d, 1H,
J = 8.2 Hz), 8.34 (d, 1H, J = 8.3 Hz), 8.08 (s, 1H), 7.69
(m, 1 H), 7.58 (m, 1H), 3.70 (m, 1H), 1.88 (m, 15H),
1.25 (m, 6H); ESIMS: m/z 364 (M+1); Anal. Calcd for
C23H29N3O (363.5): C, 76.00; H, 8.04; N, 11.56. Found:
C, 76.11; H, 8.08; N, 11.33.

6.3.12. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
phenethylhydrazide (23). Yield: 36%; semi-solid; IR
(KBr): 3250, 1670 cm�1; 1H NMR (CDCl3): d 8.89 (br
s, 1H), 8.67 (d, 1H, J = 8.6 Hz), 8.28 (s, 1H), 8.17 (d,
1H, J = 8.3 Hz), 7.71 (m, 1H), 7.59 (m, 1H), 7.26 (m,
5H), 3.21 (m, 2H), 2.94 (m, 2H), 1.88 (m, 15H); ESIMS:
m/z 426 (M+1); Anal. Calcd for C28H31N3O (425.6): C,
79.02; H, 7.34; N, 9.87. Found: C, 79.11; H, 7.45; N,
9.93.

6.3.13. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0,
N 0-diphenethylhydrazide (24). Yield: 25%; mp: 180–
181 �C (dec); IR (KBr): 3276, 1688 cm�1; 1H NMR
(CDCl3): d 9.43 (br s, 1H), 8.65 (d, 1H, J = 8.6 Hz),
8.19 (s, 1H), 8.11 (d, 1H, J = 8.3 Hz), 7.68 (m, 1H,),
7.56 (m, 1H), 7.30 (m, 10H), 3.30 (m, 4H), 2.93 (m,
4H), 1.88 (m, 15H); ESIMS: m/z 530 (M+1); Anal.
Calcd for C36H39N3O (529.7): C, 81.63; H, 7.42; N,
7.93. Found: C, 81.75; H, 7.35; N, 7.85.

6.3.14. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0-
(3-phenylpropyl)hydrazide (25). Yield: 36%; semi-solid;

IR (KBr): 3240, 1670 cm�1; 1H NMR (CDCl3): d 8.85
(br s, 1H), 8.65 (d, 1H, J = 8.5 Hz), 8.30 (s, 1H), 8.20
(d, 1H, J = 8.4 Hz), 7.70 (m, 1H), 7.60 (m, 1H), 7.24
(m, 5H), 3.22 (m, 2H), 2.90 (m, 2H), 2.07 (m, 2H),
1.87 (m, 15H); ESIMS: m/z 440 (M+1); Anal. Calcd
for C29H33N3O (439.6): C, 79.23; H, 7.57; N, 9.56.
Found: C, 79.46; H, 7.65; N, 9.44.

6.3.15. 4-Adamantan-1-yl-quinoline-2-carboxylic acid N 0,
N 0-bis-(3-phenylpropyl)hydrazide (26). Yield: 23%; mp:
171–173 �C (dec); IR (KBr): 3270, 1685 cm�1; 1H
NMR (CDCl3): d 9.40 (br s, 1H), 8.63 (d, 1H,
J = 8.5 Hz), 8.21 (s, 1H), 8.09 (d, 1H, J = 8.5 Hz), 7.70
(m, 1H,), 7.60 (m, 1H), 7.28 (m, 10H), 3.31 (m, 4H),
2.91 (m, 4H), 2.10 (m, 4H), 1.88 (m, 15H); ESIMS: m/
z 578 (M+1); Anal. Calcd for C38H43N3O (577.8): C,
81.83; H, 7.77; N, 7.53. Found: C, 81.65; H, 7.50; N,
7.91.
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6.3.16. Benzoic acid N 0-(4-adamantan-1-yl-quinoline-2-
carbonyl)-N-benzoylhydrazide (27). Yield: 45%; mp:
144–146 �C (dec); IR (KBr): 3260, 1680, 1630 cm�1;
1H NMR (CDCl3): d 9.21 (br s, 1H), 8.60 (d, 1H,
J = 8.5 Hz), 8.23 (s, 1H), 8.10 (d, 1H, J = 8.5 Hz), 8.01
(m, 2H), 7.72 (m, 1H), 7.63 (m, 1H), 7.50 (m, 3H),
1.88 (m, 15H); ESIMS: m/z 426 (M+1); Anal. Calcd
for C27H27N3O (425.5): C, 76.21; H, 6.40; N, 9.87.
Found: C, 76.03; H, 6.55; N, 9.74.

6.4. General method for the synthesis of 4-adamantan-1-
yl-quinoline-2-carboxylic acid alkylidene hydrazides
(28–49)

To a solution of 4-(adamantan-1-yl)-2-quinolinecarbo-
hydrazide6 (2, 0.4 g, 1.2 mmol) in abs ethyl alcohol
(20 mL), aliphatic, aromatic or heteroaromatic aldehyde
(1.44 mmol) was added, and the reaction mixture was
heated at 80 �C for 2 h. The solvent was removed under
reduced pressure, and resulting residue was diluted with
ethyl acetate (50 mL). Organic layer was washed with
water (2· 15 mL) followed by brine (15 mL), and dried
(Na2SO4). The solvent was removed under reduced pres-
sure to afford crude product, which upon chromato-
graphic purification over neutral alumina using EtOAc/
hexanes (5:95) produced 4-adamantan-1-yl-quinoline-2-
carboxylic acid alkylidene hydrazides 28–49.

6.4.1. 4-Adamantan-1-yl-quinoline-2-carboxylic acid pro-
pylidenehydrazide (28). Yield: 55%; mp: 147–148 �C; IR
(KBr): 3436, 1676 cm�1; 1H NMR (CDCl3): 10.90 (br s,
1H), 8.68 (d, 1H, J = 8.80 Hz), 8.30 (s, 1H), 8.14 (d, 1H,
J = 8.40 Hz), 7.72 (m, 2H), 7.58 (m, 1H), 2.48 (m, 2H),
1.89 (m, 15H), 1.20 (t, 3H, J = 7.50 Hz); APCIMS: m/z
362 (M+1); Anal. Calcd for C23H27N3O (361.5): C,
76.42; H, 7.53; N, 11.62. Found: C, 76.64; H, 7.80; N,
11.45.

6.4.2. 4-Adamantan-1-yl-quinoline-2-carboxylic acid iso-
butylidenehydrazide (29). Yield: 48%; mp: 213–215 �C;
IR (KBr): 3306, 1688 cm�1; 1H NMR (CDCl3): 10.83
(br s, 1H), 8.68 (d, 1H, J = 8.7 Hz), 8.30 (s, 1H), 8.13
(d, 1H, J = 8.3 Hz), 7.70 (m, 1H), 7.58 (m, 2H), 2.78
(m, 1H), 1.89 (m, 15H), 1.19 (d, 6H, J = 6.7 Hz); APC-
IMS: m/z 376 (M+1); Anal. Calcd for C24H29N3O
(375.5): C, 76.76; H, 7.78; N, 11.19. Found: C, 76.93;
H, 7.65; N, 11.11.

6.4.3. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (2,2-
dimethylpropylidene)hydrazide (30). Yield: 66%; mp:
140–142 �C (dec); IR (KBr): 3309, 1686 cm�1; 1H
NMR (CDCl3): d 10.79 (br s, 1H), 8.67 (d, 1H,
J = 8.6 Hz), 8.29 (s, 1H), 8.13 (d, 1H, J = 8.8 Hz), 7.70
(m, 2H), 7.59 (m, 1H), 1.88 (m, 15H), 1.23 (m, 9H);
ESIMS: m/z 391 (M+1); Anal. Calcd for C25H31N3O
(389.5): C, 77.08; H, 8.02; N, 10.79. Found: C, 77.41;
H, 7.84; N, 11.03.

6.4.4. 4-Adamantan-1-yl-quinoline-2-carboxylic acid ben-
zylidenehydrazide (31). Yield: 66%; mp: 184–186 �C; IR
(KBr): 3280, 1675 cm�1; 1H NMR (CDCl3): d 11.09
(br s, 1H), 8.80 (d, 1H, J = 8.4 Hz), 8.40 (s, 1H), 8.31
(s, 1H), 8.07 (d, 1H, J = 8.4 Hz), 7.85 (m, 2H), 7.65
(m, 5H), 1.89 (m, 15H); APCIMS: m/z 410 (M+1); Anal.
Calcd for C27H27N3O (409.5): C, 79.19; H, 6.65; N,
10.26. Found: C, 78.87; H, 6.75; N, 10.45.

6.4.5. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (3-
hydroxybenzylidene)hydrazide (32). Yield: 66%; mp:
193–195 �C; IR (KBr): 3275, 1677 cm�1; 1H NMR
(CDCl3): d 11.21 (br s, 1H), 8.75 (d, 1H, J = 8.3 Hz),
8.36 (s, 1H), 8.28 (s, 1H), 8.03 (d, 1H, J = 8.2 Hz),
7.85 (m, 1H), 7.71 (m, 2H), 7.65 (m, 2H), 7.50 (m,
1H), 1.89 (m, 15H); APCIMS: m/z 426 (M+1); Anal.
Calcd for C27H27N3O2 (425.5): C, 76.21; H, 6.40; N,
9.87. Found: C, 76.29; H, 6.31; N, 9.95.

6.4.6. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (4-
hydroxybenzylidene)hydrazide (33). Yield: 66%; mp: 201–
203 �C; IR (KBr): 3275, 1680 cm�1; 1H NMR (CDCl3): d
11.18 (br s, 1H), 8.71 (d, 1H, J = 8.7 Hz), 8.40 (s, 1 H),
8.30 (s, 1H), 8.08 (d, 1H, J = 8.3 Hz), 7.85 (d, 2H,
J = 8.5 Hz), 7.70 (m, 1H), 7.55 (m, 1H), 6.91 (d, 2H,
J = 8.5 Hz), 1.88 (m, 15H); APCIMS: m/z 426 (M+1);
Anal. Calcd for C27H27N3O2 (425.5): C, 76.21; H, 6.40;
N, 9.87. Found: C, 76.03; H, 6.57; N, 9.51.

6.4.7. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (4-
methoxybenzylidene)hydrazide (34). Yield: 71%; mp:
>250 �C; IR (KBr): 3268, 1685 cm�1; 1H NMR
(CDCl3): d 11.12 (br s, 1H), 8.69 (d, 1H, J = 8.80 Hz),
8.36 (s, 1H), 8.33 (s, 1H), 8.16 (d, 1H, J = 8.2 Hz),
7.80 (d, 2H, J = 8.6 Hz), 7.72 (m, 1H), 7.59 (m, 1H),
6.95 (d, 2H, J = 8.7 Hz), 3.86 (s, 3H), 1.90 (m, 15H);
APCIMS: m/z 440 (M+1); Anal. Calcd for C28H29-
N3O2 (439.6): C, 76.51; H, 6.65; N, 9.56. Found: C,
76.86; H, 6.37; N, 9.48.

6.4.8. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (2-
chlorobenzylidene)hydrazide (35). Yield: 67%; mp: 142–
144 �C; IR (KBr): 3270, 1680 cm�1; 1H NMR (CDCl3):
d 11.10 (br s, 1H), 8.70 (d, 1H, J = 8.4 Hz), 8.38 (s, 1H),
8.29 (s, 1H), 8.20 (d, 1H, J = 8.4 Hz), 7.75 (m, 1H),
7.61 (m, 1H), 7.40 (m, 4H), 1.90 (m, 15H); APCIMS:
m/z 444 (M+1); Anal. Calcd for C27H26ClN3O (443.9):
C, 73.04; H, 5.90; N, 9.46. Found: C, 72.85; H, 5.95;
N, 9.21.

6.4.9. 4-Adamantan-1-yl-quinoline-2-carboxylic acid pen-
tafluorophenylmethylenehydrazide (36). Yield: 64%; mp.
225–227 �C; IR (KBr): 2913, 1700 cm�1; 1H NMR
(CDCl3): d 11.46 (br s, 1H), 8.73 (m, 2H), 8.31 (s, 1H),
8.18 (d, 1H, J = 8.2 Hz), 7.74 (m, 1H), 7.62 (m, 1H),
1.90 (m, 15 H); ESIMS: m/z 500 (M+1); Anal. Calcd
for C27H22F5N3O (499.5): C, 64.93; H, 4.44; N, 8.41.
Found: C, 65.24; H, 4.62; N, 8.45.

6.4.10. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
(3,5-bis-trifluoromethyl-benzylidene)hydrazide (37). Yield:
58%; mp: 138–140 �C (dec); IR (KBr): 3223, 1688 cm�1;
1H NMR (CDCl3): d 11.42 (br s, 1H), 8.72 (d, 1H,
J = 8.6 Hz), 8.64 (s, 1H), 8.31 (m, 3H), 8.18 (d, 1H,
J = 8.2 Hz), 7.91 (s, 1H), 7.75 (m, 1H), 7.63 (m, 1H),
1.88 (m, 15H); ESIMS: m/z 546 (M+1); Anal. Calcd
for C29H25F6N3O (545.2): C, 63.85; H, 4.62; N, 7.70.
Found: C, 63.93; H, 4.54; N, 7.85.
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6.4.11. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (2-
methoxynaphthalen-1-ylmethylene)hydrazide (38). Yield:
43%; mp: 138–140 �C (dec); IR (KBr): 3216,
1685 cm�1; 1H NMR (CDCl3): d 11.23 (br s, 1H), 8.98
(s, 1H), 8.87 (d, 1H, J = 8.5 Hz), 8.71 (d, 1H,
J = 8.6 Hz), 8.35 (m, 2H), 8.24 (m,1H), 8.06 ( d, 1H,
J = 8.2 Hz), 7.65 (m, 4H), 6.90 (d, 1H, J = 8.2 Hz),
4.07 (s, 3H), 1.88 (m, 15H); ESIMS: m/z 490 (M+1);
Anal. Calcd for C32H31N3O2 (489.6): C, 78.50; H,
6.38; N, 8.58. Found: C, 78.75; H, 6.63; N, 8.85.

6.4.12. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (4-
methoxynaphthalen-1-ylmethylene)hydrazide (39). Yield:
55%; mp: 162–164 �C (dec); IR (KBr): 3436,
1790 cm�1; 1H NMR (CDCl3): d 11.23 (br s, 1H), 8.99
(s, 1H), 8.87 (d, 1H, J = 8.9 Hz), 8.71 (d, 1H,
J = 8.6 Hz), 8.35 (m, 2H), 8.22 (d, 1H, J = 8.3 Hz),
8.06 (d, 1H, J = 8.3 Hz), 7.64 (m, 4H,), 6.91 (d, 1H,
J = 8.2 Hz), 4.11 (s, 3H), 1.88 (m, 15Hs); ESIMS: m/z
490 (M+1); Anal. Calcd for C32H31N3O2 (489.6): C,
78.50; H, 6.38; N, 8.58. Found: C, 78.65; H, 6.41; N,
8.36.

6.4.13. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (4-
dimethylaminonaphthalen-1-ylmethylene)hydrazide (40).
Yield: 61%; mp: 152–154 �C (dec); IR (KBr): 3244,
1651 cm�1; 1H NMR (CDCl3): d 11.24 (br s, 1H), 9.00
(s, 1H), 8.87 (d, 1H, J = 8.3 Hz), 8.71 (d, 1H,
J = 8.8 Hz), 8.37 (s, 1H), 8.25 (m, 2H), 8.03 (d, 1H,
J = 7.9 Hz), 7.74 (m, 1H), 7.58 (m, 3H), 7.90 (d, 1H,
J = 7.9 Hz), 2.99 (s, 6H), 1.88 (m, 15H); ESIMS: m/z 503
(M+1); Anal. Calcd for C33H34N4O (502.6): C, 78.85;
H, 6.82; N, 11.15. Found: C, 78.91; H, 6.92; N, 11.37.

6.4.14. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
anthracen-9-ylmethylenehydrazide (41). Yield: 50%; mp:
158–160 �C (dec); IR (KBr): 3232, 1688 cm�1; 1H
NMR (CDCl3): d 11.55 (br s, 1H), 9.67 (s, 1H), 8.74
(m, 3H), 8.54 (s, 1H), 8.42 (s, 1H), 8.27 (d, 1H,
J = 9.6 Hz), 8.05 (d, 2H, J = 8.3 Hz), 7.77 (m, 1H),
7.57 (m, 5H), 1.88 (m, 15H); ESIMS: m/z 510 (M+1);
Anal. Calcd for C35H31N3O (509.6): C, 82.48; H, 6.13;
N, 8.25. Found: C, 82.47; H, 6.08; N, 8.21.

6.4.15. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
(1H-pyrrol-2-ylmethylene)hydrazide (42). Yield: 66%;
mp: 130–132 �C (dec); IR (KBr): 3296, 1693 cm�1; 1H
NMR (CDCl3): d 11.03 (br s, 1H), 9.95 (br s, 1H),
8.69 (d, 1H, J = 8.7 Hz), 8.30 (s, 1H), 8.16 (m, 2H),
7.72 (m, 1H), 7.59 (m, 1H), 6.98 (d, 1H, J = 4.4 Hz),
6.54 (d, 1H, J = 4.2 Hz), 6.27 (m, 1H), 1.88 (m, 15H);
ESIMS: m/z 399 (M+1); Anal. Calcd for C25H26N4O
(398.5): C, 75.35; H, 6.58; N, 14.06. Found: C, 75.51;
H, 6.35; N, 14.41.

6.4.16. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
thiophen-2-ylmethylenehydrazide (43). Yield: 60%; mp:
138–140 �C (dec); IR (KBr): 3291, 1682 cm�1; 1H
NMR (DMSO-d6): d 12.19 (br s, 1H), 8.92 (s, 1H),
8.78 (d, 1H, J = 8.4 Hz), 8.26 (d, 1H, J = 8.1 Hz), 8.10
(s, 1H), 7.87 (m, 1H), 7.75 (m, 2H), 7.50 (d, 1H,
J = 3.2 Hz), 7.19 (m, 1H), 1.88 (m, 15H); ESIMS: m/z
416 (M+1); Anal. Calcd for C25H25N3OS (415.6): C,
72.26; H, 6.06; N, 10.11. Found: C, 72.35; H, 6.13; N,
10.18.

6.4.17. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
furan-2-ylmethylenehydrazide (44). Yield: 50%; mp:
135–138 �C (dec); IR (KBr): 3298, 1701 cm�1; 1H
NMR (CDCl3): d 11.17 (br s, 1H), 8.69 (d, 1H, J =
8.6 Hz), 8.50 (s, 1H), 8.31 (s, 1H), 8.15 (d, 1H,
J = 8.1 Hz), 7.60 (m, 2H), 7.48 (m, 1H), 6.90 (d, 1H,
J = 4.2 Hz), 6.52 (d, 1H, J = 4.1 Hz), 1.88 (m, 15H);
ESIMS: m/z 400 (M+1); Anal. Calcd for C25H25N3O2

(399.5): C, 75.16; H, 6.31; N, 10.52. Found: C, 74.19;
H, 6.37; N, 10.55.

6.4.18. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
pyridin-2-ylmethylenehydrazide (45). Yield: 60%; mp:
140–142 �C (dec); IR (KBr): 3293, 1712 cm�1; 1H
NMR (CDCl3): d 11.37 (br s, 1H), 8.68 (m, 2H), 8.44
(s, 1H), 8.33 (s, 1H), 8.29 (d, 1H, J = 8.0 Hz), 8.20 (d,
1H, J = 7.9 Hz), 7.75 (m, 2H), 7.61 (m, 1H), 7.31 (m,
1H), 1.88 (m, 15H); ESIMS: m/z 411 (M+1); Anal.
Calcd for C26H26N4O (410.5): C, 76.07; H, 6.38; N,
13.65. Found: C, 75.81; H, 6.39; N, 13.52.

6.4.19. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
pyridin-3-ylmethylenehydrazide (46). Yield: 61%; mp:
130–132 �C (dec); IR (KBr): 3298, 1709 cm�1; 1H
NMR (DMSO-d6): d 12.35 (br s, 1H), 8.88 (s, 1H),
8.77 (m, 2H), 8.64 (d, 1H, J = 3.9 Hz), 8.27 (d, 1H,
J = 8.2 Hz), 8.19 (d, 1H, J = 8.1 Hz), 8.11 (s, 1H), 7.87
(m, 1H), 7.75 (m, 1H), 7.53 (m, 1H), 1.88 (m, 15H);
ESIMS: m/z 411 (M+1); Anal. Calcd for C26H26N4O
(410.5): C, 76.07; H, 6.38; N, 3.65. Found: C, 76.12;
H, 6.41; N, 13.62.

6.4.20. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
pyridin-4-ylmethylenehydrazide (47). Yield: 62%; mp:
138–140 �C (dec); IR (KBr): 3293, 1714 cm�1; 1H
NMR (CDCl3): d 11.41 (br s, 1H), 8.71 (m, 3H), 8.48
(s, 1H), 8.32 (s,1H), 8.17 (d, 1H, J = 7.9 Hz), 7.73 (m,
3H), 7.62 (m, 1H), 1.88 (m, 15H); ESIMS: m/z 411
(M+1); Anal. Calcd for C26H26N4O (410.5): C, 76.07;
H, 6.38; N, 13.65. Found: C, 76.15; H, 6.44; N, 13.47.

6.4.21. 4-Adamantan-1-yl-quinoline-2-carboxylic acid
quinolin-4-ylmethylenehydrazide (48). Yield: 53%; mp:
142–144 �C (dec); IR (KBr): 3245, 1683 cm�1; 1H
NMR (CDCl3): d 11.53 (br s, 1H), 9.21 (m, 1H), 9.01
(d, 1H, J = 4.4 Hz), 8.71 (m, 2H), 8.30 (s, 1H), 8.21
(m, 2H), 7.98 (d, 1H, J = 4.5 Hz), 7.71 (m, 4H), 1.88
(m, 15H); ESIMS: m/z 461 (M+1); Anal. Calcd for
C30H28N4O (460.5): C, 78.23; H, 6.13; N, 12.16. Found:
C, 78.04; H, 6.27; N, 12.43.

6.4.22. 4-Adamantan-1-yl-quinoline-2-carboxylic acid (7-
chloroquinolin-4-ylmethylene)hydrazide (49). Yield: 55%;
mp: 127–129 �C (dec); IR (KBr): 3250, 1685 cm�1; 1H
NMR (CDCl3): d 11.44 (br s, 1H), 9.30 (m, 1H), 8.95
(d, 1H, J = 4.3 Hz), 8.71 (m, 2H), 8.35 (s, 1H), 8.25
(m, 2H), 7.89 (d, 1H, J = 4.4 Hz), 7.75 (m, 3H), 1.89
(m, 15H); ESIMS: m/z 496 (M+1); Anal. Calcd for
C30H27ClN4O (495.0): C, 72.79; H, 5.50; N, 11.32.
Found: C, 72.58; H, 5.31; N, 11.49.
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