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Abstract A series of 2-adamantyl-5-arylthiazolyl-1,3,4-
oxadiazoles 7a—x together with thiazoles 13 and 14 were
synthesized. Compounds 7a-1, 13, and 14 were tested
in vitro with the aim of identifying novel lead compounds
active against human immunodeficiency virus type-1 and
human immunodeficiency virus type-2 activity in MT-4
cells. Title compounds were also tested against representa-
tives of Gram-positive and Gram-negative bacteria
(Staphylococcus aureus, Salmonella spp.), various myco-
bacterial strains (Mycobacterium fortuitum and Myco-
bacterium smegmatis), yeast (Candida albicans), and mold
(Aspergillus fumigatus). None of the compounds showed
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antiviral or antimicrobial activity, except compounds 13 and
14 exhibited anti-human immunodeficiency virus-1 activity
with ECso values of 1.79 and 2.39 uM with Selectivity
index = 18 and 4, respectively. On the other hand, com-
pounds 7a and 7j showed a marked cytotoxicity against the
human CD4" lymphocytes (MT-4). Therefore, 7a and 7j
were evaluated for their antiproliferative activity against
two solid tumor-derived cell lines, which exhibited ICsq
values of 8.1 +£0.10 uM and 4.8 + 0.08 uM against Hep-G2
cell lines, respectively.

Keywords Anti-HIV activity - Antiproliferative activity -
Adamantyl derivatives - Oxadiazole - Thiazoles

Introduction

Reverse transcriptase (RT) is a key enzyme that plays an
essential and multifunctional role in the replication of the
human immunodeficiency virus type-1 (HIV-1), and thus
constitutes an attractive target for the development of new
drugs useful in acquired immune deficiency syndrome
therapy (Jonckheere et al., 2000; De Clercq, 2009).
Thiourea is an important building block of a number of
heterocycles such as thiazoles (Dodson and King, 1945),
where several heterocyclic thioureas have been reported as a
new class of potent non-nucleoside reverse transcriptase
inhibitors (NNRTIs) (Ahgren et al., 1995; Heinisch et al.,
1997; Ren et al., 2000; D’Cruz et al., 2004; D’Cruz, 2006),
one example being phenethylthiazolylthiourea (PETT)
(Cantrell et al., 1996) (1). Uckun and Venkatachalam
(2005) described the synthesis of a series of thiazole
thioureas with alkyl, aryl, and heteroaryl substituents as
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newly identified NNRTIs for HIV, including mutant strains
of HIV, and effective in the treatment of multi-drug resistant
HIV infection. However, significant resistance has been
developed against the current NNRTIs and there is an
urgent need to develop new anti-HIV agents that are
effective against these resistant mutants (Wainberg et al.,
2005; Imamichi, 2004). In this context, thiazolo thiourea
derivatives appear as a promising class of compounds, since
some 1,3-thiazole analogs exhibit remarkable anti-HIV
activity (Xu et al., 2014; Zia et al., 2012) besides many
other pharmacological activities such as anticancer
(Dawood et al., 2013). Thiazole-containing drug molecules
are currently being used in the treatment of various central
nervous system disorders (Mishra et al., 2015). Further-
more, the adamantyl group has been revealed as a promis-
ing pharmacophore and some adamantyl derivatives are
under clinical trial for 11p-hydroxysteroid dehydrogenase
type 1 (Yu et al., 2013). Many other investigations have
revealed the activity of its derivatives against HIV (Khan
et al., 2012), hepatitis (Maynard et al., 2006), cancer (Cai
et al.,, 2014), and some other biological disorders (Baxter
et al., 2003).

In continuation of our attempts to develop new potent
HIV-1 NNRTIs (Khan et al., 2010, 2012, 2015; Zahid et al.,
2009; Akhtar et al., 2008), we report herein a new series of

Fig. 1 Potent anti-HIV agents

A

1. Phenethylthiazolylthiourea (PETT)

Scheme 1 Synthesis of 2-
adamantyl/adamantylmethyl-5-
arylthiazolyl-1,3,4-oxadiazole
derivatives 7a—x

C=N 70% NaSH.
MgC|2 6H20

7a: R=2-Me 7b: R = 3-Me
7d: R=2-F 7e:R=3-F
79: R=2-Cl 7h: R = 3-Cl
7j: R=2-Br 7k: R = 3-Br
7m:R = 2-Me 7n: R = 3-Me
7p: R=2-F 7q:R =3-F
7s :R=2-Cl 7t :R = 3-Cl
7v: R=2-Br 7w:R = 3-Br
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2-adamantyl/adamantylmethyl-5-arylthiazolyl-1,3,4-oxadia-
zoles and two new thiazole thioureido analogs (Fig. 1),
structurally similar to the powerful class of NNRTIs PETT
analogs. Our aim was to investigate their anti-HIV, anti-
fungal, and antibacterial activities, as well as anti-
proliferative activity against two solid-derived tumor cells.

Results and discussion
Chemistry

In the present work, a series of 2-adamantyl/ada-
mantylmethyl-5-arylthiazolyl-1,3,4-oxadiazole derivatives
7a-x were synthesized from aryl nitriles 2a-1 through a
multi-step reaction sequence (Scheme 1). Aryl nitriles were
converted to aryl thioamide derivatives 3a-l, which upon
cyclization with ethyl bromopyruvate, followed by hydra-
zinolysis yielded 2-aryl-1,3-thiazole-4-carbohydrazide ana-
logs Sa—1. Treatment of Sa-1 with adamantyl-1-carboxylic
acid 6 in the presence of POCI; afforded 7a—1 (68-81 %).
Similarly, treatment of Sa—1 with adamantylacetic acid 8
gave 7Tm—x in 71-80 % yields.

The structures of 7a—x were confirmed by infrared (IR),
'H, and "’C nuclear magnetic resonance (NMR) spectra.

Our target thiazole thioureido analogue

ﬁ s
R ¢ R \5
RN “NH, BrCH,COCOOEt |\ AN \N COOEt
EtOH
FZ FZ
3a-l 4a-l
lN2H5OH
\ X \ >\CONHNH2
POCI3
5a-l
7c: R = 4-Me
7f: R = 4-F HOOC_CHQQ POCI;
7i: R=4-Cl 8
71: R=4-Br
70: R =4-
o: R = 4-Me N_N
7r: R=4-F 1
7u: R=4-Cl )—CHQ
7x:R=4-Br

7m-x
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Fig. 2 The molecular structure
of 7a in the crystal, showing
crystallographic numbering
scheme. Displacement ellipsoids
are drawn at 50 % probability
level

In the '"H NMR spectra, two signals integrating for 15
protons, in the region of & 1.53-2.19 ppm, were assigned to
adamantyl moiety, whereas the two methylene protons in
7m—x appeared in the region of § 2.69-2.76 ppm. H-5 of
thiazole backbone resonated in the range of & 7.79-8.28
ppm. In *C-NMR spectra, the resonances from & 27.7 to
422 ppm were assigned to adamantyl carbon atoms,
whereas the methylene carbon atoms in compounds 7m—x
appeared in the region of 6 39.5-39.6 ppm. C-2, C-4, and
C-5 of the thiazole ring were observed in the regions &
162.2-170.1, 140.1-141.6, and & 120.9-123.0 ppm,
respectively. The C-2 and C-5 of oxadiazole ring resonated
in the regions & 165.1-172.8 and 160.1-160.8 ppm,
respectively. The electron ionization mass spectrometery
(EI-MS) spectral data also supported the structures of 7a—x,
where molecular ion peaks were observed for all the syn-
thesized compounds.

The structures of the synthesized compounds were
unambiguously confirmed by single crystal X-ray diffraction
study of compound 7a as a representative molecule (Fig. 2);
colorless crystals of 7a were obtained from chloroform.

Next, our attention focused on synthesis of new thiazole
thioureido derivatives as potentially active anti-HIV agents.
Thus, treatment of acyl chloride 9 with NH4SCN in acetone,
following Kabbani’s approach (Kabbani et al., 2005)
afforded 10, which was directly treated with the amines 11
and 12 to give, after purification, the thiazole thioureido
derivatives 13 and 14 in 82 and 79 % yields, respectively.
The synthetic reactions are summarized in Scheme 2.

Structures of the newly synthesized compounds 13 and
14 were assigned using 'H, '>C-NMR, and mass spectral
data. The '"H NMR spectra showed similar patterns for the
phenyl protons, while the two triplets at & 2.94 and & 3.83
ppm were attributed to CH,Ph and CH,N methylene pro-
tons (J=6.5Hz), respectively. H-5 of the thiazole ring
appeared as a singlet at & 9.12 and 9.09 ppm, respectively.
In the *C-NMR spectra of 13 and 14, the resonances at &
30.1, 29.6 ppm and & 45.6, 46.1 ppm were attributed to
CH,Ph and CH,N methylene carbon atoms. Carbon atoms
of the thiazole and phenyl moieties have been fully ana-
lyzed (c.f. Experimental section).

Compound 13 was selected for further NMR studies. The
gradient heteronuclear multiple bond correlation spectrum
(Willker et al., 1993) revealed a *Jcy coupling of NHCH,
protons at 6y 3.83ppm with C=S at dc 178.9 ppm.
In addition, the coupling between H-5 of thiazole ring
at 6y 9.12ppm and C =0 at §c 165.9 ppm was observed
(Fig. 3).

In vitro anti-HIV activity

Compounds 7a-1, 13, and 14 were tested for their in
vitro anti-HIV-1 and anti-HIV-2 activities in human
T-lymphocyte (MT-4) cells based on Microculture Tetra-
zolium Assay (MTT) method (Pannecouque et al., 2008).
The anti-HIV-1 activity was measured using strain I,
while anti-HIV-2 activity was carried out on strain ROD.
The results are given in Table 1, where the data for nevir-
apine (Hargrave et al., 1991) is included for comparison
purposes. Compound-induced cytotoxicity was also mea-
sured in MT-4 cells parallel with the antiviral activity. All
the compounds were found to be inactive except com-
pounds 13 and 14, which showed remarkable anti-HIV-1
activity with ECsq values of 1.79 and 2.93 pM, and CCs,
values of 33.22 and 11.72 pM, resulting in SI values of 18
and 4, respectively.

With respect to structure-activity relationship studies,
Bell et al. (1995) observed that meta and ortho substitutions
generally triggers better activities, when compared to para,
in the PETT analogs. As regards the electronic nature of the
ortho substituents, both small electron-donating and small
electron-withdrawing groups revealed good activities, and
among these the preferred groups are: fluoro, chloro, azido,
and methoxy (de Souza et al, 2011). Accordingly, the
combined four portions (o-chlorophenyl moiety, ethyl
group, thioureido residue, and thiazole scaffold) of com-
pound 13 are considered as the optimal substituents that
would give rise to the optimal activity. After proceeding
with docking studies, it was observed that compounds 13
and 14 are well tolerated in the hydrophobic region of HIV
RT and showed higher activity than those of 7a—x analogs.
In conclusion, compound 13 was found to be a potent agent

@ Springer
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Scheme 2 Reagents and s
conditions: (i) NH4SCN,

acetone, reflux, 1 h; (ii) 11 or 12, \N B\COCI

NaOH, reflux, 6 h

©:\/NH2
R

11.R=Cl
12. R =OMe

H
S

%
e 9578
” Cl

Fig. 3 Jcy correlations in the HMBC NMR spectrum of 13

against HIV-1 and identified as a new candidate to act as a
NNRTI; it might be considered a promising agent for fur-
ther structural modifications and pharmacological
evaluation.

In-vitro antiproliferative activity

Due to the marked cytotoxicity of compounds 7a and 7j
against the human CD4" lymphocytes (MT-4) (Vicini et al.,
20006), they were selected for their antiproliferative activity
in vitro against two solid tumor-derived cell lines consisting
Hep-G2 (human hepatocarcinoma) and MCF-7 (breast can-
cer) cell line using MTT assay (Alley et al., 1988). For
comparative purposes, we evaluated the cytotoxic activities
of the compounds relative to doxorubicin (Uyeki et al.,
1981). However, both compounds were inactive against
MCEF-7 cell line (ICs5yp>50puM). On the other hand, com-
pound 7a with ortho methyl (IC5o=28.1+0.10 uM) and 7j
with ortho bromo (ICsy=4.8 +0.08 uM) moieties exerted
cytotoxic effects towards Hep-G2 cell lines. Unfortunately,
both compounds did not show superior activity than doxor-
ubicin against Hep-G2 cell lines with ICs, value of 0.03 pM.

In vitro antimicrobial activity
Compounds 7a—x were tested for their antifungal and
antibacterial activities. Six fungal strains viz. Trichphyton

longifusus, Candida albicans, Aspergillus flavus, Micro-
sporum canis, Fusarium solani, and Candida glabrata were

@ Springer
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:

13.R=Cl
14.R = OMe

used to study antifungal activity. Antibacterial activity was
evaluated against six bacterial strains, i.e., Escherichia coli,
Bacillus subtillus, Shigella flexenari, Staphylococcus aur-
eus, Pseudomonas aeruginosa, and Salmonella typhi.
However, at nontoxic concentrations (10 uM), the activities
of the synthesized compounds were found to be non-
significant against the tested fungi and bacteria.

Experimental
Chemistry

Melting points of the synthesized compounds were mea-
sured in open capillaries using Stuart SMP3 melting point
apparatus and are uncorrected. The IR spectra were recor-
ded on Schimadzu Fourier Transform Infra-red spectro-
photometer (Model 270), using KBr disks. '"H and "C
NMR spectra were recorded on Bruker Avance 300 (‘H)
and 75 MHz (]3 C) spectrometers, unless otherwise stated,
using CDCl; solvent containing tetramethylsilane as an
internal standard (chemical shifts in 8, ppm). Micro-
analytical data were obtained with a Vario elemental
apparatus (Shimadzu, Japan). The EI-MS was carried out
using Agilent Technologies 6890N (GC) with an inert
selective detector 5973 mass spectrometer. The reagents
used were of analytical grade while the solvents were pur-
ified before use.

General procedure for the preparation of 2-adamantyl/ada-
mantylmethyl-5-arylthiazolyl-1,3,4-oxadiazoles  (7a-x)

Treatment of aryl nitriles 2 with 70 % NaSH in the presence
of MgCl,.6H,0 afforded the corresponding aryl thioamides
3, which cyclized to the thiazole ester derivatives 4 on
treatment with ethyl bromopyruvate. Treatment of 4 with
hydrazine hydrate afforded the corresponding 2-aryl-1,3-
thiazole-4-carbohydrazides Sa-1 (Zia et al., 2012). A sus-
pension of Sa-l1 (0.50 mmol), adamantyl-1-carboxylic
acid 6 (0.50 mmol) or adamantylacetic acid 8 (0.50 mmol)
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Table 1 In vitro anti-HIV-1 and HIV-2 activity of 2-adamantyl/
adamantylmethyl-5-arylthiazolyl-1,3,4-oxadiazoles 7a-l, and the
analogs 13 and 14

Compounds ~ Virus strain ~ ECso (uM)*  CCso (uM)®  SI®

Ta 116N >10.50 >10.50 <or X1
ROD >10.50 >10.50 < or X1

7b J1IEY >125.00 >125.00 X1
ROD >125.00 >125.00 X1

Tc 1Y >105.70 105.70 <1
ROD >105.70 105.70 <1

7d JUISY >97.60 >97.60 < or X1
ROD >97.60 >97.60 <or X1

Te LI >125.00 >125.00 X1
ROD >125.00 >125.00 X1

7t 1063 >75.20 75.20 <1
ROD >75.20 75.20 <1

7g J 115N >125.00 >125.00 X1
ROD >125.00 >125.00 X1

7h 115N >125.00 >125.00 X1
ROD >125.00 >125.00 X1

Ti JUIRY >125.00 >125.00 X1
ROD >125.00 >125.00 X1

7j 110N >10.90 10.90 <1
ROD >10.90 10.90 <1

7K JUIRY >125.00 >125.00 X1
ROD >125.00 >125.00 X1

7 JIIEY >110.00 >110.00 < or X1
ROD >110.00 >110.00 < or X1

13 J1IEY 1.79 32.22 18
ROD >32.22 32.22 <1

14 Il 2.93 11.72 4
ROD >11.72 11.72 <1

Nevirapine g 0.05 >4 >80
ROD >4 >4 <1

Anti-HIV-1 activity measured on strain Illg
Anti-HIV-2 activity measured using strain ROD

dCompound concentration required to achieve 50 % protection of
MT-4 cells from HIV-1 and HIV-2-induced cytopathogenic effects

®Compound concentration that reduces the viability of mock-infected
MT-4 cells by 50 %

Selectivity index (SI) (CCs¢/ECs). Data represent mean values (+S.
D.) for two independent determinations

and POCl; (5mL) was heated under reflux for 4h
(Khan et al., 2015). The reaction mixture was then cooled to
room temperature, poured onto crushed ice and neutralized
using solid K,CO3; and KOH to pH 8. The precipitated solid
was filtered, washed with excess water, and purified through
column chromatography (n-hexane-ethyl acetate; 7:3) to
afford thiazolyloxadiazoles 7a—x.

2-[(Adamantan-1-yl)-5-(2-(2-methylphenyl)-1,3-thiazol-4-
yD]-1,3,4-oxadiazole (7a) From 5a (117 mg). Yield: 141
mg (75 %); Mp 150-152°C; FTIR (Vmax, cm™)): 3097,
2904, 2849, 1604, 1556, 1203. 'H NMR (CDCl5): § = 1.83
(m, 6H, Hadamamane)7 2.17 (m7 9H’ Hadamantane)’ 2.64 (S’ 3H’
Ar-Me), 7.29-7.42 (m, 3H, Hyom), 7.77 (m, 1H, Hyom),
7.79 (s, 1H, Hypiagole)- °C NMR (CDCl5): §=21.4 (CH;),
27.7, 34.5, 36.3, 39.9 (10 X Cagamantane)s 122.1 (Chiazore):
126.2, 130.1, 130.2, 131.5, 132.1, 136.9 (6 X C4om.), 140.7
(Cmiazote)s 160.4 (COoyagiazote)s 1694 (Cliniasore)s 172.7
(C?oxadiazole)- EI-MS (m/z, %): 377 (IM]*, 100), 202 (27),
174 (9), 135 (57), 117 (12), 107 (7), 93 (18), 91 (24), 79
(25). Anal. Calcd. for C,,H»3N30S: C, 70.00; H, 6.14; N,
11.13. Found: C, 69.85; H, 6.04; N, 10.93.

2-[(Adamantan-1-yl)-5-(2-(3-methylphenyl)-1,3-thiazol-4-
yD]-1,3,4-oxadiazole (7b) From 5b (117 mg). Yield: 134
mg (71 %); Mp 183-184 °C; FTIR (Viax, cm_l): 3102,
2904, 2850, 1607, 1560, 1205. "H NMR (CDCly): 6 = 1.84
(br S, 6H’ Hadamantane)’ 2.18 (mv 9H7 Hadamantane)’ 2.46 (S,
3H, Ar-Me), 7.30 (m, 1H, H,,om), 7.38 (m, 1H, Haom),
7.84 (m, 1H, Hyom), 7.91 (m, 1H, Hayom), 8.09 (s, 1H,
Huiazole)- °C NMR (CDCl5): §=21.4 (CH3), 27.8, 34.5,
36.3, 40.0 (10 X Cadamantane)> 121.3 (C2hiazore), 124.2, 127.5,
128.9, 131.7, 132.6, 138.9 (6 X Corom), 141.3 (C*pinzore):
160.3 (Csoxadiazole)’ 170.1 (Czthiazole)a 172.7 (Czoxadiazole)'
EI-MS (m/z, %): 377 (IM]*, 100), 202 (13), 174 (9), 135
(3D), 117 (12), 107 (10), 93 (11), 91 (7), 79 (20). Anal.
Calcd. for C,,H3N30S: C, 70.00; H, 6.14; N, 11.13.
Found: C, 69.79; H, 6.01; N, 10.88.

2-[(Adamantan-1-yl)-5-(2-(4-methylphenyl)-1,3-thiazol-4-
yD)]-1,3,4-oxadiazole (7¢) From Sc (117 mg): Yield: 149
mg (79 %); Mp 196-198 °C; FTIR (Vpax, cm'): 3093,
2915, 2849, 1601, 1552, 1203. 'H NMR (CDCl;): § = 1.84
(br S, 6H’ Hadamamane)a 2.17 (m7 9H7 Hadamamane)7 2.43 (S,
3H, Ar-Me), 7.29 (d, 2H, J = 8.1 Hz, Hyom), 7.96 (d, 2H,
J=81Hz, Hyom), 8.06 (s, 1H, Hpimor) “C NMR
(CDCly): §=21.5 (CH3), 27.8, 34.5, 36.3, 39.7 (10 X Cpga.
mantane), 120.9 (Csthiazolc)’ 1258’ 1269’ 1297’ 130.1 (6)(
Carom)» 1412 (Clijazote)s  160.3  (Coxadiazote)  170.0
(Cthiazole)s 172.6 (Coxadiazote)- EI-MS (m/z, %): 377 (IMI",
100), 202 (22), 174 (7), 135 (36), 117 (13), 107 (8), 93 (15),
91 (12), 79 (23). Anal. Calcd. for C,,H,3N30S: C, 70.00;
H, 6.14; N, 11.13. Found: C, 69.80; H, 6.03; N, 10.98.

2-[(Adamantan-1-yl)-5-(2-(2-fluorophenyl)-1,3-thiazol-4-

yD)]-1,3,4-oxadiazole (7d) From 5d (119 mg). Yield: 130
mg (68 %); Mp 189-190 °C; FTIR (Vmax, cm_l): 3080,
2919, 2881, 1577, 1552, 1203, 1195. "H NMR (CDCl5): §
= 1.84 (m, 6H, Hagamantane)s 218 (m, 9H, Hagamantane)s 7.24
(m, 1H, Hyromm), 7.33 (m, 1H, Hyrom ), 7.47 (m, 1H, Hyrom),
8.18 (s, 1H, Hpimor), 849 (m, 1H, Ar-H). '*C NMR
(CDCly): 6=27.8, 34.5, 36.3, 40.0 (10 x C,gamantane), 116.1
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d, Jor=218Hz, C3,om), 120.5 (d, Jor=11.3Hz,
Clarom)s 121.3 (Cihingone)s 122.7 (d, Jor=9.8 Hz, Cohom),
124.8 (d, Jor=3.0Hz, C°om), 131.9 (d, Jcr=9.0Hz,
C'rom)s 1403 (Clpiazore), 1602 (d, Jop=251.3Hz,
Cuom)s 1603 (Coradinzote)s 162.2 (CPipiasore)s 1727
(Czoxadiazole)~ EI-MS (m/z, %): 380/382 ([M]*, 100), 206
(28), 178 (9), 135 (88), 121 (8), 107 (16), 93 (13), 79 (14).
Anal. Calcd. for C,H,)FN;OS: C, 66.12; H, 5.28; N,
11.02. Found: C, 65.94; H, 5.21; N, 10.93.

2-[(Adamantan-1-yl)-5-(2-(3-fluorophenyl)-1,3-thiazol-4-
yD)]-1,3,4-oxadiazole (7e¢) From Se (119 mg). Yield: 137
mg (72 %); Mp 180-183 °C; FTIR (Vmax, cm'): 3080,
2906, 2847, 1590, 1549, 1204, 1155. "H NMR (CDCl;): &
=134 (m, 6H, Hadamamane)’ 2.18 (1’1’1, 9H, Hadamamane)’ 7.19
(m, 1H, Hyom), 7.46 (m, 1H, Hyom), 7.80-7.84 (m, 2H,
Harom), 8:13 (s, 1H, Hpiagore). °C NMR (CDCl5): 6 =27.7,
34.5, 36.3, 39.9 (10 x Cogamantane), 113.8 (d, Jo.r=23.25
Hz, C*yom), 1177 (d, Jep=21.0Hz, C%om), 121.8
(C hiazote)s 122.7 (d, Jep=3.0Hz, C®,om), 130.7 (d, Jop
=8.3Hz, Clyom), 134.6 (d, Jop=83Hz, Cyom), 141.6
(Chiazote)s 160.1 (Coagiazote)s 163.1 (d, Jep=246.0 H,
Cluom): 1682 (Cliwore)s  172.8  (Cooxadiarole)-
ELI-MS (m/z, %): 380/382 (IM]*, 100), 206 (22), 178 (11),
135 (35), 121 (14), 107 (9), 93 (10), 79 (12). Anal. Calcd.
for C,1H,oFN;OS: C, 66.12; H, 5.28; N, 11.02. Found: C,
65.89; H, 5.18; N, 10.82.

2-[(Adamantan-1-yl)-5-(2-(4-fluorophenyl)-1,3-thiazol-4-

yD]-1,3,4-oxadiazole (7f) From 5f (117 mg). Yield: 143
mg (75 %); Mp 204-205°C; FTIR (Vpax, cm™'): 3077,
2907, 2849, 1601, 1550, 1228, 1159. "H NMR (CDCls): &
=1.84 (m, 6H, Haigamantane)> 2.18 (M, 9H, Higamantane)»
7.18-7.21 (m, 2H, Hyrom ), 8.04-8.08 (m, 2H, Hyrom ), 8.09
(s, 1H, Hpiazore). °C NMR (CDCl,): §=27.7, 34.5, 36.3,
39.9 (10 X Cadamantane)s 116.2 (d, Jop=22.5Hz, C*pom +
C-5), 121.3 (C° piagote)s 129.0 (d, Jop=9.0 Hz, C?om. + C-
6), 129.9 (d, Jor=3.0Hz, Cliom), 141.4 (C* piasore), 160.2
(C3 xadiazole)s 1643 (d, Jor=250.5Hz, C*yom), 168.6
(Cthiazote)s 1727 (C%oxadiazoe)- EI-MS (m/z, %): 380/382
(IM]*, 100), 206 (13), 178 (6), 135 (27), 121 (14), 107 (6),
93 (13), 79 (19). Anal. Calcd. for Co;H,0FN;0S: C, 66.12;
H, 5.28; N, 11.02. Found: C, 65.92; H, 5.15; N, 10.89.

2-[(Adamantan-1-yl)-5-(2-(2-chlorophenyl)-1,3-thiazol-4-

yD]-1,3,4-oxadiazole (7g) From S5g (127 mg). Yield:
159 mg (80 %); Mp 146-148 °C; FTIR (Vimax, cm™'): 3088,
2912, 2847, 1599, 1552, 1205, 1077. '"H NMR (CDCls):
6=1.84 (m, 6H, Higamantane)> 2-19 (m, 9H, Hagamantane)s
7.39-7.46 (m, 2H, Hyom), 7.54 (m, 1H, Hyom), 8.26 (s,
1H, Hipiazole), 842 (m, 1H, Hyom ). °C NMR (CDCly): § =
27.8, 34.5, 36.3, 39.9 (10 X Cagamantane)s 123.0 (Chinzote):
127.3, 130.6, 131.0, 131.1, 131.4, 132.1 (6 x Ar—-C), 140.2
(Chiazote)s 1603 (Coxadinzote)s 165.0 (Cpiazote), 172.7

@ Springer

(C%xadiasore)- EEMS (m/z, %): 397/399 (IM]*, 100), (69),
107 (5), 93 (9), 79 (11). Anal. Calcd. for Ca;Hy,CIN;0S: C,
63.39; H, 5.15; N, 10.56. Found: C, 63.18; H, 5.03; N,
10.33.

2-[(Adamantan-1-yl)-5-(2-(3-chlorophenyl)-1,3-thiazol-4-
yD)]-1,3,4-oxadiazole (7h) From Sh (127 mg). Yield: 155
mg (78 %); Mp 198-200 °C; FTIR (Vax, cm™): 3100,
2921, 2846, 1606, 1555, 1201, 1082. "H NMR (CDCls): 6
=134 (m’ 6H’ Hadamantane)’ 2.19 (I’Il, 9H’ Hadamantane)’
7.41-7.49 (m, 2H, Hyom), 7.92 (m, 1H, Huom), 8.10 (m,
1H, Hyom), 8.14 (s, 1H, Hpiwoe). -C NMR (CDCls):
5=127.8, 34.5, 36.3, 39.9 (10 X C,gamantanc), 121.8 (C>pia.
zole), 125.1, 1269, 130.3, 130.8, 1342, 1352 (6xCarom.)» 141.0
(Clmiazore)s 1601 (COoragiazote)s 168.1 (Coipiaore)s 172.8
(Coxadiazole). EI-MS  (m/z, %): 397/399 (IM+2]*, 49),
397/399 (IM*, 100]), 224 (8), 222 (21), 196 (4), 194 (12),
135 (58), 107 (6), 93 (12), 79 (15). Anal. Calcd. for
C,HyoCIN;OS: C, 63.39; H, 5.15; N, 10.56. Found: C,
63.22; H, 5.02; N, 10.40.

2-[(Adamantan-1-yl)-5-(2-(4-chlorophenyl)-1,3-thiazol-4-
yD)]-1,3,4-oxadiazole (7i) From 5i (127 mg). Yield: 161
mg (81 %); Mp 203-204 °C; FTIR (Viax, cm™'): 3081,
2910, 2845, 1604, 1557, 1206, 1079. "HNMR (CDCL,): &
=134 (m’ 6H’ Hadamantane)’ 2.18 (1’1’1, 9H, Hadamamane)7
7.45-7.49 (m, 2H, Haom), 7.99-8.03 (m, 2H, H,om), 8.12
(s, 1H, Hypiazore). °C NMR (CDCls): §=27.8, 34.5, 36.3,
39.9 (10 X Cpdamantane)>  121.5 (C’hiazote), 128.2, 129.3,
131.2, 136.9 (6 X Carom)s 141.6 (C*piazote)s 160.1 (Coxadia.
zole), 168.4 (C2thiazole)’ 172.7 (Czoxadiazole)~ EI-MS (W'/Z» %):
397/399 (IM+2]", 36), 396/398 (IM™, 100]), 224 (6), 222
(16), 196 (4), 194 (11), 135 (41), 107 (4), 93 (6), 79 (11).
Anal. Calcd. for C,;H,¢CIN;OS: C, 63.39; H, 5.15; N,
10.56. Found: C, 63.18; H, 5.00; N, 10.33.

2-[(Adamantan-1-yl)-5-(2-(2-bromophenyl)-1,3-thiazol-4-
yD)]-1,3,4-oxadiazole (7j) From 5j (149 mg). Yield: 166
mg (75 %); Mp 138-141°C; FTIR (Vjax, cm™'): 3088,
2917, 2844, 1600, 1559, 1212, 1044. "H NMR (CDCls): &
= 1.84 (m, 6H, Hagamantane)s 2-19 (m, 9H, Hadamantane)s 7.34
(m, 1H, Hyrom), 7.47 (m, 1H, Hyrom), 7.74 (m, 1H, Hyrom),
8.22 (m, 1H, Hyom), 827 (s, 1H, Hpiwsore)- °C NMR
(CDCls): 6§ =27.7, 34.5, 36.3, 39.9 (10 X C,gamantane), 121.8
(Chiazote)s 123.1, 127.8, 131.3, 132.1, 133.2, 134.0 (6 x
Caom)s 1403 (Cliagore)s 1603 (Coadinzote)s  166.6
(Cthiazote)s 172.8 (CPoxadiazote)- EFMS (m/z, %): 443 (IM
+2]%, 96), 441/443 [M*, 100], 268 (8), 266 (10), 240 (6),
238 (7), 135 (48), 107 (12), 93 (5), 79 (13). Anal. Calcd. for
C,1H,oBrN;OS: C, 57.02; H, 4.56; N, 9.50. Found: C,
56.89; H, 4.48; N, 9.29.

2-[(Adamantan-1-yl)-5-(2-(3-bromophenyl)-1,3-thiazol-4-
yD)]-1,3,4-oxadiazole (7k) From Sk (149 mg). Yield: 168
mg (76 %); Mp 194-196 °C; FTIR (Vax, cem™): 3078,
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2911, 2847, 1602, 1551, 1218, 1052. '"H NMR (CDCly):
52 184 (Hl, 6H, Hadamantane)’ 219 (Hl, 9H’ Hadamantane)a
7.37 (m, 1H, Hyom), 7.62 (m, 1H, Hyom), 7.97 (m, 1H,
Haom), 8:14 (s, 1H, Hupiazole) 826 (m, 1H, Hyom). °C
NMR (CDCly): 6 =27.7, 34.5, 36.3, 39.9 (10 X C,qamantanc)»
121.9 (Csmiazole), 123.2, 125.6, 129.7, 130.6, 133.7, 134.4
(6 X Carom), 141.6 (Clinizore)s 160.1 (Cooxagiazore)s 167.9
(C?hiazote)s 172.8 (C%oxadiazote)- EFMS (m/z, %): 443 (IM
+21%, 98), 441/443 (IM]*, 100), 268 (10), 266 (12), 240 (4),
238 (3), 135 (79), 107 (6), 93 (14), 79 (14). Anal. Calcd. for
C,1H,oBrN;OS: C, 57.02; H, 4.56; N, 9.50. Found: C,
56.90; H, 4.50; N, 9.39.

2-[(Adamantan-1-yl)-5-(2-(4-bromophenyl)-1,3-thiazol-4-
yD)]-1,3,4-oxadiazole (71) From 51 (149 mg). Yield: 179
mg (81 %); Mp 206-207 °C; FTIR (Vpax, cm™'): 3091,
2922, 2848, 1603, 1552, 1208, 1049. "H NMR (CDCls): &
= 1'84 (m7 6H7 Hadamantane), 2'18 (m’ 9H’ Hadamantane)s
7.61-7.64 (m, 2H, Hyrom), 7.93-7.96 (m, 2H, Hyrom ), 8.12
(s, 1H, Hypimpore). °C NMR (CDCl,): §=27.7, 34.5, 36.3,
39.9 (10 X Cadamantane)s  121.6 (C2hiagote), 125.3, 128.4,
131.6, 132.3 (6 X Carom), 141.6 (C*hiazote)s 160.1 (C24xadia
sole), 1685 (C thiazole)s 172.7 (Coxadiarote)- EI-MS (m/z, %):
443/445 (IM+2]*, 98), 440/442 (IM]*, 100), 268 (10), 266
(11), 240 (3), 238 (3), 135 (45), 107 (4), 93 (7), 79 (6).
Anal. Calcd. for C,HyoBrN;OS: C, 57.02; H, 4.56; N,
9.50. Found: C, 56.85; H, 4.47; N, 9.29.

2-[((Adamantan-1-yl)methyl)-5-(2-(2-methylphenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7m) From Sa (117 mg).
Yield: 143 mg (73 %); Mp 152-154 °C; FTIR (Viax, cm_l):
3106, 2921, 2847, 1599, 1562, 1206. "H NMR (CDCls): 6
=1.61-1.74 (m, 12H, H.gamantane)s 2.01 (br s, 3H,
H.gamantane)s 2.65 (s, 3H, Ar-Me), 2.75 (s, 2H, CH,),
7.29-7.42 (m, 3H, Hgom), 7.78 (m, 1H, Hiom), 8.19
(s, 1H, Hpiagole)- “C NMR (CDCl3): §=21.5 (CHj),
28.5, 33.6, 36.5 (7%Cagamantane)s 39.5 (CHp), 42.2
(3 X Cadamantane),  122.1 (C2iazote)s 126.2, 130.1, 131.5,
131.6, 132.0, 136.9 (6 X Carom), 140.5 (C*piazore), 160.8
(Csoxadiazole)’ 165.1 (Czthiazole)’ 169.5 (Czoxadiazole)- EI-MS
(m/z, %): 391 (IM]*, 16), 202 (9), 174 (13), 135 (100), 117
4), 107 (12), 93 (29), 91 (16), 79 (29). Anal. Calcd. for
C,3H,sN308S: C, 70.56; H, 6.44; N, 10.73. Found: C, 70.33;
H, 6.36; N, 10.54.

2-[((Adamantan-1-yl)methyl)-5-(2-(3-methylphenyl)-1,3-

thiazol-4-yl)]-1,3,4-oxadiazole (7m) From Sb (117 mg).
Yield: 155 mg (79 %); Mp 163-165 °C; FTIR (Viax, cm™):
3083, 2896, 2844, 1581, 1561, 1229. "H NMR (CDCls): &
=1.61-1.74 (m, 12H, H,gamanwne)> 2.01 (br s, 3H,
Hadamantane), 2-45 (s, 3H, Ar-Me), 2.75 (s, 2H, CH,),
7.31-7.39 (m, 2H, Hyom), 7.83 (m, 1H, Hyom), 7.91 (m,
1H, Harom), 8.01 (s, 1H, Hipiapore). °C NMR (CDCly): § =
21.3 (CHj), 28.5, 33.6, 36.5 (7 X Cagamantane)> 39-6 (CHb),

42.2 (3 X Cogamantane)s 121.3 (Ciniasore)s 124.2, 127.5, 129.0,
131.7, 132.5, 139.0 (6 X Corom)s 141.1 (C*iiapore), 160.7
(Csoxadiazole)’ 165.0 (Czthiazo]e)a 170.2 (Czoxadiazole)' EI-MS
(m/z, %): 391 (IM]", 28), 202 (19), 174 (4), 135 (100), 117
(3), 107 (7), 93 (18), 91 (11), 79 (10). Anal. Calcd. for
C13H,5N308S: C, 70.56; H, 6.44; N, 10.73. Found: C, 70.38;
H, 6.37; N, 10.48.

2-[((Adamantan-1-yl)methyl)-5-(2-(4-methylphenyl)-1,3-

thiazol-4-yl)]-1,3,4-oxadiazole (70) From Sc¢ (117 mg).
Yield: 141 mg (72 %); Mp 188-190 °C; FTIR (Vynax, €M ™'):
3108, 2901, 2847, 1585, 1562, 1222. "H NMR (CDCls): §
=1.61-1.74 (m, 12H, Hugumantne)s 2.01 (br s, 3H,
H,damantane), 243 (s, 3H, Ar-Me), 2.76 (s, 2H, CH,), 7.29
(d, 2H, J=8.1 Hz, Hyrom ), 7.95 (d, 2H, J = 8.1 Hz, Hyrom),
8.07 (s, 1H, Hpiazore): °C NMR (CDCl;): §=21.5 (CH;),
28.5, 33.6, 36.6 (7 X Cadamantanc)s 39.6 (CHy), 42.2 (3 x
Cadamantane)s 121.0 (C°iazore)s 126.9, 129.7, 130.0, 141.0
(6% Carom.)s 141.3 (Ciazote)s 160.8 (Coxadiazote)s 165.0
(Cthiazote)s 170.2 (Coxadiazote)- EI-MS (m/z, %): 391 (IM]",
16), 202 (11), 174 (3), 135 (100), 117 (3), 107 (8), 93 (25),
91 (14), 79 (32). Anal. Calcd. for C,3H,sN3OS: C, 70.56;
H, 6.44; N, 10.73. Found: C, 70.29; H, 6.36; N, 10.56.

2-[((Adamantan-1-yl)methyl)-5-(2-(2-fluorophenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7p) From 5d (119 mg).
Yield: 140 mg (71 %); Mp 173-175 °C; FTIR (Viax, cm™'):
3096, 2905, 2845, 1604, 1563, 1207, 1192. 'H NMR
(CDCL): 6=1.60-1.72 (m, 12H, Hygamantane), 2-00 (br s,
3H, Hadamantane)s 2.74 (s, 2H, CH,), 7.18-7.32 (m, 2H,
Harom.)s 7.44 (m7 1H9 Harom.)s 8.21 (S, le chiazole)v 8.46 (1’1’1,
1H, Hyom). °C NMR (CDCl5): §=28.5, 33.6, 36.5 (7 x
Cadamantane), 39.6 (CHZ)a 42.2 (3XCadamantane)’ 116.1 (d,
Jerp=2175Hz, C3,om), 1204 (d, Jep=11.25Hz,
Cloom)s 1212 (COmiagore)s 1227 (d, Jer=9.75Hz,
CCom), 124.8 (d, Jop=3.0Hz, Cyom), 132.0 d, Jop=
9.0Hz, C* o), 140.2 (C*iasore), 160.2 (d, Jop=250.5
Hz, C?uom)s 160.8 (Cooxadiazote)r 162.2 (CPihiasore), 165.1
(C?oxadiazote)- EI-MS (m/z, %): 394/396 (IM]*, 12), 206 (18),
178 (3), 135 (100), 121 (3), 107 (12), 93 (31), 79 (64). Anal.
Caled. for C,,H,,FN;OS: C, 66.81; H, 5.61; N, 10.62.
Found: C, 66.63; H, 5.58; N, 10.50.

2-[((Adamantan-1-yl)methyl)-5-(2-(3-fluorophenyl)-1,3-

thiazol-4-yl)]-1,3,4-oxadiazole (7q) From Se (119 mg).
Yield: 146 mg (74 %); Mp 156-158 °C; FTIR (Vijax, cem™ )
3106, 2903, 2845, 1603, 1564, 1210, 1197. 'H NMR
(CDCly): 6=1.61-1.73 (m, 12H, Hagamantane)s 2.01 (br s,
3H, Hagamantane)s 2.76 (s, 2H, CH,), 7.18 (m, 1H, Hyom)
7.46 (m, 1H, Hyom), 7.80 (m, 1H, Hyom), 8.14 (s, 1H,
Hihiazole)- °C NMR (CDCls): §=128.5, 33.6, 36.5 (7x
Cadamantane)s 39-6 (CHp), 42.2 (3 X Cygamantane)» 113.8 (d,
Jer=233Hz, C*om), 117.8 (d, Jep=21.8 Hz, C*1rom)s
121.9 (C’hiazote)s 130.8 (d, Jor=3.0Hz, C®uom), 134.5
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(d, Jor=83Hz, C'om), 135.6 (d, Jor =83 Hz, C°prom),
141.3 (C*hiazote)s 160.6 (Coxadiarote)s 163.0 (d, Jor = 246.0
Hz, Cyom), 165.1 (CPiigsore)s 168.4 (C2oxadiazore)- EI-MS
(m/z, %): 394/396 (IM]*, 11), 206 (14), 178 (3), 135 (100),
121 (3), 107 (12), 93 (30), 79 (41). Anal. Caled. for
C,,H,,FN;OS: C, 66.81; H, 5.61; N, 10.62. Found: C,
66.60; H, 5.53; N, 10.48.

2-[((Adamantan-1-yl)methyl)-5-(2-(4-fluorophenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7r) From S5f (119 mg).
Yield: 146 mg (74 %); Mp 202-204 °C; FTIR (Vmax, cm_l):
3109, 2899, 2849, 1601, 1565, 1206, 1191. 'H NMR
(CDCly): §=1.58-1.71 (m, 12H, Hagamantane)s 1.98 (br s,
3H, Hagamantane)s 2.72 (s, 2H, CH,), 7.11-7.17 (m, 2H,
Harom), 8.00-8.04 (m, 2H, Huom), 8.06 (s, 1H, Hepiapore)-
13C NMR (CDCls): §=28.5, 33.6, 36.5 (7 X Cadamantanc)s
39.5 (CH,), 42.2 (3 % Cudamantane), 116.2 (d, Jop =22.5 Hz,
Crom +C-3), 121.4 (Copiagore)s 128.9 (d, Jer=9.0Hz,
C?pom. +C-6), 1299 (d, Jer=3.0Hz, C'yom), 1412
(Chiazote)s 160.6 (Coxadiazote)r 164.3 (d, Jop=250.5Hz,
Cluom): 1650 (Cpiazote) 168.7 (Coxadiazote). EI-MS
(m/z, %): 395/396 (IM]*, 15), 206 (12), 178 (3), 135
(100), 121 (3), 107 (11), 93 (28), 79 (37). Anal. Calcd. for
C,,H,,FN50S: C, 66.81; H, 5.61; N, 10.62. Found: C,
66.59; H, 5.55; N, 10.42.

2-[((Adamantan-1-yl)methyl)-5-(2-(2-chlorophenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7s) From Sg (127 mg).
Yield: 165 mg (80 %); Mp 150-153 °C; FTIR (Vax, cmfl):
3088, 2911, 2844, 1600, 1560, 1206, 1076. 'H NMR
(CDClz): 6=1.56-1.68 (m, 12H, H,gamantanc)> 1.98 (br s,
3H, Hagamantane)» 2-72 (s, 2H, CH,), 7.40-7.46 (m, 2H,
H.om), 7.53 (m, 1H, Hyom ), 8.27 (s, 1H, Hipiazo1e), 8.42 (m,
1H, Hyrom)- °C NMR (CDCls): 6=28.5, 33.6, 36.5 (7 x
Cadamantane)a 39.6 (CHZ)v 42.2 (3XCadamanlane)a 121.4
(Chiazote)s 127.3, 130.4, 130.9, 131.0, 131.4, 132.6 (6 x
Carom)>  140.1 (Clipiazore), 1603 (Clogagiazore)s  165.1
(CPihiazote)s 168.8 (C%oradiazole 2). EI-MS (m/z, %): 413/415
(IM+21%, 7), 411/413 [M™, 23], 224 (5), 222 (15), 135
(100), 107 (11), 93 (25), 79 (56). Anal. Calcd. for
C,,H,,CIN;OS: C, 64.14; H, 5.38; N, 10.20. Found: C,
63.95; H, 5.30; N, 10.03 %.

2-[((Adamantan-1-yl)methyl)-5-(2-(3-chlorophenyl)-1,3-

thiazol-4-yl)]-1,3,4-oxadiazole (7t) From Sh (127 mg).
Yield: 152 mg (74 %); Mp 166-168 °C; FTIR (Vijax, cm™):
3084, 2900, 2846, 1593, 1563, 1191, 1081. 'H NMR
(CDClz): 6=1.53-1.66 (m, 12H, Hagamantane)> 1.93 (br s,
3H, H,gamantane)» 2-69 (s, 2H, CH,), 7.28-7.38 (m, 2H,
Haom), 7.81 (m, 1H, Hyrom), 8.00 (m, 1H, Hyom), 8.09 (s,
1H, Hipiazote). °C NMR (CDCl5): 6 =28.6, 33.4, 36.5 (7 x
Cadamantane)’ 395 (CH2)7 42.2 (3 XCadamantane)v 121.6
(Chiazote)s 125.0, 126.7, 130.3, 130.7, 134.0, 135.1 (6 x
Carom)> 1412 (Clinjazore), 1605 (Clogagiazore)s  165.1
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(C?thiazote)s 168.1 (CPoxadiazote)- EI-MS (m/z, %): 413/415
(IM+2], 3), 411/413 [M*, 8], 224 (4), 222 (10), 135 (100),
107 (9), 93 (25), 79 (33). Anal. Calcd. for C,,H,,CIN;0S: C,
64.14; H, 5.38; N, 10.20. Found: C, 65.89; H, 5.29; N, 10.10.

2-[((Adamantan-1-yl)methyl)-5-(2-(4-chlorophenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7u) From 5i (127 mg).
Yield: 163 mg (79 %); Mp 184—187 °C; FTIR (Vijax, cem™Y):
3109, 2903, 2848, 1597, 1562, 1222, 1090. 'HNMR
(CDCl): 6=1.56-1.69 (m, 12H, H,gamantane)> 1.96 (br s,
3H, Hagamantane)> 2-71 (s, 2H, CH,), 7.41 (d, 2H, J=8.7 Hz,
Haom), 7.94 (d, 2H, J=8.7Hz, Huom), 8.06 (s, 1H,
Hiiazole): "C NMR (CDCls): 6=28.5, 33.6, 36.5 (7x
Cadamzmtane)s 39.5 (CHz), 42.2 (3 X Cadamanlane)v 121.6
(Cohiazote)s 128.1, 129.3, 131.1, 136.9 (6 X Carom), 141.3
(Coiazote)s 160.5 (Coxadgiazore)s 165.0 (C2ipiazore), 168.5
(C%oxadiazore). EI-MS  (m/z, %): 413/415 (IM+2]%, 4),
411/413 [M*, 10], 224 (3), 222 (8), 135 (100), 107 (8), 93
(23), 79 (32). Anal. Calcd. for C,,H,,CIN3OS: C, 64.14; H,
5.38; N, 10.20. Found: C, 65.90; H, 5.31; N, 9.98.

2-[((Adamantan-1-yl)methyl)-5-(2-(2-bromophenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7v) From 5j (149 mg).
Yield: 182 mg (80 %); Mp 185-187 °C; FTIR (Vijax, cm™):
3098, 2896, 2844, 1604, 1563, 1207, 1025. 'H NMR
(CDCl3) 6=1.59-1.73 (m, 12H, H,g.mantanc)s 2-00 (br s,
3H, Hadamamane)’ 2.75 (S’ 2H’ CHZ)’ 7.32 (1’1’1, lH’ Harom.)a
7.45 (m, 1H, Huom), 7.72 (m, 1H, Hayom), 8.20 (m, 1H,
Haom.) 8.26 (s, 1H, Hyiazore)- -C NMR (CDCl5): 6 =28.5,
33.6, 36.6 (7% C,ugamantane)s 39.6 (CH,), 422 (3x
Cadamantane)s 121.7 (C2iarore), 123.1, 127.8, 131.3, 132.0,
133.1, 134.0 (6XCaom)s 140.1 (C*piasore), 160.7
(Csoxadiazole)’ 165.1 (Czthiazole)’ 166.7 (Czoxadiazole)- EI-MS
(m/z, %): 457/459 (IM+2]*, 6), 454/457 (M™, 7), 268 (6),
266 (6), 135 (100), 107 (12), 93 (33), 79 (48). Anal. Calcd.
for C»,H»,BrN;OS: C, 57.90; H, 4.86; N, 9.21. Found:
C, 57.71; H, 4.77; N, 8.96.

2-[((Adamantan-1-yl)methyl)-5-(2-(3-bromophenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7w) From Sk (149 mg).
Yield: 175 mg (77 %); Mp 172-173 °C; FTIR (Vmax, cem™Y):
3085, 2921, 2845, 1580, 1560, 1203, 993. 'H NMR
(CDCls): 6=1.60-1.74 (m, 12H, H,gamantane)> 2-01 (br s,
3H, Hadamantane)a 276 (S7 ZH’ CH2)’ 7.36 (m, IH, Harom)7
7.61 (m, 1H, Huyom), 7.95 (m, 1H, Haom), 8.13 (s, 1H,
Hipiasore)s 8.24 (m, 1H, Hyom). °C NMR (CDCly): 6=
28.5, 33.6, 36.5 (7 % Cugamantane)> 39.6 (CH,), 42.2 (3 x
Cadamantane)s 121.9 (Chiazore), 123.2, 125.5, 129.7, 130.6,
133.7, 1344 (6xCuom), 1414 (Clpiasore), 160.5
(Coxadiazote)s 165.1 (Ciazote)s 168.1 (Coxadiasore)- EI-MS
(m/z, %): 457/459 (IM+2]%, 6), 454/457 (M™, 6), 268 (4),
266 (5), 135 (100), 107 (9), 93 (25), 79 (25). Anal. Calcd.
for C22H22BI'N3OS: C, 5790, H, 486, N, 9.21. Found: C,
57.79; H, 4.76; N, 9.02.
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2-[((Adamantan-1-yl)methyl)-5-(2-(4-bromophenyl)-1,3-
thiazol-4-yl)]-1,3,4-oxadiazole (7x) From 51 (149 mg).
Yield: 177 mg (78 %); Mp 190-192 °C; FTIR (Vax, cm™):
3107, 2909, 2848, 1592, 1561, 1201, 989. 'H NMR
(CDCls): 6=1.59-1.73 (m, 12H, H,gamantane)> 2-00 (br s,
3H, Hagamantane)> 2.74 (s, 2H, CH,), 7.61 (d, 2H, J= 8.7 Hz,
H.iom), 792 (d, 2H, J=8.7Hz, H.om), 8.10 (s, 1H,
Huiazore): ~C NMR (CDCls): 6=28.5, 33.6, 36.5 (7x
Cadamantane)’ 39.6 (CHZ)’ 42.2 (3 Xcadamantane)s 121.6
(Chiazote)s 125.3, 128.3, 131.5, 132.3 (6 X Carom), 141.4
(Cmiazote)s 160.6 (COoyagiazote)s 165.1 (C2ipiaore)s 168.7
(C?oxadiazote). EI-MS  (m/z, %): 457/459 (IM+2]*, 6),
454/457 (M™, 6), 268 (5), 266 (6), 135 (100), 107 (8), 93
(20), 79 (32). Anal. Calcd. for C,,H,,BrN;OS: C, 57.90; H,
4.86; N, 9.21. Found: C, 57.67; H, 4.76; N, 8.88.

N-[(2-chlorophenethyl)carbamothioyl]-2-phenylthiazole-4-

carboxamide (13) To a stirred solution of 9 (112 mg, 0.50
mmol) in acetone (7 mL), NH4,SCN (58 mg, 0.76 mmol)
was added and the reaction mixture heated under reflux for
2 h. After cooling and filtration, the amine 11 (156 mg, 0.39
mmol) and NaOH (20 mg, 0.51 mmol) were added directly
in dry form and the mixture heated under reflux for 6h.
After cooling, the reaction mixture was filtered, and the
filtrate was evaporated to dryness. The residue was purified
on a column of silica gel (10 g), using, in gradient, MeOH
(0-10 %) and CHClj; as eluent to give 13 (139 mg, 69 %);
Mp 159-162°C. '"H NMR (600 MHz, CDCl3): 6=2.95 (t,
2H, J=6.5Hz, CH,Ph), 3.84 (t, 2H, J= 6.5 Hz, CH,NH),
8.00-7.10 (m, 9H, H.1om ), 9.12 (s, 1H, Hyjazole), 8-90 (br s,
1H, NH), 10.11 (br s, 1H, NH). '*C NMR (150.91 MHz,
CDCl3): 6=30.1 (CH,Ph), 45.6 (CH,N), 126.0, 126.3,
127.2, 128.0, 128.5, 128.8, 129.4, 132.8, 142.0 (Cyom. +
Ctniarote)s 146.9 (Cliniazote), 165.0 (Criasore)s 165.9 (C=0),
178.9 (C=S). FAB-MS (m/z, %): 401/403 [M, 78]*. Anal.
Calcd. for C9HcCIN30S,: C, 56.78; H, 4.01; N, 10.45.
Found: C, 56.59; H, 3.95; N, 10.28.

N-[(2-methoxyphenethyl)carbamothioyl]-2-phenylthiazole-
4-carboxamide (14) This compound was prepared
according to the procedure of prepartion of compound 13,
from 9 (112 mg, 0.50 mmol), NH4SCN (58 mg, 0.76 mmol)
in acetone followed by treatment with the amine 12 (59 mg,
0.39 mmol) and NaOH (20 mg, 0.51 mmol). Yield: 145 mg
(73 %); Mp 149-151°C. 'H NMR (600 MHz, CDCls):
0=293 (t, 2H, J=6.5Hz, CH,Ph), 3.68 (s, 3H, OMe),
3.82 (t, 2H, J=6.5Hz, CH,NH), 8.01-7.43 (m, 5H,
Harom.), 7.17-6.92 (m, 4H, H,om.), 9.09 (s, 1H, Hjazole),
9.10 (br s, 1H, NH), 10.15 (br s, 1H, NH). ’C NMR
(150.91 MHz, CDCl;): 6=29.6 (CH,Ph), 46.1 (CH,N),
55.0 (OMe), 111.8, 119.6, 126.3, 128.0, 128.5, 129.0,
1304, 131.0 (Curom. + Cohiazote)s 147.0 (Cpinsote)s 157.2
(Carom—OMe), 165.6 (Cpiarore), 1663 (C=0), 181.1
(C=S). FAB-MS (m/z, %): 398 (IM+H]", 88). Anal. Calcd.

2407
Table 2 Summary of crystallographic data
Compound Ta
Formula C,,H>3N30S
M, 377.49
Habit Colorless block
Cryst. size (mm) 0.4%0.35x0.25
Crystal system Monoclinic
Space group P2,/c
Temperature (°C) -173
Cell constants
aA) 16.8868(5)
b (A) 9.5584(3)
c (A 12.3345(4)
B 109.184(4)
v (A3 1880.36
z 4
D, Mg m™) 1.333
p (mm™) 0.19
F(000) 800
260 max 62
Transmissions 0.963-1.000
Refl. measured 98225
Refl. indep. 5983
Rinc 0.036
Parameters 245
WR(F?, all refl.) 0.096
R(F, >46(F)) 0.033
S 1.07
max. Ap (e 1353) 0.47

for C,oH19N30,S,: C, 60.43; H, 4.82; N, 10.57. Found: C,

60.22; H, 4.61; N, 10.39.

X-ray structure determinations

A colorless block of compound 7a was mounted in inert oil
on a glass fiber and transferred to the cold gas stream of the
diffractometer (Oxford Diffraction Xcalibur E). Intensities
were registered using monochromated Mo Ko radiation
(A=0.71073 A). Absorption corrections were based on
multi-scans. The structure was refined anisotropically on F>
using the program SHELXL-97. Hydrogen atoms were
included using a riding model starting from calculated posi-
tions. Table 2 presents the summary of crystallographic data.

Crystallographic data have been deposited with the
Cambridge Crystallographic Data Centre as supplementary pub-
lication no. CCDC-864706. Copies of the data can be obtained
free of charge from www.ccdc.cam.ac.uk/data_request/cif.
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Biological evaluation

In vitro anti-HIV assay Evaluation of the antiviral activity
of compounds 7a-1, 13, and 14 against HIV-1 (Illg) and
HIV-2 (ROD) strains in MT-4 cells was performed using an
MTT assay as described previously (Pannecouque et al.,
2008; Pauwles et al., 1988). In brief, stock solutions
(10 times final concentration) of test compounds were
added in 50-pl volumes to two series of triplicate wells to
allow simultaneous evaluation of their effects on mock and
HIV-infected cells at the beginning of each experiment.
Serial 5-fold dilutions of test compounds were made
directly in flat-bottomed 96-well microtiter trays using a
Biomek 3000 robot (Beckman instruments). Untreated
control, HIV-infected, and mock-infected cell samples were
included for each sample. HIV-1 (Illg) (Popovic et al.,
1984) or HIV-2 (ROD) (Barré-Sinoussi et al., 1993) stock
(50 pl) at 100-300 CCIDsg (50 % cell culture infectious
dose) or culture medium [10 % heat-inactivated Fetal Calf
Serum (FCS), 2 mM-glutamine, 0.1 % sodium bicarbonate,
and 20 pg/ml gentamicin] was added to either of the
infected or mock-infected wells of the microtiter tray.
Mock-infected cells were used to evaluate the effect of test
compound on uninfected cells in order to assess the cyto-
toxicity of the test compounds. Exponentially growing MT-
4 cells (Miyoshi et al., 1982) were centrifuged for 5 min at
1000 rpm (Minifuge T, rotor 2250; Heraeus, Germany), and
the supernatant was discarded. The MT-4 cells were
resuspended at 6 x 105 cells per ml, and 50 pl volumes were
transferred to the microtiter tray wells. Five days after
infection, the viability of the mock-infected and HIV-
infected cells was examined spectrophotometrically.

Cytotoxicity assays Cell cultures were seeded at 1 x 105
cells per ml in 96 multiwell plates in specific media [RPMI-
1640 medium with 20 mM HEPES buffer (Life Technolo-
gies)], supplemented with 10 % FCS and antibiotic (genta-
micin), and incubated at 37 °C in a humidified CO, (5 %)
atmosphere in the absence or presence of serial dilutions of
test compounds. Cell viability was determined after 96 h at
37 °C by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tet-
razolium bromide (MTT) method (Pannecouque et al.,
2008). Compounds were dissolved in dimethyl sulfoxide at
100 mM and then diluted into culture medium.

Conclusions

2-Adamantyl/adamantylmethyl-5-arylthiazolyl-1,3,4-oxa-

diazole derivatives 7a-x, and 2-phenylthiazole-4-
carboxamide analogs 13 and 14 were synthesized via sev-
eral steps. Compounds 7a-1, 13, and 14 were screened for
their inhibitory activity against HIV-1 and HIV-2, where 13

@ Springer

and 14 showed significant inhibition of HIV-1 with ECs of
1.79 and 2.39 pM (SI=18 and 4), respectively. The anti-
HIV activity results suggest that compound 13 might act as
a new candidate for NNRTIs. Furthermore, compounds 7a
and 7j were tested against two solid tumor-derived cell lines
consisting Hep-G2 (human hepatocarcinoma) and MCF-7
(breast cancer). Compound 7j showed a moderate antitumor
activity against Hep-G2 and led to be promising agent for
further structural modification.

Acknowledgments This work was financially supported by Higher
Education Commission (HEC) of Pakistan through a Ph.D. fellowship
to Mahmood-ul-Hassan Khan under “Indigenous Ph.D 5000 Fellow-
ship Program”. Miss A. Friemel of the Chemistry Department, Uni-
versity of Konstanz, Germany, is highly acknowledged for the NMR
experiments.

Compliance with ethical standards

Conflict of interest
interest.

The authors declare that they have no conflict of

References

Ahgren C, Backro K, Bell FB, Cantrell AS, Clemens M, Colacino J,
Deeter MJB, Engelhardt JA, Jaskunas SR (1995) The PETT
series, a new class of potent nonnucleoside inhibitors of human
immunodeficiency virus type 1 reverse transcriptase. Antimicrob
Agents Chemother 39:1329-1335

Akhtar T, Hameed S, Al-Masoudi NA, Loddo R, La Colla P (2008) In
vitro antitumor and antiviral activities of new benzothiazole and
1,3,4-oxadiazole-2-thione. Acta Pharm (Weinheim) 58:135-149

Alley MC, Scudiero DA, Monks A, Hursey ML, Czerwinski MJ, Fine
DL, Abbott BJ, Mayo LG, Schoemaker RH, Boyd MR (1988)
Feasibility of drug screening with panels of human tumor cell
lines using a microculture tetrazolium assay. Cancer Res
48:589-601

Barré-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S,
Gruest J, Dauguet C, Axler-Blin C, Vezinet-Brun F, Rouzioux C,
Rozenbaum W, Montagnier L (1993) Isolation of a T-
lymphotropic retrovirus from a patient at risk for acquired
immune deficiency syndrome (AIDS). Science 220:868-871

Baxter A, Bent J, Bowers K, Braddock M, Brough S, Fagura, Lawson M,
Mclnally T, Mortimore M, Robertson M, Weaver R, Webborn P
(2003) Hit-to-lead studies: the discovery of potent adamantine
amide P2X7 receptor antagonists. Bioorg Med Chem Lett
13:4047-4050

Bell FW, Cantrell AS, Hoegberg M, Jaskunas SR, Johansson NG, Jordan
CL, Kinnick MD, Lind P, Morin Jr JM, Noreen R, Oberg B,
Palkowitz JA, Parrish CA, Pranc P, Sahlberg C, Ternansky RJ,
Vasileff RT, Vrang L, West SJ, Zhang H, Zhou X-X (1995)
Phenethylthiazolethiourea (PETT) compounds, a new class of
HIV-1 reverse transcriptase inhibitors. 1. Synthesis and basic
structure-ctivity relationship studies of PETT analogs. J Med
Chem 38:4929-4936

Cai Z-Q, Liu J, Wang Y, Zhang M-R, Chen Y, Xu L-F, Gong M
(2014) A cup-like structure: synthesis, crystal structure and anti-
cancer activity of 2-(2-(4,5-diphenyl-1H-imidazol-1-yl)acet-
amido)ethyl adamantane-1-carboxylate. J Chem Soc Pak
36:717-722

Cantrell AS, Engelhardt P, Hogberg M, Jaskunas SR, Johansson NG,
Jordan CL, Kangasmetsd J, Kinnick MD, Lind P, Morin Jr JM,



Med Chem Res (2016) 25:2399-2409

2409

Muesing MA, Noreén R, Oberg B, Pranc P, Sahlberg C,
Ternansky RJ, Vasileff RT, Vrang L, West SJ, Zhang H (1996)
Phenethylthiazolylthiourea (PETT) compounds as a new class of
HIV-1 reverse transcriptase inhibitors. 2. Synthesis and further
structure—activity relationship studies of PETT analogs. J Med
Chem 39:4261-4274

Dawood KM, Eldebss TMA, El-Zahabi HSA, Yousef MH, Metz P
(2013) Synthesis of some new pyrazole-based 1,3-thiazoles
and 1,3,4-thiadiazoles as anticancer agents. Eur J Med Chem
70:740-749

D’Cruz OJ, Samuel P, Uckun FM (2004) PHI-443: a novel non-
contraceptive broad spectrum anti-human immunodeficiency
virus microbicide. Biolo Reprod 71:2037-2047

D’Cruz OJ (2006) Dawn of non-nucleoside inhibitor-based anti-HIV
microbicides. J Antimicrob Chemother 57:411-423

De Clercq E (2009) Anti-HIV drugs: 25 compounds approved within
25 years after the discovery of HIV. Int J Antimicrob Agents
33:307-320

de Souza MVN, Bispo MLF, Gongalves RSB, Kaiser CR (2011)
Thiourea derivatives: A promising class against HIV/TB co-
infection. Global View of HIV Infection, Dr. Venketaraman V
(Ed.), InTech, 127-161

Dodson RM, King LC (1945) The reaction of ketones with halogens
and thiourea. ] Am Chem Soc 67:2242-2243

Hargrave KD, Proudfoot JR, Grozinger KG, Cullen E, Kapadia SR,
Patel UR, Fuchs VU, Mauldin SC, Vitous J, Behnke ML,
Klunder JM, Pal K, Skiles JW, McNeil DW, Rose JM, Chow GC,
Skoog MT, Wu JC, Schmidt G, Engel WW, Eberlein WG, Saboe
TD, Campbell SJ, Rosenthal AS, Adams J (1991) Novel non-
nucleoside inhibitors of HIV-1 reverse transcriptase. 1. Tricyclic
pyridobenzo- and dipyridodiazepinones. J Med Chem
34:2231-2241

Heinisch G, Matuszczak B, Pachler S, Rakowitz B (1997) The inhi-
bitory activity of diazinyl-substituted thiourea derivatives on
human immunodeficiency virus type 1 reverse transcriptase.
Antivir Chem Chemother 8:443-446

Imamichi T (2004) Action of anti-HIV drugs and resistance: reverse
transcriptase inhibitors and protease inhibitors. Curr Pharm Des
10:4039-4053

Jonckheere H, Anne J, De Clercq E (2000) The HIV-1 reverse tran-
scription (RT) process a target for RT inhibitors. Med Res Rev
20:129-154

Kabbani AT, Ramadan H, Hammud HH, Ghannoum AM, Mouneimne YJ
(2005) Synthesis of some metal complexes of N-(benzoylamino)-
thioxomethyl]amino acid (HL). Uni Chem Techn Metal
40:339-344

Khan MH, Akhtar T, Yasin KA, Al-Masoudi NA, Jones PG, Hameed S
(2010) Synthesis, crystal structure and biological evaluation of 6-
adamantyl-3-aryl[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles. Z Nat-
urforsch 65b:178-184

Khan MH, Akhtar T, Al-Masoudi NA, Stoeckli-Evans H, Hameed S
(2012) Synthesis, crystal structure and anti-HIV activity of
2-adamantyl/adamantylmethyl-5-aryl-1,3,4-oxadiazoles. Med
Chem 8:1190-1197

Khan MH, Hameed S, Farman M, Al- Masoudi NA, Stoeckli-Evans H
(2015) Synthesis, anti HIV and molecular modeling study of 3-
aryl-6-adamantyl-methyl-[1,2,4-]triazolo[3,4-b]thiazdiazole deri-
vatives. Z Naturforsch 70b:609-616

Maynard M, Pradat P, Bailly F, Rozier F, Nemoz C, Ahmed SN,
Adeliene P, Trepo C (2006) Amantadine triple therapy for non-
responder hepatitis C patients: clues for controversies (ANRS HC
03 BITRI). J Hepato 44:484-490

Mishra CB, Kumari S, Tiwari M (2015) Thiazole: a promising het-
erocycle for the development of potent CNS active agents. Eur J
Med Chem 92:1-34

Miyoshi I, Taguchi H, Kobonishi I, Yoshimoto S, Ohtsuki Y, Shiraishi Y,
Akagi T (1982) Type C virus-producing cell lines derived from
adult T cell leukemia. Gann Monogr Canc Res 28:219-228

Pannecouque C, Daelemans D, De Clercq E (2008) Tetrazolium-based
colorimetric assay for the detection of HIV replication inhibitors:
revisited, 20 years later. Nat Protoc 3:427-434

Pauwles R, Balzarini J, Baba M, Snoeck R, Schols D, Herdewijn P,
Desmyter J, De Clercq E (1988) Rapid and automated
tetrazolium-based colorimetric assay for the detection of anti-HIV
compounds. J Virol Methods 20:309-321

Popovic M, Sarngadharan MG, Read E, Gallo RC (1984) Detection,
isolation, and continuous production of cytopathic retroviruses
(HTLV-II) from patients with AIDS and pre-AIDS. Science
224:497-500

Ren J, Diprose J, Warren J, Esnouf RM, Bird LE, Ikemizu S, Slater M,
Milton J, Balzarini J, Stuart DI, Stammers DK (2000) Pheny-
lethylthiazolylthiourea (PETT) non-nucleoside inhibitors of HIV-
1 and HIV-2 reverse transcriptases: structural and biochemical
analysis. J Biol Chem 275:5633-5639

Uckun FM, Venkatachalam TK (2005) Adamantyl thiazole thioureas,
United States Patent 005, 6960606

Uyeki EM, Nishio A, Wittek PJ, Cheng CC (1981) Antiproliferative
activity of doxorubicin and aminoanthraquinone derivatives on
chinese hamster ovary cell. J Pharm Sci 70:1011-1014

Vicini P, Incerti M, Doytchinova IA, La Colla P, Busonera B, Loddo
R (2006) Synthesis and antiproliferative activity of benzo[d]iso-
thiazole hydrazones. Eur J] Med Chem 41:624-632

Wainberg MA, Sawyer JP, Montaner JS, Murphy RL, Kuritzkes DR,
Raffi F (2005) Challenges for the clinical development of new
nucleoside reverse transcriptase inhibitors for HIV infection.
Antiviral Ther 10:13-28

Willker W, Leibfritz D, Kerssebaum R, Bermel W (1993) Gradient
selection in inverse heteronuclear correlation spectroscopy. Magn
Reson Chem 31:287-292

Xu Z, Ba M, Zhou H, Cao Y, Tang C, Yang Y, He R, Liang Y,
Zhang Z,LiZ, Zhu L, Guo Y, Guo C (2014) 2,4,5-Trisubstituted
thiazole derivatives: a novel and potent class of non-nucleoside
inhibitors of wild type and mutant HIV-1 reverse transcriptase.
Eur J Med Chem 85:27-42

YuJ, Liu H, Xia G, Liu L, Xu Z, Chen Q, Ma C, Sun X, XuJ, Li H, Li P,
Shi Y, Xiong B, Liu X, Shen J (2013) Discovery of 2-alkyl-1-
arylsulfonylprolinamides as 11p-hydroxysteroid dehydrogenase
type 1 inhibitors. ACS Med Chem Lett 3:793-798

Zahid M, Yasin KA, Akhtar T, Rama NH, Hameed S, Al-Masoudi NA,
Loddo R, La Colla P (2009) New 2-(4-aryl)-5-(2-ada-
mantylthiazol-4-yl)-1,3,4-oxadiazoles ~ as  potential  anti-
proliferative and antiviral agents. Arkivoc xi:85-93

Zia M, Akhtar T, Hameed S, Al-Masoudi NA (2012) New aryl-1,3-
thiazole-4-carbohydr-azides, their 1,3,4-oxadiazole-2-thione-
1,2,4-triazole, isatin-3-ylidene and carboxamide derivatives:
synthesis and anti-HIV activity. Z Naturforsch 67b:747-758

@ Springer


https://www.researchgate.net/publication/305803449

	Synthesis, crystal structure, anti-HIV, and antiproliferative activity of new oxadiazole and thiazole analogs
	Abstract
	Introduction
	Results and discussion
	Chemistry
	In vitro anti-HIV activity
	In-vitro antiproliferative activity
	In vitro antimicrobial activity
	Experimental
	Chemistry
	X-ray structure determinations
	Biological evaluation

	Conclusions
	ACKNOWLEDGMENTS
	References




