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3,4-Disubstituted pyrrolidinesulfonamides were synthesized and screened for their
antimicrobial activity. Title compounds were established as potent antibacterial and antifungal
agents. Noteworthy antimicrobial activity was found for the title compounds against the tested
microorganisms. They exhibit comparable results with standard drugs. Besides the invitro
antimicrobial activity, the synthesized compounds were evaluated for their in silico inhibitory
activity on active site of B-glucosidase enzyme. Insilico studies were done by GOLD docking
method against B-glucosidase 3VKK (PDB Id). In silico studies were conducted to evaluate the
ability of synthesized compounds to inhibit the B-glucosidase enzyme. The results revealed that
3,4-disubstitutedpyrrolidinesulfonamides are the potent B-glucosidase inhibitors by binding at
the active site. A sensible inhibition against B-glucosidases was observed for the compound with
13,4-oxadizole ring has higher B-glucosidase inhibition activity than the other compounds. The
free energy of binding and inhibition constant (K) of the docked compounds were evaluated and
presented.
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ymbicta 3,4-anmacTbipbiifaH  NUPpoONMAnHCcyNbdOHaMUATEPI CUHTE3deNndi KaHe
onapfablH, MUKpobTapfa Kapcbl besceHginiri Tekcepingi. byn KocbiibicTap 6akTepusnapfa
KapCbl }XaHEe aHTUOYHIMLUATI KYLWTi areHTTep eKeHAiri aHbIKkTanabl. KocblnbicTapablH anblHFaH
MWKPOOPraHM3MAaepre Kapcbl Xofapbl 6enceHainiri aHbikTanabl. Onap cTaHAaApTThl A3pinepmeH
CaNbICTbIPLINATLIH HATUXKeNepAai KepceTedi. In vitro aHTUMUKPOBTLIK 6enceHainirimeH katap,
onapAablH, B-rnoKko3naasa GepmeHTiHiH, 6enceHai opHbiHa in silico nHrMbuTopabik 6enceHginiri
6afanaHapl. In silico 3eptreynepai GOLD KoHAbIpy aaici apKbiabl B-rnokosuaasara 3VKK (PDB
Id) Kapcbl Kyprisingi. Insilico 3epTTeynep cuHTe3genreH KocbiabiCTapAblH, B-ratoko3upasa
bepmeHTiH nHrMbupney KabineTin 6afanay ywiH xkyprisingi. Hotuxenep 3,4-anmacTblipbiifaH
nupponuanHcynbpoHamuaTep  GepMeHTTiH  aKTUMBTI  opblHAApbiHAA  HalinaHbicaTbiH
B-rntoKko3npasaHblH, KyWTi MHIMBUTOpPAapbl eKeHiH KepceTTi. 13,4-0Kcagm3on cakuHachl 6ap
KOCbINIbIC YLWiH B-rAoKo3ugasanapablH, aWTapabikTah uHrmbupneyi 6aikangbl, on 6acka
KOCbINIbICTapfa KapafaHAa P-rnokosnpasafa KaTbiCTbl UHIMBUpAey Kofapbl HenceHpinirii
KepceTeai. ymbicTa KocbinbicTapAblH, 60c 6ainaHbICTbIPYLWbl 3HEPTUACHI MEH UHTMBUpney
TypakTbinbiKkTapsl (K) 6arananapl.

TyiliH  ce3pep: nuppoanauHcynbdoHamuaTepi; silico
B-rntoko3naasa; aHTUMUKPOBTBIK BenceHainik.
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B paboTe cuHTe3MpoBaHbl 3,4-AM3aMelleHHble  nuppoanauHcynbdoHammuabl ¢
nocneaytowen nNpoBepKoW MX aHTUMUKPOOHOW aAKTUBHOCTWU. YCTAaHOBNEHO, YTO [JaHHble
COeAMHEHUn ABNAIOTCA CUIbHBIMW aHTMBAKTEpPUanbHbIMU U NPOTUBOTPUBKOBBIMKU areHTamMu.
O6HapyKeHa BblCOKaA aHTUMUKPOBHaA aKTUBHOCTb AaHHbIX COEAMHEHUIN NPOTMB BbIBPAHHbIX
MUWKPOOpPraHnM3moB. OHM MNOKas3bIBAlOT CONOCTaBMMble pe3ynbTaTbl CO CTAaHAAPTHbIMU
npenapatamu. MNOMMMO aHTUMUKPOBHOM aKTUBHOCTW in Vitro, oLeHUBaNN UX UHIMBUpPYIOLLYIO
aKTMBHOCTb insilico Ha aKTMBHOM y4yacTke ¢epmeHTa B-rako3ngasbl. WMccneposaHus
in silico npoBoannM meTofoM CTbikOBKM GOLD npotus B-ratokosmgassl 3VKK (PDB Id).
Uccneposanusa in silico npoBoanAn oNA OLEHKM CNOCOBHOCTU CUHTE3UPOBAHHbIX COeaUHEeHUI
MHIM6UpoBaTb GepmeHT B-raKo3nagasy. PesynbraTbl Nokasanu, 4To 3,4-AM3aMelleHHble
NUPPONUANHCYIbPOHAMUABI  ABAAIOTCA  MOLWHbIMW  MHITMBUTOpamu  B-rnoKosnaassl,
CBA3bIBAAACb B aKTMBHOM LeHTpe. 3ameTHoe uHrubuposaHue P-rnokosmpas Habawoganochb
ANA coeguHeHus c 13,4-0Kcaam30/bHbIM KONbLOM, KOTOopoe o6nagaet 6o0see BbICOKOWM
aKTUBHOCTbIO MHIMOWMpPOBaHMA B-rNOKO3MAasbl, YemM Apyrue coeauHeHusa. B pabote Takxke
oueHeHbl CBOBOAHbIE IHEPrUM CBA3bIBAHUA U KOHCTaHTbI MHIMBUpoBaHuA (K) npucoeanHeHHbIX
coeAUHEHUN.

KnioueBble cnoBa: NUPPOAMAUHCYNbGOHAMUAbI;
B-rnoKo3naasa; aHTUMUKPOBHAA aKTUBHOCTb.
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1. Introduction

In the field of medicinal chemistry, chiral 3,4-disubstituted
pyrrolidines derived from tartaric acid are widely used. Most of
these pyrrolidine rings are found in biological compounds as
their frameworks. These frameworks were successfully mutated
into receptor molecules, amino-sugar derivatives as glycosidase
inhibitors as well as sugar simulate in nucleoside analog. Besides
kinases, pyrrolidines are also suitable substitutes for inhibitor
design to recognize the specificity pockets of the corresponding
enzymes in proteases [1,2]. Proline based pyrrolidines are used
as drug candidates in the treatment of hepatitis C [3]. The solid-
phase construction of a guanidine based bis-cyclic pyrrolidine
exhibited marked bactericidal activity against known human
pathogens, it may represent a newfangled category of
antimicrobial therapeutics [4]. Pyrrolidineoxadiazole and
pyrrolidine thiadiazole derivatives are useful in the treatment
and prevention of oxytocin mediated disease states like preterm
labor, premature birth and dysmenorrheal because of their
markable oxytocin receptor antagonist activity [5], pyrrolidine
and piperidine as antidiabetic agents [6].

Sulfonamides are promising antibacterial/antibiotic
agents for over several years. In addition to their commercialized
utilization as  antibacterial/antibiotic  agents, several
sulfonamides are reported to inhibit enzymes such as carbonic
anhydrase [7], cysteine protease [8], HIV protease [9] and cyclo-
oxygenase [10]. Besides these potential applications, various
other therapeutic applications, in cancer chemotherapy [11],
diuretics [12], hypoglycemia[13] and the anti-impotence
agent [14] and in metabolic syndrome treatment [15] are also
reported for sulfonamides.

Glucosidases catalyze the cleavage of glycosidic bonds in
oligosaccharides or glycoconjugates. The arrangement of

hydroxyl groups in a sugar molecule influences the enzymatic
action of severalglucosidases. Accordingly, a-and B-glucosidases
are able to catalyze the cleavage of glycosidic bonds bearing
terminal glucose linked at the site of cleavage, respectively,
through a- or B-linkages at the anomeric center [16]. The
activity of glucosidases is fundamental to several biochemical
operations like degradations of diet polysaccharides to furnish
monosaccharide units, lysosomal glycoconjugate catabolism
and glycoprotein processing and biosynthesis of oligosaccharide
unitsin glycoproteins or glycolipids [17]. These multidimensional
biochemical activities of glucosidases cater to the needs for
developing new and potential therapeutic inhibitors to be used
in diabetes [18], obesity [17], glycosphingolipid lysosomal storage
disease [19], HIV infections [20] and tumors in general [21].

Considering the vitality of pyrrolidine and sulfonamides in
view, a new series of N,N’-(pyrrolidine-3,4-diyl)sulfonamide
derivatives containing 1,3,4-oxadiazole/azetidinone/thiazoli-
dinone were synthesized and examined for their antimicrobial
activity and inhibitory activity against human B-glucosidase
enzyme.

2. Experiment

2.1 Materials and Methods

All chemicals and reagents were procured from Merck
India Ltd. X-6 digital display binocular microscope (uncorrected)
was used to determine the melting points. Nicolet nexus 470
FT-IR spectrometer (USA) using deploying KBr crystal or KBr
plate was used to record the IR spectra of the synthesized
compounds. *H NMR (400 MHz) and **C NMR (75 MHz) spectra
were recorded on a Bruker Avance (Switzerland) spectrometer.
The elemental analysis was carried on Vario Micro Cube
Elementar (Germany) instrument. The reaction progress was

© 2019 Al-Farabi Kazakh National University


https://orcid.org/0000-0002-6040-3376
https://orcid.org/0000-0003-4886-8135
https://orcid.org/0000-0002-8817-4288
mailto:besantosh1985@gmail.com

30 Synthesis, antimicrobial evaluation and in silico studies...

monitored by TLC with a mixture of cyclohexane and
ethylacetate (9:1) as an elutent. A 300 mesh silica gel was used
to perform flash column chromatography. The yields were
calculated by the last step reaction.

The standard bacterial and fungal strains were procured
from National Centre for Cell Science (Pune, India). The
antimicrobial activity was expressed in terms of minimum
inhibitory concentration (MIC). The MIC was found by the agar
cup plate method for antibacterial activity and disc diffusion
method for antifungal activity. Streptomycin and clotrimazole
were used as standards (20 ug/mL) for antibacterial studies and
antifungal studies respectively.

2.2 Docking method

A genetic algorithm (GA) based software namely GOLD
(Genetic Optimization of Ligand Docking, Cambridge
Crystallographic Data Centre, Cambridge, UK) was used to carry
out the docking studies. GOLD version 3.0.1 program was used
to perform the molecular docking method for studying the
binding affinities of synthesized molecules into the active site of
the B-glucosidase protein. The location and measurement of
the protein pockets and cavities were done automatically by a
program named CASTP server (Cambridge Crystallographic
Data Centre, Cambridge, UK), which is used for active site
identification [22].

2.3 General Procedures

2.3.1 Synthesis of  ethyl 2-((3S,4S)-3,4-bis(N-
cyclopropylthiophene-2-sulfonamido)pyrrolidin-1-yl)acetate (2)

To the solution of ethyl 2-((3S,4S)-3,4-bis(thiophene-2-
sulfonamido)pyrrolidin-1-yl)acetate (1) (1.3g, 2.71 mmol) in
acetonitrile (12 mL), potassium carbonate (1.39 g, 10.03 mmol),
cyclopropyl bromide (0.33 g, 2.71 mmol) and few crystals of Kl
were added and refluxed for 20 h. The residue obtained after
the removal of the solvent was poured into water under reduced
pressure and extracted with CH,Cl, (3x10 mL). The combined
organic layer was dried over anhydrous Na,SO,. A crude solid
was obtained on filtration and concentration of the organic
layer under reduced pressure, which was then purified by
column chromatography using 60-120 mesh silica gel as an
adsorbent and dichloromethane and methanol (10:1) mixture
as an eluent [23,24]. The spectral and physical characterization
data of compound 2 are shown in Table 1.

2.3.2 Synthesis of N,N’-((3S,45)-1-(2-hydrazinyl-2-oxoethyl)
pyrrolidine-3,4-diyl)bis(N-cyclopropylthiophene-2-sulfonamide)
3)

A solution of compound 2 (1.1 g, 1.9 mmol) and hydrazine
hydrate in ethanol (85%, 3.8 mmol) was refluxed for 5h. The
crude product obtained on evaporation of the reaction mixture
under reduced pressure was purified by recrystallization from
the proper absolute alcohol. The spectral and physical
characterization data of compound 3 are shown in Table 1.

2.3.3 Synthesis of N,N’-((3S,4S)-1-((5-phenyl-1,3,4-
oxadiazol-2-yl)methyl)pyrrolidine-3,4-diyl)bis(N-cyclopropyl!
thiophene-2-sulfonamide) (4a)

A mixture of benzoic acid (0.122g, 1.0 mmol) and
compound-3 (0.55 g, 1.0 mmol) in phosphoryl chloride (5 mL)

was refluxed over a steam bath for 5-6 h. The cooled reaction
mixture was poured on to crushed ice (~300 g) under continuous
stirring. The separated solid mass was neutralized using sodium
bicarbonate solution (10% w/v), collected by filtration, washed
with cold water and dried in vacuum. The resulting solid thus
obtained was recrystallized from absolute ethanol (95%) to
obtain the desired product 4a.

Compounds 4b-4f were prepared from compound 3 and
the appropriate 4-substituted benzoic acid by using a procedure
similar to that described for the synthesis of 4a.

The IR (KBr) spectrum of compound 4a showed
peaks (cm?) around 3135 (Ar-H), 1645 & 1232 (characteristic
peaks for oxadiazole), 1322 & 1182 (asymmetric & symmetric
stretching of 0=5=0), 1140 & 1125 (C-N exo) respectively. The
'H NMR (400 MHz, ®ppm) spectrum exhibits the signals 8.02-
7.62 (m, 5H, Ar-H), 7.59-7.17 (m, 6H, thiophene), 3.64 (s, 2H,
N-CH_-), 3.28 (m, 2H, -SO,-N-CH-), 3.07 (m, 2H, H_ protons of
pyrrolidine), 2.69 (m, 2H, cyclopropyl C-H attached to N), 2.28
(m, 2H, H, protons of pyrrolidine), 0.51&0.39(m, 8H, -CH, of
cyclopropane). The *C NMR (75 MHz, ®ppm) spectrum has the
peaks at 144.4 & 131.8 (thiophene), 170.4 & 162.9 (oxadiazole),
116.4, 142.7, 128.8 & 131.3 (Ar). The spectral and physical
characterization data of compounds 4a-4f are shown in Table 1.

2.3.4 General procedure for the synthesis of N,N’-((3S,45)-
1-(2-((E)-2-(4-substitutedbenzylidene hydrazinyl)-2-oxoethyl)
pyrrolidine-3,4-diyl)bis(N-cyclopropylthiophene-2-sulfonamide)
(5a-f)

To an equimolar methanolic solution of compound 3 (0.83 g,
1.52 mmol) and benzaldehyde (0.16 g, 1.52 mmol) mixture, few
drops of glacial acetic acid were added. The mixture was then
refluxed on a water bath for 5 h, allowed to cool, poured into
crushed ice and filtered. 60-120 mesh silica gel and cyclohexane-
ethylacetate (9:1) solvent mixture as an eluent were used to
purify the crude mass by column chromatography.

Compounds 5b-5f were prepared from compound-3 and
the appropriate 4-substituted benzaldehyde by using a
procedure similar to that described for the synthesis of 5a.

2.3.5 Synthesis of 2-((3S,4S)-3,4-bis(N-
cyclopropylthiophene-2-sulfonamido)pyrrolidin-1-yl)-N-(3-
chloro-2-oxo-4-phenylazetidin-1-yl)acetamide (6a)

A solution of 5a (0.64 g, 1.0 mmol) in dioxane (8 mL) was
added to a well stirred mixture of chloroacetylchloride (0.24 g,
2.0 mmol) and triethylamine (0.2 g, 2.0 mmol) in dioxane (10 mL)
at 0-5°C. The reaction mixture was then stirred for 8 h, kept at
room temperature for 2 days and then washed with cold water.
The obtained solid was filtered, washed with water and
recrystallized from methanol to yield the desired product 6a.

Compounds 6b-6f were prepared from 5a by using a
procedure adopted for the synthesis of 6a.

The IR (KBr) spectrum of compound 6a showed peaks (cm™)
around 3490 (N-H), 3135 (Ar-H), 1689 (C=0 of azitidinone), 1322
& 1182 (asymmetric and symmetric stretching), 1215(C-N of
azitidinone), 810 (C-Cl). The *H NMR (400 MHz, ®ppm) spectrum
exhibits the signals 9.35 (s, 1H, -CO-NH), 7.65-7.25 (m, 6H,
thiophene), 7.47-7.32(m, 5H, Ar-H), 5.51 (d, 1H, CI-C-H of
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6a-f

7a-f

R = -H, -CH,, -OCH,, -Cl, -Br, -NO,

azetidine), 3.97 (d, 1H, C-H of azetidine), 3.21 (s, 2H, N-CH,-),
3.52(m, 2H, -SO2-N-CH-), 3.16 (m, 2H, H_ protons of pyrrolidine),
2.69 (m, 2H, cyclopropyl C-H attached to N), 2.18 (m, 2H, H,
protons of pyrrolidine), 0.51&0.26 (m, 8H, -CH_- of cyclopropyl
ring). The *C NMR (75 MHz, ®ppm) spectrum has the peaks at
144.4 & 131.8 (thiophene), 142.7, 128.1, 129.2 & 130.3 (phenyl).
The spectral and physical characterization data of compounds
6a-6f are shown in Table 1.

2.3.6 Synthesis of 2-((3S,4S)-3,4-bis(N-
cyclopropylthiophene-2-sulfonamido)pyrrolidin-1-yl)-N-(4-oxo-
2-(4-substituted)phenylthiazolidin-3-yl)acetamide (7a)

A mixture of 5a (0.64 g, 1.0 mmol) and mercaptoacetic
acid (0.18 g, 2.0 mmol) was heated in an oil bath at 120-125°C
for 12 h, cooled and treated with 10% sodium bicarbonate
solution. The product was isolated and recrystallized from
methanol-dioxane (4:1) mixture to give the desired compound.
Compounds 7b-7f were prepared from 7a by using a procedure
similar to that described for the synthesis of 7a.

The IR (KBr) spectrum of compound 7a showed peaks

(cm™)around 3482 (N-H), 3135 (Ar-H), 1712 (C=0 of thiazolidine),
1322 & 1182 (asymmetric and symmetric stretching), 1215 (C-N
of thiazolidine). The *H NMR (300 MHz, éppm) spectrum shows
the signals at 8.38, 1H, -CO-NH), 7.65-7.15 (m, 6H, thiophene),
7.36-7.23 (m, 5H, Ar-H), 6.14 (s, 1H, thiazolidine-N-CH-S-), 4.25
(m, 2H, -SO,-N-CH-), 3.79 (s, 2H, -CO-CH-S- of thiazolidine), 3.31
(s, 2H, N-CH,-), 3.10 (m, 2H, H, protons of pyrrolidine), 3.24 (m,
2H, cyclopropyl C-H attached to N), 2.88 (m, 2H, H, protons of
pyrrolidine), 0.51&0.26 (m, 8H, -CH,- of cyclopropyl ring. The *C
NMR (75 MHz, ®ppm) spectrum has the peaks at 144.4 &131.8
(thiophene), 140.7, 127.1, 128.2 & 129.3 (phenyl). The spectral
and physical characterization data of compounds 7a-f are
shown in Table 1.

3. Results and discussion
The strategy starts with the synthesis of starting material

ethyl 2-((3S,4S)-3,4-bis(thiophene-2-sulfonamido)pyrrolidin-1-
yl)acetate (1) from L-tartaric acid as shown in Figure 1 [25,26].

(o]
HO HO,
HO//,, 2, HO//,
"4 ' N-Bn y
. N-Bn " | N-H f
(i) (ii) (i) iv)
HO HO
HO HO
OH S
HO// MsO// MsO// MsO//,
N-CH,COOEt

N3 H,N

i) o EN-CHQCOOEt _(x)

wZ//,
Z 1,

H2

):>N»Boc L» ):>N*Boc ﬂ» ):>N HL
MsO

MsO

N-CH,COOEt — &) g S, EN -CH,COOEt
\\‘

d

Reagents & Conditions: (i) Benzylamine, xylene, 190°C, 8h; (ii) I, NaBH,, THF, r.t; (iii) Pd/C/H,,
MeOH, r.t.; (iv) Boc,0, NaHCOs3, dioxane, r.t., 2h; EtOAc (v) MsCl, EtzN, DCM (vi) CF3COOH, H,0;
(vii) CICH3COOC,Hsg, K,CO3 (viii) NaN3z, DMF (ix) Pd/C/H,, EtOAc; (x) RSO,CI, Py, reflux, 2h

Figure 1 — Synthesis of ethyl-3,4-bis(thiophene-2-sulfonamido)pyrrolidinylacetate
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Initially ethyl 2-((3S,4S)-3,4-bis(thiophene-2-sulfonamido)
pyrrolidin-1-yl)acetate (1) was alkylated with cyclopropyl
bromide to get N-alkylated sulfonamide (2). This on treatment
with hydrazine produces respective hydrazide (3), which on
reaction with substituted benzoic acid in presence of POCI,
gives 1,3,4-oxadiazole derivatives (4a-f). Again, the hydrazide (3)
on treatment with substituted aldehydes gives benzylidene
derivative (5a-f), which on reaction with chloroacetylchloride
and mercaptoacetic acid produces azitidinones (6a-f) and
thiazolidinones (7a-f) respectively. The synthesis of target
compounds is depicted in Figure 2.

6a-f

U

O\QOTCY 7‘@‘ (/\

The compound 1 undergoes N-alkylation at sulfonamide
group and further on treatment with hydrazine produces
hydrazide (3). This hydrazide can be converted to
1,3,4-oxadiazole (4a-f) and substituted benzylidene hydrazinyl
derivatives (5a-f) on reaction with substituted benzoic acid in
the presence of POCI, and substituted benzaldehyde
respectively. Finally, the cyclization of the compounds 5a-f
takes place in presence of chloroacetylchloride and
mercaptoacetic acid to produce azetidinone derivatives (6a-f)
and thiazolidinone derivatives (7a-f) respectively.

o oo
/ i

.

N
sas @/52& Y/

(vi)

[/pu/
o \Q % e

7a-f
R

Comp 4a/5a/6al7f 4b/5b/6b/Tf

R -H -CH3

/6ciTf 7f 4e/Sel6e/Tf 4f/5/6fITE
-OCH3 -Cl -Br -NO2

Reagents & Conditions: (i) acetonitrile, potassium carbonate, cyclopropyl bromide, Kl, reflux, 20h; (ii) ) Hydrazine
hydrate, ethanol, reflux, 5h; (iii) 4-substituted benzoic acid, phosphoryl chloride, reflux, 5-8h; (iv) 4-substituted
benzaldehyde, Glacial aceticacid, reflux, 4-8h; (v) chloroacetylchloride, triethylamine, dioxane, 0-5°C, 8h; (vi)
Mercaptoaceticacid, 120-125°C, 12h

Figure 2 — Synthesis of pyrrolidine-3,4-disubstitutedsulfonamides containing 1,3,4-oxadiazole,
azetidinone and thiazolidinone

3.1 Antimicrobial studies

The antibacterial activities of titled compounds, 4a-f, 6a-f
and 7a-f have been conducted against gram positive
Staphylococcus aureus, Bacillus subtilis, and gram negative
Escherichia coli, Proteus vulgaris. The compounds belonging to
6a-f series are highly active against gram-positive and gram-
negative bacteria showing the broad spectra of antibacterial
activity. The activity of the rest of the compounds was found
moderate to low against the tested microorganisms. This was
expected because of the presence of B-lactum ring in the 6a-f

ISSN 1563-0331
elSSN 2312-7554

series. The antibacterial activity of the tested compounds is
shown in Table 2.

The antifungal activities of the series 4a-f, 6a-f and 7a-f
were tested against Asperigillusflavus and Candida albicans.
The compounds 7a-f exhibit privileged activity among the
tested compounds and the others were found either moderately
active or slightly active. 1,3,4-Oxadizole possessing pyrrolidine-
3,4-diyl sulfonamide derivative bearing thiazolidin-4-one
moiety (4f) showed moderate activity. The test results are
presented in Table 2.

Chemical Bulletin of Kazakh National University 2019, Issue 4
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Table 2 — Antimicrobial activity

Zone of inhibition (mm)*

Antibacterial activity

Antifungal activity

Comp
(20 pg/mt) Gm +ve Gm -ve Asperigillus Candida
S. aureus B. subtilis E. coli P. vulgaris flavus albicans
4a 13 16 18 23 15 16
4b 14 15 16 19 13 15
4c 11 14 17 21 18 14
4d 18 19 22 25 16 19
4e 15 17 20 26 17 17
af 19 21 23 29 20 21
6a 14 13 20 25 17 15
6b 16 14 24 20 15 13
6c 14 18 23 27 14 17
6d 18 17 19 21 18 16
6e 17 19 17 22 19 18
6f 20 21 25 29 23 21
7a 13 16 12 22 18 17
7b 15 14 14 25 16 19
7c 11 19 13 22 17 21
7d 17 17 16 23 19 22
7e 15 20 14 21 21 20
7f 18 21 19 27 23 24
Streptomycin 22 24 28 32 - --
Clotrimazole -- -- - - 25-30 25-30

* indicate diameter of inhibition in mm.

3.2 In silico studies

It was already evident that B-glucosidase and related
proteins are prime controllers of apoptosis or programmed cell
death concerned with human disease including diabetes.
N-substituted pyrrolidines exhibit glycosidase inhibitory
activity [27,28]. The synthesized compounds were screened for
antidiabetic activity by choosing human B-glucosidase as the
target protein. In a view to assessing the potential of the
synthesized compounds for the p-glucosidase inhibitory
activity, they were docked into the active site of the receptor
(3VKK).

GOLD Score is aresult of force field based scoring functions
of protein-ligand hydrogen bond energy S(hb_ext), protein-
ligand van der Waals energy S (vdw_ext), ligand internal van
der Waals energy S(hb_int), ligand intramolecular hydrogen
bond energy S(vdw_int). The total fitness score was computed
by multiplying the external vdw score with 1.375, an empirical
correction to encourage the hydrophobic protein-ligand
contact. Ligand binding positions were predicted by optimizing
the fitness function:

GOLD Score =S (hb_ext) + S (vdw_ext) + S (hb_int) +
+S (vdw_int)

It was evident that the docking results show the amino
acid residues Tyr 18, Arg 98, Val 145, Glu 152, Gly 101 of the
enzyme were involved in hydrogen bonding interaction with the
top poses of compounds. The inhibitory interactions translate
into therapeutic efficiency to be established by traditional
clinical studies. The B-glucosidase inhibitory activity of the
model compounds from series 4, 6 and 7 in terms of GOLD Score
fitness and bonding interactions were shown in Table 3.

The title compounds under investigation exhibited
remarkable inhibitory action against B-glucosidases. The fitness
score of 44.99 indicated that the presence of 1,3,4-oxadiazole
containing pyrrolidine sulfonamides exhibit higher inhibitory
activity against B-glucosidase.

The negative binding energy values represent the highest
potential for the binding sites of the target protein to the title
compounds. The low k values either in the micromolar or in
nanomolar ranges of the title compounds are direct evidence
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Table 3 — B-glucosidase inhibitory activity and hydrogen bonding interactions of compounds 4f, 6f and 7f

Atoms
Comp G Ar R! Number of Bond Ioength Fitness
hydrogen bonds Protein Comp (A°)
val 145 027 2.226
Glu 152 039 2.052
N=— s
4f 0 CH,NO, 5 Tyr 18 N9 1.485 44.99
N ‘
/ Tyr 18 07 2.513
r Gly 101 07 2.652
(0]
Tyr 18 019 2.217
6f s 3 Tyr 21 019 2.225 37.12
—N cl CH,NO,
‘ / Arg 98 026 2.310
.

Val 148 027 1.598

O
7f CH,NO S 2 17.32
o2 ‘ Arg 98 010 1.986
—N\( /
r

for their high affinity interaction for the protein under  Table 4 — Docking results and pharmacophore analysis of model
investigation. The details are given in Table 4. The docking  compounds
conformations of 4f, 6f and 7f are shown in Figures 3-5 and

represent the active site of the B-glucosidase protein. Parameter af 6f 7f
Free energy of Binding (kcal/mol) -9.22 -8.24 -7.92
Inhibition constant k at 298.15 K 835.12 712.10 691.12
nM nM nM
Total Intermolecular Energy -11.23 -9.21 -10.12
(kcal/mol)
vdW + Hbond + desolv Energy -12.12 -11.11 -12.02
(kcal/mol)
GPCR ligand -0.07 -0.69 0.03
lon channel modulator -0.69 -1.56 -0.82
Kinase inhibitor -0.49 -1.06 -0.46
Nuclear receptor ligand -0.79 -0.59 -1.10
Protease inhibitor 0.39 0.42 -0.22
Enzyme inhibitor -0.25 -1.21 -0.21
miLogP -0.212 2.108 2.624
Figure 3 — Docking result of compound 4f Clogp -2.16 1.09 -0.51
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Figure 4 — Docking result of compound 6f

4. Conclusions

Title compounds were established as potent antibacterial
and antifungal active by exhibiting comparable results with
standard drugs. A series of 3,4-disubstitutedpyrrolidine
sulfonamide compounds were synthesized. The compounds
exhibit moderate inhibition against the R-glucosidases enzyme.
The  3,4-disubstitutedpyrrolidinesulfonamides  containing
1,3,4-oxadiazole moiety is a higher potent RB-glucosidase
inhibitor than that of azetidinone and thiazolidinone moieties.
Structure activity relation (SAR) proved that the inhibition
activity against B-glucosidase was favored by the introduction
of thiophensulfonyl group at the 3 & 4 positions and a five
membered oxadiazole ring at the N1 position of the pyrrolidine

References (GOST)

Figure 5 — Docking result of compound 7f

ring. These SAR results are in good compatible with docking
studies.
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