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ABSTRACT

A strategic synthesis of  1-[(2,5-dimethoxyphenyl)sulfonyl]-4-{5-[substituted]-1,2,4-oxadiazol-3-
yl}piperazine, involves construction of 1,2,4-oxadiazole ring by intermolecular condensation of tert-butyl-
4-(N-hydroxycarbamimidoyl)piperazine-1-carboxylate with 3-(trifluromethoxy)benzoic acid. Structures of
the newly synthesized compounds were established by IR, 'H NMR, *C NMR, LC-MS and CHNS
spectroscopic evidences. All the newly synthesized compounds were tested for their invitro antibacterial
activity against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Bacillus cereus.
Tested compounds showed good antibacterial activities when compared to the reference ciprofloxacin.
Compounds 10e, 10f, 10g, 10h and 10j showed good activity against tested organisms.

Keywords: Sulfonamide, 1,2,4-oxadiazole, invitro antibacterial activity, propylphosphonic anhydride.

INTRODUCTION

Among the chemotherapeutic agents known, sulfonamide drugs were the first to be used for the cure and
prevention of bacterial infection in human beings [1]. Sulfonamides play a very important role as key
constituent in number of biologically active molecules. Sulfonamides have been exhibiting a wide variety
of biological activities such as antibacterial [2], insecticidal [3], antifungal [4], antihepatitis [5],
antiinflamatory [6], antitumor [7], anticancer [8], anti-HIV [9] and antitubercular activities [10] from past
decades to the present day. These varied biological activities of sulfonamides is due to the presence of 5 or
6 member heterocyclic ring system attached to the sulfonamide group. In recent years extensive research
studies have been carried out on the synthesis and evaluation of pharmacological activities of sulfonamide
containing heterocycles for different activities, and have been proven to be important pharmacophores.
Various substituted sulfonamide derivatives containing oxadiazole ring are of important class of bioactive
compounds that have a wide spectrum of pharmacological activities, they also exhibit antimicrobial [11],
anti-HIV [11], antbacterial [12], antifungal [13], insecticidal [14], anticancer [15], antiviral [16] and
antioxidant activity [17]. Prompted by these observations, we have synthesized a novel series of
sulfonamide derivatives bearing 1,4-disubstituted-1,2,4-oxadiazole moiety as shown in Scheme 1.
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Synthesized compounds were tested for their invitro antibacterial activity against Gram-positive bacteria
Staphylococcus aureus and Bacillus cereus and Gram-negative bacteria Escherichia coli, and
Pseudomonas aeruginosa.

MATERIALS AND METHODS

Chemicals were purchased from Sigma Aldrich, Merck India, SD Fine chemicals and were used without
further purifications. Purification and characterization of the newly synthesized sulfonamide derivatives
containing oxadiazole ring was done by Column chromatography and silica gel 60-120 mesh size using
solvent system Pet ether / Ethyl acetate (7:3). Reactions were monitored by Thin-layer chromatography
(TLC) on precoated silica gel plates. Visualization was done with UV light (254 nm) or iodine chamber.
Melting point reported was determined in open capillary and was uncorrected. FT-IR Spectra was recorded
on Jasco FT-IR Spectrometer, '"H NMR and **C NMR were recorded in CDCl; at 400 MHz and 100 MHz
respectively. LC-MS was recorded using Waters Alliance 2795 separations module and Waters Micromass
LCT mass detector. Elemental analysis (C, H, N and S) was performed on an Elementar vario Micro cube
analyzer.

Synthesis of tert-butyl piperazine-1-carboxylate (3) : To a stirring solution of anhydrous piperazine (1)
(0.3 moles, 25 gms) in 300 ml of methylene dichloride at 0°C, di-tert-butyl dicarbonate (2) (0.15 moles,
32.7 gms) in 50 ml MDC was added drop wise under nitrogen atmosphere. A side product di-tert-butyl
piperazine-1,4-dicarboxylate formed during the course of the reaction was filtered, washed with methylene
chloride and was kept aside. MDC was removed under reduced pressure followed by addition of 300 ml of
water; the precipitate obtained was filtered off. Resulting aqueous solution was saturated with solid sodium
bicarbonate and was extracted with ethyl acetate. Organic layer was dried and concentrated to get pure tert-
bugyl piperazine-1-carboxylate (3) as white crystalline solid with melting point 46-48 °C (Lit. mp 45-
47°C). [18]

Synthesis of tert-butyl-4-cyanopiperazine-1-carboxylate (4) : A mixture of tert-butyl piperazine-1-
carboxylate (3) (0.13 moles, 25 gms), cyanogen bromide (0.13 moles, 14.13 gms) and potassium carbonate
(0.39 moles, 18.5 gms) in dry acetonitrile (250 ml) was stirred at room temperature for 10 hours and
reaction mixture was concentrated under reduced pressure. The crude mass obtained was dissolved in
MDC, washed with water and brine. Organic layer was separated, dried using sodium sulfate and
concentrated to get pale yellow solid. Solid obtained was triturated in pet-ether, filtered to obtain
compound (4) as a white solid. Further recrystallization was carried out using pet-ether/MDC (8:2) to get
pure tert-butyl-4-cyanopiperazine-1-carboxylate (4) as colorless crystals with melting point 107-108 °C.
IR: vmadcm™: 2228.34 (CN), 1698.2 (CO). 'H-NMR (CDCI3) & ppm: 3.51-3.48 (t, 4H, H,C-N-CH,), 2.97-
2.94 (t, 4H, H,C-N-CHy,), 1.40 (s, 9H, 3CHj).

Synthesis of tert-butyl-4-(N'-hydroxycarbamimidoyl) piperazine-1-carboxylate (5) : A mixture of
tert-butyl-4-cyanopiperazine-1-carboxylate (4) (0.11 moles, 25 gms), hydroxylamine chloride (0.29 moles,
20.58 gms) and triethylamine (EtzN) (0.33 moles, 33.33 gms) in methanol (250 ml) was stirred for 12
hours at room temperature. Reaction mixture was then concentrated and crude solid obtained was
dissolved in methylene dichloride, washed with water, organic layer was separated, dried and concentrated
to get crude white solid which was recrystallized using methanol to get pure tert-butyl-4-(N'-
hydroxycarbamimidoyl)piperazine-1-carboxylate (5) as colorless solid with melting point 190-191 °C. *H-
NMR (CDCls) 6 ppm: 9.01 (s, 1H, OH), 6.39 (s, 2H, NH,) 1.92-1.81 (t, 4H, H,C-N-CH,), 1.75-1.70 (t, 4H,
H,C-N-CH,), 1.39 (s, 9H, 3CHj).

Synthesis of tert-butyl-4-{5-[3-(trifluoromethoxy)phenyl]-1,2,4-oxadiazol-3-yl}piperazine-1-
carboxylate (7) : A equimolar mixture of tert-butyl-4-(N'-hydroxycarbamimidoyl)piperazine-1-
carboxylate (5) (0.08 moles, 20 gms) and 3-(trifluoromethoxy)benzoic acid (6) (0.08 moles, 16.8 gms)
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along with propylphosphonic anhydride (TsP) (0.24 moles, 76.32 gms) and triethylamine (Et;N) (0.24
moles, 24.24 gms) in ethylene dichloride (200 ml) was refluxed under nitrogen atmosphere for 12 hours.
Reaction mixture was washed with water, organic layer was separated, dried and concentrated to obtain
crude compound (7) which was further purified by Column chromatography using (7:3) pet-ether/ethyl
acetate as eluent to obtain pure tert-butyl-4-{5-[3-(trifluoromethoxy)phenyl]-1,2,4-oxadiazol-3-
yl}piperazine-1-carboxylate (7) as colorless solid with melting point 211-213 °C. *H-NMR (CDCl5) & ppm
: 7.87-7.86 (d, 1H, Ar-H), 7.78 (s, 1H, Ar-H) 7.51-7.46 (t, 1H, Ar-H), 7.29-7.28 (d, 1H, Ar-H) 3.57-3.55 (t,
8H, Piperazine methylenes), 1.49 (s, 9H, 3CH3). LC-MS: 415.12 (M+1).

Synthesis of 1-{5-[3-(trifluoromethoxy)phenyl]-1,2,4-oxadiazol-3-yl}piperazine (8) : A mixture of tert-
butyl-4-{5-[3-(trifluoromethoxy)phenyl]-1,2,4-oxadiazol-3-yl}piperazine-1-carboxylate (7) (6 gms) along
with trifluroacetic acid (6 ml) in ethylene dichloride (60 ml) was refluxed for about 2 hours. Reaction
mixture was cooled to room temperature and concentrated to get deprotected crude 1-{5-[3-
(trifluoromethoxy)phenyl]-1,2,4-oxadiazol-3-yl}piperazine (8) as pale yellow solid with melting point
191-193 °C, which was taken for next step directly without purification. *"H-NMR (CDCl3) & ppm: 8.01-
7.99 (d, 1H, Ar-H), 7.92 (s, 1H, Ar-H) 7.59-7.57 (t, 1H, Ar-H), 7.46-7.44 (d, 1H, Ar-H) 3.86-3.84 (t, 4H,
H,C-N-CH,), 3.30-3.29 (t, 4H, H,C-N-CH,). LC-MS: 315.12 (M+1).

General procedure for the synthesis of 1-(substitutedsulfonyl)-4-{5-[3-(trifluoromethoxy)phenyl]-
1,2,4-oxadiazol-3-yl} piperazine (10a-j) : A equimolar mixture of 1-{5-[3-(trifluoromethoxy)phenyl]-
1,2,4-oxadiazol-3-yl}piperazine (8) (0.001 moles, 0.5 gms), with substituted sulfonyl chlorides (9a-j)
(0.001 moles) along with triethylamine (EtsN) (0.003 moles, 0.3 gms) in ethylene dichloride (5 ml) was
reflux for 12 hours. Reaction mixture was then cooled to room temperature, washed with water; organic
layer was separated, dried using sodium sulfate and concentrated to obtain crude pale yellow solids (10a-
j). Crude compound obtained was further purified by Column chromatography using pet-ether: ethyl
acetate (7:3) as eluent to get the pure 1-(substitutedsulfonyl)-4-{5-[3-(trifluoromethoxy)phenyl]-1,2,4-
oxadiazol-3-yI} piperazine (10a-j) in good yield. Physical data and spectroscopic evidences of some of the
synthesized sulfonamide derivatives bearing 1,2,4-oxadiaole moiety are given in the Table 1 and Table 2
respectively.

Invitro ANITBACTERIAL STUDY : The antibacterial activity was evaluated against Gram-positive and
Gram-negative bacteria such as Staphylococcus aureus, Bacillus cereus, Escherichia coli and
Pseudomonas aeruginosa by disc diffusion method using Ciprofloxacin as standard. Out of all the
synthesized compounds (10a-j) some of the compounds showed potent antibacterial activities.

The newly synthesized compounds 10a-j was screened for their antibacterial activity against bacterial
strains by disc diffusion method [19]. The discs with 6.25 mm in diameter were punched from Whatman
No. 1 filter paper. 10 disc batches were dispensed to each screw-capped bottle and sterilized by subjecting
to dry heat at 140 °C for 60 minutes. The test compounds were prepared with varied concentrations using
DMSO. Discs were prepared by taking 10 times the amount of chemical required for each disc was added
to each bottle containing 10 discs. These discs of different concentration were placed in triplicate in
nutrient agar medium seeded with fresh bacteria and incubated at 37.8°C for 24 hours. Ciprofloxacin was
used as a standard drug. Solvent and growth pedals were kept. The zone of inhibition and minimum
inhibitory concentrations [MIC] was noted.
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Table 1: Physical data of 1-(substitutedsulfonyl)-4-{5-[3-(trifluoromethoxy)phenyl]-1,2,4-oxadiazol-3-yl}

piperazine derivatives (10a-j).

Elemental Analysis: Calculated %

Comp Molecular Structural formula (Found %) '}AP
Formula C
C% H % N % S %
hc
R 43.46 3.08 11.42 6.54
102 CuHisFsNO4S F\/\ /©\( A \J” X 4335 (312) (1L50) (657) ‘%
O—N
cl
\ 43.61 2.89 10.71 6.13
10 CiHiCLFNOS F Q\( - \\/Q 216
(4358) (291) (10.75) (6.18)
% 0_47/ e
43.61 2.89 10.71 6.13
10c  CiHisClLFN,OLS N é@ 217
74 O 7 3y (4359) (290) (10.76) (6.14)
—N
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Cl
o 4361 289 1071 6.3
\
10d  CiHisCLENOS . F N f\ﬁf@ (4360) (291) (1078) (619) °P°
%o //>/N A
F O—N Cl
F
o 4938 373 1152  6.59
10e CaoH18F4sN4O4S F . K\N/\é/é/ (4935) (372) (1150) (6557 240
%o /;7/1\1 N )
F O—N
F
0 4831 341 1186  6.79
10f C1oH16FaN4OLS F R Jé/@ 248
Pl SN (48.33) (3.44) (11.88) (6.80)
F © os,{?/ \J °
/
(o]
Q 49.03 411 1089  6.23
\\
109 CaHaFsNOGS . . NW\N/S\(\)/@O/ (49.07) (415) (1091) (626) 2°°
L
E O—N
S
SO 4445 351 1524  6.98
10h  CiHieFsNsOsS F N K\N/S\\/g/ 239
au O/TN\J 3 (44.49) (355) (15.26) (6.95)
1 _
(o]
\\A
_ B 4593 410 1339  7.66
N7\
101 CieHirFsNOaS F Q\(NY”O o (4595 (413) (13.42) (7.69) 219
F+O O-—{\l
F
‘i\k
_ 4571 456 1333  7.63
10]  CiHiFsN,O.S F R = 214
4575 (459) (13.36) (7.67
,:+O /_»/N\JO (45.75)  (459)  (13.36) (7.67)

RESULTS AND DISCUSSION

Characterization of synthesized compounds was done by IR, *H NMR and **C NMR spectral data’s. IR, *H
NMR and *C NMR of compounds 10d, 10f, 10i and 10g are given in the Table 2.

In compound 10d, IR stretching for carbonyl group was observed at 1576.7 cm™ and two kinds of
stretchings were observed for sulfonamide group at 1278.88 cm™ and 1168.65 cm™ corresponding to
strong asymmetric and symmetric stretchings respectively.

In compound 10d, the four protons of trifluromethoxy benzene resonates at 7.99-7.98(d, 1H, Ar-H);
7.90(s, 1H, Ar-H); 7.57-7.55(t, 1H, Ar-H) and 7.43-7.41 (d, 1H, Ar-H) ppm. Eight protons in Piperazine
nucleus appear at 3.75-3.63(t, 4H, H,C-N-CH,) and 3.56-3.53 (t, 4H, H,C-N-CH,) ppm. The three proton
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on 2,6-dichloro benzene attached to the sulfonyl group appears at 7.49-7.47 (d, 2H, Ar-H) and 7.36-7.32
(t, 1H, Ar-H) ppm. *H NMR splitting patron confirms the proton count and the predicted structure for the

compound.

3C NMR spectrum of the compound 10d accounts for the five ipso carbon atoms C;, C,, Cs, Cio and Cy,
signals at 173.31, 170.23, 149.50, 130.66 and 120.36 ppm respectively. Nine aromatic carbon atoms C,,
C5, Ce, C,, Cg, Cg, Cu, Cio and C15 appears at 135.69, 134.61, 134.61, 132.68, 131.75, 131.75, 126.19,
124.89 and 119.01 ppm respectively. Cy3 Carbon atom present in the trifluromethoxy group appears at
121.61 ppm and four carbon atoms Cs¢, Cy7, Cigand Cyo of the piperazine nucleus appears at 45.99, 45.61,

44.89 and 42.58 respectively, confirming the predicted carbon skeleton.

Table 2: Spectral Interpretations of 10d, 10f, 10i and 10g

Compounds IR 'HNMR BC NMR LC-MS
P (400 MHz, CDCl;) 8/ppm (100 MHz, CDCls) 8/ppm (M+1)
c=0: 7.99-7.98 (d, 1H, Ar-H); 7.90 (5, 1H
1576.47 cm™ P Bl P YA 173.31, 170.23, 149.50, 135.69,
>0 Ar-H); 7.57-7.55 (t, 1H, Ar-H); 7.49-
S=0: 747 (0. 2H, Ar-H): 743.7.41 (d, 11, 13461 13268, 131.75, 13066,
10d 1278.88 cm™ Ly e N ST 127.19, 126,19, 124.89, 121,61, 524.31
; Ar-h); 7.36-7.32 (t, 1H, Ar-H); 3.75-
(Asymmetric), _ 120.36, 119.04, 45.99, 45,61,
3.63 (t, 4H, H,C-N-CH,); 3.56-3.53
1168.65 cm-1 44.89, 42.58
(Symmetric) (t, 4H, H,C-N-CH,)
C=0:
1578.45cm™  7.97-7.95 (d, 1H, Ar-H); 7.88-7.58 (s,  173.36, 170.04, 163.76, 161.25,
S=0: 1H, Ar-H); 7.56-754 (m, 4H, Ar-H); ~ 149.51, 137.72, 131.10, 130.66,
10f 1300.75¢cm™  7.43-7.40 (d, 1H, Ar-H); 7.34-7.29 (t,  126.11, 124.94, 123.45,121.62,  473.41
Asymmetric),  1H, Ar-H); 3.68-3.65 (t, 4H, H,C-N-  120.47, 119.05, 115.15, 45.49,
1165.76 cm-1  CH,); 3.18-3.16 (t, 4H, H,C-N-CH,)  45.19, 44.89, 42.58
(Symmetric)
C=0: 8.02-8.00 (d, 1H, Ar-H); 7.99-7.92 (s,
-1 . .
1579.45 cm 1H, Ar-H); 758-7.54 (t, H, Ar-H): 105 30 120 91 14953 130,62,
S=0: 7.44-7.42 (d, 1H, Ar-H); 3.68-3.66 (t. 156" 124'93 191 62 120 39
10i 1285.32cm™  4H, H,C-N-CH,); 3.44-3.42 (t, 4H, e S T 419,32
; _ . 119.06, 45.90, 45.80, 45.31,
(Asymmetric), H,C-N-CHy,); 2.31-2.25 (m, 1H, CH); 4521 2567 4.37 435
1146.47 cm™  1.22-1.20 (m, 2H, CH,): 1.04-0.99 oo e2Rh 2
(Symmetric) (m, 2H, CHy)
C=0: .
157545 md  8:01-7.99 (d, 1H, Ar-H); 7.92 (s, 1H,
S=0: Ar-H); 7.58-7.54 (t, 1H, Ar-H); 7.44-  173.30, 170.35, 149.50, 130.66,
. et 1 7.42(d, 1H, Ar-H); 3.68-3.66 (t, 4H,  126.25, 126.14, 124.90, 124.81,
10j (1,§S7'021$i o, HRC-N-CH) 350343 (1, 4H, H,C-  120.39, 5349, 46.52, 45.89, 421.02
11633’,”;3 amt N-CHy); 3.27-3.19 (m, 1H, CH); 45,53, 45.31, 16.72, 16.70

(Symmetric)

1.38-1.20 (d, 6H, CH5)

*All the chemical shifts were reported in parts per million (ppm).
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Table 3: Antimicrobial activities of 1-(substitutedsulfonyl)-4-{5-[3-(trifluoromethoxy)phenyl]-1,2,4-
oxadiazol-3-yl} piperazine derivatives. (MIC values pg/ml)

Gram-positive bacteria Gram-negative bacteria
Compounds Staphylococcus  Bacillus  Escherichia  Pseudomonas
aureus cereus coli aeruginosa

10a 6 8 9 7

10b 13 12 14 15

10c 15 13 14 12

10d 14 15 12 13

10e 23 19 18 22

10f 20 18 17 20

10g 21 15 13 23

10h 12 14 15 13

10i 9 - 6 -

10j 20 18 18 23
Ciprofloxacin 25 20 20 25

* No activity was observed up to 200ug/ml; dimethylsulfoxide (DMSO) is used as control.

From the Table 3, Compounds 10e, 10f, 10g, 10h and 10j were found to have comparable potency against
Staphylococcus aureus, Bacillus cereus, Escherichia coli and Pseudomonas aeruginosa compared to
standard drug Ciprofloxacin while some of them have less or no potency against tested strains.

APPLICATIONS

Antibacterial activity results of the sulfonamide derivatives bearing 1,4-disubstituted-1,2,4-oxadiazole
indicates that these derivatives possess promising pharmacophore property and can be used against
bacterial infections. Antifungal activity studies of these compounds are underway.

CONCLUSIONS

Our present study describes a convenient and efficient synthetic route to synthesize sulfonamide
derivatives bearing 1,4-disustituted-1,2,4-oxadiazole moiety and we believe the procedure can be
conveniently reproduced. Synthesized sulfonamide derivative bearing 1,4-disustituted-1,2,4-
oxadiazolemoiety structures were supported by IR, *H NMR, *C NMR and LC-MS spectral data.
Synthesized compounds were screened for their antibacterial activity against Gram-positive and Gram-
negative bacterial strains. Thus the study was found very useful to identify antibacterial targets among the
synthesized sulfonamide derivatives.
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