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Abstract

Thousands of death in Africa and other developiragions are still attributed to
trypanosomiasis. Excessive sleep has been assbaiate increased inflammation. We report
herein, the synthesis, antitrypanosomal and affarnmatory activities of eight new carboxamide
derivatives bearing substituted benzenesulfonamibles base promoted reactions of L-proline and
L-4-hydroxyproline with substituted benzenesulfodlylorides gave the benzenesulfonamidds
h) in excellent yields. Boric acid mediated amidataf the benzenesulfonamideklé-h) andp-
aminobenzoic acid 1¢) gave the new carboxamided3&-h) in excellent yields. The new
carboxamides were tested for their antitrypanosoaral anti-inflammatory activities against
Trypanosome brucei gambiense and inhibition of carrageenan-induced rat paw ede€bmenpound
13f was the most potent antitrypanosomal agent withCap value of 2 nM as against 5 nM for
melarsoprol; whereas compouhb8a was the most potent anti-inflammatory agent withcpetage
inhibition of carrageenan-induced rat paw edema3p160, 67 and 84% after 0.5h, 1 h,2hand 3 h
administration respectively. The structure-activelationship study revealed that substitutiorhat t
para position in the benzenesulfonamide ring increabeth the antitrypanosomal and anti-
inflammatory activities. The 4-hydroxyproline$3é-d) showed higher anti-inflammatory activity
than the prolines1@e-h). In contrast, the prolined3e-h) had higher antitrypanosomal activities
than the 4-hydroxyprolines. The link between exeessleep and inflammation makes the report of
this class of compounds possessing both antitngmmal and anti-inflammatory activity
worthwhile. The pharmacokinetic studies showed ttted compounds would not pose oral

bioavailability, transport and permeability probkem
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1. Introduction

African trypanosomiasis also known as sleepingrask is an insect-borne parasitic disease
of humans caused by the protozoa sp&cypanosoma brucei. Of the two species offrypanosoma
brucei, Trypanosoma brucei gambiense causes over 98% of reported casesTtyjpanosoma brucei
has over 800 genes that make proteins of the panagkes and matches to evade immune system
detection [2]. This has tampered with the developma&f vaccine for the diseases. There is
emerging increase in African trypanosoma due tavgrg poverty of the countries affected, the
need to take immediate action against human immefireency virus/acquired immunodeficiency
syndrome (HIV/AIDS) and above all, the absencearf-toxic treatment that is easily administered,
reasonably priced and effective at every stagdefdisease [3]. Suramid)(and pentamidine2j
are effective drugs used during the initial phakthe disease but are almost totally ineffective in
the neurological phase, since they cannot crosdlibad-brain barrier [3]. MelarsoproB) was
found to be effective in all stages but it has esded drawback of being expensive (US$100 per
patient in 2000) and toxic. Eflornithind)(has an advantage of being less toxic and asaeéite
against all stages of the disease but is overwhelmiexpensive (US$ 700 per patient in 2000) and
the recipient has to be hospitalized and givendtiug by perfusion for at least two weeks. Robays
et al reported that the cost per life saved for melarslopas 600.4 Euros against 627.6 Euros for
eflornithine [4]. Nifurtimox &) when taken orally for 1-2 months and alpha-difbroethylornithine
(6, alpha-DFMO) with an administration scheme spreadrdy weeks including 14 days of
intravenous injections provides alternatives fdr cses [5]. Although, eflornithine was better
tolerated than melarsoprol, it produces severat @iffects, including gastrointestinal problems,
fever, hypertension and convulsion [6].

The record of severe reactive encephalopathies1f% of cases, death in 3-5% of the
patient against melarsoprol and side effects agait@rnithine underscore the need for new anti-

trypanosomal agents [7]. The potential for resistamvhen used in monotherapy ushered in



combinatorial therapy in which nifurtimox-eflornitte combination was the most successful. The
work of Alirol et al however, observed that nifurtimox-eflornithine (NEX&annot be considered as
an ideal treatment for African trypanosomiasis beeait requires 7 days of intravenous
administration which is a huge challenge for priynaealthcare systems in developing countries
[8]. Additionally, some adverse effects like frequevomiting which may cause insufficient
bioavailability of nifurtimox, requiring frequentse of antiemetics and occasional readministration
of nifurtimox are worrisome. Although, psychotichaeiour and convulsions are less frequent, they
can be a source of distress for patients and vekatiNECT treatment regimen is usually
accompanied with painful lumbar punctures and diffiexamination of the cerebrospinal fluid [9].

There is an urgent need for more effective treatméar Human African Trypanosomiasis
(HAT), as the current therapy has many shortcomimgs high toxicity, prohibitive costs,
undesirable route of administration and poor effjcalThe above problems associated with the
current antitrypanosomal agents highlights the rieedesearch aimed at developing new drugs for
the treatment of human African trypanosomiasis.

To direct the research, some proline derivativegehldeen reported to possess activity
against human African trypanosomiasis in micromotarcentration (165 30- 50 uM) [10,11].

Papadopouloet al. reported a nitro based sulfonamide derivative ggsag activity as low
as 0.218 pM against HAT [12]. Junqueir@t al. reported novel galactosyl-
triazolobenzenesulfonamides possessingp @ micromolar concentration [13]. Brane al.
reported the synthesis of pyrazole sulfonamid@gh@at inhibitedN-myristoyltransferase [14]. The
ICs5o Of the reported lead compound was 0.003 mM withothl brain barrier of 1.5. Sykes al.
reported a lead agent againbt brucei gambiense having 1G, of 1.3 micromolar bearing
benzenesulfonamide moiet§) (15]. Kulmanet al. reported some series of sulfonamide derivatives
(9) having micromolar inhibition of tubulin of. brucei with good selectivity [16]. This class of
compound presents a huge breakthrough in the chenagy of HAT because the toxicity of

current HAT drugs has been associated with poacteity between mammalian and parasitic



tubulin [16]. Bhattacharyat al. reportedN-phenyl-3,5-dinitroN* N*-di-n-butylsulfanilamide with
an 1G5 value of 0.121M againstT. brucei [17]

Some carboxamides have been reported to possesssintg antitrypanosomal activity
againstT. brucei gambiense [18-20]. Report has shown that each additional hour of reglbrted
sleep duration was associated with an eight peioergase in C-reactive protein (CRP) levels and
a seven percent increase in interleukin-6 (ll-6)clwhare two inflammatory mediators. Chronic
elevations in cytokines such as CRP and -6 hasenbassociated with an increased risk of
problems such as diabetes and heart diseasedt[24&h therefore be adduced from these findings
that sleeping sickness can induce inflammatoryadisg by raising the levels of CRP and II-6.

In search for suitable coupling reagents for diractidation reaction, Balat al [22],
Mylavarapuet al [23], Tanget al [24] and Lanigaret al [25] have reported boric acid and its
derivatives as a good catalyst for the direct atiodeof un-activated carboxylic acids. The work of
these groups was unable to check the feasibilityhef catalyst system in the presence of other

functional groups.
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Fig 1: examples of drugs in use for the treatméhtAT
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Fig 2: examples of recently reported antitrypancelcagent

The presence of sulfonic acid group, sulfone andbaaamide functionalities in
conventional drugs used for the treatment of HAfrims the desire to make new compounds
containing sulfonamide and carboxamide functioieit Proline was considered in this study
because of the earlier report on some proline davies that showed activities agaifstbrucei
gambiense. We report herein the boric acid catalysed amidatibmin-activated carboxylic acids
bearing sulfonamide, carboxylic acids and alcohgtmup. Additionally, the antitrypanosomal and
anti-inflammatory activities of the derivatives weaalso tested.

2. Results and Discussion

2.1 Chemistry
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Scheme 1. Protocol for the synthesis of new carboxamideivdérves bearing sulfonamide
functionalities.

Table 1: Description of substituents



S/N a b C d e f g h

R p-CH3 p-NOz H 0-CHs p-C Hs p-NOz H 0-CH3

The reactions of substituted benzenesulfonyl ctio@®a-d) and L-4-hydroxyproline10a)
or L-proline (LOb) in the presence of sodium carbonate &COafter 3 h gave the substituted
benzenesulfonamided.1@-h) in excellent yields. Further reactions of the Zmwesulfonamides
(11a-h) with p-aminobenzoic acid (PABA]2) in the presence of catalytic amount of boric acid
under reflux gave the new carboxamidé8ath) in excellent yields (scheme 1, Table 1). The
compounds were characterised using FTIR, NMR, *C NMR and high resolution mass
spectroscopy (HRMS). In the FTIR spectra, the hygdrdoand of compound43a-d appeared
between 3473-3460 ¢ These bands were not observed in compour®gsh. The NH band
appeared between 3462-3363 “tnindicating the successful coupling of PABA witheth
benzenesulfonamide to form the carboxamide. Intemhdio the NH band, the appearance of two
carbonyl bands between 1740-1688ciior the carboxylic acid and 1704-1660 trfor the
carboxamide is diagnostic of successful coupling.the '"H NMR spectra, the proton count
accounted for all the expected protons and addilipnthe appearance of the NH peak between
5.93-5.03 ppm is supportive of successful synthekitarget molecules. In the carbon-13 NMR
spectra, the peaks between 174.6-172.9 ppm welignadsto the carbonyl of carboxylic acid. In
addition, the C-CgH peaks appeared between 153.7-152.6 ppm.

2.2 Biological assay

2.2.1 Anti-trypanosoma activity

Table 2: Invitro antitrypanosomal activity potential of the newlyntyesized derivatives (LM)

Compd. No. IGo (ULM) LDso (uM/kg)

13a 0.155+0.12 12.01+2.05

13b 0.144+0.11 10.28+1.08




13c 0.16040.15 12.07+2.68
13d 0.157+0.14 9.98+1.10
13e 0.101+0.11 11.92+2.76
13f 0.002+0.01 8.65+0.98
13g 0.159+0.32 10.06+1.43
13h 0.134+0.21 13.09+3.12
melar sopr ol 0.005%0.02 8.75x1.04

Thein vitro antitrypanosomal activity (Table 2) showed thateptaccompound.3f that had
twofold better activity than melarsoprol, other idatives had good anfirypanosoma brucei
activities in micromolar concentration but not cargble with melarsoprol. The drug-likeness
studies revealed that five of the new carboxamatesdrug-like inclusive of compourk8f. This
findings, therefore, calls for more experimentalrkvaimed at developing any of the drug-like
derivatives into a potential drug. The structucavéty relationship studies showed that the L-
proline derivatives X3e-h) had better anfirypanosome brucei activities than L-hydroxyproline
derivatives {3a-d). The nitro-substituted benzene derivathdt with an IG, of 0.002 uM was the
most active derivative among the proline derivaiv€he order of activity i43f>13e>13h>13g.
Among the 4-hydroxyproline derivatived3a-d), 13b was the most active with an 4€of 0.144
MM. The order of activity isl3b>13a>13d>13c. Generally, substitution on the benzene ring
increased the anfirypanosome brucel activities. The presence of electron withdrawing ;NO
improved the antitrypanosomal activity. The dglBuggests that the compounds would not pose
toxicity problems in clinical trials.

2.2.2 In vivo anti-inflammatory activity

Table 3: Invivo anti-inflammatory activities of the newly synthesizcarboxamide derivatives (%)

Compd. No. 30 min (%) 1 h (%) 2 h (%) 3 h (%)

13a 58.01 59.95 67.23 84.01




13b 44.10 48.48 52.25 62.81
13c 33.85 24,71 27.34 1.85

13d 38.58 21.18 23.44 25.31
13e 28.75 31.49 36.27 35.28
13f 42.12 45.88 50.08 52.33
139 23.56 26.34 29.44 31.15
13h 35.78 39.38 36.33 40.05
I ndomethacin 56.92 63.53 64.84 63.58

Thein vivo anti-inflammatory activity of the compounds in pemtages (%) are presented in
Table 3. All the reported derivatives had antianfimatory activities reported as the percentage
decrease in edema thickness induced by carrage@hanstructure-activity relationship studies
showed that the hydroxyl group in the proline rifia-d) increased the anti-inflammatory
activities. This could be as a result of utilizatiof the lone pair of the hydroxyl group in the
formation of hydrogen bonds with the amino acidgha possible target. The substitution at the
para position was shown to contribute significantly ttee anti-inflammatory activities of the
derivatives as evident in the decreased activitycampoundsl3c, 13d, 13g and 13h when
compared with compounds3a, 13b, 13e and 13f. The effect of electron availability is made
evident from the results of compounti3a and 13b and 13e and 13f, the methyl substituent had
better activity than the nitro-substituted derivai. The substitution in ortho positioh3¢ and
13h) favoured anti-inflammatory activity than the ubstituted derivatives 13c and 13g).
Compoundl3a and 13b had comparable anti-inflammatory activity with imdethacin. The drug-
likeness showed that compoufigb is non-drug-like thereby making compoutigh the only likely
anti-inflammatory drug candidate.
2.2.3 Physicochemical Properties Study

Table 4. Physicochemical Properties calculation of the neal@gs



Compd. No. MW clogP HBD HBA| TPSA@ [NRB | ABS | NV
(%)

13a 404 0.418 3 6 79.90 6 8148 0
13b 435 -1.132 3 6 123.04 7 66.556 0
13c 390 -0.253 2 6 79.90 6 8148 0
13d 404 0.418 3 6 79.90 7 8143 0
13e 388 -0.190 1 5 79.90 6 8148 0
13f 419 1.305 2 5 123.04 6 66.556 0
139 374 -0.103 3 5 79.90 6 8148 0
13h 388 1.305 2 5 79.90 6 8143 0

MW= molecular weight, HBA= hydrogen bond acceptdBD= hydrogen bond donor, NRB=
number of rotatable bond, ABS= solubility, TPSApdtogical polar surface area, NV= ro5
number of violations.

Lipophilicity has long been recognized as an imguartfactor for successful passage of drugs
through clinical development [26]. Generally, cdétad logP (clogP) is being used for assessment
of lipophilicity and the key events of molecularsdbs/ation, transfer from agueous phases to cell
membranes and protein binding sites [27]. With dweidenced role as a predictor of eventual
compound success, computation of logP (clogP)ipaphilicity is essential for the development of
a successful therapeutic compound. All the testedpounds complied with ro5, where logP values
ranged between -1.132 to 1.365); MW range 374-435 500); HBA range 5-6 (<10) and HBD
range 1-3<£5), suggesting that these compounds would not praebioavailability problems. All
the compounds showed NRB values range 6<X0), indicating their acceptable molecular
flexibility with consequent expected good permeagbénd oral bioavailability. In addition, all the
compounds evaluated showed TPSA values range 12304 X (<140 A%, showing good

permeability and transport of the compounds indékular plasma membrane. Furthermore, the




evaluated compounds showed good % ABS range 6A.38% calculated from %ABS= 109-
0.345xTPSA [28], which indicates their good biodaaiiity upon oral administration.

3. Conclusions

The synthesis of eight new carboxamide derivathasbeen reported. The compounds were
characterised using FTIR, NMR and HRMS. The arftammatory and antitrypanosomar.(
brucel gambiense) activities results showed that the compounds wactve. Particularly,
compound13f had twofold antifrypanosoma brucei gambiense activity when compared with
melarsoprol. Other derivatives had antitrypanosoawivities in micromolar concentration but
were not comparable to melarsoprol. Like the ajganosomal activities, the anti-inflammatory
activities showed that all the new derivatives weagive and of particular attention were
compoundsl3a and 13b which had comparable activity with indomethacineTpharmacokinetic
study showed that the reported derivatives would Imave oral bioavailability, transport or
permeability problems. The connectivity betweenesscsleep and inflammation-related diseases
makes it resounding to have a compound that coetléh® both antitrypanosomal agent and anti-

inflammatory agent.

4.0 Experimental

All reactions requiring inert atmosphere were @arout under nitrogen atmosphere. Drying
of solvents was achieved using molecular sieve4fdrh. All reagents were purchased from
commercial suppliers, Aldrich, Merck, Fluka, Avr&D fine and Alfa Aesar. Thin layer
chromatography was carried out using silica plpteshased from Avra. The plates were visualized
under UV light (popular India). FT-IR spectroscoplythe compounds were run in PerkinElmer
Spectrum version 10.03.06 and the bands presentedvenumber. Proton and carbon-13 NMR
spectroscopy were run in DMS@and CROD, on either Jeol 500 MHz or 400 MHz. The chemical

shifts were reported in part per million with reface to tetramethylsilane. High Resolution Mass



spectroscopy were carried out using micro TOF wdspray time of flight (ESI-TOF) mass
spectrometer, sodium formate was used as the aatibAll experiments were carried out at Prof.
Sandeep Verma’s Laboratory, Department of Chemistiian Institute of Technology, Kanpur.
Melting points were determined using digital medtpoint apparatus and were uncorrected.
4.1 Synthesis of substituted proline-based benzenesulfonamides

Sodium carbonate (N@O;s, 1.590 g, 15 mmol) was added to a solution of anaicids {0a-
b, 12.5 mmol) in water (15 mL) with continuous stigiantil all the solutes dissolved. The solution
was cooled to -3C and the appropriate benzenesulfonyl chlor@ed, 15 mmol) was added in
four portions over a period of 1 h. The slurry viigher stirred at room temperature for about 3 h.
The progress of the reaction was monitored usinG@ TMeOH/DCM, 1:9). Upon completion, the
mixture was acidified using 20% aqueous hydrochladid to pH 2. The crystals were filtered via
suction and washed with pH 2.2 buffer. The puredpots (1a-h) were dried over self-indicating
fused silica gel in a desiccator [29].
4.2 Boric Acid Catalysed Amidation of Un-Activated Carboxylic Acid and p-aminobenzoic
acid.

To a suspension of substituted benzenesulfonanfidesh) (1.0 mmol) in dry toluene (40
mL) equipped with Dean-Stark apparatus for azeatrapmoval of water, was added 4-
aminobenzoic acid (1.0 mmol) and boric acid (0.1af)rat room temperature and then refluxed for
4 h. On completion (as monitored by TLC), reactomture was precipitated to amides by adding
about 40 mLn-hexane. The new proline derivatives were obtawiadsuction filtration, washed
with n-hexane and dried over fused silica gel or conassdrusing rotary evaporator and dried over
vacuum in the case of oily products.
4.2.1 4-[4-Hydr oxy-1-(4-methylbenzenesulfonyl)pyrrolidine-2-amido]benzoic acid (13a):

Yield (0.40 g, 100%), mp 155.30-155.80; FTIR (KBr) v/cm® 3460, 3364, 2550, 1740,
1666, 1601, 1574, 1442, 1327, 1313, 1174, 11572,10000;'"H NMR (400 MHz, DMSOg) oy

7.66-7.64 (d, 1HJ 8.24 Hz, ArH), 7.59-7.56 (d, 3H,8.68 Hz, ArH), 7.37-7.35 (d, 1H,8.24 Hz,



ArH), 6.51-6.49 (d, 3H) 8.24 Hz, ArH), 5.81 (s, 1H, NH), 4.17 (s, 1H, OM¥)02-3.98 (t, 1H)
7.80 Hz, CH-C=0), 3.43-3.40 (m, 1H, CH-OH), 3.068(d, 2H,J 10.56 Hz, ChN), 2.34 (s, 3H,
CHs), 1.92-1.89 (m, 2H, CH; *C NMR (100 MHz, DMSOg) Jc 173.8, 168.0, 153.7, 143.7,
134.9, 131.8, 130.1, 127.9, 117.4, 113.1, 68.2,8%6.8, 21.5; HRMS (FTMS+ESIyz observed:
405.1122; GoH20N206S (M+H), requires: 405.1121.
4.2.2 4-[4-Hydr oxy-1-(4-nitr obenzenesulfonyl)pyrrolidine-2-amido]benzoic acid (13b):

Yield (0.44 g, 99.98%), mp 164.70-164.90; FTIR FTIR (KBr)v/cm' 3460, 3365, 2968,
2555, 1713, 1667, 1602, 1442, 1423, 1575, 15287,18212, 1174, 1130, 1093, 1071, 10M;
NMR (400 MHz, DMSO-g) dy 12.07 (s, 1H, OH of COOH), 8.38-8.36 (d, 2H7.36 Hz, ArH),
8.04-8.02 (d, 2H)) 6.88 Hz, ArH), 7.58-7.56 (d, 2H,6.88 Hz, ArH), 6.51-6.49 (d, 2H,6.88 Hz,
ArH), 5.83 (s, 1H, NH), 4.17 (s, 1H, OH of alcoha#)13-4.09 (t, 1H) 6.42 Hz, CH-C=0), 3.47-
3.44 (m, 1H, CH-OH), 3.21-3.19 (d, 281,8.68 Hz, CHN), 2.03-2.00 (m, 1H, CH of CH 1.93-
1.87 (m, 1H, CH of Ch); **C NMR (100 MHz, DMSOg) éc 173.5, 168.0, 153.7, 150.3, 146.9,
131.7, 129.5, 124.8, 117.4, 113.1, 69.0, 60.4,;3HRMS (FTMS+ESI)m/z, observed: 454.0912;
C18H20N300S (M+H;0), requires: 454.0913.
4.2.3 4-[1-(benzenesulfonyl)-4-hydr oxypyrrolidine-2-amido]benzoic acid (13c):

Yield (0.39 g, 100%); mp 142.50-142.90; FTIR (KBr) v/cm™ 3461, 3365, 2956, 2672,
1700, 1666, 1601, 1574, 1443, 1422, 1385, 13134,11728, 1099, 1070, 101& NMR (400
MHz, DMSO-d&) dy 7.78-7.76 (d, 2H) 6.88 Hz, ArH), 7.65-7.54 (m, 5H, ArH), 6.52-6.5) 2H,J
8.68 Hz, ArH), 5.83 (s, 1H, NH), 4.18 (s, 1H, OK)06-4.02 (t, 1H,) 8.00 Hz, CH-C=0), 3.45-
3.41 (m, 1H, CH-OH), 3.11-3.08 (d, 2815.26 Hz, CHN), 1.95-1.89 (m, 2H, CH}; **C NMR (100
MHz, DMSOd) Jdc 173.8, 168.1, 153.7, 137.8, 133.5, 131.8, 12928.7, 127.9, 125.8, 117.4,
113.1, 68.9, 60.2, 56.8, 21.6; HRMS (FTM8l, observed: 413.0788;18H:8N,0sSNa (M+Na),
requires: 413.0786.

4.2.4 4-[4-Hydr oxy-1-(2-methylbenzenesulfonyl)pyrrolidine-2-amido]benzoic acid (13d):



Yield (0.40 g, 100%); mp 134.50-134.80; FTIR (KBr) v/icm® 3473, 3415, 3029, 2988,
1692, 1669, 1601, 1442, 1422, 1313, 1290, 1174411693, 1072, 1015H NMR (400 MHz,
CDsOD) dy 7.77-7.69 (m, 2H, ArH), 7.50-7.43 (m, 1H, ArH)33-7.28 (m, 2H, ArH), 7.19-7.16 (t,
1H, J 7.32 Hz, ArH), 7.12-7.07 (t, 1H,9.38 Hz, ArH), 6.62-6.60 (d, 2H,8.68 Hz, ArH), 4.45 (s,
1H, OH), 4.30-4.28 (t, 1H) 2.32 Hz, CH-C=0), 3.56-3.51 (m, 1H, CH-OH), 3.388(m, 2H,
CH,N), 2.60 (s, 3H, CHAr), 2.16-2.10 (m, 2H, CH; *C NMR (100 MHz, CROD) d¢c 172.9,
169.4, 153.2, 138.2, 131.5, 129.3, 128.6, 127.6,8.224.9, 117.7, 113.0, 69.3, 59.4, 38.8, 20.2,
19.5; HRMS (FTMS+ESIwz, observed: 403.0968;1619N-OsS (M-H); requires: 403.0963.
4.2.5 4-[1-(4-M ethylbenzenesulfonyl)pyrrolidine-2-amido]benzoic acid (13e):

Yield (0.36 g, 93.25%); mp 161.40-161.8D; FTIR (KBr) v/cm* 3462, 3060, 2984, 2879,
2559, 1738, 1669, 1603, 1422, 1556, 1524, 1345]1,12974, 1134, 1092, 1072, 1026{ NMR
(400 MHz, DMSO@) 64 7.75-7.69 (m, 4H, ArH), 6.65-6.63 (m, 4H, ArH)P3.(s, 1H, NH), 4.16-
4.12 (t, 1H,J 6.40 Hz, CH-C=0), 3.45-3.39 (m, 1H, gldf CH,N), 3.22-3.16 (m, 1H, CHlof
CH,N), 2.40-2.30 (m, 3H, CHAr), 1.92-1.82 (m, 3H), 1.60-1.56 (m, 1H, CHJC NMR (100
MHz, DMSOd) oc 174.6, 169.3, 152.6, 144.1, 134.6, 131.5, 12&8,9, 125.6, 118.2, 60.7, 30.7,
24.3, 20.2, 20.0; HRMS (FTMS+ESHVz, observed: 389.1172;16H,0N>0OsS (M+H), requires:
389.1178.
4.2.6 4-[1-(4-Nitr obenzenesulfonyl)pyrrolidine-2-amido]benzoic acid (13f):

Yield (0.42 g, 99.90%); mp 132.40-132.80; FTIR (KBr) v/cm* 3378, 3082, 2980, 2874,
2540, 1745, 1704, 1604, 1446, 1417, 1529, 13495,18177, 1162, 1105, 1076, 1023, 1014;
NMR (400 MHz, DMSOd) 64 12.35 (OH of COOH), 8.38-8.36 (d, 2819.16 Hz, ArH), 8.07-8.05
(d, 2H,J 8.68 Hz, ArH), 7.58-7.56 (d, 2H,8.24 Hz, ArH), 6.51-6.48 (d, 2H,8.64 Hz, ArH), 5.93
(s, 1H, NH), 4.19-4.16 (dd, 1H,3.64, 3.04 Hz, CH-C=0), 3.40-3.34 (m, 1H, 0¥ CH:N), 3.23-
3.17 (m, 1H, Cigof CHy), 2.00-1.91 (m, 1H, CH of C#j 1.86-1.75 (m, 2H, Ch), 1.65-1.59 (m,

1H, CH):*3C NMR (100 MHz, DMSOg) éc 173.4, 168.0, 153.7, 150.4, 143.7, 131.7, 12983,2]



117.4,113.1, 61.1, 48.9, 30.9, 24.7; HRMS (FTMSRESZ, observed: 438.0953;;61,0N30S
(M+H30), requires: 438.0957.
4.2.7 4-[1-(Benzenesulfonyl)pyrrolidine-2-amido]benzoic acid (139):

Yield (0.37 g, 99.98%): mp 171.50-171.8D; FTIR (KBr) v/cm* 3363, 2958, 2688, 1688,
1677, 1602, 1573, 1446, 1422, 1354, 1313, 12013,11695, 1073, 1016H NMR (400 MHz,
DMSOd) 8y 7.80-7.78 (d, 2H)) 7.32 Hz, ArH), 7.67-7.63 (t, 1H] 7.32 Hz, ArH), 7.59-7.55 (t,
2H,J 7.24 Hz, ArH), 7.21-7.07 (m, 2H, ArH), 6.52-6.50) PH,J 8.68 Hz, ArH), 5.83 (s, 1H, NH),
4.08-4.05 (dd, 1HJ 4.60, 5.04 Hz, CH-C=0), 3.34-3.28 (m, 1H, CH of 8ii)f 3.13-3.08 (m, 1H,
CH of CH:N), 1.85-1.71 (m, 3H), 1.51-1.47 (m, 1H, CHC NMR (100 MHz, DMSOg) dc 173.7,
168.1, 153.7, 133.6, 131.8, 129.9, 129.4, 128.7,.612125.8, 117.4, 113.1, 60.9, 48.9, 30.9,
24.7466; HRMS (FTMS+ESDn/z, observed: 393.1121; 18H,1N20sS (M+H30), requires:
393.1122.
4.2.8 4-[1-(2-M ethylbenzenesulfonyl)pyrrolidine-2-amido]benzoic acid (13h):

Yield (0.39 g, 100%); mp 119.90-120.20; FTIR (KBr) v/cmi® 3382, 3020, 2981, 2632,
1692, 1688, 1604, 1574, 1443, 1422, 1313, 12908,11531, 1091, 1016H NMR (400 MHz,
CDsOD) 8y 7.75-7.72 (m, 2H, ArH), 7.44-7.40 (t, 18,6.64 Hz, ArH), 7.34-7.28 (m, 1H, ArH),
7.19-7.13 (m, 2H, ArH), 7.11-7.05 (m, 2H, ArH), 8:4.13 (t, 1H,J 4.30 Hz, ArH), 3.45-3.43 (m,
2H, CH,N), 2.59 (m, 3H, CHtAr), 1.85-1.66 (m, 2H, Ch), 1.59-1.42 (m, 2H, CH; *C NMR
(100 MHz, CRROD) Jc 174.3, 169.4, 153.2 (C-COOH), 137.6, 132.9, 13129.6, 127.9, 126.0,
125.0, 117.8, 113.1, 60.1, 30.9, 24.3, 20.2, 1BBMS (FTMS+ESI)nVz, observed: 389.1163;
C10H21N20OsS (M+H), requires: 389.1164.
4.3 Biological Assay
4.3.1 In vitro antitrypanosomal activities

In vitro antitrypanosomal activities againstb. gambiense strain was described by Otoguro
et al [30]. In brief, T. b. gambiense strain was cultured in IMDM with various supplensand 10%

heat-inactivated FBS at 37 °C, under 5.0%,(06% air according to the method of Badtzal [31].



Ninety five mL of T. brucel gambiense suspension (2.0-2.5 trypanosomes/mL for strain &UBT1)
was seeded in a 96-well microplate, and 5.0 mL &fsh compound solution (dissolved in 5.0%
dimethylsulfoxide) was added followed by incubatifmm 72 h. Ten mL of the fluorescent dye
Alamar Blue was added to each well. After incubafior 3-6 h, the resulting solution was read at
528/20 nm excitation wavelength and 590/35 nm eomswavelength by a FLx800 fluorescent
plate reader (Bio-Tek Instrument, Inc. Vermont, YSBata were transferred into a spreadsheet
program (Excel). The 1§ values were determined using fluorescent platderesoftware (KC-4,
Bio-Tek). Successive subcultures were done in 2#-tigsue culture plates under the same
conditions.
4.3.2 In vivo anti-inflammatory activities deter mination

Edema was produced by using 1% carrageenan salldamt volumes were measured in
plethysmometer by mercury displacement. The instninwas calibrated before performing the
experiment using standard calibrated probe numhdr sdandard drug used was indomethacin.
Anti-inflammatory activity was determined by careagan induced rat hind paw edema method.
The tested compounds and reference drug (indomejhaere administered orally at a dose level
of 100 mg/kg and 25 mg/kg respectively. After auof oral medication, all rats were injected
with 1% carrageenan suspension (0.05 mL/animad) thé sub-planter surface of the right hind
paw. The thickness of both paws were measuredfatefit time intervals of zero, 1 h, 2 h and 3 h,
after carrageenan injection. The anti-inflammataagtivity of the tested compounds and
indomethacin were calculated as the percentagea®sern carrageenan-induced edema thickness
and was determined with the following formula [3R].vivo efficacy studies in rat were conducted
according to the rules and regulations for the gotodn of animal rights of Nigeria. They were

approved by the veterinary office of UniversityMifjeria, Nsukka, Nigeria.

” 100 where \. = volume of control, Y= volume of test

Cc

Percentage inhibitionycv_

sample.

4.3.3 Determination of L Dsp for the active anti-inflammatory compounds



Male mice were divided into various groups and tesapounds were administered in various doses
intraperitoneally. Following treatments, the anisnalere observed for up to 6 h continuously and
were then kept under observation for 72 h. All b&bral changes and deaths during the
observation periods were recorded. The percentadeath at each dose level was then calculated,
converted to probits and the EJuM/kg) values were calculated [33]. To obsenelikalth status

of the mice, they were monitored 4 times a day. Hoenendpoints were used when the animal
shows sign of weight loss, weakness accompanietthdynability to get food, complete anorexia
and convulsion for 24 h. For the purpose of amatiog the suffering of the dying mice, €O
euthanasia was applied. All the dead mice wereodegp in bio-safety containers in accordance
with local standard protocols. The mortality rategach group was calculated according to the
formula:

Mortality rate (%)= (the number of dead mice/thentner of mice in the group)x2100.

4.3.4 Physicochemical Properties

The prediction was based on molecular weight (M@&iculated logP, topological polar
surface area (TPSA), hydrogen bond donors (HBDJrdyen bond acceptor (HBA) and number of
rotatable bond (NRB) and number of violation (NWiah is a record of the number of violations.
The Physicochemical Properties Study was carrigdusing molinspiration, MedChem designer
3.0 and DrugLiTo software.

5.0 Supplementary Infor mation

The'H NMR, **C NMR and HRMS spectra are available
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Highlights

1.

Structure-based design and synthesis of novel proline derived sulphonamides is reported

The link between excessive sleep and inflammation calls for the synthesis of antitrypanosomal
agents with additional anti-inflammatory properties.

In vitro and in vivo studies reveal that the reported compounds possessed good
antitrypanosomal and anti-inflammatory activities.

Physicochemical properties prediction was carried out to assess the oral bioavailability,
transport and permeability properties of the compounds.



