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Abstract

The synthesis of new derivatives of pyrrole subsil sulfonamide groups is described. Thevitro
anticancer activity of these pyrroles was evaluatgdinst MCF7, MOLT-4 and HL-60 cells using MTT
assay. The target compounds showed inhibitory ictagainst tested cell lines. Among the compounds,
compoundla exhibited good cytotoxic activity. The potential this analog to induce apoptosis was
confirmed in a nuclear morphological assay by Heec#B258 staining in the PC-12 cells. Finally,
molecular docking was performed to determine thebable binding mode of the designed pyrrole
derivatives into the active site of FGFR1 prot®&&T calculations were carried out at the B3LYP I\
theory with 6-31+G (d,p) basis set for compoutiad The point group (g of it was obtained based on the
optimized structures; the calculation of the FTviBrational frequenciesH NMR and™C NMR chemical

shifts of the compound were carried out and contpaiith those obtained experimentally.
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1. Introduction
These days the number of cancer related mortalitydreasing and one of the most leading causdsaih
in the world is canceDespite the immense advances and efforts in tHd @& cancer research, no
currently available drugs can exterminate canc#s @athout harming normal tissues [1]. The fibrast
growth factor (FGF) that signals through FGF recep(FGFR1, FGFR2, FGFR3 and FGFR4) plays an
important role in many physiologic processes, casiqy embryogenesis, regulation of angiogenesis,
wound healing and inflammation [2-4]. These farsile proteins are expressed on various types ¢ cel
and regulate cellular actions, such as proliferatibfferentiation, survival and metastasis of turoells. In
this view, they are considered as the targetsdocer therapys].

There are several reports on small molecule FGRiters. Some of them such BYP-BGJ398
andAZD4547 have entered clinical trials athdy 2874455 showed good FGFR inhibitory activity [6] (Fig.
1). Different series of nitrogen containing fivesmigered heterocyclic compounds have been reported as
inhibitors of FGFR [7-9]. Therefore, the developmemd discovery of new anticancer agents with

promising activity, selective and high therapeinibex is still a major challenge to medicinal chsisii
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Fig. 1. The structure of some FGFR inhibitors.
Pyrrole and its derivatives are well known as thesmimportant nitrogen-containing heterocyclic
compounds due to their present as structural stdoehimany natural products including heme, vitamin

B12, and cytochromes, bile pigments, and alkalffifs 11].
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Fig. 2. The biologically active compounds containing tlyerple moiety.
They have also exhibited remarkable biological\étédis such as antibacterial [12], antitubercula8][
antitumor [14], anti-inflammatory [15] and antiomidt activity [16]. Some biologically important
compounds containing the pyrrole moiety such asvastatin (a cholesterol-lowering agent), tolmetird

anthelmintic pyrvinium (nonsteroidal anti-inflamroag drugs), BM212 and its derivatives (Mycobactariu



tuberculosis activity) [17-214re shown in Fig. 2. Moreover, pyrroles are usednascticides [22] and
useful building units in the field of material chistny [23].

In recent years, the synthesis of drugs bearinfprsainide groups in their structures has been
attended. They are exhibited a significant biolabjmroperties including anticancer [24], antimah{R5],
anti-inflammatory [26].antihypertensive [27], anticonvulsant, and herlatidroperties [28]. A series of
these drugs such as sulfonamide KCN1 which wasrtegh@s an antitumor agent and the HIV protease
inhibitor amprenavir was used for the treatmenAlidS and HIV infections [29, 30]. In addition, itas
reported that sulfonamides were used as inhibitwfrsthe activity of the enzymes for example;

dihydropteroate synthase (DHPS) [31], matrix metaibteinase [32], and carbonic anhydrase (CA) [33].
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Fig. 3. Chemical structures of some therapeutic sulfonamid

Moreover, sulfonamide drugs have been reported saghbenzoxazine-6-sulfonamides aBd¥070
(anticancer agents) [34, 35], and anti-glaucomapmmds acetazolamideZA and methazolamid&l ZA
[36-38] (Fig. 3). Therefore, due to the pharmacological amlogical importance of sulfonamides and
nitrogen-containing heterocyclic compounds in midicchemistry, the synthesis of compounds bearing
sulfonamide moieties with the aim of outstandingldjical properties has become interesting field in
research.

In this study, we reported the synthesis of a néassc of pyrrole derivatives substituted

sulfonamide groups. These compounds were subsdguewntluated for anticancer activity and



morphological study. The binding mode of thesewddives with the active site of the FGFR1 proteasw

also investigated by molecular docking.

2. Experimental Section

2.1. Materials and methods

The chemicals were purchased from Merck and Ald@blemical Companies. The progress of the reactions
was monitored by TLC on silica gel PolyGram SILG/2B4 plates. For recordé#iNMR and**C NMR
(400 MHZ and 100 MHZ, respectively) spectra we uBedker (400 MHz) Avance Ultrashield in pure
deuterated DMSO+dsolvent with tetramethylsilane (TMS) as intern@nslards. The FT-IR spectroscopy
(Shimadzu FT-IR 8300 spectrophotometer) was runcfmaracterization of the products. Mass spectra
(FINNIGAN-MAT 8430 mass spectrometer) were employd/0 eV. Melting points were obtained in
open capillary tubes in a Barnstead Electrothe980 BZ circulating oil melting point apparatus.-RPZ

(rat pheochromocytoma), MCF7 (human breast adenimwana), MOLT-4 (human acute lymphoblastic
leukemia) and HL-60 (promyelocytic leukemia) cellsre obtained from the National Cell Bank of Iran
Pasteur Institute (Tehran, Iran). The cell cultoredium (RPMI 1640), fetal bovine serum (FBS), and
penicillin—streptomycin were obtained from Gibco IBRLife technology, Paisley, Scotland). 3-(4,5-
Dimethyltiazol-2-yl)-2,5-diphenyl-tetrazolium brode (MTT) powder and Hoechst 33258 were purchased

from Sigma Chemicals Co. (Germany). The culturéeglavere purchased from Nunc (Denmark).

2.2 Cytotoxicity activities

221 Cdl culture
All cell lines were cultured in RPMI 1640 mediumpplemented with 10% fetal bovine serum, 100 pg/mL

streptomycin, and 100 U/mL penicillin at 3Z in a humidified incubator with 5% GO

2.2.2.  Cytotoxicity assay

The cytotoxicity activity of the synthesized compds was determined by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide (MTT) assay. Tl#iswere seeded in 96-well plates (5 % &6lls/mL)
and incubated for 24 h to allow cell attachmentotder to prepare stock solution, all of the sysihed
compounds were dissolved in DMSO. The final conadinn of DMSO in the culture medium did not

exceed 0.5%. Different concentrations of the compsu(25, 50, 100 and 200 uM) were prepared in



culture medium and added to the wells in triplicatel incubated for another 72 h. In the followi890 uL

of MTT reagent (5 mg/mL) was diluted in 5.6 mL phbate buffered serum (PBS). 80 uL of the obtained
MTT solution was added to each well and the platesbated for an additional 3 h at 32. Thereafter, the
culture medium was removed and the formazan ptetdsi were dissolved in 200 pL dimethylsulfoxide
(DMSO). Cisplatin was used as a positive controlalfy, the absorbance of each well was determimed
plate reader (Anthous 2020; Austria) at 570 nm Jgilickground correction at 655 nm. Cell viabilitysva
calculated using the following formula:

Ab(S)— Ab(B)

Viability =
Y T 4bs(C) — Ab(B)

(1)

Where Ab (S), Ab (B) and Ab (C) are the colorimetimtensity of the cells incubated with the samples
blank (wells contained only growth medium for bawkgnd correction) and negative control (wells
contained cells but no drugs) respectivelysol@alues were calculated with the software CurveBxpe

version 1.34 for Windows.

2.2.3.  Morphological study
PC-12 cells (5 x1well) were seeded in 24-well plates and incubdoe®4 h. The cells were treated with
and without compounda for 48 h. After incubation, the cell morphology svassessed by Axiovert 25

phase-contrast microscope (Zeiss, Germany).

2.2.4. Hoechst 33258 staining Assay

The ability of the target compounds to induce apsigtin PC-12 cells was evaluated morphologicajly b
Hoechst 33258 staining test [39]. Briefly, the se(V x 16/well) were seeded in 12-well plates and
incubated in a humidified atmosphere at’87with 5% CQ. Then, the cells were treated with and without
compoundla for 48 h. Plates were washed with PBS and stawmiéd 0.5 pL of Hoechst 33258 (10
mg/mL) and incubated at 3T for 15 min at room temperature. Afterwards, tetiscwere immediately

analyzed by an Axoscope?2 plus fluorescence micpisémm Zeiss (Germany).

2.3. Molecular docking
The crystal structure of FGFR1 was obtained from BErotein Data Bank (PDB code: 4ZSA). Water
molecules and co-crystalized ligands were excluifatidation of molecular docking protocol was chedk

via testing the ability of AUTODOCK 4.2 to reproduthe binding mode of cognate ligand. The PDB file



of protein was regenerated. An N-terminus of a rthaicapped with ACE (acetyl) while C-terminus is
capped with NME (formyl) moiety. The Reduce progrghl] used to determine the hydrogen coordinates
using steric considerations and geometric hydrdmerd network analysis; ionization and flipped staié
His, Glu and Asp are assigned on geometric groaiase and rotamers are assigned from a fixed descre
collection. The loops were modeled by MODELLER @rgram [41] by merging the appropriate residues
in missing loop locations. The three-dimensionalcttires of compounds were built using the Avogadro
software. Structure optimization at [B3LYP combirted5-31G (d,p) and 6-31+G(d,p)] level of theoryswa
performed using Gaussian 09 package software. €geeds of torsions were defined to generate PDBQT
format of the ligands. The grid parameter file wasated using AutoGrid implemented in the MGLTools
package. The grid size was set to 60 x 60 x 60tpeiith spacing value 0.375 A. The prepared ligands
were docked in the rigid macromolecule using Lakiarc Genetic Algorithm (LGA), with 200 GA runs
and 25000 000 energy evaluations while the othexmaters were left as default.

Molecular docking was performed by AutoDock 4.2 amdults were analyzed with the aid of the
AutoDockTools-1.5.6. Cluster analysis was donehendocking results using a Root mean square demwiati

(RMSD<2 A).

2.4. General procedurefor the synthesis of pyrrole derivatives bearing sulfonamide groups (1)

A mixture of sulfonamideq; 1 mmol), phenylglyoxal monohydra{g; 1 mmol), 1,3-dicarbonyl compoun8;(
1mmol), dimethyl acetylene dicarboxylgi® 1 mmol) or acetylacetond@ 1 mmol) in ethanol (96%, 5 mL)
was refluxed with stirring in an oil bath. The pregs of the reaction was monitored by TLC. Aftempletion

of the reaction, the resulting solidere filtered and washed with warm ethanol to ebfaireproduct [42].

Dimethyl-4-(1,3-dimethyl-2,4,6-trioxohexahydr opyrimidin-5-yl)-1-(4-methoxy-3-

(mor pholinosulfonyl)phenyl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (1a): Light pink solid; Yield:
95%; m.p. 177-179C; IR (KBr) (vmaxcni™): 3000, 2980, 2850 (C-H), 1522 (C=C), 1729, 16Z8Q),
1344, 1165 (S@; 'H NMR (400 MHz, DMSO-¢) J (ppm): 2.78 (m, 4H, 2 x CHj, 3.18 (s, 6H, 2 x Ch),
3.52-3.54 (m, 4H, 2 x C} 3.64 (s, 3H, Ch), 3.69 (s, 3H, Ch), 3.90 (s, 3H, OCH}, 4.98 (s, 1H, CH),
7.20-7.22 (m, 2H, Ar), 7.30-7.36 (m, 5H, Ar), 7.@8l, 1H,J; = 8.8,J, = 2.8 Hz, Ar);"*C NMR (100 MHz,
DMSO-g) 6 (ppm): 28.9, 46.1, 52.3, 53.3, 56.9, 66.1, 1141%.Q, 124.7, 128.4, 128.8, 128.9, 129.2,
129.3, 129.7, 130.7, 131.1, 134.8, 138.7, 152.7,015162.0, 163.9, and 168.0; Mass spectnm 668.3
[M™]; Anal. Calcd. (%) GH3N40.:S: C, 55.68; H, 4.82; N, 8.38; S, 4.80; Found: &33; H, 4.79, N,
8.11; S, 4.48.

Dimethyl-4-(1,3-dimethyl-2,4,6-trioxohexahydr opyrimidin-5-yl)-1-(4-methoxy-3-(N-
phenylsulfamoyl)phenyl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (1b): Light pink solid; Yield: 96%,



m.p. 207-209C; IR (KBr) (vmaxCmi): 3288 (N-H), 3100 (C-H), 1495 (C=C), 1723, 16920), 1332,
1158 (SQ); *H NMR (400 MHz, DMSO-¢) ¢ (ppm): 3.18 (s, 6H, 2 x CH{ 3.56 (s, 3H, OCH), 3.63 (s,
3H, OCH), 3.89 (s, 3H, OCEHJ, 4.97 (s, 1H, CH), 6.99-7.05 (m, 3H, Ar), 7.114 (m, 3H, Ar), 7.20-7.28
(m, 4H, Ar), 7.32-7.36 (m, 1H, Ar), 7.42 (dd, 18,= 8.8,J, = 2.8 Hz, Ar), 7.57 (d, 1H] = 2.8 Hz, Ar),
10.20 (s, 1H, S@NH); *C NMR (100 MHz, DMSO-g) § (ppm): 28.9, 48.2, 52.3, 53.2, 57.1, 113.2, 113.8,
115.9, 119.8, 124.2, 126.8, 128.5, 128.7, 129.9,412129.5, 129.9, 130.0, 130.3, 130.9, 134.8,8,37.
138.6, 152.2, 156.6, 161.9, 163.8, and 168.0; Mgmsctrumm/z 674.3 [M]; Anal. Calcd. (%)
CsaHaoN4040S: C, 58.75; H, 4.48; N, 8.30; S, 4.75; Found: £48; H, 4.51, N, 7.98; S, 4.46.
Dimethyl-1-(3-(N-(chlor ophenyl)sulfamoyl)-4-methoxyphenyl)-4-(1,3-dimethyl-2,4,6-
trioxohexahydropyrimidin-5-yl)-5-phenyl-1H-pyrrole-2,3-dicar boxylate (1c): Light pink solid; Yield:
93%; m.p.> 250 °C; IR (KBr) (vmaxcm?): 3288 (N—H), 3050 (C-H), 1517 (C=C), 1722, 16@E0Q),
1322, 1160 (S€); 'H NMR (400 MHz, DMSO-g) J (ppm): 3.18 (s, 6H, 2 x C} 3.59 (s, 3H, Ch), 3.63
(s, 3H, CH), 3.89 (s, 3H, OC}H), 4.97 (s, 1H, CH), 7.01-7.04 (m, 1H, Ar), 7.11% (m, 3H, Ar), 7.24-7.33
(m, 6H, Ar), 7.44 (dd, 1H), = 8.8,J, = 2.8 Hz, Ar), 7.56 (d, 1H] = 2.8 Hz, Ar), 10.36 (s, 1H, SAH);
13C NMR (100 MHz, DMSO-g) § (ppm): 28.9, 48.2, 52.3, 53.2, 57.1, 113.8, 115M,.4, 126.2, 128.3,
128.5, 128.7, 129.0, 129.3, 129.5, 129.9, 130.0,9.335.0, 136.8, 138.6, 152.2, 156.6, 161.9,8,6Hhd
168.0; Mass spectrum/z. 710.3 [M?], 708.3 [MT; Anal. Calcd. (%) GH»sCIN,O1S: C, 55.89; H, 4.12;
Cl, 5.00; N, 7.90; S, 4.52; Found: C, 55.61; H54 M, 7.57; S, 4.18.

Dimethyl-1-(3-(N-(4-chlor ophenyl)sulfamoyl)-4-methoxyphenyl)-5-phenyl-4-(2,4,6-
trioxohexahydropyrimidin-5-yl)-1H-pyrrole-2,3-dicar boxlate (1d): White solid; Yield: 88%; m.p> 250
°C; IR (KBr) (vmaxCh): 3241, 3184 (N-H), 3075 (C-H), 1538 (C=C), 175010 (C=0), 1342, 1161
(SOy); 'H NMR (400 MHz, DMSO-g¢) 6 (ppm): 3.59 (s, 3H, CH), 3.67 (s, 3H, Ch), 3.89 (s, 3H, OCH),
4.82 (s, 1H, CH), 6.91-6.93 (m, 1H, Ar), 7.01-7(68 1H, Ar), 7.10-7.14 (m, 3H, Ar), 7.22-7.35 (ni,5
Ar), 7.42 (dd, 1HJ; = 9.0,J, = 2.4 Hz, Ar), 7.54 (d, 1H] = 2.4 Hz, Ar), 10.36 (s, 1H, SAH), 11.31 (s,
2H, NH); **C NMR (100 MHz, DMSO-g) ¢ (ppm): 48.1, 52.1, 53.2, 57.1, 113.8, 115.6, 12125.1,
128.2, 128.3, 128.5, 128.8, 128.9, 129.2, 129.9,52129.9, 130.0, 130.1, 130.3, 130.9, 135.0, 8,36.
151.4, 156.6, 162.0, 163.8, and 169.6; Mass spaciniz. 682.7 [M?], 680.9 [MT]; Anal. Calcd. (%)
Ca1H2:CIN4O40S: C, 54.67; H, 3.70; CI, 5.21; N, 8.23; S, 4.74uiRd: C, 54.34; H, 3.64, N, 7.91; S, 4.43.
5-(3-Acetyl-4-(1,3-dimethyl-2,4,6-trioxohexahydr opyrimidin-5-yl)-2-methyl-5-phenyl-1H-pyrrol-1-
yl)-2-methoxy-N-phenyl-benzenesulfonamide (1€): White solid; Yield: 94%; m.p> 250 °C; IR (KBr)
(VmaxCMTY): 3419 (O—H, N-H), 3072 (C-H), 1573 (C=C), 167G=(D, 1346, 1159 (S, ‘H NMR (400
MHz, DMSO-d) ¢ (ppm): 2.13 (s, 3H, C), 2.16 (s, 3H, Ch), 3.05 (s, 6H, Ch), 3.89 (s, 3H, OCH),
6.95-6.99 (m, 5H, Ar), 7.00-7.03 (m, 3H, Ar), 7.4} 1H,J = 8.8 Hz, Ar), 7.19-7.25 (m, 3H, Ar), 7.44 (d,
1H, J = 2.8 Hz, Ar), 10.16 (s, 1H, S8H); *C NMR (100 MHz, DMSOds) ¢ (ppm): 13.5, 27.6, 29.3,
57.0, 82.2,113.8, 119.7, 120.1, 123.7, 124.1,2.286.5, 127.6, 129.5, 130.2, 130.5, 130.5, 1338,1,
134.9, 135.1, 138.0, 153.6, 155.8, 162.7, and 19d&ss spectrunmvz. 614.4 [M]; Anal. Calcd. (%)
CaH3oN4O;S: C, 62.53; H, 4.92; N, 9.11; S, 5.22; Found: £28; H, 4.88, N, 8.82; S, 4.89.

'H NMR (400 MHz, DMSO-¢ + D,0) 6 (ppm): 2.11 (s, 3H, Ch), 2.15 (s, 3H, Ch), 3.05 (s, 6H, CH),
3.87 (s, 3H, OCk), 6.95-6.96 (m, 4H, Ar), 6.98-7.04 (m, 4H, Ar)12.(d, 1H,J = 8.8 Hz, Ar), 7.19-7.28
(m, 3H, Ar), 7.45(d, 1H, J = 2.4 Hz, Ar).



5-(3-Acetyl-4-(1,3-dimethyl-2,4,6-trioxohexahydr opyrimidin-5-yl)-2-methyl-5-phenyl-1H-pyrrol-1yl)-
N-(4-chlor ophenyl)-2-methoxybenzenesulfonamide (1f): White solid; Yield: 89%; m.p> 250 °C; IR
(KBr) (VmaxCh): 3419 (O-H, N-H), 3070 (C-H), 1574 (C=C), 166846 (C=0), 1350, 1160 (S 'H
NMR (400 MHz, DMSO-g) J (ppm): 2.15 (s, 3H, CH), 2.16 (s, 3H, Ck), 3.05 (s, 6H, CH), 3.89 (s, 3H,
OCHg), 6.95-6.99 (m, 5H, Ar), 7.01-7.04 (m, 2H, Ar)1%.(d, 1H,J = 8.8 Hz, Ar), 7.25-7.29 (m, 3H, Ar),
7.42 (d, 1HJ = 2.4 Hz, Ar), 10.33 (brs, 1H, SH); *C NMR (100 MHz, DMSO-g) 6 (ppm): 13.5, 27.6,
29.3, 57.0, 82.2, 113.8, 120.1, 121.4, 123.7, 12827.6, 128.0, 129.4, 130.2, 130.5, 130.5, 13233,1,
134.9, 135.2, 153.6, 155.8, 162.7, and 196.8; Masstrumm/z. 650.3 [M?], 648.3 [M]; Anal. Calcd.
(%) C3HooCINLO;S: C, 59.21; H, 4.50; CI, 5.46; N, 8.63; S, 4.94uRd: C, 58.87; H, 4.45, N, 8.32; S,
4.63.

5-(3-Acetyl-4-(4-hydr oxy-2-oxo-2H-chr omen-3-yl)-2-methyl-5-phenyl-1H-pyrr ol-1-yl)-2-methoxy-N-
phenylbenzenesulfonamide (1g): White solid; Yield: 83%; m.p. 219-22C; IR (KBr) (VmaeCMmi"): 3419
(O-H, N-H), 3080 (C-H), 1495 (C=C), 1635, 1600 (§={842, 1158 (S€; *H NMR (400 MHz, DMSO-
ds) 6 (ppm): 2.16 (s, 3H, CH), 2.17 (s, 3H, CH), 3.89 (s, 3H, OCH), 6.96 (m, 5H, Ar), 7.01-7.04 (m, 3H,
Ar), 7.09-7.16 (m, 3H, Ar), 7.19-7.23 (m, 2H, A7),33-7.37 (m, 2H, Ar), 7.49 (s, 1H, Ar), 7.80 (¢4, =
7.2 Hz, Ar), 10.18 (s, 1H, S8H); **C NMR (100 MHz, DMSO-g) 6 (ppm): 13.5, 29.3, 57.0, 93.6, 113.9,
115.8, 119.7, 121.9, 124.1, 125.3, 126.4, 126.5,72129.1, 129.5, 130.0, 130.1, 130.3, 130.5, 1135.
138.0, 154.3, 155.9, 164.4, and 196.5; Mass speatiiz. 620.7 [M7]; Anal. Calcd. (%) GsH»sN-0O-S: C,
67.73; H, 4.55; N, 4.51; S, 5.17; Found: C, 67H]14.52, N, 4.20; S, 4.87.
3-(4-Acetyl-1-(4-methoxy-3-(mor pholinosulfonyl)phenyl)-5-methyl-2-phenyl-1H-pyrr ol -3-yl)-4-

hydr oxy-2H-chromen-2-one (1h): White solid; Yield: 85%; m.p. 245-24T; IR (KBr) (Vma,C): 3419
(O-H), 3080 (C-H), 1496 (C=C), 1638, 1600 (C=C43, 1161 (SQ; 'H NMR (400 MHz, DMSO-¢) 6
(ppm): 2.17 (s, 3H, CH), 2.37 (s, 3H, Ck), 2.68-2.71 (m, 4H, 2 x G 3.53 (m, 4H, 2 x C}h), 3.92 (s,
3H, OCH,), 6.98-7.15 (m, 8H, Ar), 7.33-7.40 (m, 2H, Ar)73-7.89 (m, 2H, Ar)*C NMR (100 MHz,
DMSO-d&) J (ppm): 13.7, 29.3, 46.0, 56.9, 66.1, 93.3, 11415.8, 120.1, 122.0, 123.5, 124.6, 125.4,
126.3, 127.8, 130.0, 130.4, 130.6, 131.4, 132.8.313135.1, 135.3, 154.3, 156.2, and 196.5; Mass
spectrumm/z. 614.6 [M]; Anal. Calcd. (%) GaH3oN,OgS: C, 64.48; H, 4.92; N, 4.56; S, 5.22; Found: C,
64.16; H, 4.87, N, 4.38; S, 4.91.

5-(3-Acetyl-2-methyl-5-phenyl-4-(2,4,6-trioxohexahydr o-pyrimidin-5-yl)-1H-pyrr ol-1-yl)-2-methoxy-
N-phenyl-benzenesulfonamide (1i): White solid; Yield: 91%, m.p> 250°C; IR (KBr) (VmaxCni>): 3395,
3252 (N-H), 3100 (C-H), 1498 (C=C), 1725, 1634 (¢=1344, 1161 (S; ‘H NMR (400 MHz, DMSO-
ds) 6 (ppm): 2.25 (s, 3H, Ch), 2.40 (s, 3H, Ch), 3.91 (s, 3H, OCH), 4.49 (s, 1H, CH), 7.00-7.04 (m, 5H,
Ar), 7.16-7.25 (m, 6H, Ar), 7.40 (dd, 1K, = 8.8,J, = 2.8 Hz, Ar), 7.51 (d, 1H] = 2.8 Hz, Ar), 10.21 (s,
1H, SQNH), 11.05 (s, 2H, NH)**C NMR (100 MHz, DMSO-¢) § (ppm): 14.1, 30.7, 48.5, 57.1, 114.0,
114.7, 119.6, 124.1, 126.6, 128.4, 128.8, 129.9.512130.0, 130.2, 130.6, 131.0, 135.6, 136.6, A, 37.
138.0, 151.8, 156.4, 169.8, and 194.6; Mass spaatuz. 586.6 [M]; Anal. Calcd. (%) GoH,6N4,O;S: C,
61.42; H, 4.47; N, 9.55; S, 5.47; Found: C, 61H,14.50, N, 4.32; S, 5.19.

3. Reaultsand Discussion

3.1. Chemistry



The synthetic route to obtain pyrrole compoundsibgasulfonamide groupslé-i) is outlined in
Scheme 1. Initially, sulfonamide derivative6a{c) have been carried out according to the reported

procedure [43, 44].

NH, NHCOCH3 NH> a) R = H; R' = CgHs-
1) (CH3C0),0 1) RR'NH b) R = H; R' = 4-CI-CgHg-
2) HSOgC| 502C| 2) HCI, Hzo SOZNRR' C) e} NH
OCHjs OCHj4 OCHjs —
2 4 6
CO,Me
Il MeO,C
COZMe
9 MEOZC
" SO,NRR
2 HO OCHjs
‘\L Ethanol 1 (a-d)
SO2NRR / reflux
OCHjs
10

OH
H. J\ H o HeCo )k _CHg Q SO,NRR'
M OCH;

o 0O
8a 8b 8c

Scheme 1 Synthesis of pyrrole derivatives bearing sulfordgemyroupsla-i

As demonstrated in Scheme N;(4-methoxyphenyl)acetamidg was obtainedvia the reaction
betweenp-anisidine 2 and acetic anhydride which was treated with cldolfonic acid to give the
intermediatet. The arylsulfonyl chloride intermediaiewas converted into corresponding sulfonantide
the presence of various amines and anhydrous NaHEQoom temperature and under solvent-free
conditions. Finally, the compound$afc) were hydrolyzed with water and acid to give soéfmide
derivatives 6a-c) in high yield and purity. The reaction of sulfonide derivatives Ga-c) with
acetylacetone or dimethyl acetylene dicarboxylate, 3-dicarbonyl compounds and phenylglyoxal

monohydrate under catalyst-free conditions affordauesponding final compoundsa-i (Scheme 2).



© N-CH; © N—CH,
H3COC H3CO,C
O ] \ (@]
HaCOC™ HaCOC™
SN O SO,NH L SONH cl
la OCH302 \_/ 1b OCH3 c ()C:H3
Time = 30 min; Yield = 95% Time = 30 min; Yield = 96% Time = 30 min; Yield = 93%
Amine = 6¢ and Dicarbonyl 8b Amine = 6a and Dicarbonyl 8b Amine = 6b and Dicarbonyl 8b

OCH; OCH;
Time = 120 min; Yield = 88% Time = 30 min; Yield = 94% Time = 30 min; Yield = 89%
Amine = 6b and Dicarbonyl 8a Amine = 6a and Dicarbonyl 8b Amine = 6b and Dicarbonyl 8b

SON H@ SN O 1 SQNH@
1h _/ OCH,

Time = 120 min; Yield = 83% Time = 120 min, Yield = 85% Time = 50 min; Yield = 91%
Amine = 6a and Dicarbonyl 8c Amine = 6¢ and Dicarbonyl 8c Amine = 6a and Dicarbonyl 8a

Scheme 2 The structure of synthesized pyrrole derivativearing sulfonamide grougds-i

High chemical yields were achieved in short reactitne and without the need for column
chromatography or recrystallization. It is worth ntiening, there are possible tautomeric structures
(Scheme 3) for the synthesized pyrroles. Theseoitaiic structures come from common hydrogen
bonding interaction between hydrogen and oxygemiwogen [45, 46]. The structures of these pyrrole
derivatives were elucidated on the running spedi@a and elemental analysis. The IR spectra of
synthesized pyrrolega-i approved clearly the certain structures by obsgrthe absorption bands for
C=0, NH, and S@functions at their determined regions. TReNMR spectra of pyrrolesa-c were shown

the singlet peaks at 3.18 ppm and in the regio8.56-3.90 ppm for the methyl and methoxy protons
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respectively. The CH proton of the pyrimidine riwgs appeared as singlet between 4.97 and 4.98 ppm.
Also, the aromatic protons and the NH proton of shfonamide moiety were observed in the region of
6.99-7.68 ppm and 10.21-10.36 ppm, respectivelg @ NMR spectra of these pyrroles were appeared
signals between 152.1 and 168.0 ppm correspondirthet carbonyl carbon atoms and signals between
113.2 and 138.6 ppm corresponding to the carboheoadouble bonds. Also, aliphatic carbon atoms were
shown in the range of 28.9-66.1 ppm.

Similarly, the structures of other pyrrole derivas were determined by IR4 NMR, *C NMR,

Mass spectroscopy and elemental analysis.

SOJ\III@ SO:N”@ sogvn@
OCH, OCH,

OCH;
1i () 1i N 1i (ITD)

Scheme 3 Possible tautomeric forms of compourgsand1i.

3.2. Cytotoxicity activities

All of these new synthesized pyrrole derivativesravecreened for biological properties as anticancer
activity against three human cell lines includin@€®?, MOLT-4 and HL-60 using MTT assay [47]. The
different concentrations of the target compounds 80, 100 and 200 uM) was selected to treat vetls c
and Cisplatin was used as reference drug. Theaytity activity of these analogs is shown in Talile

The results of tested pyrroles displayed a broadeaof cell growth inhibitory activity toward testeell
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lines. Among the compounds-i, compoundla having morpholine ring at sulfonamide moiety exteith
good inhibitory activity against tested cell linggh 39.0, 25.5 and 30.6 uM tgvalues for MCF7, MOLT-
4 and HL-60 respectively. Replacing morpholine rfimgcompoundla) with phenyl ring (compoundb) at
sulfonamide moiety led to loss of inhibitory actyvintroduction of chloro substitution to sulfonataiin
compoundlc afforded better inhibitory activity (l§g= 51.2, 38.3 and 45.4 uM respectively) in comuaris
to its counterpartb. In contrast, the replacement of 1,3-dimethyl karle acid group (compountic) with

barbituric acid group (compouridl) at 4-position of pyrrole ring did not affect iblitory activity.

Table 1 Cell growth inhibitory activity of synthetic pyrrelderivatives assessed by the MTT reduction

assay
ICs0 (UM)”
Compound
MCF7 MOLT-4 HL-60
1a 39.0+ 4! 255+1.; 30.6 + 3.t
1b >200 105.5 £ 3. 95.2+ 3.:
1c 51.2 +6.: 38.3+5.: 45.4 £ 8!
1d 61.9+2.¢ 42.8 + 3. 48.1+ 5.(
1e >20C >20C >20C
1f 101+ 8.1 85.3+ 7.¢ 80.1+ 2.°
1g 82.1 +6.. 63.2+ 2. 60.3+2.:
1h 65.0+ 2.: 40.2+ 9.( 42.0+8.:
Cisplatin 15.1+0.! 6.3+1.t 81+1.:
®/alues represent mean + S.E.M.
Control Treatment
= rmzf WP
= ‘ 74 \"’*_ 152
r e “,’( |
. ; W/
F . ./" , \" A
A d \ /' , I ’ "

. shrink _)'-.’."_ o
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Fig. 4. Morphological analysis of PC-12 cells in the altseand the presence of pyrrdiefor 48 h. (A)
phase-contrast microscopic images. (B) Fluorescanimeoscopic images by Hoechst 33258 staining

method.

Comparison of Ig, value of1f with those of unsubstituted analdg showed that insertion of chloro group
into 4-phenyl ring of sulfonamide moiety could irope cytotoxic effect. Moreover, compoudt having
morpholine and coumarin groups at sulfonamide mpaed 4-position of pyrrole ring exhibited inhihiyo
activity in target cell lines comparing with compallg. It indicated that the introduction of morpholine
ring to sulfonamide moiety have better anticanctiviy.

After determination of the cytotoxicity of the skesized compounds, the morphological changes in the
nuclei of PC-12 cells were examined using phasérasimicroscopy in the absence and presence of the
active compoundla. As shown in Fig. 4A, compountia-treated cells lost their polyhedral shape and
became shrinking in comparison to control cellst &poptotic detection, PC-12 cells were stained wit
Hoechst 33258. As depicted in Fig. 4B, control otreated cells appeared regular nuclei without any
fragmentation. In contrast, the active compoliagexposed cells exhibited chromatin condensation and
nuclear fragmentation. Morphological results regdathat the compounia reduced cell viability and

induced apoptosis in PC-12 cells.

3.3. Molecular docking study

To better understanding the mechanism of anticaactrity, docking studies were performed to firqmje
compounds bearing sulfonamide groups into the adite of FGFR1 (PDB code: 4ZSA) using AutoDock
4.2. The docking results are shown in Table 2. &hesults exhibited that most of the tested pysrole
displayed hydrogen bonding and hydrophobic intémastwith residues present in the active site ajeh
protein. The binding mode of the active compodadwith FGFR1 protein is depicted in Fig. 5. In the
binding mode, compountia was nicely bound to the active site of the FGFRitgin by seven hydrogen
bonds with Ala564, Lys566, Gly485, Ser565, Arg5na 8yr563 and hydrophobic interactions with amino
acid groups present in the active site which cdwddcontributed to the affinity of compourié with
FGFR1. Molecular docking results agreed with theldgjical assay data, indicated that compodads

possible inhibitor of FGFR1 protein.
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Table 2 Molecular docking results of the synthesized conmas with FGFR1

H-bond:
Compound AG i A
P (kcalimol) Amino acids Distance (A)
la -8.91 Alab64, Lys566, Gly485, Ser56 3.1,28,2.8,27, 3.
Arg576 and Tyr563 3.3 (and 3.5)
1b -7.82 Glu571, Asn568, Ser565, Tyr5€ 3.5,27,28,2.9,3
Lys482
1c -8.6: Lys482, Gly485, Glu48 Asn56¢ 3.0,27,2.8,3
1d -8.12 Asn568, Gly485, Glu486, Pro48 3.0,3.0,258,3.8,3
Lys482
le -7.3¢ Ser565, Tyr563, Glu48 3.0,28, 3.
1f -7.9¢ Asn56¢ 2.7
19 -8.51 Gly567 2.6
1h -8.24 Glu571, Gly56' 3.3, 2.¢
i -8.0¢ Asn568, Glu57 2.6, 35

Fig. 5. Presentation of the binding mode fta as the most active compound in the active sitE@GFR1

(PDB code: 4ZSA).

3.4. Computations

All calculations were performed with the Gaussi@pbogram package [48]. The geometry of compound

1la was fully optimized without imposing any symmetgnstraint with the Becke’s three-parameter hybrid

functional with the Lee— Yang—Parr correlation fiimcal (B3LYP) [49-51]. The 6-31G (d,p) [52] was

employed for the atoms dh [53]. The optimized structure d& was showed in labeled Fig. 6. Frequency

was calculated at DFT level, scaled and comparetl thie experimental frequency to check whether

stationary points from the geometry optimizatiofcakations were in real minima. As shown in Table 3
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the calculated bond lengths and bond angles aletred of theory are in reasonable agreement with th

crystallographic data.

Fig. 6. Optimized structure of compounid

Table 3 Some selected bond lengths (A) and bond angles (Ympoundla and the experimental data

Bond length (A) Calculated Experimental
C=C (aromatic) 1.39 1.37-1.38
Ns—C; 141 1.41-1.46
C=0 (ester) 1.23 1.257-1.287
C=0 (amide) 1.24 1.257-1.287
Si5s—Nog 1.88 1.613-1.657
S45=046, S15=047 1.64 1.428-1.439

Bond angles (°)

Ou6-Si5-On7 118.82 118.86
Cor-Sis—Nao 102.61 107.77
Os-S15-Cy> 105.39 108.05
C=CG 125.61 121.69-121.67
Cor—Cor-Sis 1215 120.8
CisCie-Cos 120.32 120.25
O3-Cao-Cs 124.85 125.6
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Ca5-057—Css 116.20 117.5

Ref. [54-61].

'H and*C NMR in DMSO were calculated with GIAO [62, 63R,I"H NMR and*C NMR chemical
shifts calculated at the B3LYP /6-31+G (d,p) lebakis set and compared with experimental data.

An important parameter to measure reactivity ofrtfidecules is the energy ga¥k (AE = B ymo—E+omo)-
Decreasing im\E of the molecule leads to decrease the requiretggrto remove an electron from the last
occupied orbital. A molecule with a low energy gapisually more polarisable with high chemical @by
low kinetic stability and high softness value [6Big. 7 shows the 3D plots of HOMO and LUMO orlstal

of the compounda and gap energy.

la

LUMO

AE(eV) 3.198

HOMO

Fig. 7. 3D plots of the HOMO, LUMO orbitals of compoufid andAE (The enery gap between HOMO and LUMO)
(eV)

In addition, DFT is very useful in providing chemicdescriptors such as chemical hardnegs (

electronegativity i), softness (S) and electrophilicity index)(Zhou & Navangul (1990) reported the
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principle of maximum hardness (absolute hardngs&r an N-electron system with total energy E and

are defined as:

. ) .
= [:?) ~3 (IE—EA) = ~(Erumo-Erowmo) 1)

In the formula IE is the vertical ionization enengitich is approximated as sEvo and EA for the vertical

electron affinity as -Eyumo [65]. The global softness is the inverse of chafi@ardness (Sia). The electron
L

affinity can also be used in combination with i@tinn energy to give electronic chemical potenial

negative of electron affinity f) defined as the characteristic of electronegatieftmolecules [66]:

EE 1 1
y=-U= (;—) = 2 (IE+ EA) = -3 (ELumo*Enowmo) 2

The global electrophilicity indexp, is calculated using the electronic chemical ptaéém and chemical
hardnessy [67]. According to the definition this index meassi the propensity of a species to accept

electrons and is defined as:

T

S=- 3)
Table 4 shows the gap energy, electronegativiggtedphilicity index and chemical hardness andnesf$
values of the compourith.

Table 4 HOMO-LUMO gap energy, electronegativity, electrdiaity index and chemical
hardness and softness values of compdiand

la

Eromo (eV) -7.898
ELuwo (ev) -4.699
AE_ y(ev) 3.198
Electronegativity(y Yev) 6.299
hardnessr() (ev) 1.599
Softness (S) (ey 0.3126
Electrophilicity (v ) (ev) 12.405

34.1. Computational IR
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Infrared spectra were recorded on KBr Pellet &advibrational frequencies @& were calculated

at the B3LYP / 6-31G+(d,p) level of theory. In orde assign the calculated frequency to the appraté

vibrational descriptor, the vibration modes haverbanalyzed by means of atom movements, calculated

Cartesian coordinates. The observed and calculdtbeation frequencies of the compound in the 32@D-4

cm’ region were summarized in Table 5.

The observed bands at 2980.7 and 2850.4 ame assigned to CH stretching vibrations in alijtha

moieties. The calculated wave numbers correspordirijese bands are found at 3014.4 and 28575 cm

respectively. The CH in-plane bending vibrations t® occurred in the region 1600-1000"amd are

mostly observed as combined with other vibratiomaldes. For example, the observed bands at 1165.0,

1202.0, 1451.7 and 1493.0 ¢rincluding in plane bending modes are uncoverenhiaed with vibrational

modes such agcc in ring andvecc in ring. The CH out-of-plane bending vibration® abserved at the

interval 1000—-650 cth[68—72]. In this study, the observed bands 107666 cn is assigned to the CH

out-of-plane bending modes which were computed88t28770.8 cril. The asymmetric and symmetric

stretching vibration of SOwere appeared at 1381.7-1275.7 while were caladilate 1386.4-1276.5

respectively.

Table 5 Experimental and scaled vibrational wavenumbersngbaic frequency) (cif), and assignments

of 1a utilizing (6-31G+ (d,p) basis set

la

Exprimental
2980.7
2850.4
1710.1
1677.4
1522.3
1493.0
1451.7
1381.7
1275.7
1202.0
1165.0
1016.6
950.6

760.6

740.3

Scaled
3014.4
2857.5
1729.7
1678.2
1577.7
1502.4
1405.4
1386.4
1276.5
1215.6
1162.3
985.2
963.2
770.8
764.3

Assignment

v (C-H) Aliphatic(asymmetric)
v (C-H) Aliphatic(symmetric)
v (C=0)

v (C=0)

v (C=C)

BHCC
BHCC
S@asym)

SQsym)

BHCC
BHCC
yCH
yCH
yCH
SQ(scis)
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3.4.2. Computational NMR

The isotropic chemical shifts are frequently uasdan aid in identification of organic compounds
and accurate predictions of molecular geometrieseasential for reliable studies of magnetic pridger
The *C and'H NMR isotropic shielding were calculated with t3AO method [73, 74] using the
optimized parameters obtained from B3LYP by /6-31#®) methods. The GIAO method is one of the
most common approaches for calculating nuclear etagrshielding tensors. In order to comparison
between experimental and theoretical NMR data, itiiy be helpful in making correct assignments and
understanding the relationship between chemicdt ahd molecular structuré®C NMR chemical shifts
calculation for further clarification of the syntized complexes is reported. To clarify the retatietween
theoretical and experimental values of NMR chemgfdft constants, the experimental data are plotted
versus computed values. The impact of the solvexst taken into account using the Polarized Continuum
Model (PCM) [75]. In order to compute tH&C NMR chemical shifts, each couple of carbon at@ms
equivalent locations of the compound were consiil@e® equivalent and their average of chemical shift
were calculated. The isotroplil and™*C chemical shifts calculated by all DFT methodsgiven in Table
6, 7 respectively and compared with the experimesatiaes. As can be seen, the results obtainedsimgu
all methods are in reasonable agreement with exetil values. The chemical shift changes with
methods presumably occur due to variation of theridyfunctional. The results of B3LYP method are
close to experimental data and they differ slighitym results of experiment. As can be seen, tie
good linear relationship between experimental drabretical B3LYP/6-31+G (d,p) chemical shifts (for

more details se8l, Fig. 30 and 31).

Table 6 The Experimental and calculat8d NMR nuclear shielding and assignmentslafutilizing basis

sets 6-31G+ (d,p)
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la

Experimental 6-31+G(d,p) Assignment
7.36 8.04 54
7.68 7.17 56
7.34 7.06 49
7.27 6.96 50
7.18 6.87 55
7.32 6.69 53
4.98 6.25 48
3.90 4.32 75
3.69 3.88 72,73
3.18 3.70 61
3.64 3.52 78
2.78 3.41 63
2.78 3.31 69
3.52 3.19 65
3.14 2.87 58

R°= 0.971 (R = root-mean-square deviation)

Table 7 The Experimental and calculats& NMR nuclear shielding and assignmentdaiitilizing basis

sets 6-31G+ (d,p)

Experimental 6-31+G(d, p) Assignment
168.00 175.87 C13
163.89 173.71 C35
157.04 158.08 c21
152.15 155.29 C15
138.74 142.66 C1
131.06 139.37 C19
129.74 136.02 Cc4
134.78 135.48 C18
130.72 133.84 Cs8
131.06 132.54 c7
129.32 129.56 C11
129.16 129.48 C10
128.89 129.08 C9
114.27 128.80 C23
113.52 127.40 C20
128.36 123.42 C3
124.75 123.09 c2
66.09 76.52 C31
66.09 75.30 C33
56.96 73.24 C44
53.34 58.92 C38
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48.16
46.11
28.90
28.90

58.06
56.17
35.05
34.72

C6
C30
c27
C28

R?=0.986 (R = root-mean-square deviation)

4. Conclusions

In conclusion, a new set of pyrrole derivatives rigp sulfonamide groups was synthesized and

characterized using various spectroscopic techniqliee synthesized pyrrole derivatives were evatlat

for their toxicity against MCF7, MOLT-4 and HL-6Celt lines. Among them, compourith possessing

morpholine ring at sulfonamide moiety displayed dj@ohibitory activity. The morphological analysiy b

Hoechst 33258 staining test demonstrated thatdtieeacompound.a can induce apoptosis in PC-12 cells.

Also, Molecular docking studies were performed rigerrt these compounds into FGFR1 active site to

predict a possible binding mode. The obtained tesulggested that compouba may be a promising lead

for further modifications towards search of potentineoplastic agents. In addition, DFT calculadiarere

used successfully to optimize the structural of poundla and support the IR and NMR data.
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» A series of novel pyrrole derivatives bearing sulfonamide groups were synthesized and
characterized.

» Cytotoxicity of the synthesized pyrroles was evaluated against MCF7, MOLT-4 and HL-60
cell lines.

» Molecular docking studies were performed to determine the probable binding mode of the
designed pyrrole derivatives into the active site of FGFR1 protein.

» DFT calculations were performed to optimize the structure of compound 1a and supported the
IR and NMR data.



