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Abstract: Background: The amine 2 obtained via two steps starting from thiomorpholine was converted
into the corresponding 1,3-thiazole (4), arylmethileneamino (5a-d) and hydrazide (7) derivatives using
conventional and also microwave techniques. The synthesis of 1,3,4-oxadiazole (8), arylidenenhydrazide
(9a-c) and carbothioamides (10a,b) was performed with the treatment of 7 with CS,, suitable amines and
suitable isothiocyanates, respectively.

ARTICLE HISTORY  Method: Moreover, the treatment of compounds 10a,b with ethylbromoacetate, 2-bromo-1-(4-chlorophenyl)

ethanone, conc. H,SO4 and NaOH yielded the corresponding, 1,3-thiazolidinone (11a,b), 1,3-thiazole (12),
1,3,4-thiadiazole (13a,b) and 1,2,4-triazole (14) derivatives, respectively, by either conventional or

microwave mediated conditions. The one-pot three component synthesis of fluoroquinolone derivatives
DOI: (15a,b and 16) was performed by condensation between compounds 8 and 14 with norfloxacine and
5?’2 [74/13701808136661610241656 ciprofloxacine under conventional or microwave irradiation conditions.
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Results: The effects -of different catalysts, solvents and microwave powers on conventional and
microwave-prompted reactions was also examined. The synthesized compounds were screened for their
antimicrobial, enzyme inhibition and antioxidant activities. Molecular docking of some of the synthesized
compounds into the active sites of lipase, a-glucosidase and urease was also carried out in order to predict
the binding affinity and non-covalent interactions between them.

Keywords: Antimicrobial activity, antioxidant capacity, enzyme inhibition, fluoroquinolone, microwave, molecular docking,
multicomponent, thiomorpholine.

1. INTRODUCTION covalently in one molecular framework, has entered the field
of medicinal chemistry field in order to overcome the
problem of drug resistance problem. The compounds obtained
by molecular hybridization of several pharmacophore groups
are reported to act by inhibiting two or more conventional
targets simultaneously, and this multiple target strategy has
resulted in the development of a number of bioactive hybrid

molecules [9, 10].

The growing incidence of bacterial resistance to existing
drugs caused by overprescription and overuse of currently
available antibacterials has become the most important
clinical and socio-economic problem worldwide. Moreover,
the obstruction of efforts to overcome this due to a reduction
of focus and resources being directed towards the discovery
and development of new agents in the pharmaceutical

industry has made the problem even more serious [1-8]. The heterocyclic pharmacophores are selected on the

basis of their known biological activity profiles, in order to
obtain new hybrid compounds possessing synergistic or
additive pharmacological activities [11].

In recent years the concept of hybrid molecules, which
contain two or more pharmacophore groups binding together

Morpholine and thiomorpholine moieties are important
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structural units present in various biologically active
heterocyclic compounds due to their favorable lipophilicity
and hydrophilicity [9]. In addition, quinolones have emerged

©2017 Bentham Science Publishers
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as a major class of antibacterial agents widely used to treat
gram-negative and gram-positive bacterial infections in both
community and hospital settings [12-14].

Considerable efforts have been made to discover new
fluoroquinolones with superior features including the desired
pharmacokinetic profile and therapeutic index and a
decreased tendency to bacterial resistance [14].

The presence of a fluorine atom or trifluoromethyl group
on the heterocyclic unit, particularly an azole or azine core,
has been reported to result in the development of a number
of synthetic compounds of medicinal and agrochemical
significance [15].

Antioxidants are defined as molecules capable of
inhibiting the oxidation of other molecules and of preventing
cell death by scavenging free radicals. The discovery of new
agents with antioxidant properties and the potential to reduce
the risk of many chronic diseases, such as cancer,
atherosclerosis, stroke, diabetes, and neurological conditions,
has become another extraordinarily active area of preventive
medicinal chemistry [16, 17].

The design of more economic and eco-friendly one pot
syntheses without hazardous solvents or expensive and toxic
reagents has become one of the most investigated and studied
fields of synthetic organic chemistry. These methodologies
involve a combination of a number of technologies and
economic targets. Multicomponent reactions, involving
reactions of at least three components via a one pot process
to give a single product, represent a unique strategy leading
to the formation of various bioactive molecules. This is
particularly due to their convergence, low energy consumption,
minimum waste production, facile execution, high selectivity
and productivity [18]. Several improvements have been
achieved by applying microwave irradiation with high yields
and shorter reaction times as a very effective and non-polluting
method for the green synthesis of bioactive molecules [19-
22]. The combination of one pot multicomponent reactions
and microwave irradiation techniques therefore represents a
very attractive methodology for the production of new
bioactive compounds.

As part of our research into the development of novel
bioactive nitrogen and sulfur containing heterocycles, this
study reports the efficient, high yield, and environment-friendly
microwave assisted synthesis of novel hybrid molecules. The
synthesized compounds were screened for their antimicrobial
and enzyme inhibition activities and antioxidant capacity.
Molecular docking of some of the synthesized compounds
into the active sites of lipase, a-glucosidase and urease was
also carried out in order to predict the binding affinities and
non-covalent interactions between them.

2. MATERIALS AND METHODS

All chemicals were purchased from Fluka Chemie AG
Buchs (Switzerland) and used without further purification.
Melting points of the synthesized compounds were determined
in open capillaries on a Biichi B-540 melting point apparatus
and are uncorrected. Reactions were monitored using thin-
layer chromatography (TLC) on silica gel 60 F254 aluminium
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sheets. The mobile phase was ethyl acetate:diethyl ether
(1:1), and detection was performed using UV light. FT-IR
spectra were recorded using a Perkin Elmer 1600 series
FTIR spectrometer. 'H NMR and “C NMR spectra were
registered in DMSO-ds on a BRUKER AVENE 11 400 MHz
NMR spectrometer (400.13 MHz for 'H and 100.62 MHz for
(). Microwave-assisted syntheses were carried out using a
monomode CEM-Discover microwave apparatus. The
chemical shifts are expressed in ppm relative to Me,Si as an
internal reference, while J values are expressed as Hz. The
elemental analysis was performed on a Costech Elemental
Combustion System CHNS-O elemental analyzer. All the
compounds gave C, H and N analysis within +0.4% of the
theoretical values. Mass spectra were obtained on a Quattro
LC-MS (70 eV) instrument.

4-(2-Fluoro-4-nitrophenyl)thiomorpholine (1)

3,4-difluoronitrobenzene (10 mmol) was added dropwise
to a mixture of thiomorpholine (10 mmol) in dry acetonitrile
at 0-5 °C for 5 min and then irradiated in a monomode
microwave reactor in a closed vessel under pressure control
at 110-°C for 15 min (hold time) at 200 W maximum power.
The salt formed was removed by filtration, and the resulting
solution 'was evaporated to dryness under reduced pressure.
The yellow solid obtained was recrystallized from ethanol:
ethyl acetate (2:1) to afford the desired product. Yield: 61%,
mp. 80 °CFT IR (Upax, cm™): 2960 (ar-CH), 1323 and 1494
(NO,). '"H NMR (DMSO-ds, & ppm): 2.72-2.75 (m, 4H,
2CHy), 3.54-3.57 (m, 4H, 2CH,), 7.18 (t, 1H, ar-H, J=8.8
Hz), 7.96 (bs, 1H, ar-H,), 7.99 (bs, 1H, ar-H). >C NMR
(DMSO-ds, 6 ppm): 27.05 (2CH,), 52.40 (2CH,), arC:
[112.66 and 112.92 (d, CH, J=10.4 Hz), 119.02 (CH), 121.69
(CH), 139.70 and 139.78 (d, C, J=8.0 Hz), 145.83 (C),
151.14 and 153.60 (d, C, Jyr=246.0 Hz). LC MS m/z: 242.28
(IM]" 45), 128.10 (100). Elemental analysis for C;oH,,FN,
0,8, Calculated: C: 49.58; H: 4.58; N: 11.56%. Found: C:
49.56; H: 4.59; N: 11.51.

(3-Fluoro-4-thiomorpholin-4-ylphenyl)amine (2)

Method 1. Hydrazide hydrate (25 mmol) and Pd-C
catalyst (50% mmol) was added to a solution of compound
1(10 mmol) in 1-butanol, and the mixture was allowed to
reflux in an oil bath for 12 h. After cooling the reaction
mixture to room temperature, a white solid appeared. The
crude product was filtered off and recrystallized from ethanol
to give the desired compound. Method 2. The mixture of
hydrazide hydrate (2.5 mmol), Pd-C catalyst (50% mmol)
and compound 1 (1 mmol) was irradiated in a monomode
microwave reactor in a closed vessel under pressure control
at 150 °C for 10 min (hold time) at 200 W maximum power.
The cure product obtained was recrystallized from ethanol to
give the desired compound. Yield: 93% (Method 1), 98%
(Method 2); mp. 121-122 °C. FT IR (Vmaxs cm'l): 3446, 3349
(NH,), 2916 (ar-CH), 1644 (C=0). 'H NMR (DMSO-d,, &
ppm): 2.69-2.71 (m, 4H, 2CH,), 3.04-3.06 (m, 4H, 2CH,),
3.36 (bs, 2H, NH,, D,O exch.), 6.31-6.37 (m, 2H, ar-H),
6.78-6.83 (m, 1H, ar-H). °C NMR (DMSO-dg, & ppm):
28.08 (2CH,), 54.36 (2CH,), arC:[102.38 and 102.61 (d, CH,
J=23.0 Hz), 110.44 (CH), 122.60 (CH), 130.92 (C), 145.68
(C), 155.79 and 158.20 (d, C, Jcg=241.0 Hz). LC MS m/z
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(%):212.25 ([M]" 19), 122.05 (100). Elemental analysis for
CioH13FN,S, Calculated: C: 56.58; H: 6.17; N: 13.20%.
Found: C: 56.56; H: 6.19; N: 13.21.

General Method for the Preparation of Compounds 3
and 10a,b

Method 1. A mixture of compound 2 or 7 (10 mmol) and
the corresponding iso(thio)cyanate in dry dichloromethane
was stirred at room temperature for 12-24 h. The solid
obtained after evaporating the reaction solvent under reduced
pressure was purified by crystallization with butylacetate:
diethyleter (1:2) (for 3) or ethyl acetate:hegzane (1:2) (for
10a,b) to afford the desired product. Method 2. A mixture of
compound 2 or 7 (10 mmol) and the corresponding iso(thio)
cyanate was irradiated in a monomode microwave reactor in
a closed vessel under pressure control at 60 °C for 5-7 min at
100 W (hold time). The solid obtained was recrystallized from
butylacetate:diethyleter (1:2) (for 3) or ethyl acetate:hegzane
(1:2) (for 10a,b) to afford the desired product.

N-(3-Fluoro-4-thiomorpholin-4-ylphenyl)-/V'-phenylthiourea
3

Yield: 81% (Method 1), 96% (Method 2); mp. 171-172
°C. FT IR (Vjpa, cm™): 3263, 3209 (2NH), 3039 (ar-CH),
1284 (C=S). '"H NMR (DMSO-d,, & ppm): 2.50 (bs, 4H,
2CH,+DMSO-ds), 3.40 (bs, 4H, 2CH,+H,0), 7.15 (bs, 2H,
ar-H), 7.23 (d, 1H, ar-H, J=9.6 Hz), 7.33-7.37 (m,2H, ar-H),
7.46-7.48 (m, 2H, ar-H), 7.62 (d, 1H, ar-H, J=12.4 Hz), 9.42
(s, 1H, NH, D,O exch.), 9.94 (s, 1H, NH, D,O exch.). *C
NMR (DMSO-dg, & ppm): 27.94 (2CH,), 54.25 (2CHy), arC:
[100.81 and 100.92(d, CH, J=16.0 Hz), 108.92 (CH), 122.64
(CH), 127.20 (2CH), 129.18(CH), 130.44 (2CH), 131.74 (C),
135.57 (C), 145.69 and 150.26 (d, C, Jc;=457.0. Hz)], 192.96
(C=S). LC MS m/z (%): 347.27 (IM]" 19), 397.20 (100).
Elemental analysis for C;;H;sFN;S,, Calculated: C:58.76;
H:5.22; N:12.09%. Found: C: 58.76; H: 6.19; N: 12.10.

N-Benzyl-2-[(3-fluoro-4-thiomorpholinophenyl)amino)
acetyl)hydrazine Carbothioamide (10a)

Yield 88% (Method 1), 93% (Method 2); mp.165-166 °C.
FT IR (Umax, cm™'): 3422, 3246, 3212, 3155 (4NH), 2815 (ar-
CH), 1665 (C=0), 1279 (C=S). 'H NMR (DMSO-d6, &
ppm): 2.51 (bs, 4H, 2CH,+DMSO-dg), 3.47 (bs, 4H, 2CH,),
3.96 (s, 2H, CH,), 4.74 (d, 2H, CH,, J=8.0 Hz), 7.22-7.36
(m, 8H, ar-H), 8.36 (bs, 1H, NH, D,0O exch.), 9.48 (bs, 1H,
NH, D,O0 exch.), 10.61 (bs, 1H, NH, D,O exch.). *C NMR
(DMSO-d¢, 6 ppm): 27.89 (2CH,), 33.13 (CH,), 45.93
(CH,), 54.19 (2CH,), arC: [100.69 and 101.25 (d, CH, J=56
Hz), 108.52 (CH), 122.25 (CH), 127.85 (2CH), 128.40 (CH),
128.89 (2CH), 136.42 (C), 146.03 (C), 155.53 and 158.30 (d,
C, Jcp=277 Hz)], 166.87 (C=0), 172.09 (C=S). LC MS m/z
(%): 433.49 (IM]" 20), 334.30 ([M+1]" 35), 456.26 (100).
Elemental analysis for C,oH,4FN;50OS,, Calculated: C: 55.40;
H:5.58;N:16.15%. Found: C: 55.41; H: 5.59; N: 16.10.

2-{[((3-Fluoro-4-thiomorpholinophenyl)amino)acetyl)-/NV-
phenylhydrazine Carbothioamide (10b)

Yield 97% (Method 1), 100% (Method 2); mp.135-136
°C. FT IR (Vpae, om’): 3422, 3246, 3212, 3155 (4NH), 2815

Demirci et al.

(ar-CH), 1665 (C=0), 1279 (C=S). '"H NMR (DMSO-d;, &
ppm): 1.26 (bs, 4H, 2CH,), 3.41 (bs, 4H, 2CH,), 4.03 (s, 2H,
CH,), 7.13-7.56 (m, 8H, arH), 9.51 (bs, 1H, NH, D,0 exch.),
9.87 (bs, 1H, NH, D,O exch.), 10.11 (bs, 1H, NH, D,O
exch.). °C NMR (DMSO-de, & ppm): 28.24 (2CH,), 45.82
(CH,), 54.76 (2CH,), arC: [108.40 and 108.68 (d, CH,
J=28.0 Hz), 117.05 (CH), 125.06 (CH), 127.48 (C), 128.61
(CH), 131.06 (C), 140.01 (C), 156.09 and 158.16 (d, C,
Jcr=207 Hz)], 170.40 (C=0), 181.41 (C=S). LC MS m/z
(%):419.49 ([M]" 20), 420.30 ([M+1]" 55), 256.26 (100).
Elemental analysis for C,9H,,FN5OS,, Calculated: C: 54.39;
H:5.29;N:16.69 %. Found: C: 54.36; H: 5.29; N: 16.45.

General Method for the Preparation of Compounds 4
and 12

Method 1. 2-Chloro-1-phenylethanone (10 mmol) and
dried sodium acetate (200 mmol) were added to a solution of
compound 3 (for 4) or compound 10a (for 12) in absolute
ethanol, and the reaction mixture was refluxed for 12 h (for
4) or 18 h (for-12). Then, the mixture was cooled to room
temperature, poured into ice-cold water while being stirred
and left overnight in the cold. The formed solid was filtered
off, washed with water 3 times, and recrystallized from
butylacetate:diethylether (1:1) to afford the desired compound.
Method 2. The mixture of 2-chloro-1-phenylethanone (1 mmol),
dried sodium acetate (2 mmol) and compounds 3 (for 4) or
compound 10a (for 12) in absolute ethanol was irradiated in
a monomode microwave reactor in a closed vessel under
pressure control at 200 W for 10 min (for 4) or 8 min (for
12) (hold time). The mixture was poured into ice-cold water
under stirring and left overnight in the cold. The formed
solid was filtered off, washed with water 3 times, and
recrystallized from etylacetate:n-hexane (1:1) to afford the
desired compound.

N-[(5-(4-chlorophenyl)-3-phenyl-1,3-thiazol-2(3 H)-ylidene]-
3-fluoro-4-thiomorpholin-4-ylaniline (4)

Yield: 79% (Method 1), 97% (Method 2); mp. 73-74 °C.
FT IR (Umax, cm™): 3029 (ar-CH), 1477 (C=N). '"H NMR
(DMSO-dg, 6 ppm): 2.68-2.71 (m, 4H, 2CH,), 3.03-3.05 (m,
4H, 2CH,), 6.35 (dd, 1H, ar-H, J=6.0, 2.4 Hz), 6.41 (dd, 1H,
ar-H, J=11.6, 2.8 Hz), 6.83 (t, 1H, ar-H, J=9.6 Hz), 7.10-
7.12(m, 2H, ar-H), 7.28-7.35 (m, 3H, ar-H), 7.61 (d, 2H, ar-
H, J=6.8 Hz), 6.83 (d, 2H, ar-H, J=8.8 Hz).”C NMR
(DMSO-dg, 6 ppm): 27.94 (2CH,), 54.25 (2CH,), arC:
[100.81 and 100.92 (d, CH, J=16.0 Hz), 108.92 (CH), 122.64
(CH), 127.20 (2CH), 129.18 (CH), 130.44 (2CH), 131.74
(C), 134.54 (C), 135.57 (C), 139.09 (C), 145.41 (C), 150.26
and 154.04 (d, C, Jcg=378.0 Hz)], 158.13 (C). LC MS m/z
(%): 482.27 (IM]" 10), 428.56 (100). Elemental analysis for
C,5H, CIFN;S,, Calculated: C: 62.29; H: 4.39; N: 8.72%.
Found: C: 62.26; H: 4.39; N: 8.70.

N'-[3-Benzyl-5-(4-chlorophenyl)-1,3-thiazol-2(3H)-ylidene]-
2-[(3-fluoro-4-thiomorpholin-4-ylphenyl)amino]aceto-
hydrazide (12)

Yield: 47% (Method 1), 82% (Method 2); mp. 119-120
°C. FT IR (Upay, cm™): 3210 and 3191 (2NH), 3058 (ar-CH),
1672 (C=0). 'H NMR (DMSO-d,, & ppm): 2.45 (s, 4H,
2CH,), 3.59 (s, 4H, 2CH,), 3.89 (s, 2H, CH,), 5.63 (s, 2H,
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Table1. Time and yield data of compounds 2-16 with conventional and microwave irradiation techniquest.
No. Microwave Irradiation Method Conventional Method
Power (W) Time (min) Yield (%) Time (h) Yield (%)
2 200 10 98 12 93
3 100 5 96 12 81
4 200 10 97 12 79
5a 150 5 98 20 80
5b 150 5 100 20 91
5c 150 5 94 22 45
5d 150 5 83 21 35
6 100 5 85 18 58
7 150 10 89 18 56
8 200 10 98 15 52
9a 150 5 83 22 52
9b 150 5 89 25 62
9¢ 150 5 99 20 65
10a 100 7 93 24 88
10b 100 7 100 24 97
11a 180 8 98 12 86
11b 180 10 99 10 88
12 200 8 82 18 47
13a 70 8 97 2 78
13b 70 8 97 2 67
14 200 12 97 3 46
15a 70 3 98 3 85
15b 70 3 95 3 46
16 70 3 89 3 48

CH,), 6.26 (m, 2H, ar-H), 6.38 (t, 1H, ar-H, J=7.2 Hz), 6.49
(s, 1H, ar-H), 7.25 (d, 2H, ar-H, J=7.6 Hz), 7.28-7.31 7.27
(m, 5H, ar-H), 7.41 (d, 2H, ar-H, J=7.4 Hz). C NMR
(DMSO-ds, 6 ppm): 27.44 (2CH,), 43.79 (CH,), 56.55
(CH,), 57.28 (2CH,), arC:[106.21 (CH), 107.58 (C), 118.62
(CH), 118.19 (CH), 120.49 (CH), 125.67 (thiazole C-4),
126.36 (2CH), 127.35 (CH), 129.98 (2CH), 130.11 (2CH),
131.41 (2CH), 131.28 (C), 135.48 (C), 136.35 (C), 140.69
(C), 149.22 and 156.44 (d, C, Jcr=722.0 Hz), 159.78
(thiazole C-2), 173.22 (C=0). LC MS m/z (%): 568.35 ([M]"
35), 225.30 (100). Elemental analysis for CysH,7;CIFN5OS,;,
Calculated: C: 59.19; H: 4.79; N: 12.33. Found: C: 59.15; H:
4.79; N: 12.35.

General Method for the Synthesis of Compounds Sa-d

Method 1. A solution of compound 2 (10 mmol) in
absolute ethanol was refluxed with the appropriate aldehyde
(10 mmol) for 6 h. The reaction content was allowed to reach
room temperature, and a solid formld. This crude product
was filtered off and recrystallized from acetone to obtain the

desired compound. Method 2. A mixture of compound 2 (1
mmol) and the suitable aldehyde (1 mmol) was irradiated in
a monomode microwave reactor in a closed vessel under
pressure control at 150 W for 5 min (hold time, Table 1).
The solid obtained following the addition of water was
filtered off and recrystallized from ethyl acetate:hexane (1:2)
to afford the desired compound.

(3-Fluoro-4-thiomorpholin-4-ylphenyl)(phenylmethylene)
amine (5a)

Yield: 80% (Method 1), 98% (Method 2), mp. 157-158
°C. FT IR (Umax, cm™): 3060 (ar-CH), 1507 (C=N). "H NMR
(DMSO-ds, & ppm): 2.76 (bs, 4H, 2CH,), 3.08 (bs, 4H,
2CH,), 7.11 (bs, 2H, ar-H), 7.25(d, 1H, ar-H, J= 32 Hz), 7.52
(s, 3H, ar-H), 7.92 (s, 2H, ar-H), 8.65 (s, 1H, ar-H).">C NMR
(DMSO-ds, & ppm): 27.94 (2CH,), 53.53 (2CH,), arC:
[109.30 and 109.09(d, CH, J=21.4 Hz), 118.80 (CH), 120.93
(CH), 129.05 (2CH), 129.27 (2CH), 131.86 (CH), 136.46
(C), 139.35 (C), 146.69 (C), 154.56 and 156.94 (d, C, Jor=
217 Hz)], 160,40 (N=CH). LC MS m/z (%): 301.47 ((M+1]"
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100). Elemental analysis for C;;H;7FN,S, Calculated: C:
67.97; H: 5.70, N: 9.33. Found: C: 67.92; H: 5.69; N: 9.31.

(3-Fluoro-4-thiomorpholin-4-ylpheny)[(4-methoxy phenyl)
methylene]amine (Sb)

Yield: 91% (Method 1), 100% (Method 2); mp. 145-147
°C. FT IR (Umax, cm™): 3061 (ar-CH), 1509 (C=N). '"H NMR
(DMSO-dg, & ppm): 2.75 (bs, 4H, 2CH,), 3.24 (bs, 4H,
2CH,), 3.83 (s, 3H, OCH3), 7.09-7.13 (m, 3H, ar-H), 7.90-
7.92 (m, 2H, ar-H), 8.63-8.69 (m, 3H, ar-H). C NMR
(DMSO-ds, & ppm): 27.68 (2CH,), 53.49 (2CH,), 55.61
(OCH;), arC:[108.96 (CH), 114.64 (2CH), 118.54 (CH),
122.07 (CH), 126.84 (C), 129.30 (C), 130.71 (2CH), 137.56
(C), 154.87 and 162.34 (d, C Jo=747 Hz)], 160,80 (N=CH),
162.59 (C). LC MS m/z (%): 331.26 ((M+1]" 100). Elemental
analysis for C;sH;9FN,OS, Calculated: C: 65.43; H: 5.80, N:
8.48. Found: C: 65.42; H: 5.79; N: 8.41.

2-{[(3-Fluoro-4-thiomorpholin-4-ylphenyl)imino]methyl}
phenol (5¢)

Yield: 45% (Method 1), 94% (Method 2); mp. 194-195
°C. FT IR (Vmax, cm’): 3345 (OH), 3072 (ar-CH), 1504
(C=N). 'H NMR (DMSO-d;, & ppm): 2.75-2.78 (m, 4H,
2CH,), 3.27-3.29 (m, 4H, 2CH,), 6.94-7.00 (m, 3H, ar-H),
7.11-7.16 (m, 1H, ar-H), 7.22-7.24 (m, 1H, ar-H), 7.37-7.45
(m, 2H, ar-H), 8.96 (s, 1H, N=CH), 13.01 (s, 1H, OH, D,O
exch.). C NMR (DMSO-ds, & ppm): 27.67 (2CH,), 53.35
(2CH,), arC: [109.21 and 109.61 (d, CH, J=40 Hz), 117.02
(CH), 118.83 (C), 119.09 (CH), 119.66 (CH), 119.98 (C),
121.20 (CH), 131.29 (CH), 133.10 (CH), 143.21 (C), 154.32
and 160.79 (d, C, Jcg= 647 Hz), 159.03 (C)], 163,24
(N=CH). LC MS m/z (%):317.26 ([M+1]" 45),°120.25 (100).
Elemental analysis for C7H7FN,OS, Calculated: C: 64.53;
H:5.42, N: 8.85 Found: C: 64.52; H: 5.49; N: 8.81.

5-{[(3-Fluoro-4-thiomorpholin-4-ylphenyl)imino]methyl}-
2-methoxy phenol (5d)

Yield: 35% (Method 1), 83% (Method 2); mp. 104-106
°C. FT IR (Upax, cm’™): 3324 (OH), 3071 (ar-CH), 1509 (C=N).
'"H NMR (DMSO-d;, & ppm): 2.74-2.77 (m, 4H, 2CH,),
3.24-3.25 (m, 4H, 2CH,), 3.83 (s, 3H, OCH3;), 7.01-7.08 (m,
3H, ar-H), 7.14 (dd, 1H, ar-H, J=12.0, 2.0 Hz), 7.29 (dd, 1H,
ar-H, J=6.4, 1.6 Hz), 7.40 (bs, 1H, ar-H), 8.46 (s, 1H, OH),
9.36 (s, 1H, N=CH). >C NMR (DMSO-d;, & ppm): 27.68
(2CH,), 53.51 (2CH,),56.10 (OCHj3;), arC: [108.94 and 109.15
(d, CH, J=21 Hz), 111.96 (CH), 114.31 (CH), 118.54 (CH),
120.93 (CH), 122.71 (CH), 127.31 (C), 129.67 (C), 139.07
(C), 147.44 (C), 151.34 (C), 154.53 and 156.97 (d, C, Jcp=
217 Hz)], 159,95 (N=CH). LC MS m/z (%): 347.33 ((M+1]"
100). Elemental analysis for C;gH;9FN,O,S, Calculated: C:
62.41; H: 5.53, N: 8.09 Found: C: 62.42; H: 5.55; N: 8.01.

Ethyl-NV-(3-fluoro-4-thiomorpholin-4-ylphenyl)glycinate
(6

Method 1. Ethyl bromoacetate (10 mmol) was added to
the mixture of compound 2 (10 mmol) and triethylamine (10
mmol) in dry tetrahydrofurane drop by drop at 0-5 °C. The
reaction mixture was allowed to reach room temperature and
was stirred for 18 h (the progress of the reaction was
monitored using TLC). The precipitated triethylamonium
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salt was removed by filtration, and the resulting solution was
evaporated to dryness under reduced pressure. The obtained
yellow solid was recrystallized from ethanol. Method 2.
Ethyl bromoacetate (1 mmol) was added to a mixture of
compound 2 (1 mmol) and triethylamine (I mmol) drop by
drop at 0-5 °C. The reaction mixture was then irradiated in a
monomode microwave reactor in a closed vessel under
pressure control at 100 W for 5 min. The precipitated
triethylamonium salt was removed by filtration, and the
resulting solution was evaporated to dryness under reduced
pressure. The obtained yellow solid was recrystallized from
ethanol. Yield: 58% (Method 1), 85% (Method 2); mp. 78-79
°C. FT IR (Umax, cm™): 3394 (NH), 3075 (ar-CH), 1724
(C=0). "H NMR (DMSO-dj, & ppm): 1.19 (t, 3H, CHs, J=8.0
Hz), 2.71 (s, 4H, 2CH,), 3.06(s,4H,2CH,), 3.85 (s, 2H, CH,),
4.07-4.13 (m, 2H, OCH,), 5.99 (t, 1H, NH, J=5.6 Hz, D,0
exch.), 6.29 (d, 1H, ar-H, J=8.8 Hz), 6.37 (d, 1H, ar-H, J=7.8
Hz), 6.86 (t, 1H, ar-H, J=9.6 Hz). *C NMR (DMSO-d;, &
ppm):14.45 (CH;) 27.63 (2CH,), 45.35 (CH,), 61.19 (2CH,),
61.60 (OCH,), arC: [100.63 and 100.87 (d, CH, J=24.0 Hz),
108.27 (CH), 122.57 (CH), 131.13 (C), 145.91 (C), 155.88
and 158.29 (d, C, Jcr=241.0 Hz), 171.62 (C=0). LC MS m/z
(%): 298.30 ([M]" 40), 299.31 ([M+1]" 100). Elemental
analysis for C4H;9FN,0,S, Calculated: C: 56.35; H: 6.42, N:
9.39. Found: C:56.34; H: 6.41; N: 9.31.

2-[(3-Fluoro-4-thiomorpholinophenyl)amino]acetohydrazide
)

Method 1. Hydrazine hydrate (25 mmol) was added to
the solution of compound 7 (10 mmol) in absolute ethanol,
and the mixture was heated under reflux for 18 h. On cooling
the reaction mixture to room temperature, a white solid
formed. The crude product was filtered off and recrystallized
from butylacetate:diethylether (1:2) to afford the desired
compound. Method 2. Hydrazine hydrate (2.5 mmol) was
added to the solution of compound 6 (I mmol), and the
mixture was irradiated in a monomode microwave reactor in
a closed vessel under pressure control at 150 W for 10 min.
The crude product was filtered off and recrystallized from
butylacetate:diethylether (1:2) to afford the desired
compound. Yield: 56% (Method 1), 89% (Method 2); mp.
117-118 °C. FT IR (Upay, cm™): 3347, 3300 (NH,), 3272
(NH), 3047 (ar-CH), 1655 (C=0). '"H NMR (DMSO-ds, &
ppm): 2.71 (t, 4H, 2CH,, J=4.0 Hz), 3.05 (t, 4H, 2CH,, J=4.0
Hz), 3.57 (d, 2H, CH,, J=4.0 Hz), 4.24 (bs, 2H, NH,, D,0
exch.), 591 (t, 1H, NH, J=6.0 Hz, D,0 exch.), 6.35 (dd, 1H,
ar-H, J=6.0, 2.4 Hz), 6.41 (dd, 1H, ar-H, J=11.6, 2.8 Hz),
6.86 (t, 1H, ar-H, J=9.6 Hz), 9.09 (s, 1H, NH,D,0O exch.).
BC NMR (DMSO-ds, & ppm): 31.25 (2CH,), 43.85 (CH,),
53.70 (2CHyp), arC: [119.71 and 119.77 (d, CH, J=6.0 Hz),
128.75 (CH), 129.49 (C), 137.71 (CH), 139.71 (C), 163.24
and 169.71 (d, C, Jcg=647.0 Hz), 170.77 (C=0). LC MS m/z
(%): 284.34 (IM]" 15), 302.33 ([M+H,0]" 80), 320.38 (100).
Elemental analysis for C;;H;7FN,OS, Calculated: C: 50.69;
H: 6.03, N: 19.70. Found: C: 50.64; H: 6.01; N: 19.71.

5-{[(3-Fluoro-4-thiomorpholin-4-ylphenyl)amino] methyl}-
1,3,4-oxadiazole-2(3H)-thione (8)

Method 1. A solution of KOH (10 mmol) in water was
added to a solution of compound 7 in water-ethanol (50 + 50
mL), and the mixture was refluxed for 15 h in the presence
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of CS, (20 mmol). It was then cooled to room temperature
and acidified to pH 6 with 37% HCI. After cooling the
mixture in the cold overnight, a solid was obtained. This was
recrystallized from ethylacetate to give the target compound.
Method 2. A mixture of KOH (1 mmol), compound 7 and
CS; (2 mmol) in water (5 mL, was irradiated in a monomode
microwave reactor in a closed vessel under pressure control
at 200 W for 10 min. It was then cooled to room
temperature, and acidified to pH 6 with 37% HCI. On
cooling the mixture in cold overnight, a solid was obtained.
This was recrystallized from ethylacetate to give the target
compound. Yield: 52% (Method 1), 98% (Method 2); mp.
155-156 °C. FT IR (Upay, cm™): 3347, 3200 (NH), 2915 (ar-
CH), 1286 (C=S)."H NMR (DMSO-ds, 8 ppm): 2.58-2.84(m,
8H, 4CH,), 3.77 (s,2H, CH;), 6.92-6.94 (m, 2H, ar-H), 7.19
(bs, 1H, ar-H), 7.79 (s, 1H, NH, D,O exch.), 8.15 (s, 1H,
NH, D,O exch.). "C NMR (DMSO-ds, & ppm): 27.38
(2CHy), 49.99 (CHy), 52.45 (2CH,), arC: [106.10 (CH),
116.75 (CH), 119.49 (CH), 129.28 (C), 141.30 (C), 151.30
and 154.10 (d, C, Jcr=280.0 Hz), 169.17 (C=S). LC MS m/z
(%): 226.43 ([M]" 45), 320.44 (100). Elemental analysis for
C13H15FN4OSZ, Calculated: C: 4783, H: 463, N: 17.16.
Found: C:47.84; H: 4.61; N: 17.11.

General Method for the Synthesis of Compounds 9a-c¢

Method 1. A solution of compound 7 (10 mmol) in absolute
ethanol was refluxed with the corresponding aldehyde (10
mmol) for 20-25 h. The reaction content was allowed to
reach room temperature, at which a solid appeared. This
crude product was filtered off and recrystallized from
acetone to obtain the desired compound. Method 2. A
mixture of compound 7 (1 mmol) and the corresponding
aldehyde (1 mmol) was irradiated in monomode microwave
reactor in a closed vessel under pressure control at 150 W for
5 min and was recrystallized from -acetone to afford the
desired compound.

2-[(3-Fluoro-4-thiomorphelin-4-ylphenyl)amino)-/V'-(4-
methoxyphenyl)methylene]acetohydrazide (9a)

Yield: 52% (Method 1), 83% (Method 2); mp.117-118
°C. FT IR (Umax, cm™): 3350 (NH), 3272 (NH),3047 (ar-CH),
1654 (C=0). 'H NMR (DMSO-ds, & ppm): 2.71 (bs, 4H,
2CHj,), 3.06 (bs, 4H, 2CH,), 3.74-3.82 (m, 5H, OCH;3+CH,),
6.29-6.47 (m, 2H, ar-H), 6.84-6.87 (m, 1H, ar-H), 6.99-7.01
(m, 2H, ar-H),7.61-7.67 (m, 2H, ar-H), 7.95 (s, 1H, NH, D,O
exch.), 8.17 (s, 1H, NH, D,0 exch.), 11.39 (s, 1H, N=CH).
BC NMR (DMSO-ds, & ppm): 27.94 (2CH,), 44.62 (CH,),
54.20 (2CH,), 55.61 (OCHj3), arC: [101.01 and 101.25(d,
CH, J=24.0 Hz), 11498 (2CH), 122.69 (CH), 127.12 (C),
128.64 (CH), 131.33 (C), 143.88 (2CH), 147.16 (N=CH),
147.72 (C), 154.304 and 160.81 (d, C, Jcg=651.0 Hz),
166.81 (C), 171.53 (C=0). LC MS m/z (%): 402.34 (IM]"
45), 202.33 (100). Elemental analysis for C,oH,3FN4O,S,
Calculated: C: 59.68; H: 5.76, N: 13.92. Found: C: 59.64; H:
5.71; N: 13.91.

2-[(3-Fluoro-4-thiomorpholin-4-ylphenyl)amino]-V'-[1H-
indol-2-ylmethylene]acetohydrazide (9b)

Yield: 62% (Method 1), 89% (Method 2); mp.123-124
°C. FT IR (Uma, cm’): 3350 (NH), 3272 (NH), 3047 (ar-
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CH), 1654 (C=0). '"H NMR (DMSO-dq, & ppm): 2.71 (bs,
4H, 2CH,), 3.07 (bs, 4H, 2CH,), 4.25 (bs, 2H, CH,), 6.38
(dd, 1H, ar-H, J=8.0, 8.0 Hz), 6.46 (d, 1H, ar-H), 6.89 (t, 1H,
ar-H, J=8.0 Hz), 7.18-7.20 (m, 2H, ar-H), 7.45 (dd, 1H, ar-H,
J=8.0, 8.0 Hz), 7.81 (s, 1H, ar-H), 8.17 (s, 1H, NH, D,0
exch.), 8.21 (bs, 1H, ar-H), 8.40 (s, 1H, NH, D,0O exch.),
8.91 (s, 1H, NH, D,O exch.), 11.12 (dd, 1H, N=CH, cis/trans
conformers). °C NMR (DMSO-d,, & ppm): 28.08 (2CH,),
44.56 (CH,), 54.36 (2CH,), arC: [100.59 and 101.09(d, CH,
J=50.0 Hz), 108.04 (CH), 111.83 (C), 112.48 (2CH), 112.69
(C), 120.99 (CH), 122.05 (CH), 122.57 (CH), 122.99 (CH),
124.55 (C), 130.56 (CH), 132.14 (CH), 141.08 (CH), 144.63
(CH), 146.44 (C), 155.59 (N=CH), 155.81 (C), 158.31 and
166.30 (d, C, Jcg=799.0 Hz), 170.82 (C=0). LC MS m/z (%):
412.34 ([M+1]" 25), 301.28 (100). Elemental analysis for
C,1H»,FNsOS, Calculated: C: 61.29; H: 5.39, N: 17.02.
Found: C: 61.24; H: 5.35; N: 17.01.

2-[(3-Fluoro-4-thiomorpholin-4-ylphenyl)amino]-/V'-
[pyridin-4-ylmethylene]aceto hydrazide (9c¢)

Yield: 65% (Method 1), 99% (Method 2); mp. 177-178
°C. FT IR (Upmax, cm™): 3364 (2NH), 2909 (ar-CH), 1687
(C=0), 1516 (N=CH).-'H NMR (DMSO-d,, & ppm): 2.70
(bs, 4H,2CH,), 3.06 (bs, 4H, 2CH,), 4.23 s, 2H, CH,), 6.32-
6.49 (m, 2H, ar-H), 7.68 (dd, 1H, ar-H, J=28.0, 3.2 Hz), 7.64
(s, 1H, ar-H), 7.72 (s, 1H, ar-H), 8.00 (s, 1H, NH, D,0
exch.), 8.25 (s, 1H, NH, D,O exch.), 8.65 (bs, 2H, ar-H),
11.81 (s, 1H, N=CH, cis/trans conformers). *C NMR
(DMSO-dg, 6 ppm): 27.89 (2CH,), 44.75 (CH,), 54.45
(2CH,), arC: [100.67 and 101.24 (d, CH, J=57.0 Hz), 108.76
(CH), 120.63 (CH), 120.90 (C), 121.56 (2CH), 131.13 (C),
141.16 (2CH), 142.47 (C), 150.23 (N=CH), 156.10 and
159.94 (d, C, Jcr=384.0 Hz), 172.39 (C=0). LC MS m/z (%):
37443 ([M+11" 75), 373.42 (IM]" 15), 105.44 (100).
Elemental analysis for C;sH,0FN5OS, Calculated: C: 57.89;
H:5.40, N: 18.75. Found: C: 57.89; H: 5.41; N: 18.75.

General Method for the Synthesis of Compounds 11a,b

Method 1. Ethyl bromoacetate (10 mmol) was added to a
solution of compound 10a,b in absolute ethanol (10 mmol),
and the mixture was refluxed in the presence of dried sodium
acetate (20 mmol) for 12 h. The mixture was then cooled to
room temperature, poured into ice-cold water under stirring,
and left overnight in the cold. The formed solid was filtered,
washed with water 3 times, and recrystallized from
etylasetate:n-hexane (1:1) to afford the desired compound.
Method 2. A mixture of ethyl bromoacetate (1 mmol),
compounds 10a and b (1 mmol) and dried sodium acetate (2
mmol) was irradiated in a monomode microwave reactor in a
closed vessel under pressure control at 180 W for 8 min (for
11a) or 10 min (for 11b) (hold time). The crude product
obtained was washed with water 3 times, and recrystallized
from etylasetate:n-hexane (1:1) to afford the desired compound.

N'-[3-benzyl-4-0x0-1,3-thiazolidin-2-ylidene]-2-[(3-fluoro-
4-thiomorpholin-4-ylphenyl)amino]acetohydrazide (11a)

Yield: 86% (Method 1), 98% (Method 2); mp. 174 °C.
FT IR (Upa, cm™): 3311, 3226 (NH), 2981 (ar-CH), 1705,
1669 (2C=0), 1517 (C=N). 'H NMR (DMSO-ds, & ppm):
22.71 (s, 4H, 2CH,), 3.72 (s, 2H, CH,), 4.13 (s, 4, 2CH,),
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4.82 (s, 2H, CHy), 5.61 (bs, 1H, NH, D,O exch), 5.99 (t, 1H,
NH, D,0 exch, J=6.0 Hz), 6.32-6.41 (m, 2H, ar-H), 6.87 (t,
1H, ar-H, J=9.2 Hz), 7.26-7.37 (m, 5H, ar-H), 10.35 (s, 1H,
N=CH). *C NMR (DMSO-ds, & ppm): 28.07 (2CH,), 33.02
(thiazole C-5), 44.89 (CH,), 45.83 (CH,), 54.33 (2CH,), arC:
[100.69 and 101.25 (d, CH, J=56 Hz), 108.52 (CH), 122.52
(CH), 127.97 (2CH), 128.31 (CH), 128.82 (2CH), 136.62
(C), 14594 (C), 156.11 and 158.45 (d, C, Jor=234 Hz),
157.23 (C)], 154.89 (thiazole C-4), 167.10 (C=0), 171.82
(thiazole C-2). LC MS m/z (%): 473.42 (IM]" 15), 474.42
([M+1]" 47), 149.18 (100). Elemental analysis for
Cy,H,4FN;50,S,, Calculated: C: 55.79; H: 5.11; N: 14.79.
Found: C: 55.79; H: 5.15; N: 14.71.

2-[(3-Fluoro-4-thiomorpholin-4-ylphenyl)amino]-/V'-[4-
0x0-3-phenyl-1,3-thiazolidin-2-ylidene]acetohydrazide (11b)

Yield: 88% (Method 1), 99% (Method 2); mp. 174 °C.
FT IR (Uma, cm’): 3195 (2NH), 3093 (ar-CH), 1798
(2C=0), 1451 (C=N). 'H NMR (DMSO-d, & ppm): 22.71 (s,
4H, 2CH,), 4.13 (s, 2, CH,), 4.19 (s, 2H, CH,), 5.61 (bs, 1H,
NH, D,0 exch), 5.99 (t, I1H, NH, D,0 exch, /=6.0 Hz), 6.32-
6.41 (m, 2H, ar-H), 6.87 (t, 1H, ar-H, J=9.2 Hz), 7.26-7.37
(m, 5H, arH), 10.35 (s, 1H, N=CH). >C NMR (DMSO-dq, &
ppm): 28.07 (2CH;), 33.02 (thiazole C-5), 44.89 (CH,),
54.33 (2CH,), arC: [100.69 and 101.25 (d, CH, J=56.0 Hz),
108.52 (CH), 122.52 (CH), 127.97 (2CH), 128.31 (CH),
128.82 (2CH), 136.62 (C), 145.94 (C), 156.11 and 158.44 (d,
C, Jcr=233 Hz), 157.23 (C)], 154.89 (thiazole C-2), 167.10
(C=0), 171.82 (thiazole C-4). LC MS m/z (%):459.42 ([M]"
55), 134.18 (100). Elemental analysis for C,;H;,FNsO,S,,
Calculated: C: 54.88; H: 4.83; N: 15.24. Found: C: 54.89; H:
4.85;N:15.24.

General Method for the Synthesis of Compounds 13a and b

Method 1. Concentrated sulfuric acid (28 mL, 64 mmol)
was added to compounds 10a and b (10 mmol) dropwise
under stirring, and the reaction content was stirred in an ice
bath for 15 min. The mixture was allowed to reach room
temperature and was again stirred for an additional 2 h. The
resulting solution was then poured into ice-cold water and
made alkaline (pH 8) with ammonia.. The precipitated
product was collected by filtration, washed with water, and
recrystallized from methanol to afford the desired product.
Method 2. Concentrated sulfuric acid (6,4 mmol) was added
to compounds 10a and b (I mmol) dropwise under stirring,
and the reaction content was stirred in an ice bath for 15 min.
The mixture was irradiated in a monomode microwave
reactor in a closed vessel under pressure control at 70 W for
8 min. The resulting solution was then poured into ice-cold
water and made alkaline (pH 8) with ammonia. The
precipitated product was filtered off, washed with water, and
recrystallized from methanol to afford the desired product.

N-Benzyl-5-{[(3-fluoro-4-thiomorpholin-4-ylphenyl)amino]
methyl}-1,3,4-thiadiazol-2-amine (13a)

Yield: 78% (Method 1), 97% (Method 2); mp. 70-71 °C.
FT IR (Umax, cm™): 3211 (2NH), 3044 (ar-CH),1416 (C=N).
"H NMR (DMSO-dg, & ppm): 2.70 (bs, 4H, 2CH5,), 3.05 (bs,
4H, 2CH,), 2.21-4.39 (m, 4H, 2CH,), 5.87 (bs, 1H, NH, D,0
exch.), 6.31-6.42 (m, 2H, ar-H), 6.81-6.89 (m, 1H, ar-H),
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7.22-7.32 (m, 5H, ar-H), 8.40 (bs, 1H, NH,D,0 exch.). °C
NMR (DMSO-ds, 6 ppm): 28.15 (2CH,), 45.90 (CH,), 45.97
(CH,), 54.47 (2CH,), arC: [100.45 and 100.97 (d, CH,
J=52.0 Hz), 108.77 (CH), 121.77 (C), 122.55 (CH), 127.27
(2CH), 128.14 (CH), 129.21 (2CH), 139.71 (C), 146.35 (C),
156.09 and 159.94 (d, C, Jcr=385.0 Hz), 168.32 (thiadizole
C-2)], 172.09 (thiadizole C-5). LC MS m/z (%): 434.37
([M+1+H,0]" 100), 416.35 ([M+1]" 15). Elemental analysis
for CyoH»,FNsS,, Calculated: C: 58.81; H: 5.34; N: 16.85.
Found: C: 58.81; H: 5.35; N: 16.87.

5-{[(3-Fluoro-4-thiomorpholin-4-ylphenyl)amino|methyl}
-N-phenyl-1,3,4-thiadiazol-2-amine (13b)

Yield: 67% (Method 1), 97% (Method 2); mp. 110-111
°C. FT IR (Vpax, cm™): 3211 (2NH), 3044 (ar-CH), 1416
(C=N). 'H NMR (DMSO-d;, & ppm): 2.71 (bs, 4H, 2CH,),
3.06 (bs, 4H, 2CH,), 3.78 (d, 2H, CH,), 6.07 (bs, 1H, NH,
D,0 exch.), 6.37-6.44 (m, 1H, ar-H), 6.93 (t, 1H, ar-H, J=7.2
Hz), 7.30 (t, 1H, ar-H, J=7.2 Hz), 7.41-7.46 (m, 1H, ar-H),
7.51-7.60 (m, 1H, ar-H), 9.86 (bs, 1H, NH, D,0 exch.). *C
NMR (DMSO-ds, 6 ppm): 28.04 (2CH,), 45.76 (CH,), 54.20
(2CH,), arC: [100.74 and 101.17 (d, CH, J=43.0 Hz), 112.71
(C), 117.42 (CH), 119.27 (CH), 121.51 (2CH), 129.35 (CH),
132.05 (2CH), 140.83 (C), 141.72 and 146.24 (d, C,
Jcr=452.0 Hz), 156.09 (C), 170.76 (thiadizole C-2)], 175.25
(thiadizole C-5). LC MS m/z (%): 401.67 ([M]" 40), 205.35
(100). Elemental analysis for Ci9HpoFNsS,, Calculated: C:
56.83; H: 5.02; N: 17.44. Found: C: 56.81; H: 5.05; N:
17.47.

5-{[(3-Fluoro-4-thiomorpholin-4-ylphenyl)amino|methyl}
-4-phenyl-4H-1,2,4-triazole-3-thiol (14)

Method 1. A solution of compound 10b (10 mmol) in
ethanol:water (1:1) was refluxed in the presence of 2 N
NaOH for 3 h, and then the resulting solution was cooled to
room temperature and acidified to pH 7 with 37% HCI. The
precipitate formed was filtered off, washed with water, and
recrystallized from ethanol:water (1:1) to afford the desired
compound. Method 2. A mixture of 2N NaOH (2.5 ml) and
compound 10b (1 mmol) in water was irradiated in a
monomode microwave reactor in a closed vessel under
pressure control at 200 W for 12 min (hold time). Following
acidification of the reaction content to pH 7 with 37% HCI, a
white solid formed. This crude product was filtered off,
washed with water and recrystallized from ethanol:water
(1:1) to afford the desired compound. Yield: 67% (Method
1), 97% (Method 2); mp. 194-195 °C. FT IR (Vpax, cm™):
3182 (NH), 3041 (ar-CH), 2924 (SH), 1495 (N=CH). 'H
NMR (DMSO-ds, 6 ppm): 2.69 (s, 4H, 2CH,), 3.02 (s, 4H,
2CH,), 4.28 (s, 2H, CH,), 6.79-6.85 (m, 1H, ar-H), 6.92-6.98
(m, 2H, ar-H), 7.23 (t, 2H, ar-H, J=8.0 Hz), 7.39-7.40
(m,2H, ar-H), 7.53-7.58 (m, 2H, ar-H), 8.40 (s, 1H, SH, D,O
exch.). C NMR (DMSO-dq, & ppm): 28.17 (2CH,), 53.34
(2CH,), 54.23 (CHp), arC: [100.68 and 100.95 (d, CH,
J=27.0 Hz), 108.48 (CH), 117.32 (CH), 118.12 (C), 128.93
(2CH), 129.43 (CH), 129.90 (2CH), 134.50 (C), 141.66 (C),
148.59 (triazole C-5), 150.81 and 156.09 (d, CH, Jc=528.0
Hz)], 184.81 (triazole C-3). LC MS m/z (%):401.50 (IM]"
10), 224.29 (100). Elemental analysis for C;oH0FN5sS,,
Calculated: C: 56.83; H: 5.02; N: 17.44%. Found: C: 56.83;
H:5.01; N:17.45.
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General Method for the Synthesis of Compounds 15a,b
and 16

Method 1. The appropriate secondary amine (10 mmol)
was added into a solution of compound 8 (10 mmol) (for 16)
or compound 14 (10 mmol) (for 15a, b) in dry THF
containing HCI (50% mmol). The mixture was stirred at
room temperature in the presence of formaldehyde (30
mmol) for 3 h. The solvent was then evaporated under
reduced pressure, and a solid formed. The crude product was
recrystallized from DMF:H,O (1:3) solvent to give the
desired compound. Method 2. A mixture of the appropriate
secondary amine (1 mmol), compound 8 (1 mmol) or
compound 14 (1 mmol) HCI (50% mmol) and formaldehyde
(3 mmol) was irradiated in a monomode microwave reactor
in a closed vessel under pressure control at 100 W for 5 min.
The solid obtained was purified by recrystallization from
DMF:H,O0 (1:3) to give the desired compound.

1-Ethyl-6-fluoro-7-{4-[(3-{[(3-fluoro-4-thiomorpholin-4-
ylphenyl)amino]methyl}-4-phenyl-5-thioxo-4,5-dihydro-
1H-1,2,4-triazol-1-yl)methyl] piperazin-1-yl}-4-oxo-1,4-
dihydroquinoline-3-carboxylicacid (15a)

Yield: 85% (Method 1), 97% (Method 2); mp. 244-245
°C. FT IR (Upmax, cm™): 3556 (OH), 3448 (NH), 2945 (ar-
CH), 1702 (C=0), 1682 (C=0), 1244 (C=S). 'H NMR
(DMSO-dg, 6 ppm): 1.41 (q, 3H, CH;, J=8.0 Hz), 2.49 (s,
8H, 4CH,+DMSO-d¢), 2.93 (s, 4H, 2CH,), 3.35 (s, 8H,
4CH,+H,0), 4.15 (s, 2H, CH,), 4.59 (t, 2H, CH,, J=4.0 Hz),
5.18 (d, 2H, CH;, J=12.0 Hz), 6.25 (dd, 1H, ar-H,J=6.0, 2.8
Hz), 6.30 (dd, 1H, ar-H, J=12.0, 2.4 Hz), 7.19 (d, 1H, ar-H,
J=4.0 Hz), 7.43-7.57 (m, 6H, ar-H), 7.91 (d, 1H, ar-H, J=3.8
Hz), 8.95 (s, 1H, =CH), 15.47 (s, 1H, OH, D,0 exch.). "*C
NMR (DMSO-ds, 6 ppm): 14.79 (CHj3;), 27.80 (2CHa,), 44.54
(CH,), 49.48 (2CH,), 50.52 (2CH,), 54.11 (CH,), 56.19
(2CH,), 56.19 (CH,), arC: [106.26 (CH), 107.54 (C),111.62
(CH), 115.19 (CH), 118.49 (CH), 119.67 (C), 122.36 (CH),
128.35 (2CH), 128.98 (CH), 129.71 (2CH), 131.28 (C),
133.48 (C), 134.35 (C), 137.69 (C), 140.43 (C), 146.22 and
155.44 (d, C, Jcr=922.0 Hz), 148.88 (quinolone CH), 149.17
and 157.81 (d, C, Jcr=864.0 Hz), 166.31 (triazole C-3)],
166.82 (C=0), 176.62 (triazole C-5), 189.53 (C=0). LC MS
m/z (%): 732.69 (IM]" 10), 224.29 (100). Elemental analysis
for Cs36H33F2NgOsS,, Calculated (%), C: 59.00; H: 5.23; N:
15.29. Found (%), C: 59.00; H: 5.23; N: 15.29.

1-Cyclopropyl-6-fluoro-7-{4-[(3-{[(3-fluoro-4-thiomor-
pholin-4-ylphenyl)amino]methyl}-4-phenyl-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-yl)methyl] piperazin-1-yl}-4-
0x0-1,4-dihydroquinoline-3-carboxylicacid (15b)

Yield: 46% (Method 1), %95 (Method 2); mp. 250-251
°C. FT IR (pa, cm’): 3277 (NH), 3063 (ar-CH), 1716
(2C=0), 1464 (C=N), 1257 (C=S). 'H NMR (DMSO-d;, &
ppm):1.17 (bs, 2H, CH,), 1.31 (t, 2H, CH,,J=5.6 Hz), 2.50
(s, 8H, 4CH,), 2.95 (s, 4H, 2CH,), 3.04 (s, 2H, CH,), 3.35 (s,
6H, 3CH,+H,0), 4.15 (t, 1H, CH, J=5.6 Hz), 5.16 (s, 2H,
CH,), 6.25 (dd, 1H, ar-H, J=6.6, 2.4 Hz), 6.85 (bs, 1H, ar-H),
7.23 (t, 3H, ar-H, J=8.4 Hz), 7.43-7.58 (m, 6H, ar-H), 7.91
(d, 1H, ar-H, J=5.2 Hz), 8.31 (s, 1H, NH, D,0 exch.), 8.67
(s, 1H, quinolone CH), 15.23 (s, 1H, OH, D,O exch.). °C
NMR (DMSO-dq, & ppm): 8.28 (2CH,), 27.48 (2CH,), 36.31
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(CH), 50.02 (2CH,), 50.11 (2CH,), 54.19 (2CH,), 68.76
(CH,), 69.03 (CH,), arC: [100.96 and 101.22 (d, CH, J=26.0
Hz), 106.92 (CH), 107.33 (C), 108.66 (CH), 111.20 and
111.63 (d, CH, J=43.0 Hz), 118.51 (CH), 119.12 (C), 128.49
(2CH), 129.19 (CH), 130.05 (2CH), 133.69 and 134.63 (d,
C, J=94.0 Hz), 139.65 and 140.30 (d, C, J=85.0 Hz), 145.67
(C), 147.68 (C), 148.58 (quinolone CH), 149.51 (C), 152.52
and 155.72 (d, C, Jcr=232.0 Hz), 154.58-157.89 (d, C,
Jcr=226.0 Hz)], 166.33 (triazole C-3), 166.93 (C=0), 169.76
(triazole C-5), 176.75 (C=0). LC MS m/z (%): 744.71 (IM]"
10), 320.53 (100). Elemental analysis for Cs;;H;gF,NgO3S,,
Calculated (%), C: 59.66; H: 5.14; N: 15.04. Found (%), C:
59.61; H: 5.14; N: 15.03.

1-Ethyl-6-fluoro-7-(4-{[5-{[(3-fluoro-4-thiomorpholin-4-
ylphenyl)amino]methyl}-2-thioxo-1,3,4-oxadiazol-3(2H)-
yl]methyl}piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-
carboxylicacid (16)

Yield: 48% (Method 1), 89% (Method 2); mp. 210-
211°C. FT IR (max, cm™'): 3424 (OH), 3356 (NH), 3049 (ar-
CH), 1723-(2C=0), 1250 (C=S). 'H NMR (DMSO-d,, &
ppm):-1.41 (s, 2H, CHj3), 2.47 (s, 4H, 2CH,), 2.76 (bs, 4H,
2CH,), 3.31 (s, 4H, 2CH;), 3.48 (s, 4H, 2CH,), 3.74 (s, 2H,
CH,), 4.57 (t, 2H,.CH,, J=8.1 Hz), 5.15 (s, 2H, 2CH,), 6.21
(dd, 1H, ar-H, J=6.4, 2.6 Hz), 6.78 (bs, 1H, ar-H), 7.16 (d,
1H, ar-H, J=7.6 Hz), 7.38 (s, 1H, ar-H), 7.85 (s, 1H, ar-H),
8.94 (s, 1H; quinolone CH), 14.93 (s, 1H, OH, D,0O exch.).
BC NMR (DMSO-ds, & ppm): 14.81 (CHj), 27.52 (2CH,),
44.39 (CH,), 48.39 (2CH,), 49.54 (CH,), 51.07 (2CH,),
56.51 (2CH,), 68.91 (CH,), arC: [106.25 (CH), 106.78 (CH),
107.53 (C), 111.51 (CH), 119.51 (CH), 120.03 (CH), 120.43
(C), 122.45 (C), 137.68 (C), 141.08 (C), 143.21 (C), 148.99
(quinolone CH), 149.11-156.05 (d, C, Jcgp=594.0 Hz),
150.41-156.85 (d, C, Jcp=644.0 Hz)], 165.64 (C=0), 166.60
(oxadiazole C-5), 176.63 (C=0), 181.03 (oxadiazole C-3).
LC MS m/z (%): 657.69 (IM]" 25), 221.37 (100). Elemental
analysis for C;oH33F,N;0,4S,, Calculated (%), C: 54.78; H:
5.06; N: 14.91. Found (%), C: 54.78; H: 5.09; N: 14.91.

Molecular Docking

Molecular docking was carried out in order to predict the
binding mode and affinity of compounds into the active sites
of lipase, a-glucosidase and urease. For the docking studies,
compounds were selected according to the experimental
results for their inhibitory activities against corresponding
enzymes. Before docking, the initial structures of the
compounds were built and optimized using GAUSSIAN 09
software [23]. Geometry optimizations were performed using
Density Functional Theory (DFT) at the B3LYP (Becke-3
parameter—Lee-Yang-Parr) /6-31G (d, p) level [24, 25].

The crystal structures of the pancreatic lipase,
Saccharomyces cerevisiae a-glucosidase and H. pylori
urease enzymes were obtained from the RCSB Protein Data
Bank (http://www.rcsb.org/pdb/), under the accession codes
ILPB [26], 3A4A [27] and 1E9Y [28], respectively.
Molecular Operating Environment (MOE) software [29] was
used for molecular docking studies. Enzyme-ligand complexes
were energy-minimized to a gradient of 0.01 kcal/(mol A),
and protonated by means of the force field AMBER99.
Charges on the enzyme and ligands were assigned using the
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force fields AMBER99 and MMF94X, respectively. The
active sites of enzymes were identified by the site finder
application in MOE. The triangle matcher algorithm and two
rescoring functions, London dG and GBVI/WSA dG, were
used to produce 20 poses for each ligand. All poses generated
with docking were analyzed, and the best-scored pose for
each compound was selected for further investigation of
interactions with the corresponding enzyme.

Antimicrobial Activity

The test micro-organisms were obtained from the
Hifzissihha Institute of Refik Saydam (Ankara, Turkey).
These included Escherichia coli (E. coli) ATCC35218,
Yersinia pseudotuberculosis (Y. pseudotuberculosis) ATCCI11,
Pseudomonas aeruginosa (P. aeruginosa) ATCC43288,
Enterococcus  faecalis  (E.  faecalis)  ATCC29212,
Staphylococcus aureus (S. aureus) ATCC25923, Bacillus
cereus (B. cereus) 709 Roma, Mycobacterium smegmatis (M.
smegmatis) ATCC607, Candida albicans (C. albicans)
ATCC60193 and Saccharomyces cerevisiae (S. cerevisiae)
RSKK 251, which are all laboratry strains. All the newly
synthesized compounds were weighed and dissolved
in DMSO to prepare an extract stock solution of 20,000
microgram/milliliter (ug/mL).

The antimicrobial effects of the substances were tested
quantitatively in respective broth media using double
microdilution, from which minimal inhibition concentration
(MIC) values (ug/mL) were determined. Antibacterial and
antifungal assays were performed in Mueller-Hinton broth
(MH) (Difco, Detroit, MI) at pH.7.3 and buffered Yeast
Nitrogen Base (Difco, Detroit, MI) at pH 7.0, respectively.
The micro dilution test plates were incubated for 18-24 h at
35 °C. Brain Heart Infusion broth (BHI) (Difco, Detriot, MI)
was used for M. smegmatis, and incubated for 48-72 h
at 35 °C [26]. Ampicillin (10 pg/mL), strepromicin and
fluconazole (5 pg/mL) were used as standard antibacterial,
antimicobacterial and antifungal = drugs, respectively.
Dimethylsulfoxide at a dilution of 1:10 was used as solvent
control. The results obtained are shown in Table 4.

Lipase Inhibition Assay

The lipase inhibitory effects of those compounds were
evaluated against Porcine Pancreatic Lipase (obtained from
Applichem, Germany) (15 ng/mL). Lipase activity assay
were done according to Kurihara et al. [27]. The lipase
activity was measured using 4-methylumbelliferyl oleate (4-
MU oleate) as a substrate. Briefly, compounds were mixed
with PPL 1:3 (v/v) and incubated for 30 min. The microtiter
plates containing, 50 uL 0.1 mM 4-MU oleate, 25 pL diluted
compound-lipase solution, 25 uL dH,0 and assay buffer (13
mM Tris—HCl, 150 mM NacCl and 1.3 mM CacCl,, pH 8.0)
were incubated at 37 °C for 20 minutes. After incubation, in
order to stop the reaction, 0.1 mL 0.1 M citrate buffer was added
reaction mixture. The amount of 4-methylumbelliferone released
by the lipase was measured by using a spectroflourometer
(SpectraMax M5, Molecular Devices) at an excitation
wavelength of 355 nm and an emission wavelength of 460
nm. The inhibitory activity of those compounds and Orlistat
(Xenical, Hoffman, La Roche, Segrate, Italy), a positive
control against pancreatic lipase were measured at various
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concentration. Residual activities were calculated by
comparing to control without inhibitor. The assays were
done in triplicate. The ICsy value was determined as the
concentration of compound that give 50% inhibition of
maximal activity.

a-Glucosidase Inhibition Assay

a-Glucosidase inhibition assay was performed spectro-
photometrically [28]. a-Glucosidase from Saccharomyces
cerevisiae (Sigma-Aldrich) was dissolved in phosphate
buffer (pH 6.8, 50 mM). Test compounds were dissolved in
DMSO. In 96-well microtiter plates, 20 uL of test sample, 20
uL of enzyme (20 mU/mL) and 135 pL of buffer were added
and incubated for 15 minutes at 37 °C. After incubation, 25
pL of p-nitrophenyl-o-D-glucopyranoside (2 mM, Sigma
Aldrich) was added and change in absorbance was monitored
for 20 minutes at 400 nm. Test compound was replaced by
DMSO (10% final) as control. Acarbose (Sigma-Aldrich)
was used as a standard inhibitor. The assays were done in
triplicate. The'ICsy value was determined as the concentration
of compound that give 50% inhibition of maximal activity.

Urease Inhibition Assay

Reaction mixtures..comprising 25 pL of Jack bean
Urease, 55 pL of buffer (0.01 M K,HPO,4, 1 mM EDTA and
0.01 M LiCl; pH 8.2) and 10 mM urea were incubated with 5
pL of the test compounds at room temperature for 15 min in
microtiter plates. The production of ammonia was measured
by indophenol method [29] and used to determine the urease
inhibitory activity. The phenol reagent (45 uL, 1% w/v
phenol and 0.005% w/v sodium nitroprusside) and alkali
reagent (70 pL, 0.5% w/v NaOH and 0.1% NaOCl) were
added to each well and the increasing absorbance at 625 nm
was measured after 20 min, using a microplate reader
(SpectraMax M5, Molecular Devices, Sunnyvale, CA,
USA). The percentage inhibition was calculated from the
formula 100—(ODestwel/ODcontro) X 100. Thiourea was used as
the standard inhibitor. In order to calculate ICs, values,
different concentrations of synthesized compounds and
standard were assayed at the same reaction conditions.

3. RESULTS AND DISCUSSION

We report the synthesis, antimicrobial and antioxidant
screening of new hybrid molecules containing several
heterocyclic nuclei starting from thiomorpholine using
microwave irradiation. The same methods were also monitored
under conventional heating or stirring at room temperature.
Synthesis of the intermediate and target compounds was
performed according to the reactions outlined in Schemes 1-5.

In the first step, the synthesis of amine (2), which can be
regarded as an important intermediate leading to the
preparation of several heterocyclic scaffolds, was performed
starting from thiomorpholine in two steps (Scheme 1).

The reactions were investigated in 1-butanol under reflux
conditions as well as under more ecofriendly solvent-free
microwave irradiation conditions with a view to maximizing
the yield of the product, and reactions were monitored using
thin layer chromatography (TLC). Microwave irradiation
reduced the reaction time from 12 h to 10 min and increased
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Scheme 1. Reactionandconditionsforthesynthesis of compoundsl-4. i

3,4-difluoronitrobenzene in acetonitrile, 15 min., 200 W; ii:

H,NNH,.H,0 in But-OH, 12 h, ruflux (Method 1) or H,NNH,.H,0, 10 min., 200 W (Method 2); iii: phenylisocyanate in absolute EtOH, 12
h, ruflux (Method 1) or phenylisocyanate, 5 min., 100 W (Method 2); iv: 2-Chloro-1-phenylethanone, dry CH;COONain absolute ethanol, 12
h, ruflux (Method 1) or 2-chloro-1-phenylethanone, dry CH;COONa, 10 min., 200 W (Method 2).
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Scheme 2. Reaction and conditions for the synthesis of compounds 5-7. i:benzaldehyde (for 5a), 4-methoxibenzaldehyde (for 5b), 2-
hydroxibenzaldehyde (for ¢), 3-hydroxy-4-methoxybenzaldehyde (for 5d). in absolute EtOH, reflux, 20-22 h (Method 1) or 5 min., 150 W
(Method 2); ii: BrCH,CO,Et in THF, TEA, rt., 18 h (Method 1) or BrCH,CO,Et, TEA,5 min., 100 W (Method 2); iv: H,NNH,.H,O in EtOH,

reflux, 18 h (Method 1) or H,NNH,.H,0, 10 min:, 150 W (Method 2).
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Scheme 3. Reaction and conditions for the synthesis of compounds 7-10; i: KOH, CS, in EtOH-H,O, reflux, 15 h (Method 1) or KOH, CS,
in H,O, 10 min, 200W, (Method 2);ii: 4-methoxibenzaldehyde (for 9a), indole-3-carboxaldehyde (for 9b), 4-pyridinecarboxaldehyde (for 9c¢)
in absolute EtOH, reflux, 20-25 h (Method 1) or 5 min, 150 W; iii: benzylisothiocynate (for 10a) phenylisothiocyanate (for 10b) in dry

dichloromethane, rt, 24h (Method 1) or 7 min., 150 W (Method 2).

the yields from 93% to 98% (Table 1). The optimum reaction
condition was assessed at 200-W maximum power in a
closed vessel. The FT-IR and "H NMR spectra of compound 2,
the signals pointing to the —-NH, group, were recorded at
3446, 3349 cm” and 3.36 ppm, respectively. Other signals
derived from thiomorpholine and fluorophenyl moiety
resonated at the related chemical shift values in the '"H NMR

spectrum. When compound 2 was converted to N-(3-fluoro-
4-thiomorpholin-4-ylphenyl)-N'-phenylthiourea (3), the signal
due to -NH, disappeared, and additional signals derived from
two NH function were instead recorded at 9.42 and 9.94 ppm
as D,0 exchangeable singlets. The 'H and '°C NMR spectra
of this compound (3) exhibited additional signals originating
from the phenyl ring and -C=S group at 192.96 ppm.
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The synthesis of hydrazide (7) was performed starting
from amine (2) in two steps under microwave and
conventional conditions in water. This compound (7) was
then converted to 1,3,4-oxadiazole derivative (8) from cyclo-
condensation with CS, in the presence of KOH. The
condensation was investigated under microwave and
conventional conditions. Microwave irradiation was applied
at different power values of 70, 100, 150 and 200 W, and the
progress of reaction was monitored using TLC. The complete
conversion of the starting hydrazide (7) was observed after
microwave irradiation at 200 W for 10 min in water. It will
be useful to underline that a shorter reaction time or lower
microwave energy power caused a lower conversion rate,
while increasing reaction times or MW power resulted in
decomposition of the target product, as revealed by TLC
analysis.

Our research group has previously reported the synthesis
of novel imine compounds, most of these exhibiting several
biological properties, including antimicrobial, antitumor, and

enzyme inhibition activities [30-34]. As a part of our efforts
to obtain bioactive hybrid molecules using green methods,
we performed the ecofriendly, high yield and efficient
microwave assisted synthesis of imine compounds (5a—d,
9a-c) via the condensation of compound 2 (for Sa-d) or 7
(for 9a-c) with suitable aldehydes at 150 W in closed
vessels. The reactions were investigated in ethanol under
reflux conditions as well. Under microwave conditions, the
complete consumption of compounds 2 or 7 took 5 min with
yields of 35-91% yield, while under the conventional method,
the reaction time was 20-25 h with a 83-100% yield. In the
FT IR and '"H NMR spectra of these compounds, no signal
pointing to the -NH, group was observed, while additional
signals derived from aldehyde moiety were recorded at the
relevant chemical shift values in the'H and C NMR
spectra. These imines gave reasonable elemental analysis
results and mass fragmentation confirming their structures.

Compounds incorporating an arylidene (or alkylidene)
hydrazide structure may exist as Z/E geometrical isomers
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about a -CH=N- double bond. Moreover, Z and E isomers
may consist of their individual cis-frans amide conformers
(Scheme 6). Previous studies [35-38] report that the arylidene
hydrazides are present in higher percentages in dimethyl-dj
sulfoxide solution in the form of a geometric £ isomer about
a -CH=N- double bond.

The Z isomers can be stabilized in less polar solvents by
an intramolecular hydrogen bond. In the present study, the
stereochemical behavior of compounds 9a-¢ was investigated
in dimethyl-ds sulfoxide solution as E isomers, and the
trans/cis conformer ratios in each case were calculated by
using '"H NMR and ">C NMR data. In the "H NMR spectra of
compounds 9a-c, two sets of signals each belonging to the
individual -NH- and -CH=N- of the cis and frans conformers
were observed. Among these, the peaks belonging to three
-NH- protons of two conformers of each compound 9 were
recorded at 7.95 and 8.17, (for 9a), 8.17, 8.40 and 8.91 (for
9b), 8.00 and 8.25 (for 9c). The -CH=N- signals appeared as
separate peaks for each conformer at 11.39 (for 9a), 11.10 and
11.12 (for 9b) and 11.78 and 1181 (for 9¢). The trans/cis ratio
changed between 8/4 and 5/3 in the conformer mixtures,
respectively. When D,0 was added to the DMSO-dj solution
of compounds 9a-c, the frans/cis ratio changed between 4/9
and 8/14. This change is evidence of the existence of
trans/cis conformers, not £/Z geometrical isomers.

The condensation of ethyl bromoacetate with compounds
10a and b which were obtained from the reaction of
hydrazide (7) with appropriate isothiocyanates (Scheme 3),
afforded 4-oxo-1,3-thiazolidin derivatives (11a, b) (Scheme 4).
Compared with conventional thermal heating, microwave
irradiation reduced the reaction time from 12 h to 8—10 min
and increased the yields from 86—88% to 98—99% (Table 1).
Microwave irradiation thus permitted rapid, green and
efficient synthesis of these 4-oxo-1,3-thiazolidin (11a, b). On
the other hand, the cyclocondensation of compound 3 and
10awith 2-bromo-1-(4-chlorophenyl) ethanone was achieved
under reflux and also microwave irradiation conditions,
producing the corresponding 1,3-thiazole derivatives (4, 12).
The optimized condition was assessed under 200 W micro-
wave irradiation in ethanol in a closed vessel (Table 1).

This idea originated from the intention to merge two
bioactive moieties, thiomorpholine and 1,3-thiazol(idin), in
one structure. The disappearance of one NH signal in the FT-
IR and 'H NMR (exchangeable with D,0) supported the idea
of condensation leading to the formation of compounds 11a
and b.

Another piece of evidence for the cyclocondensation
between compounds 10a and b and ethyl bromoacetate is the
appearance of a signal at 4.82 (for 11a) and 4.19 (for 11b)
ppm 'H NMR spectra, which correspond to the C-5 protons
of thiazolidinone nucleus. This carbon resonated at 33.02
ppm in the C NMR spectra. Additional signals due to
chlorophenyl moiety at the position 5 of 1,3-thiazole ring on
compounds 4 and 12 were present at the related chemical
shift values in the 'H- and C NMR spectra of these
compounds, supporting the idea of cyclocondensation. The
additional support for the formation of the targeted compounds,
11a, b, 4 and 12was obtained by the appearance of [M] and/or
[M+1] ion peaks at corresponding m/z values, confirming
their molecular masses. These compounds produced elemental
analysis results consistent with the proposed structures.

The acidic treatment of compounds 10a and b afforded
the corresponding 1,3,4-thiadiazoles (13a, b) in cold-room
temperature with no solvent. On the other hand, compound
10b produced a 1,2,4-triazole (14) compound with the
treatment of NaOH in ethanol-water under reflux conditions.
The scope of this reaction was then investigated under
microwave irradiation at 200 W for 12 min, and a better
yield (97%) was obtained. The identities of compounds 13a,
b and 14 were confirmed by FT IR, 'H and “C NMR, and
mass spectral and elemental analyses. With the conversion of
compound 10b to compound 14, the -SH proton resonated at
8.40 ppm as a D,0 exchangeable singlet.

The classical Mannich reaction, a three-component
condensation between structurally diverse substrates
containing at least one active hydrogen atom (ketones,
nitroalkanes, f-ketoesters and f-cyanoacids), an aldehyde
component (generally formaldehyde) and an amine reagent
leads to the formation of aminoalkylated compounds known



456 Letters in Drug Design & Discovery, 2017, Vol. 14, No. 4

as Mannich bases [39, 40]. The group linked to the parent
amine by the Mannich reaction is believed to increase the
lipophilicity of molecules at physiological pH values by
reducing their protonation, resulting in enhancement of
absorption through bio-membranes [41, 42]. At the same time,
the basic function of Mannich bases renders the molecules
soluble in aqueous solvents when they are transformed into
aminium salt [43]. N-Mannich bases have been successfully
used to obtain prodrugs of amine, as well as amide-containing
drugs [44].

The reaction of compounds 8 and 14 with norfloxacine
and ciprofloxacine in the presence of formaldehyde and
catalyst by a Mannich type one pot three component reaction
produced compounds 15a, b and 16.

Our initial element, compound 1S5a, was selected as a
model product in order to determine the optimum reaction
conditions. In this context, the model reaction was performed
in polar solvents including ethanol and tetrahydrofurane in
the presence of different Lewis and Bronsted acid catalysts,
such as p-TSA, FeCls, InCl; and HCL. In all cases, completion
of the reaction was monitored using TLC analysis.

The screening of the reaction condition showed that the
nature of the catalyst and solvent has no significant impact
on the yield of the desired compound. Nonetheless, quite
good results were obtained with HCIl. In order to improve
this method, the model reaction described above was also
performed under microwave conditions, and the effect of the
solvent was also investigated. The microwave-promoted
solvent free reaction with HCl catalyst was the fastest
method yielding the desired product (15a), within 3 min at
70 W (Table 2, entry 9) at a yield of 97%.

Compounds 15b and 16 were also obtained by applying
the optimized conditions described above. The structures of
all the synthesized compounds were identified using ET IR,
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'H NMR, e NMR, mass spectrometric data and elemental
analysis results.

No signal representing the existence of -SH group was 0
present in the FT-IR and "H NMR spectra of compounds 8
and 14, while the splitting patterns of the remaining protons
of the spectra were as expected, based on the structures. The
BC NMR spectra were also as expected. Moreover, [M] ion
peaks were observed at the related m/z values supporting the
proposed structures of compounds 15a,b and 16. In addition,
these compounds gave reasonable elemental analysis data.

3.1. Biological Activity
3.1.1. Antimicrobial Activity

All newly synthesized compounds were screened for
their antimicrobial activity following a previously described
method. [45] The results obtained are given in Table 3. The
nitro compound 1 exhibited activity against Mycobacterium
smegmatis (Ms), an atypical tuberculosis factor leading
to morbidity and mortality, Candida albicans (Ca) and
Saccharomyces. cerevisiae (Sc), yeast like fungi with MIC
values between 31.3-62.5. pnpg/mL. Other compounds
exhibited several activities against some of the test micro-
organisms. Of these, compounds 3, 5a, 7, 9a, 10b, 11b, 13a,
14, 15a,b and 16 displayed good inhibiton against Ms with
MIC values ranging between 0.17 and 6.75 pg/mL. In fact,
their activity was better than that of the standard drug
streptomycin, except for compounds 3, 6 and 13a. For these
compounds, no clear structure-activity relationships were
detected, indicating that antibacterial activity was significantly
affected by the nature of the group on the 4-(2-fluorophenyl)
thiomorpholine core.

Among the newly syhthesized compounds, compound
14, which contains a 1,2,4-triazole unit liked to a 4-(2-
fluorophenyl) thiomorpholine skeleton, and its Mannich base

Table2. Optimization of model reaction for compound 15a.
Conventional Method Microwave Irradiated Method

Entry Catalyst Solvent Time Yield MW Time Yield
(10 mol %) (h) (%) (Watt) (min) (%)

1 p-TSA EtOH 22 45 100 10 71

2 p-TSA THF 22 47 100 10 73

3 InCl; EtOH 24 47 100 12 66

4 InCl; THF 24 48 100 12 61

5 FeCl; EtOH 24 40 150 8 56

6 FeCl; THF 24 41 150 8 64

7 HCI EtOH 20 57 100 8 77

8 HCI THF 20 62 100 8 89

9 HCI none 20 59 100 3 97

10 none EtOH 30 12 150 8 44

11 none THF 30 8 100 10 32
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Table3. Screening for antimicrobial activity of the compounds (pg/pL).
Microorganisms and Minimal Inhibition Concentration
e Ec Yp Pa Sa Ef Be Ms Ca Sc
1 - - - - - - 313 62.5 31.3
2 62.5 62.5 - 500 - - 250 -
3 54,1 - - 108,1 - 216,3 6,75 - -
4 - - - - - - - - -
Sa - - - 250 - - 1,95 125 250
5b 32,5 - - - - - 65 130 -
5c - - - - - - - 120 -
5d . - B - . - - 121,9 -
6 - - - - - - 15,86 - -
7 - - - - - - 62,50 - -
8 500 - - - - - 500 500 15,6
9a 62,5 125 125 125 - - 0,49 125 -
9b 62,5 - - 62,5 - - 31,3 125 -
9¢c 62,5 0,49 62,5 - - 31,3 125 - 62,5
10a - - - - - 250 - 250 62,5
10b 126,3 126,3 126,3 31,6 31,6 63,1 1,97 505 31,6
11a 51,3 - - - - - - 410 -
11b 16,4 - - 32,1 - - 1,03 262 -
13a 62,5 - - 125 - - 7,8 - -
13b 452 - - - - - 113 452 56,5
14 0,25 1,99 7,97 31,9 31,9 31,9 1,00 255 -
15a <0,17 <0,17 <0,17 <0,17 <0,17 <0,17 <0,17 350 87,5
15b <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 365 -
16 <0,17 <0,17 <0,18 <0,17 <0,18 <0,17 <0,17 350 -
Amp. 10 18 >128 35 10 15
Srp. 4
Flu <8 <8

Ec: Escherichia coli ATCC 25922, Yp: Yersinia pseudotuberculosis ATCC 911, Pa: Pseudomonas aeruginosa ATCC 27853, Sa: Staphylococcus aureus ATCC 25923, Ef:
Enterococcus faecalis ATCC 29212, Be: Bacillus cereus 702 Roma, Ms: Mycobacterium smegmatis ATCC607, Ca: Candida albicans ATCC 60193, Saccharomyces cerevisiae

RSKK 251, Amp.: Ampicillin, Str.: Streptomycin (—): Flu.: Fluconazole, (—): no activity.

derivatives (15 a, b and 16) including a fluoroquinolone ring,
exhibited excellent antibacterial activity, better than that of
the standard drug ampicillin, with MIC values of 0.17-31.9
pg/mL. Seven compounds (1, 8, 9¢, 10a, 10b, 13b and 15a)
displayed moderate antifungal activity against Sc with MIC
values between 15.6 and 87.5 pg/mL.

3.1.2. Pancreatic Lipase Inhibition

All compounds were evaluated in terms of pancreatic
lipase activity [46], with some exhibiting anti-lipase

activities at various concentrations (Table 4). Of the tested
compounds, 4 and 9b exhibited the best anti-lipase activity.
The compounds inhibited pancreatic lipase at levels of 93%
and 86%, respectively, at a concentration of 10 uM (Table
4). Orlistat, a known pancreatic lipase inhibitor used as an
anti-obesity drug, exhibited an inhibitory effect of 99% at a
concentration of 300 nM (ICs5,=0.85 nM). Compound 4 and
9b ICsy values were calculated at 5.2 uM and 0.194 uM,
respectively. The synthesized compound 4 is a potential
alternative to Orlistat.
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Table 4. Pancreatic lipase, a-glucosidase and urease inhibitory
effects of synthesized compounds (at final concentra-
tion of 10 pM for lipase, 300 pM for a-glucosidase and
250 pM for urease). Orlistat (at final concentration of
0.3 pM), Acarbose (at final concentration of 300 nM)
and Thiourea (at final concentration of 250 pM) was
used as standard inhibitor.

Inhibition %
No
Lipase a-Glucosidase Urease
3 77 45 9
4 93 33 -
S5a 4 15 -
5b 52 3 -
5c 67 7 -
5d 15 19 -
6 30 - 44
7 5 - 34
8 15 - -
9a 16 38 64
9b 37 37 18
9¢ 43 - 68
10a 75 50 -
10b 86 31 -
11a 50 43 -
13a 27 43 64
13b 12 73 -
15a - - -
15b - 17 b
Orlistat 99 - -
Acarbose - 83 -
Thiourea - - 100

3.1.3. a-Glucosidase Inhibition

All compounds were evaluated in terms of a-glucosidase
inhibition [47], and compound 13b exhinited slight inhibition
at a 100 uM concentration. No significant inhibitory effect
was detected for other compounds. This compound inhibited
a-glucosidase activity by 73% at the same concentration
(Table 4). Acarbose, an a-glucosidase inhibitor used as anti-
diabetic drug, exhibited an inhibitory effect of 83% (Table 4).
These compounds were not as effective as acarbose.

3.1.4. Urease Inhibition

The synthesized compounds were assayed for in vitro
inhibitory activity [48] against Jack Bean urease. Thiourea with
a ICso value of 29.91 uM was used as standard inhibitor.
Initially, all synthesized compounds were screened at a 250 pM
final concentration. Of the synthesized compounds, 9a, 9¢ and
13a displayed the best inhibitory effects against urease. The
other compounds exhibited no significant inhibition (Table 4).
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TableS. Antioxidant capacity (AC) values of 17 synthesized
novel thio compounds. Values represent the mean +
SD of three determinations. An analysis of variance
(SPSS version 11.5. one-way ANOVA) was used for
comparisons among the means. Values shown at
superscript with the same letter within a column are
not significantly different at P<0.05.
No DPPH* FRAP* CUPRAC*
1 n.d.** n.d.** n.d.**
4 31.70 £0.02° n.d.** 62.42+041°
S5a 14.63 £ 0.08° 51.99 +3.68* 63.54+0.18°
5b 39.14 +0.047 44583 +11.758 96.13 £0.31°¢
5c 53.38 £0.29¢ n.d.** 128.01 +0.63¢
5d 2534+0.11° 299.50 + 8.00% 63.41 +0.29°
6 61.67+£0.13" 599.69 + 15.92" 129.21 + 1.44°
7 31.80+ 0.04° 285.16 + 9.46* 64.09 +0.99°
9a 28.03 £0.06° 312.98 +3.40° 65.13 +0.09°
9b 62.78 +0.06" 649.20 = 15.95' 129.07 £0.77¢
9% 28.85+£0.05% 280.65 +7.02° 64.56 +0.38°
10a 3138 £0.07° 274.89 +6.32° 64.19 +0.76°
1la 31,76+ 0.04° 302.56 + 14.65% 63.50+0.11°
13a 641.20 £4.61' 3601.27 + 10.50' 777.93 £9.35°
13b 15.00 £ 0.05° 150.09 + 8.70° 32.40 +£0.24°
14 30.64 +0.02% 326.30 +£4.99" 63.70 £ 0.22°
15a 31.52+0.03¢ n.d.** 63.76 +0.42°

*DPPH. FRAP and CUPRAC expressed as pmol TE/g.**Not Detected.

Biplot (PC1xPC2: 99.81 %)
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Fig. (1). The antioxidant capacity (AC) values of the synthesized 17
novel thio compounds that applied to PCA are shown in Fig. 1 with
correlation matrix (Pearson, n) values.

3.2. Antioxidant Capacity

The antioxidant capacity (umol TE/g) values of 17
synthesized novel thio compounds measured using three
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different assays (DPPH, FRAP and CUPRAC) [49-51] are
shown in Table 5. Of the compounds, no AC values were
determined for compound 1, while the remaining 16 compounds
exhibted significantly different (P<0.05) values when the
three assays were compared. The values varied between
14.63 and 641.20 for DPPH, 51.99 and 3601.27 for FRAP
and 32.40 and 777.93 for CUPRAC assays. Compounds 13a
exhibited the highest values (641.20, 3601.27 and 777.93
umol TE/g), and compounds 5a (14.63 and 51.99 umol
TE/g) and 13b (32.40 umol TE/g) gave the lowest values.
Significant values were also determined for compounds 5b,
6 and 9b and in part for compound 14 (Table 5).

3.2.1. Principal Component Analysis

The antioxidant capacity values of the 17 synthesized
novel compounds as subjected to PCA are shown in Fig. 1.
PCA of the compounds’ AC values was significantly high,
constituting 99.81% of total variation, where PC1 accounts

a)

N

O solvent residue

@ polar - * sidechain acceptor
O metal complex

acidic  + sidechain donor

O basic > backbone acceptor - solvent contact
greasy ** backbone donor ~ metalfion contact

proximity ™ ligand O receptor

= contour exposure exposure
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for 99.01% of the variance and PC2 for 0.84%. PCl1
separated FRAP from the two other AC assays, DPPH
CUPRAC. First, compound 13a with a positive loading
along the axis on PCl1, was associated and strong correlated
(range. r = 0.979 - 0.996. P<0.05) with higher AC values at
FRAP and CUPRAC. The compounds 6 and 9b situated at
the right upper plan on PC1 were closely associated and
correlated with the tree AC tests measured. The remaining
14 compounds exhibited no association or correlation with
the antioxidant assays tested, and all were situated at the left
lower and upper plan on PC2 with noticeably low variation

(Fig. 1).
3.3. Molecular Docking Results

Some of the synthesized compounds were docked to the
active sites of pancreatic lipase, saccharomyces cerevisiae o-
glucosidase and H. pylori urease. For purposes of comparison,
an active and an inactive compound were selected for the

arene-arene
©H arene-H
©+ arene-cation

Ala
260

Fig. (2). 3D and 2D representation of docking poses 10b (a) and 5a (b) in the active site of pancreatic lipase (PDB code: 1LPB).
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corresponding enzymes according to the experimental results
for their inhibitory effects.

Fig. 2 shows the most energetically profitable poses of
the active compound 10b (86% inhibition) and inactive
compound 5a (4% inhibition) in the active site of pancreatic
lipase with three—dimensional (3D) and two-dimensional
(2D) images.

For the docking of the compounds 10b and 5a to lipase,
binding affinity values of -7.6 and -6.9 kcal mol’ were
obtained, respectively. Carbonyl oxygen of the active
compound 10b was hydrogen bonded with the Phe77 and
Ser152 amino acid residues at a distance of 3.1 A. The
fluorobenzene ring of 10b showed two arene-hydrogen
interactions with Ile78 and Leu264 residues. An aromatic 7-
T interaction was also obtained between Tyrll4 and the
endmost benzene ring of 10b (Fig. 2a). In case of docking of
the inactive compound 5a to lipase, only two interactions

a)
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were predicted: a hydrogen bond between the sulfur atom in
the thiomorpholine ring of 5a and Arg256, and an arene-
arene interaction between the benzyl group of Phe215 and
the endmost benzene ring of 5a (Fig. 2b). Since compound
10b contained much more functional groups than compound
5a, this active compound provided more interaction with the
enzyme. As shown in Fig. 2, the inactive compound 5a
interacted with a different position than the active molecule
10b. The small molecular structure of compound 5a with a less
functional group resulted in fewer non-covalent interactions
and lower binding affinity compared to compound 10b.

The binding modes of the active compound 13b (73%
inhibition) and inactive compound 5¢ (7% inhibition) to the
saccharomyces cerevisiae o-glucosidase enzyme are shown
in Fig. 3.

The active site of saccharomyces cerevisiae o-glucosidase
contains water chains [46]. In MOE software, water molecules

Fig. (3). 3D and 2D representation of docking poses 13b (a) and 5S¢ (b) in the active site of saccharomyces cerevisiae a-glucosidase (PDB

code: 3A4A).
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Fig. (4). 3D and 2D representation of docking poses 9a (a) and 3 (b) in the active site of H. pylori urease (PDB code: 1E9Y).

are included in the interaction diagram when they are bonded
with both enzyme and ligand. As shown in Fig. 3a, three
water molecules were interacted via hydrogen bonds with the
active compound 13b. In addition to hydrogen bonds with
water molecules, five hydrogen bonds were observed
between compound and enzyme; three between the sulfur
atom of the thiomorpholine ring of compound 13b and
Asp69, His 112 and GInl82 amino acids, two between
GIn279 and both the methylene group and sulfur atom of the
thiadiazole ring of compound 13b. An arene-hydrogen
interaction was also predicted with Arg315 and an aniline
ring of compound 13b at 3.9 A distance. A high binding
affinity (-8.6 kcal mol"') was achieved for compound 13b
with all these interactions. For the inactive compound 5c¢
(Fig. 3b), two moderate hydrogen bonds between the sulfur
atom of the thiomorpholine ring of 5¢ and Tyr72, and the
phenolic hydroxyl group of 5¢ and Glu277 were obtained
with a very low binding affinity (-1.6 kcal mol™).

In Fig. 4, the active compound 9a (64% inhibition) and
inactive compound 3 (9% inhibition) are given as an
example of interaction with H. pylori urease. Urease is a
metalloenzyme including two nickel ions (Ni*") in its active
site [47]. As seen in Fig. 4a, the sulfur atom of the thiomor-
pholine ring of the active compound 9a formed a hydrogen
bond interaction with Gly279 and a metal interaction with
Ni3001. Ni3001 is also coordinated with the Gly280, Gly279,
and His248 amino acid residues for both compounds 9a and
3. Asp223 residue formed two hydrogen bond interactions
between the nitrogen atoms of compound 9a. The methylene
hydrogen of compound 9a and the imidazole ring of His323
residue constituted an arene-hydrogen interaction. For the
inactive compound 3, a hydrogen bond interaction with
His323, and a metal interaction with Ni3001 ion were
obtained (Fig. 4b). Binding affinity values for compounds 9a
and 3 were predicted at -7.8 and -6.4 kcal mol™, respectively.
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CONCLUSION

This study reports the conventional and ecofriendly
microwave irradiated synthesis of some new hybrid molecules
containing several heterocyclic units. The effect of acid
catalyst on the Mannich reaction was also investigated.
Antimicrobial, antiurease, antilipase, anti a-glucosidase and
antioxidant activity screening studies were also performed.
Most of the newly synthesized compounds exhibited good to
moderate activities on some of the test microorganisms. Of
these newly syhthesized compounds, which contains a 1,2,4-
triazole unit liked to a 4-(2-fluorophenyl) thiomorpholine
skeleton, and its Mannich base derivatives (15 a, b and 16)
including a fluoroquinolone ring, exhibited excellent
antibacterial activity. Compounds 4 and 9b exhibited the
best anti-lipase activity, and 9a, 9¢, 13a displayed the best
inhibitory effects against urease. Compounds 13a exhibited
the highest values and compounds Sa and 13b gave the
lowest values. Significant values were also determined for
compounds Sb, 6 and 9b and in part for compound 14.
Compound 13a with a positive loading along the axis on
PC1, was associated and strong correlated with higher AC
values at FRAP and CUPRAC. Docking some of the
synthesized compounds into the active sites of the lipase, a.-
glucosidase and urease was carried out. Higher binding
affinities were observed for active compounds in contrary to
inactive ones. Also, it was obtained with the docking studies
that sulfur atom of thiomorpholine ring in the structure of the
synthesized compounds played an important role in the
stabilization of corresponding enzymes through noncovalent
interactions.
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