
Bioorganic & Medicinal Chemistry Letters 21 (2011) 6301–6304
Contents lists available at SciVerse ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
Synthesis, stereochemistry and in vitro antimicrobial evaluation of novel
2-[(2,4-diaryl-3-azabicyclo[3.3.1]nonan-9-ylidene)hydrazono]-4-phenyl-
2,3-dihydrothiazoles

Rajamanickam Ramachandran a, Paramasivam Parthiban a, Mannangatty Rani b, Sampathkumar Jayanthi c,
Senthamaraikannan Kabilan b, Yeon Tae Jeong a,⇑
a Department of Image Science and Engineering, Pukyong National University, Busan 608 737, Republic of Korea
b Department of Chemistry, Annamalai University, Annamalainagar 608 002, Tamil Nadu, India
c E.S. College of Engineering and Technology, Vilupuram 605 602, Tamil Nadu, India
a r t i c l e i n f o

Article history:
Received 4 August 2011
Revised 24 August 2011
Accepted 29 August 2011
Available online 1 September 2011

Keywords:
Hantzsch thiazoles
Azabicyclo[3.3.1]nonan-9-ones
Antibacterial activity
Antifungal activity
Stereochemistry
0960-894X/$ - see front matter � 2011 Elsevier Ltd. A
doi:10.1016/j.bmcl.2011.08.115

⇑ Corresponding author.
E-mail address: ytjeong@pknu.ac.kr (Y.T. Jeong).
a b s t r a c t

2-[(2,4-Diaryl-3-azabicyclo[3.3.1]nonan-9-ylidene)hydrazono]-4-phenyl-2,3-dihydrothiazoles (3a–3k)
have been synthesized by the cyclization of 2-[(2,4-diaryl-3-azabicyclo[3.3.1]nonan-9-one thiosemicar-
bazones with phenacyl bromide and characterized by analytical (melting point and elemental analysis)
and spectral (IR, 1H NMR, 13C NMR, D2O exchange, NOESY and mass) techniques. The novel Hantzsch
products (3a–3k) were screened for their in vitro antibacterial and antifungal activities against some
selected microorganisms. Structure activity relationship (SAR) for the reported compounds was studied
by comparing their MIC values with standard drugs (Streptomycin and Amphotericin B). The results show
that 3e against Escherichia coli and Cryptococcus neoformans 3i against Bacillus Subtilis, 3b against Asper-
gillus flavus, and 3k against Rhizopus sp. were found to show significant growth inhibition.

� 2011 Elsevier Ltd. All rights reserved.
Substituted thiazoles are interesting building blocks, frequently
encountered structural motifs in a variety of natural products, use-
ful pharmaceuticals and plant protecting agents. The discovered
compounds like epothilones1 cystothiazoles2 or thiazolyl peptide
antibiotics3 also contain at least one thiazole ring and show inter-
esting biological activities. One of the oldest methods, as popular
today as ever, involves the reaction of primary thioamides with
a-halocarbonyl compounds (Hantzsch reaction).4 Different thia-
zoles bearing compounds possess anti-inflammatory activity5 and
some are known to be used as pharmaceutical and agrochemical
products.6–11 Thiazole ring is present in the different biologically
active products, such as Bleomycin and Tiazofurin (antineoplastic
agents and anticancer),12 Ritonavir (anti-HIV drug),13 Fanetizole
and Meloxicam (anti-inflammatory agents),14,15 Nizatidine (antiul-
cer agent),16 imidacloprid (insecticide) and Penicillin (antibiotic).
On the other hand, piperidine is another important fragment in
heterocyclic family which is naturally occurring from several alka-
loids, is a key part of numerous drug candidates. A research in
piperidine chemistry and synthesis of new molecules are inter-
ested by their biological importance.17,18 During the recent decade,
several thousands of piperidine compounds have been used in clin-
ical and preclinical studies.19
ll rights reserved.
In order to overcome the increasing complexity of anti infective
therapies, new effective anti-microbial drugs are required. In the
view of the above-mentioned facts and in continuation of our ear-
lier interest in the synthesis of novel heterocycles,20–23 we report
herein the synthesis and antimicrobial evaluation of some novel
structure hybrids incorporating both the piperidine and thiazole
analogues together to give new hybrid structure like the title
compounds.

The synthetic route of the Hantzsch thiazoles (3a–3k) is depicted
in Scheme 1. The starting materials, 2,4-diaryl-3-azabicy-
clo[3.3.1]nonan-9-ones were prepared by one-pot multi-compo-
nent reaction (MCR) of aldehyde, cyclohexanone and ammonium
acetate (2:1:1 ratio).24 The intermediate ketone upon condensation
with thiosemicarbazide under acidic condition afforded 2,4-diaryl-
3-aza-bicyclo[3.3.1]nonan-9-one thiosemicarbazones.25 Finally,
the target compounds 2-[(2,4-diaryl-3-azabicyclo[3.3.1]nonan-9-
ylidene)hydrazono]-4-phenyl-2,3-dihydrothiazoles (3a–3k,
Scheme 1) were arrived by the cyclization of key intermediate with
phenacyl bromide under reflux condition (8 h at 80 �C). In order to
find the optimum reaction condition and solvent, different solvents
such as EtOH, MeOH, MeCN and CH2Cl2 were employed. It is noted
that the reaction in methylene chloride afforded the target com-
pounds in low yield (29%) whereas the reaction with polar aprotic
solvents like EtOH, MeOH, CH3CN and DMF afforded the compounds
(3a–3k) in good yield (around 90, 65, 48 and 55% respectively).

http://dx.doi.org/10.1016/j.bmcl.2011.08.115
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Similarly, an attempt has been made to increase the yield of target
compounds by modifying the reaction conditions. The reactions
were carried out with the following three reaction conditions, (i)
with sodium acetate or acetic acid (ii) mixture of sodium acetate
and acetic acid (iii) without sodium acetate or acetic acid were em-
ployed for cyclization. Of the three different reaction conditions, the
reaction with mixture of sodium acetate and acetic acid afforded the
target molecules (3a–3k) with good yield around 90%. The mixture
of sodium acetate and acetic acid acts as buffer system to maintain
the pH (around 5) of the reaction solution and avoid the C@N cleav-
age in hydrazones. During the course of reaction, excess of sodium
acetate was used to scavenge the hydrogen bromide whereas acetic
acid acts as the cyclizing agent. However, reactions without acetic
acid and sodium acetate afforded 3a–3k in poor yield (around 24%).

The structures of the synthesized compounds (3a–3k) were elu-
cidated by IR, NMR, mass and elemental analysis. The physical and
analytical data are given in Table S1 (Supplementary data). IR spec-
tra of compounds (3a–3e) exhibit two strong absorption frequen-
cies around 3300 and 3100 cm�1 due to NH stretching
frequencies of piperidine and thiazole analogues whereas the
C@N stretching frequency observed around 1600 and 1580 cm�1.
Aromatic and aliphatic C–H stretching vibrations are observed in
the range of 2700–3100 cm�1. The absences of C@S stretching band
in the intermediate (2,4-diaryl-3-azabicyclo[3.3.1]nonan-9-one
thiosemicarbazones) proved that the expected cyclization occurred
in the thiosemicarbazone analogue. Moreover, the observed molec-
ular ion peak (M+) for compound 3d, 3h, and 3i and elemental anal-
ysis (C H N analysis) of compounds 3a–3k are well compatible with
proposed molecular formula.

Further structural assignments were made by NMR analysis by
considering compound 3d as the representative compound. How-
ever, the benzylic proton signals appeared at 4.36 and 4.16 ppm,
respectively, are assignable for H-2a and H-4a whereas the two
bridgehead proton signals appeared at 2.62 and 2.85 ppm (H-1
and H-5, respectively). Further, there are two multiplets observed
with three protons integral in the lower frequency region of
1.56–1.75 and 1.27–1.38 ppm. Of the two multiplets, one at
1.56–1.75 ppm is due to H-6e, H-8e and NH protons whereas an-
other multiplet 1.27–1.38 ppm can be assigned to H-6a, H-8a and
H-7e protons. Furthermore, the unassigned multiplet centered at
2.66 ppm is due to H-7a proton. The chemical shift variation be-
tween H-7a and H-7e (about 1.3 ppm) is due to non-bonded inter-
action (A1,3 interaction, Fig. 1) between lone pair nitrogen in the
piperidine ring and H-7a proton. Owing to this interaction, the car-
bon (C-7) gets partially negative charge and the proton (H-7a) ac-
quires partially positive charge. Therefore, the proton signal is
deshielded and carbon signal appeared in the shielded region.
The observed two NH protons were confirmed by D2O exchange
analysis which shows that one of the NH proton signal (thiazole
ring) is merged with aromatic protons while other one in the piper-
idine ring is merged with cyclohexane ring proton signals.
Moreover, a collection of signal observed in the aromatic region
6.89–8.11 ppm (14 proton integral value) are due to aryl protons
at 4th position of the thiazole ring and C-2 and C-4 position of
the piperidine ring. However, a doublet at 7.75 ppm shows strong
NOE (Fig. 1) with H-4a protons. Hence, 7.75 ppm signal should be
due to ortho protons of C-2 and C-4 phenyl group. Similarly, signal
at 6.89 ppm has NOE with 7.27 ppm (triplet) and 7.27 ppm has
NOE with 7.38 ppm (multiplet). Therefore, the signals 6.89 (sin-
glet), 7.38 (multiplet) and 7.27 ppm (triplet) are respectively as-
signed to C-5, NH and, ortho protons of C-4 phenyl group of
thiazole ring.

In 13C NMR spectrum of compound 3d, two signals with equal
intensities at 64.63 and 63.68 ppm are assigned to the benzylic car-
bons C-2 and C-4, respectively, whereas resonances at 45.58 and
38.84 ppm are assigned to C-1 and C-5 bridgehead carbons, respec-
tively. The ring methylene carbons C-6, C-7 and C-8 are appeared
at 26.36, 21.28 and 27.97 ppm, respectively. Furthermore, two car-
bon signals observed in the higher frequency region of 170.01 and
159.26 ppm with less intensity. Of the two signals, highly



Figure 1. Selected NOE correlations and A1,3 interaction.

Table 1
Antibacterial activity of compounds 3a–3k against some antibacterial strains (MIC in
lg/mL)

Entry Minimum inhibitory concentration (MIC) in lg/mL

S. aureus B. Subtilis S. typhi E. coli K. pneumoniae

3a 25 200 100 — 100
3b 200 12.5 50 50 12.5
3c 12.5 — 200 25 25
3d 25 25 50 100 100
3e 100 12.5 25 6.25 100
3f 200 50 200 12.5 200
3g 25 — — 100 200
3h 25 100 100 200 —
3i 12.5 6.25 50 100 100
3j 50 100 12.5 12.5 100
3k 25 12.5 25 100 —
Streptomycin 50 12.5 50 12.5 25

— No inhibition even at maximum concentration (200 lg/mL).
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deshielded (170.01 ppm) signal is due to C-5 carbon in thiazole.
This is due to the presence of adjacent nitrogen and sulphur
groups, another one signal (159.26) is due to C-9 carbon. By the
DEPT spectrum of compound 3a, the signal at 102.88 ppm is unam-
biguously assigned to the methine carbon of thiazole ring.

As stated earlier, the position and orientation of the ring pro-
tons are confirmed by nuclear overhauser effect (NOE) correlation
(Fig. 1). Moreover, most of the signals resonated as singlets. There-
fore, conformation of two six-membered rings were successfully
derived with the support of chemical shift parameters and NOE
correlations. However, the strong NOEs between H-1 and H-2
and also between H-1 and H-4 clearly confirm that the benzylic
and bridgehead protons occupy axial and equatorial dispositions,
respectively. Similarly, the H-7a proton has strong NOE with H-
7e proton and its adjacent equatorial protons. This NOE states that
the signal at 1.56–1.78 ppm is due to equatorial protons. Besides,
H-5 proton has NOE with H-8a and H-6a protons. Hence, the
bridgehead protons (H-5) also occupy equatorial position. There-
fore, the NOE analysis clearly suggest that the two six-membered
rings adopt the chair conformation.
Table 2
Antifungal activity of compounds 3a–3k against some antifungal strains (MIC in lg/mL)

Entry Minimum inhibitory concentration (MIC) in lg/m

C. neoformans C. albicans

3a 100 200
3b 100 100
3c 50 100
3d 200 200
3e 6.25 25
3f — 200
3g 12.5 100
3h 50 12.5
3i — 12.5
3j 200 12.5
3k 50 100
Amphotericin B 25 25

— No inhibition even at maximum concentration (200 lg/mL).
In order to study the potency of inhibition of 2-[(2,4-diaryl-3-
azabicyclo[3.3.1]nonan-9-ylidene)hydrazono]-4-phenyl-2,3-dihy-
drothiazoles (3a–3k) by in vitro method. The phenyl ring C-2 and
C-4 of the piperidine ring substituted with different groups. Com-
pounds 3a–3k were assessed to elicit their antibacterial activity
against Staphylococcus aureus, Bacillus subtilis, Salmonella typhi,
Escherichia coli and Klebsiella pneumonia and antifungal activity
against Cryptococcus neoformans, Candida albicans, Rhizopus sp.,
Aspergillus niger and Aspergillus flavus. The solvent DMSO is used
as control which did not show any inhibition against tested micro-
organisms. The activity of compounds in terms of minimum inhib-
itory concentrations (MIC in lg/mL) along with reference drugs,
Streptomycin (for bacterial activity) and Amphotericin B (for fun-
gal activity) are displayed in Tables 1 and 2, respectively. The
investigated compounds showed different degrees of antimicrobial
activity in relation to the tested microbial species. The extent of
antimicrobial activity depended on the microorganism and the
type of functional groups present in the molecule.

In order to get more insight into the structure–activity relation-
ship, we incorporated electron donating and withdrawing substi-
tuent on the phenyl group at 2,4-positions in piperidine ring.
Among the compounds tested for antibacterial activity, compound
3a (unsubstituted phenyl group) showed poor to moderate inhibi-
tion activity (25–200 lg/mL) against the tested organisms.
Moreover, compound 3a did not show bacterial inhibition even
at maximum concentration (200 lg/mL). But, introduction of the
halogen function (fluoro group) at the para position of the phenyl
group in piperidine ring (compound 3b) elevated the growth
L

Rhizopus sp. A. niger A. flavus

200 50 —
50 12.5 6.25
— 200 100
50 25 25
100 100 50
12.5 50 200
100 25 12.5
200 200 100
50 100 200
100 25 200
6.25 25 100
25 50 50
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inhibition activity by four and two fold against B. subtilis and
K. pneumonia, respectively, and moderate activity (50 lg/mL) was
observed against E. coli and S. typhi. Similarly, introduction of fluoro
function at the meta position of the 2,4-diphenylpiperidine ring
(compound 3c), demonstrated significant inhibition growth at
12.5 lg/mL against S. aureus but against B. subtilis did not showed
bacterial activity even at maximum concentration (200 lg/mL).
The replacement of para fluorophenyl group (compound 3b) by
para chlorophenyl group (compound 3d) decreases the inhibition
activity against all the tested bacterial strains. Modification of po-
sition of chloro function from para to ortho in 2,4-diphenylpiperi-
dine ring (compound 3e) registered a significant activity against
E. coli (6.25 lg/mL) and B. subtilis (12.5 lg/mL). Moreover, the ob-
served activity (compound 3e against E. coli) is one fold higher than
that of the standard drug (Streptomycin). Electron withdrawing
substituents like fluoro and chloro substituted 2,4-diarylpiperi-
dines or 2,4-disubstituted piperidine derivatives exerted excellent
antibacterial and antifungal activities.21,23 Fluorination increases
the lipophilicity due to strong electron withdrawing capability of
fluorine.26 Moreover, fluorine substitution was commonly used in
contemporary medicinal chemistry to improve metabolic stability,
bioavailability and protein ligand interactions.27 Compounds 3f
and 3g with electron donating methyl and methoxy substitutions,
respectively, show minimum to moderate antibacterial activity
against all the tested bacterial strains in the range of 12.5–
200 lg/mL except 3f against E. coli which shows good inhibition
activity. Moreover, by the introduction of one more phenyl group
in the nitrogen site of thiazole ring (compound 3h) moderate activ-
ity was noted. Compounds (3i, 3j, and 3k) having electron with-
drawing substituent at the phenyl group in C-2 and C-4 of
piperidine ring and one more phenyl group at the nitrogen site of
thiazole ring registered significant bacterial activity (i.e., com-
pound 3i against S. aureus and B. subtilis, 3j against S. typhi and
E. coli and 3k against B. subtilis in the range of 6.25–12.5 lg/mL).

Further, the in vitro antifungal activity of all the compounds
(3a–3k) were examined against five pathogenic fungal strains
viz. C. neoformans, C. albicans, Rhizopus sp., A. niger and A. flavus.
The obtained MIC values of the tested compounds and standard
are depicted in Table 2. Compounds (3a and 3h) with unsubstitu-
tion at the phenyl group exhibit the activity in the range of 50–
200 lg/mL except compound 3h against C. albicans, which shows
the inhibition activity at 12.5 lg/mL. Moreover, compounds 3a,
3c and 3f/3i were totally inactive (even at 200 lg/mL) against
A. flavus, Rhizopus sp. and C. neoformans, respectively. Substitution
of fluoro function in 2,4-diphenylpiperidine moiety of compounds
3a and 3h (compound 3b and 3i) has an impact on antifungal activ-
ity. A good inhibition activity was observed for compound 3b
against A. niger (12.5 lg/mL) and A. flavus (6.25 lg/mL) and com-
pound 3i against C. albicans (12.5 lg/mL). A modification of posi-
tion of fluoro function in compounds 3b and 3i (compounds 3c
and 3j) has influence on the antifungal activity. The inhibition
activity of the compound 3c against the tested fungal organism
found to be decreased by three to four folds but against C. neofor-
mans the activity increased by one-fold. Akin to the antibacterial
activity, introduction of methyl or methoxy group in the phenyl
rings, minimum to moderate activity was noted (25–200 lg/mL).
But, compounds 3f against Rhizopus sp. and 3g against C. neofor-
mans and A. flavus which enhanced the biological activity remark-
ably and MIC values found to be 12.5 lg/mL.

In conclusion, a close examination of in vitro antibacterial and
antifungal activities of variously substituted 2-[(2,4-diaryl-3-aza-
bicyclo[3.3.1]nonan-9-ylidene)hydrazono]-4-phenyl-2,3-dihydro-
thiazoles against the tested bacterial and fungal strains provided a
better structure–activity correlation. Of the tested compounds,
those with fluoro function at C-2 and C-4 phenyl group exerted
highest level of antibacterial and antifungal activities. Thus, in fu-
ture, this class of thiazoles derivatives may be used as templates to
generate better drugs to fight bacterial and fungal infections.

Supplementary data

Supplementary data (the detailed experimental and spectral
data (IR, 1H NMR and 13C NMR) for all the synthesized compounds
(3a-3k) associated with this article can be found, in the online ver-
sion, at doi:10.1016/j.bmcl.2011.08.115.
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