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Abstract

Background: Sulfonamide derivatives are of great attention due to their wide spectrum of biological activities.
Sulfonamides conjugated with acetamide fragments exhibit antimicrobial and anticancer activities. The inhibition
dihydrofolate reductase (DHFR) is considered as one of the most prominent mechanism though which sulfonamide
derivatives exhibits antimicrobial and antitumor activities.

Results: In this study, a new series of 2-(arylamino)acetamides and N-arylacetamides containing sulfonamide moie-
ties were designed, synthesized, characterized and assessed for their antimicrobial activity and screened for cytotoxic
activity against human lung carcinoma (A-549) and human breast carcinoma (MCF-7) cell lines. A molecular docking
study was performed to identify the mode of action of the synthesized compounds and their good binding interac-
tions were observed with the active sites of dihydrofolate reductase (DHFR).

Conclusion: Most of the synthesized compounds showed significant activity against A-549 and MCF-7 when com-
pared to 5-Fluorouracil (5-FU), which was used as a reference drug. Some of these synthesized compounds are active
as antibacterial and antifungal agents.

Keywords: Sulfonamide, Anticancer, Antimicrobial, Acetamides, Molecular docking, Structure—activity relationship
(SAR), DHFR inhibitors
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acetamides and their analogues are also well studied aderivatives and their evaluation of their cytotoxic activ
chemotherapeutic agents [34, 35]. ity against human lung carcinoma (A-549) and human
Dihydrofolate reductase (DHFR) is a key enzyme thatbreast carcinoma (MCF-7) cell lines.
catalyzes the NADPH-dependent reduction of 7,8-dihy
drofolate (DHF) to 5,6,7,8-tetrahydrofolate (THF): Results and discussion
DHF + NADPH + H*™ — THF +NADP", which is the Chemistry
precursor of the co-factors required for the biosynthe e present study deals with the design and synthesis of
sis of purine nucleotides, thymidine (precursor for DNA some acetamide derivatives having di erent aryl substit
replication) and several amino acids [36]. us, inhibi uents (tails) conjugated with biologically active sulfona
tion of DHFR can lead to the disruption of DNA syn mide moiety in order to explore their combined e ect
thesis and the death of the rapidly proliferating cells [36,0n the antimicrobial and antitumor activities, and study
37]. In addition to this, bacteria also need DHFR to growtheir structure—activity relationship (SAR).
and multiply and hence inhibitors selective for bacterial As the DHFR inhibition is considered as one of the
against host DHFR have found application as antibac most prominent mechanism for the antimicrobial and
terial agents [38]. ese two important aspects render antitumor activities [49-51], the synthesized compounds
DHFR enzyme as a key target for both antimicrobial andwere intended to comply with the pharmacophore pre
antitumor drug design. sent in compounds that may act as DHFR inhibitors. e
e sulfonamide group conjugated with acetamides sulfonamide is attached to a sca old, which is frequently
possessing di erent aryl, heteroaryl as well as alkyl suba benzene ring, and a tail comprising of groups such as
stituents exhibits immense pharmacological potential, 2-(arylamino)acetamide or N-arylacetamide is attached
particularly sulfonamides containing short amine frag to scaold. e tail possesses a hydrophobic moiety,
ments exhibits encouraging anticancer activity [39—41]. which is able to interact with the hydrophobic part of
is accounts for the growing interest in the synthesis, the active site and a hydrophilic linker which can interact
biological properties and structure activity relationships with the hydrophilic part of the DHFR active site (Fid,).
of sulfonamide-acetamide derivatives. is pharmacophore was designed from the analysis of
Based on these prior observations relating to the synthe DHFRs active site and from the structure of inhibi
thesis of sulfonamide derivatives [4243] and bioae tors were described in literature [52, 53].
tive nitrogen-containing heterocyclic agents [44-48] we In this work, the starting key materials 4-(piperidin-
envisaged that sulfonamides bearing acetamide pharl-ylsulfonyl)aniline (1a) and 4-(morpholin-4-ylsulfonyl)
macophores could be very e cient for antimicrobial aniline (1b) were prepared accordingly as the reported
and anticancer activity. In the present work, we report method [42], and were converted to the correspond
the synthesis of some novel sulfonamide~sicetamide ing chloroacetamide derivatives 2a,b in excellent yields
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Fig. 1 Structural elements of DHFR inhibitors in the DHFR enzymatic active site
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(92-95%) by reaction with chloroacetyl chloride in DMF 4-aminobenzoic acid, and 4-nitroaniline) with chlorea
at room temperature. cetyl chloride in DMF at room temperature.

e target compounds 2-(arylamino)-N-(4- Reaction of 2-chloro-Narylacetamides 4a—h
(piperidin-1-ylsulfonyl)phenyl)acetamides 5a—h and with sulfonamide derivatives 1la and 1b in etha
2-(arylamino)-N-(4-(morpholino-sulfonyl)phenyl)aceta nol under re uxing conditions aorded the tar
mides 5i—p, were obtained in moderate to good yields get compounds Naryl-2-(4-(piperidin-1-ylsulfonyl)
(51-84%) by re uxing chloroacetamide derivatives 2a phenylamino)-acetamides 6a—h and Naryl-2-(4-
and 2b, respectively, with arylamines (namely; aniline, (morpholinosulfonyl)-phenylamino)-acetamides 6i—
4-methoxyaniline,  4-methylaniline,  4-chloroaniline, p, respectively, in good to excellent yields (57-97%)
4-bromoaniline, ethyl 4-aminobenzoate, 4-aminobenzoic (Schemel). e reactions were performed in the pres
acid, and 4-nitroaniline) in absolute ethanol for 3-5 h. ence of catalytic amount of triethylamine as a basic
(Scheme 1). catalyst with a reaction time of 4-6 h. e structures

On the other hand, 2-chloro-N-arylacetamideda—h  of all synthesized compounds 2Za, 5a—p and 6a—p
were easily prepared by the reaction of arylamineswere well-established on the basis of FT-IB4-NMR,
(namely; aniline, 4-methoxyaniline, 4-methylaniline, *C-NMR, and DEPT-135 data (c.f. “Experimental
4-chloroaniline, 4-bromoaniline, ethyl 4-aminobenzoate, section). e FT-IR spectra of compounds 5ap dis-

played the presence of characteristic absorption bands
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5e, 6e; x = CH,, R=Br 5m, 6m; x =0, R=Br
5f, 6f; x = CH,, R = CO,Et 5n, 6n; x = O, R = CO,Et
5g, 69g; x = CH,, R = CO,H 50, 60; x =0, R=CO,H
5h, 6h; x = CH,, R = NO, 5p, 6p; x =0, R=NO,
Scheme 1 Synthesis of novel N*-substituted sulfonamide derivatives 5a—p and 6a—p
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at 3499-3330 and 3365-3191 crhfor two NH groups, having ZOI value 25, compound 5c against E. coli with
1722-1680 cm?! for (C=0) groups. Furthermore, to ZOIl value 23, while, compound 6n againf® vulgaris
entirely con rm the chemical structures of the prod having ZOI value 25. Moreover, compounds 5Bn, 5p,
ucts, intensive 1D YH, 1°C, and DEPT-135) NMR were 6a, 6b, 6c, 6d, 6f, 6h, 6i, 6j, 6k, 61, 6m, 6n and 6p against
conducted in DMSO-¢.. For example, analysis of the A. fumigatus, having (ZOI) values 25, 17, 30, 30, 21, 20,
13¢ and 1*C-DEPT-135 NMR spectra of 5h indicated 17, 19, 20, 35, 33, 33, 32, 27, 30, 38; respectively. Further
the presence of 13 signals (4 aromatic CH’s, 4 aromatignore, the following compoundséa, 6d, 6h having ZOI
quaternary carbons, 4 methylene carbons, and onevalue 22 while, compounds 6k and 61 having ZOlI values
carbonyl carbon). Its'H-NMR spectrum showed two 23, 26; respectively against C. Albicans. It is clearly-evi
down eld singlet signals at 10.75 and 10.10 ppm fordent from the antimicrobial results that the synthesized
two NH protons. Two doublets at 7.94 and 6.60 ppm compoundsél and 6n exhibit dual activities as promising
(J=11.0 Hz) for the protons of 4-nitrophenyl moiety antibacterial and antifungal agents.
and two doublets at 7.84 and 7.70 ppm={/10.5 Hz) for From all the previous data, its be concluded that, the
aromatic CH’s protons of the sca old moiety were pre following compounds 5g, 5h, 51, 61 and 6n are the highly
sent. In addition, a singlet signal at 4.32 ppm for the tailactive compounds which have antibacterial activity
methylene protons and three multiplets at 2.85-2.83,against strains of Gram-positive bacteria. While, cem
1.52-1.51, and 1.34-1.33 ppm for the piperidinyl ring pounds 5c¢ and 6n showing activity against strains of
protons were recorded. Gram-negative bacteria. All compared to Gentamycin as
On the other hand, the FT-IR spectra of compounds antibacterial reference drug. Moreover, compounds 5h,
6a—p, showed the presence of characteristic absorption5n, 5p, 6a, 6b, 6¢, 6d, 6f, 6h, 6i, 6j, 6k, 61, 6m, 6n, 6p
bands at 3444-3275 and 3365-3203 chfor two NH  acted as antifungal agents compared to Ketoconazole as
groups, 1721-1641 cmt for (C=0) groups. As a rep a reference drug.
resentative example, thé3C and °*C-DEPT-135 NMR
spectra of 6p showed the presence of 12 signals (4 ardn vitro anticancer activity
matic CH’s, 4 aromatic quaternary carbons, 3 methyleneAll new tested compounds were screened against human
carbons, and one carbonyl carbon). 1#$1-NMR spec  lung carcinoma (A-549) and breast carcinoma (MCF-7).
trum exhibited two singlet signals at 10.94 and 6.11 ppm e nal result of evaluation were expressed adCy, (the
for two NH protons. Two doublets at 8.24 and 6.87 ppm required concentration which can inhibit 50% of cancer
(J=7.5 Hz) for the protons of 4-nitrophenyl moiety and cells viability). Results are explained in Tabl@sand 3.
two doublets at 7.84 and 7.35 ppm=8.0 Hz) for are € reference control was 5-Fluorouracil (5-FU).
matic CH’s protons of the sca old moiety were present. From the obtained results in Table2 and 3, we can
In addition, a singlet signal at 4.35 ppm for the tail meth show the e ect of the following compounds on A-549
ylene protons and two multiplets at 3.60 and 2.78 ppmand MCF-7 cancer cell lines, respectively. Compound 5j

for the morpholinyl ring protons were recorded. possessing 4-methoxyphenylamino acetamide of mor
pholinosulfonyl moiety exhibitedIC5j value of 18.74 pM
Antimicrobial activity and 29.84 pM, respectively; Compound 5g having 4-car

e novel compounds were evaluated for antimicrobial boxyphenylamino acetamide of piperidinosulfonyl
activity against two strains of Gram-positive bacteria moiety showedICs, value of 26.11 uM and 18.59 pM,
known as S. aureus (RCMB010010), and B. subtilis RCMB respectively. While, compound 5d having 4-chlorophe
015 (1) NRRL B-543, as well as two strains of Gram-negalylamino acetamide of piperidinosulfonyl moiety showed
tive bacteria namely E. coli (RCMB 010052) ATCC 25955,ICs, value of 26.72 uM and 33.59 pM, respectively. On
and P, vulgaris RCMB 004 (1) ATCC 13315, in addition to the other hand, compound 6h having 4-nitrophenyl
two types of fungi namely A. fumigatus (RCMB 002008), acetamide of piperidinosulfonyl moiety showedCsj
and C. albicans RCMB 005003 (1) ATCC 10231. value of 29.39 uM and 31.54 pM, respectively. Further
e result of the antimicrobial assay of the synthesized more, compound 6d having 4-chlorophenyl acetamide of
compounds is given in Tabld and Fig.2. It is observed piperidinosulfonyl moiety showedCg, value of 29.91 uM
that some of the compounds showed higher antimiecro and 36.53 uM, respectively. Finally, compoursd having
bial activity compared to the reference drugs. ese 4-chlorophenylamino acetamide of morpholinosulfonyl
compounds have given the best results in the inkibi moiety showedICs, value of 30.25 pM and 22.30 pM,
tion of di erent types of bacteria and fungi; compound respectively. From the data represented in Talffeand
5h against theS. aureus, the zone of inhibition with ZOI  Fig. 3 it is clear that, the cytotoxic activity order against
value 26, compounds 5gl, 61 and én against B. Subtili cell line (A-549) having the following order: 5j>5g>5d
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Table 1 Antimicrobial activity of newly synthesized compounds

Comp. no. Gram (+ve) bacteria Gram (—ve) bacteria Fungi
S. aureus B. subtilis E. coli P. vulgaris A. fumigatus C. albicans

5a 20 22 20 10 - -
5b 18 15 16 12 - -
5¢c 19 24 23 14 - -
5d 22 20 19 16 - -
5e 23 19 15 17 - -
5f 21 24 14 16 - -
59 20 25 14 18 - -
5h 26 20 21 20 25 -
5i 12 11 15 13 - -
5j 15 17 12 - - -
5k 15 12 17 15 - -
51 14 25 14 10 - -
5m 16 18 16 11 - -
5n 15 22 14 10 17 11
50 13 21 16 - - -
5p 19 23 20 14 30 13
6a 17 22 15 19 30 22
6b 16 12 13 14 21 15
6c 15 14 16 13 20 14
6d 13 17 15 16 17 22
6e 12 15 12 15 15 14
6f 13 15 13 16 19 12
69 - - - - - -
6h 20 17 18 19 20 22
6i 14 20 15 12 35 15
6j 18 16 13 15 33 -
6k 16 23 17 14 33 23
6l 20 25 20 16 32 26
6m 17 19 12 13 27 12
6n 16 25 14 25 30 14
60 - - - - - -
6p 20 22 20 17 38 15
St? 24 26 30 25 17 20

Mean zone of inhibition in mm =+ standard deviation (S.D.)
— No activity
2 Reference controls for the microorganisms are “Gentamycin” (for the Gram +ve and Gram —ve bacteria), and “Ketoconazol” for Fungi

>6h >6d >51>6m >5e > 5h > 6a> 50> 6p > 5p > 6j > 6¢ >Docking and molecular modeling study
5f>6e>5c>5n>5i>6n>5m>6l>6f>5b>6k>5k>5ae best enzymes which involved in the improvement
>6i>6b>6g>5-FU>60. However, from data shown in of anticancer and antimicrobial activity are thymidylate
Table 3 and Fig.3, we can concluded that, the cytotoxic synthase and dihydrofolate reductase (DHFR) [5@]. In
activity order against cell line (MCF-7) issg>51>5j>6 the present investigation, Molecular Operating Enviren
h>5d>5h>6d>5e>6m>50>5n>6a>6p > 6j>6f>5pment (MOE) [55] module was accomplished to vindicate
>5¢>5i>6¢>5m > 6e > 5f> 61 > 6k > 5a>5b > 6i > 5k >6nthe cytotoxic potency of all tested compounds. Fur
>6b>6g>5-FU>60. e previous biological screening thermore, study of Molecular docking help in explana
results of the tested compounds lead to development oftion of how compounds act through their reaction with
potential anticancer agents. the enzyme active sites. Docking was performed for the
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compounds5a—5p and 6a—6p on the (DHFR) to predict
their action as anticancer drugs (c.f. Additional I4).
e synthesized compounds show numerous interac
tions with DHFR enzyme. It's important to mention that
compoundsén, 5p, 5¢, 5d, 6f and 6c¢ could make their
action via inhibition of the DHFR enzyme (Tablé). In

Docking of compounds 5g, 5j, 6d and 6h into DHFR
Methotrexate (PDB ID: 4DFR) used as a template with
dihydrofolate reductase co-crystallized in MOE dock
ing studies for the inhibitors. Docking of 5g showed one
hydrogen bond interaction as one of the nitrogen atom
acted as a hydrogen bond donor with Ser 49 (3.04 A) with

Fig.4, the docking score energy for the newly synthesizednergy— 0.9 kcal mof?. is is beside several hydrophe

compounds was indicated as the following ordém > 5p
>5¢>5d>6f>6¢c>5f>6p>6b>6m>6k>61>5j>5m>5
0>51>5b>6d>6i>5n>5e>6e>6a>5i>6g>5g>5k>6
j>6h>5h>5a>60.

Docking of 5-Fluorouracil (5-FU) into DHFR

bic interactions with various amino acid residues: Glu
48, Met 20, Asn 23, Leu 24, Leu 28, lle 50, Trp 22, Gly
51, Ala 19, Arg 52. In addition, molecular docking study
of 5j indicated hydrophobic interactions between vari
ous atoms and amino acid residues: Asp 27, Ser 49, lle
50, Leu 28, Asn 23, Met 20, Pro 25, Leu 24, Trp 22, Ala

e docking studies at the active site showed presence 19, Arg 52. Furthermore, docking studies of 6d showed
of two hydrogen bond interactions as two oxygen atomsthat nitrogen acted as a hydrogen bond donor with Trp

acted as hydrogen bond acceptors with Arg 52 and A

rg22 (2.97 A) with binding energy of —1.7 kcal mdl

57 (3.13 A and 2.96 A) with binding energies of — 2.8 andVhereas oxygen of carbonyl group acted as a hydrogen
— 6.5 kcal mot?, respectively. Moreover, it indicated the bond acceptor with Leu 24 (3.07 A) with binding energy
presence of two ionic bond interactions that is betweenof — 0.7 kcal mot?. is is beside hydrophobic interac-

oxygen atom and amino acid residues Lys 32 and Arg
(3.14 A and 3.05 A) with binding energies of 3.6 and

5%ons di erent amino acid residues: Met 20, Asp 27, Leu
28, Ser 148, Pro 25, Asn 23, Arg 52, Ala 7. While, docking

— 4.1 kcal mot?, respectively. Furthermore, it showed an of 6h showed that there are various hydrophobic interac
arene-H interaction between the phenyl ring and Lys 32tions among atoms of the compound and di erent amino

(3.81 A) with binding energy of — 0.9 kcal mol. besides,

acid residues: Arg 52, Pro 21, Trp 22, Ala 145, Asp 144,

many hydrophobic interactions with: Leu 28, Leu 54, PheMet 20, Ser 148, Asn 147, Gln 146, Asn 23, Ala 19 @)ig.

31 and Pro 55, (Fig. 5).
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Table 2 Invitro anticancer screening of the synthesized compounds against human lung carcinoma cell line (A-549)

Comp.no.  Validity for sample conc. ICso (Mg ML™Y2  1Cqq (UM)?
500 250 125 6250 3125 1560 7.80 3.90 2 1 0
5a 519 1184 2506 3715 4891 62.87 8096 9143 9702 100 100 29.90 80.06
5b 538 1197 2402 3659 4738 63.20 7815 8756 9403 9876 100 28.60 70.88
5¢ 431 865 1637 2874 40.96 5871 7304 8921 9628 100 100 2320 59.87
5d 2.65 534 1026 1945 28.73 39.04 5726 7189 8522 9234 100 10.90 26.72
5e 294 671 1409 2387 36.29 49.85 7063 8924 9631 9972 100 1550 34.26
5f 423 986 2015 3276 4513 59.38 7504 8238 9175 9743 100 25.80 5791
59 275 639 1042 1865 2891 40.74 5626 7089 8311 8862 100 10.90 26.11
5h 2.86 543 1287 2296 34.53 47.28 6539 8072 8986 9713 100 14.40 3441
5i 473 1059 1842 2896 4067 59.23 7318 8521 9274 9735 100 23.30 62.06
5j 298 6.74 1085 19.73 26.8 37.28 4906 7031 8415 9138 100 7.60 1874
5k 892 1634 2408 3517 4901 72.38 8942 9836 100 100 100 30.50 7831
51 189 4.37 876 19.04 30.63 43.86 5912 7644 9063 9642 100 12.40 30.25
5m 672 1086 2238 3149 46.75 69.42 8603 9234 9971 100 100 28.90 63.61
5n 4.86 973 1948 3172 4529 64.18 80.63 9234 9723 100 100 27.30 61.00
50 2.89 654 1593 2406 3641 52.97 6802 7919 9142 9876 100 18.30 43.63
5p 3.69 871 1863 2946 4187 54.06 7132 8714 9520 9973 100 20.70 4923
6a 3.65 829 1634 2587 37.06 46.92 5843 8071 8753 9314 100 1350 36.15
6b 6.14 1365 2538 3725 56.41 79.84 9236 986 100 100 100 41.70 103.35
6C 3.74 746 1528 274 4135 56.79 6842 8237 9143 9760 100 2240 57.81
6d 4,08 682 1143 1946 3067 43.20 5913 7144 8512 9237 100 1220 2991
6e 462 1129 2047 3413 4529 62.37 8094 8976 9702 100 100 26.80 59.24
6f 631 1345 1975 3142 47.23 7194 8956 9713 100 100 100 29.40 65.99
69 956 2187 3064 4319 59.46 7828 9140 9876 100 100 100 49.40 11833
6h 198 487 9.72 19.93 28.61 40.72 6318 7943 9064 9739 100 12.30 29.39
6i 794 1152 2443 3625 49.72 71.49 89.70 9741 100 100 100 30.90 82.30
6j 3.87 796 1620 2785 4179 54.03 7148 8860 9623 100 100 20.70 51.05
6k 718 1298 2306 3397 47.85 63.28 7891 9068 9789 100 100 29.00 74.46
6l 674 1435 2188 3546 46.29 5817 7803 8636 9412 9878 100 26.30 64.16
6m 4.28 953 1875 3192 40.06 4741 7365 9037 9891 100 100 14.80 3257
6n 1182 2348 3051 413 4742 60.31 8242 9714 100 100 100 28.07 62.72
60 3196 4972 7368  90.63 97.46 100 100 100 100 100 100  248.00 591.25
6p 279 628 1391 2504 3718 52.94 6829 8467 9284 9825 100 18,50 44.00
5-FU 1028 1945 2539 3948 5721 70.82 86.19 9436 9925 100 100 439 337.48

ICs, value: concentration causing 50% inhibition of cell viability
@ Mean of three results obtained from three experiments

Conclusion work will open a new era in the eld of medicinal chemis
We report herein the synthesis of some new series ofry and can be considered as pharmacophores.
2-(arylamino)acetamides and N-arylacetamides bearing

sulfonamide moieties. Most of these new compoundsgxperimental

exhibited signi cant anticancer activity against human chemistry

lung carcinoma (A-549) and human breast carcinoma General methods

(MCF-7) cell lines, when compared to 5-Fluorouracil as aa|| solvents used purchased from Sigma-Aldrich are spec
reference drug. In addition, on antimicrobial evaluation; troscopic grade and used without further puri cations.
some of these synthesized compounds showed remarkpelting points were determined on a Stuart SMP3 melt
able aCtiVity as antibacterial and antifungal agents. To thQng point apparatus and are uncorrected. FT-IR spectra
best of our knowledge, these multi-addressable proper were recorded on a Shimadzu IR-3600 FT-IR spectrometer
ties of the new SyntheSized sulfonamides reported in th|S|n KBr pe"ets_ NMR spectra were acquired on a Bruker
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Table 3 In vitro anticancer screening of the synthesized compounds against human breast carcinoma cell line (MCF-7)

Comp.no.  Validity for sample conc. ICso (Mg ML™Y2  1Cqq (UM)?
500 250 125 6250 3125 1560 7.80 3.90 2 1 0
5a 734 1403 2947 4158 54.29 7143 8750 9675 100 100 100 41.80 11192
5b 713 1342 3096 4237 56.29 68.41 8377 9140 9832 100 100 4540 112,52
5¢ 528 1132 2079 3265 4851 70.38 8642 9403 9971 100 100 30.10 7768
5d 3.46 728 1509 2741 36.27 4562 6318 8094 9346 9953 100 13.70 3359
5e 4.02 956 1848 2967 40.82 5461 7328 9142 9870 100 100 20.80 45.98
5f 6.17 1438 2756 394 53.29 6843 81.70 9368 9985 100 100 38.70 86.86
59 3.86 824 1537 2416 3295 41.68 4980 6748 8526 9384 100 7.76 1859
5h 394 781 1623 3142 39.79 48.20 6741 8276 9130 9872 100 14.90 3561
5i 6.28 1347 2513 3678 4850 67.41 8167 8943 9816 100 100 30.00 79.91
5j 417 982 1878  27.05 35.23 46.19 5482 6946 8734 9429 100 1210 29.84
5k 1349 2186 3275 4623 57.18 76.94 8860 9741 100 100 100 51.70 132.74
51 273 646 1138 2495 34.89 42,67 5153 6576 8320 9142 100 9.140 22.30
5m 985 182 3067 4296 51.78 68.92 8468 9541 9962 100 100 3750 8254
5n 763 1526 2739 3804 46.15 58.20 7136 8842 9628 100 100 26.20 58.55
50 3.46 982 2031 2957 43.60 56.89 7042 8397 9240 9736 100 2360 56.26
5p 498 1175 2142 36.75 50.38 69.41 8526 9302 9976 100 100 32.10 76.35
6a 494 1073 234 32.79 4517 56.24 7138 8502 9247 9825 100 24.40 65.33
6b 871 2042 3753 4981 62.97 85.46 9304 9932 100 100 100 62.00 153.66
6C 531 914 1956 3271 49.82 70.38 81.6 9288 9876 100 100 31.10 80.26
6d 6.79 134 1985 2793 36.7 48.61 6387 7645 8829 9636 100 14.90 36.53
6e 746 1953 2865 4037 5291 69.42 8236 9173 986 100 100 3850 8511
6f 956 1728 2867 367 50.98 67.39 8215 9369 9872 100 100 33.40 7497
69 1568 2783 3817 5246 69.9 8351 9278 9952 100 100 100 7330 17558
6h 237 754 1518 2365 34.89 4513 6097 7586 8741 9564 100 13.20 3154
6i 1176 2149 3485 4396 58.28 77.39 9147 9792 100 100 100 49.30 13131
6j 592 1148 2369 3473 4721 68.46 8093 9264 9823 100 100 29.14 71.87
6k 1241 2053 3078 3962 56.34 71.48 86.24 984 100 100 100 43.00 11041
6l 1032 1967 3294 4178 51.85 65.04 7912 9065 9754 100 100 36.90 90.02
6m 764 1629 2431 3517 45,04 56.28 6946 8278 9413 992 100 24.30 5348
6n 1947 3185 4091  49.76 58.49 7132 8695 9781 100 100 100 61.60 137.65
60 3704 5231 7645 9132 98.74 100 100 100 100 100 100 287.00 684.23
6p 345 974 2037 3196 46.29 70.34 8521 9318 994 100 100 28.70 68.26
5-FU 918 1784 2801 3539 47.13 60.35 7182 8697 9523 9812 100 27.80 21371

ICs, value: concentration causing 50% inhibition of cell viability
@ Mean of three results obtained from three experiments

Avance 500 instrument (500 MHz folH, 125 MHz for'3C)  mixture was poured onto ice-water. e solid obtained
in CDCl; and DMSO-4; solutions, using residual solvent was ltered o and crystallized from ethanol to give 2a,b.
signals as internal standards.

2-Chloro-N-(4-(piperidin-1-ylsulfonyl)phenyl)acetamide

General procedure for synthesis (2a) White crystals, yield (98%), m.p. 162-163 °C.
of 2-chloro-N-(4-((piperidino/morpholino)sulfonyl)-phenyl)  FT-IR: 3334 (NH), 3056 (CH arom.), 2945 (CH aliph.),
acetamides 2a,b 1696 (C=0)cm L 'H NMR (CDCl,): §=8.56 (s, 1H,

A mixture of 4-(piperidin-1-ylsulfonyl)aniline (1a) or NH), 7.76 (d, 5.5 Hz, 2H, Ph-H), 7.73 (d,=5.5 Hz,
4-(morpholin-4-ylsulfonyl)aniline (1b) 1 (0.1 mol) and 2H, Ph-H), 4.21 (s, 2HCH,), 3.00-2.97 (m, 4H2CH,),
chloroacetyl chloride (8.0 mL, 0.1 mol) in DMF (20 mL) 1.66-1.64 (m, 4H2CH,), 1.43-1.42 (m, 2HCH,) ppm.
was stirred at room temperature for 2 h. e reaction 3C NMR: §=164.4 (C=0), 140.7 (C), 132.0 (C), 128.9
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Fig. 3 Comparison of cytotoxic activity of the tested compounds against (A-549) and (MCF-7) cell lines
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(2CH), 119.7 (2CH), 46.9CH.,), 42.9 (2CH,), 25.1 from dioxane to give 4a+ e physical and chemical

(2CH,), 23.4(CH,) ppm. properties of 4a—i were matched as previously reported
[56-61].

2-Chloro-N-(4-(morpholinosulfonyl)phenyl)acetamide

(2b) White crystals, yield (96%), m.p. 189-190 °C.General procedure for synthesis

FT-IR: 3336 (NH), 3050 (CH arom.), 2961 (CH aliph.),of 2-(arylamino)-N-(4-(piperidin-1-ylsulfonyl)-phenyl)

1694 (C=0)cm L. 'H NMR (CDCl,): §=8.53 (s, 1H, acetamides5a-h

NH), 7.79 (d, &£5.0 Hz, 2H, Ph-H), 7.75 (d,&5.0 Hz, and 2-(arylamino)-N-(4-(morpholino-sulfonyl)

2H, Ph-H), 4.24 (s, 2HCH,), 3.75-3.73 (m, 4H2CH,), phenyl)-acetamides 5i—p

3.00-2.90 (m, 4H,2CH,) ppm. ®C NMR: §=164.3 A mixture of chloro compound 2a,b (0.001 mol) and dif

(C=0), 141.1 (C), 130.9 (C), 130.0 (CH), 129.1 (CH)ferent aryl amines namely; aniline, 4-methoxyaniline,

119.8 (CH), 114.0 (CH), 66.(CH,), 46.0(2CH,), 42.8 4-methylaniline, 4-chloroaniline, 4-bromoaniline, ethyl

(2CH,) ppm. 4-aminobenzoate, 4-aminobenzoic acid, and 4-nitroani
line (0.001 mol) in absolute ethanol (20 mL) was re uxed
for 3-5 h. e reaction mixture was concentrated under

General procedure for the synthesis reduced pressure, the solid obtained was Itered, washed

of 2-chloro-N-arylacetamides 4a—h with n-hexane, dried and recrystallized from ethanol to

A mixture of di erent aryl amines namely; aniline, 4-meth  give the titled products 5a—h and 5i—p.

oxyaniline, 4-methylaniline, 4-chloroaniline, 4-bromoani

line, ethyl 4-aminobenzoate, 4-aminobenzoic acid, and2-(Phenylamino)-N-(4-(piperidin-1-ylsulfonyl)phenyl)

4-nitroaniline (0.05 mol) and chloroacetyl chloride (4.0 ml, acetamide (5a) Beige crystals, yield (60%), m.p. 115-

0.05 mol) in DMF (10 mL) was stirred at room temperature 116 °C. FT-IR: 3378 (NH), 3311 (NH), 3090 (CH arom.),

for 2 h. e reaction mixture was poured onto ice—water. 2940 (CH aliph.), 2850 (CH aliph.), 1679 (C=@m ..

e solid obtained was Itered o, dried and crystallized 'H-NMR (DMSO-d,): §=10.81 (s, 1H, NH), 10.51 (s, 1H,
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Table 4 Score energy of the tested compounds 5a—p and 6a—p

Comp. no. Score E_conf E_place E_scorel E_score2 E_refine

5a —50541 26.6140 —31.9343 —6.5932 —5.0541 —24.1143
5b —5.3652 153242 —38.0154 —6.0735 —5.3652 —26.8906
5¢ —5.7501 176782 —22.8678 —6.5044 —57501 —30.5432
5d —5.6540 245859 —31.2672 —6.5266 —5.6540 —27.5442
5e —5.3288 235121 —394718 —6.5074 —5.3288 —27.0244
5f —56103 334059 —20.9497 —64211 —56103 —29.1261
5g —5.1856 —42.3167 —22.2309 —6.4648 —5.1856 —24.4937
5h —5.0568 492723 —4.9075 —5.7500 —5.0568 — 234996
5i —52712 59.3063 — 224680 —5.4465 —52712 —24.9909
5j —55618 485778 —27.9431 —6.3215 —55618 —288293
5k —5.1599 551210 —25.0222 —6.7661 —5.1599 —25.1400
51 —5.4680 527716 —29.2492 —6.7614 —5.4680 —27.0499
5m —5.4962 54.0440 —28.8482 —5.9473 —5.4962 —27.2928
5n —5.3468 717895 —10.6748 —59170 —5.3468 —25.8020
50 —54772 —85979 —36.7758 —6.7380 —54772 —29.3019
5p —538154 93.6886 —29.1507 —6.7008 —58154 —27.9044
6a —5.3059 289177 —335175 —6.5957 —5.3059 —25.2110
6b —55940 26.3542 —40.3486 — 74533 —5.5940 —27.7459
6¢ —5.6364 21.9008 —5.0259 —6.0110 —5.6364 —26.9364
6d —5.3646 22.8002 —55670 —6.3649 —5.3646 —27.1061
6e —5.3159 232172 —286743 —6.2439 —5.3159 —26.9349
6f —5.6478 35.7362 —29.6484 —6.7947 —5.6478 —28.8622
69 —51935 —37.9832 —17.5087 —49311 —51935 —26.2035
6h —51168 545965 —35.3328 — 72622 —51168 —24.2974
6i —5.3603 64.5399 —47.4900 —6.8921 —5.3603 —26.9684
6j —51249 55.1297 —29.5479 —6.4586 —51249 —25.9026
6k —55741 58.0647 —33.7004 —6.4011 —55741 —29.5841
6l —55626 61.7654 —255315 —6.9615 —55626 —30.0500
6m —55923 61.2420 —21.5826 —65719 —55923 —29.0718
6n —59759 67.6646 —8.4886 —6.9574 —59759 —32.6043
60 — 48847 —4.0898 —9.1947 —5.7962 —4.8847 —21.8406
6p —55982 96.4896 —35.1380 —76471 —55982 —28.5998

Score lower scores shows more poses that are favorable. The unit is kcal mol~%; E-conf indicate the energy of the conformer; E-place score from the placement stage;
E-score 1 score from the first rescoring stage; E-score 2 score from the second rescoring stage; E-refine score from the refinement stage

NH), 7.88 (d, £11.0 Hz, 2H, Ph-H), 7.69 (d&11.0 Hz, NH), 10.52 (s, 1H, NH), 7.94 (d=10.5 Hz, 2H, Ph-H),
2H, Ph-H), 7.13-7.09 (m, 2H, Ph-H), 6.65-6.61 (m, 3H,7.72 (d, =10.5 Hz, 2H, Ph-H), 6.77 (d,510.5 Hz, 2H,
Ph-H), 4.33 (s, 2H,CH,), 2.85-2.83 (m, 4H2CH,), Ph-H), 6.68 (d, 2H, #10.5 Hz, Ph-H), 4.33 (s, 2KCH,),
1.54-1.52 (m, 4H2CH,), 1.32-1.30 (m, 2HCH,) ppm. 3.93 (s, 3H,CH,), 2.85-2.84 (m, 4H2CH,), 1.53-1.51
13C-NMR (DMSO0-d,): §=165.8 (C=0), 143.3 (C), 142.9 (m, 4H, 2CH,), 1.32-1.30 (m, 2HCH,) ppm. 3C-NMR
(C), 130.2 (C), 129.4 (CH), 129.2 (CH), 129.1 (CH), 119.@0MS0-d,): §=165.8 (C=0), 143.1 (C), 142.9 (C), 132.9
(CH), 119.4 (CH), 113.1 (CH), 47(CH,), 44.0(CH,), (C), 1325 (C), 129.2 (CH), 124.2 (CH), 119.6 (CH), 115.1
24.6(CH,), 22.8(CH,) ppm. (CH), 55.7(CHj), 47.0(CH,), 43.8(CH,), 25.1(CH,),
23.3(CH,) ppm.
2-(4-Methoxyphenylamino)-N-(4-(piperidin-1-ylsulfo-
nyl)phenyl)acetamide (5b) Pale yellow crystals, yield N-(4-(Piperidin-1-ylsulfonyl)phenyl)-2-(p-tolylamino)
(69%), m.p. 85-87 °C. FT-IR: 3442 (NH), 3299 (NH), 3043cetamide (5c¢) Beige crystals, yield (67%), m.p. 100—
(CH arom.), 2940 (CH aliph.), 2850 (CH aliph.), 1681102 °C. FT-IR: 3378 (NH), 3310 (NH), 3080 (CH arom.),
(C=0) cm™L H-NMR (DMSO-d,): §=10.75 (s, 1H, 2942 (CH aliph.), 2850 (CH aliph.), 1679 (C=@n ..
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Fig. 5 Docking of (5-FU) into DHFR

'H-NMR (DMSO-d,): §=10.75 (s, 1H, NH), 10.40 (s, 1H, 2-(4-Chlorophenylamino)-N-(4-(piperidin-1-ylsulfonyl)
NH), 7.86 (d, =11.0 Hz, 2H, Ph-H), 7.83 (d5/11.0 Hz, phenyl)acetamide (5d) White crystals, yield (58%),
2H, Ph-H), 7.70 (d, #10.5 Hz, 2H, Ph-H), 6.66 (d, 2H, m.p. 77-79 °C. FT-IR: 3334 (NH), 3329 (NH), 3056 (CH
J=10.5 Hz, Ph-H), 4.32 (s, 2HGCH,), 2.86-2.83 (m, 4H, arom.), 2943 (CH aliph.), 2853 (CH aliph.), 1698 (C=0)
2CH,), 2.14 (s, 3HCH,), 1.52-1.51 (m, 4H2CH,), 1.34— cm . 'H-NMR (DMS0-d,): §=10.82 (s, 1H, NH), 10.52
1.31 (m, 2H,CH,) ppm. *C-NMR (DMSO0-d,): §=165.6 (s, 1H, NH), 7.85 (d, #11.0 Hz, 2H, Ph-H), 7.70 (d,
(C=0), 146.3 (C), 142.9 (C), 130.3 (C), 130.0 (C), 129/8=11.0 Hz, 2H, Ph-H), 7.12 (d,5/10.0 Hz, 2H, Ph-H),
(CH), 129.2 (CH), 119.5 (CH), 113.0 (CH), 410H,), 6.61 (d, =10.0 Hz, 2H, Ph-H), 4.33 (s, 2KGH,), 2.86-
44.0(CH,), 25.1(CH,), 23.3(CH.,), 20.5(CH,) ppm. 2.84 (m, 4H2CH,), 1.53-1.51 (m, 4H2CH,), 1.35-1.33
(m, 2H, CH,) ppm. *C-NMR (DMSO-d,): §=165.8
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6h

Fig. 6 Docking of compounds 5g, 5j, 6d and 6h into DHFR

(C=0), 147.7 (C), 143.0 (C), 142.9 (C), 130.2 (C), 12913.0 (C), 131.4 (CH), 130.2 (C), 129.2 (CH), 119.6 (CH),
(CH), 119.6 (CH), 119.4 (CH), 114.1 (CH), 4q0OH,), 115.7 (CH), 60.3(CH,), 47.0 (CH,), 44.0(CH,), 25.1
44.0(CH,), 25.1(CH,), 23.3(CH,) ppm. (CH,), 23.3(CH,), 14.7(CH5) ppm.

2-(4-Bromophenylamino)-N-(4-(piperidin-1-ylsulfonyl) ~ 4-(2-Oxo-2-(4-(piperidin-1-ylsulfonyl)phenylamino)ethyl-
phenyl)acetamide (5e) Pale yellow crystals, yield (50%), amino)benzoic acid (5g) Beige crystals, yield (57%), m.p.
m.p. 84-86 °C. FT-IR: 3499 (NH), 3327 (NH), 3056 (CH174-175 °C. FT-IR: 3380 (br, OH), 3333 (NH), 3062 (CH
arom.), 2943 (CH aliph.), 2854 (CH aliph.), 1696 (C=0)arom.), 2941 (CH aliph.), 2852 (CH aliph.), 1700 (C=0),
cmL. 1H-NMR (DMSO-d,): §=10.88 (s, 1H, NH), 10.56 1680 (C=0)cm . *H-NMR (DMSO-d,): §=10.81 (s,
(s, 1H, NH), 7.85 (d, #10.5 Hz, 2H, Ph-H), 7.70 (d, 1H, NH), 10.66 (s, 1H, NH), 7.84 (d=/10.5 Hz, 2H,
J=10.5 Hz, 2H, Ph-H), 7.20 (d,5/10.0 Hz, 2H, Ph-H), Ph-H), 7.72-7.68 (m, 4H, Ph-H), 6.63 (d=10.5 Hz,
6.58 (d, =10.0 Hz, 2H, Ph-H), 4.33 (s, 2i6H,), 2.86— 2H, Ph-H), 4.85 (s, 1H, OH), 4.33 (s, 261H,), 2.86-2.84
2.84 (m, 4H2CH,), 1.54-1.52 (m, 4H2CH,), 1.36-1.34 (M, 4H,2CH,), 1.54-1.52 (m, 4H2CH,), 1.35-1.33 (m,
(m, 2H, CH,) ppm. 3C-NMR (DMSO-d,): §=165.4 2H, CH,) ppm.**C-NMR (DMSO-d,): 5= 166.2 (C=0),
(C=0), 147.2 (C), 142.5 (C), 132.2 (C), 131.6 (C), 12915.8 (C=0), 142.9 (C), 142.8 (C), 132.1 (C), 131.9 (CH),
(CH), 128.7 (CH), 119.1 (CH), 114.8 (CH), 4§6H,), 130.2 (C), 129.2 (CH), 119.8 (CH), 113.5 (CH), 47.0
43.5(CH,), 24.6(CH,), 22.8(CH,) ppm. (CH,), 44.0(CH,), 25.1(CH,), 23.3(CH.) ppm.

Ethyl 4-(2-oxo0-2-(4-(piperidin-1-ylsulfonyl)phenylamino) ~ 2-(4-Nitrophenylamino)-N-(4-(piperidin-1-ylsulfonyl)
ethylamino)benzoate (5f) Beige crystals, yield (75%), phenylacetamide (5h) Yellow crystals, yield (71%),
m.p. 150-151 °C. FT-IR: 3485 (NH), 3349 (NH),m.p. 108-110 °C. FT-IR: 3483 (NH), 3363 (NH), 3057
3054 (CH arom.), 2944 (CH aliph.), 2855 (CH aliph.),(CH arom.), 2945 (CH aliph.), 2857 (CH aliph.), 1699
1699 (C=0), 1690 (C=O)cmt H-NMR (DMSO- (C=0) cm™ 'H-NMR (DMSO-dy): §=10.75 (s, 1H,
dg): §=10.93 (s, 1H, NH), 10.69 (s, 1H, NH), 7.88 (dNH), 10.10 (s, 1H, NH), 7.94 (d=11.0 Hz, 2H, Ph-H),
J=10.5 Hz, 2H, Ph-H), 7.75-7.66 (m, 6H, Ph-H), 4.34 (s7.84 (d, £10.5 Hz, 2H, Ph-H), 7.70 (d,510.5 Hz, 2H,
2H, CH,), 4.21 (q, £8.5 Hz, 2H,CH,), 2.85-2.83 (m, 4H, Ph-H), 6.60 (d, #11.0 Hz, 2H, Ph-H), 4.32 (s, 2I€H,),
2CH,), 1.52—1.50 (m, 4H2CH,), 1.33-1.29 (m, 2HCH,), 2.85-2.83 (M, 4H2CH,), 1.52-1.51 (M, 4H2CH,), 1.34—
1.26 (t, =8.5 Hz, 3H,CH,) ppm. 3C-NMR (DMSO-  1.33 (m, 2HCH,) ppm.**C-NMR (DMSO-dj): 6= 165.8
dg): 6=169.8 (C=0), 165.8 (C=0), 152.8 (C), 143.1 (C)(C=0), 156.1 (C), 142.9 (C), 136.1 (C), 130.3 (C), 129.2
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(CH), 126.8 (CH), 119.6 (CH), 112.8 (CH), 4q©H,), 143.3 (C), 129.5 (CH), 129.1 (C), 119.6 (CH), 114.2 (CH),
44.0(CH,), 25.1(CH,), 23.3(CH,) ppm. 65.7(CH,), 46.3(CH,), 44.0(CH,) ppm.

N-(4-(Morpholinosulfonyl)phenyl)-2-(phenylamino)aceta-  2-(4-Bromophenylamino)-N-(4-(morpholinosulfonyl)phe-
mide (51) Beige crystals, yield (59%), m.p. 120-122 °Cuyl)acetamide (5m) Beige crystals, yield (51%), m.p.
FT-IR: 3330 (NH), 3203 (NH), 3051 (CH arom.), 2957126-128 °C. FT-IR: 3341 (NH), 3101 (NH), 3060 (CH
(CH aliph.), 2860 (CH aliph.), 1701 (C=ym~L. 'H-  arom.), 2970 (CH aliph.), 2854 (CH aliph.), 1700 (C=0)
NMR (DMSO-d,): §=10.85 (s, 1H, NH), 10.50 (s, 1H, cm™% 'H-NMR (DMSO-d,): §=10.87 (s, 1H, NH), 10.54
NH), 7.88 (d, &=10.0 Hz, 2H, Ph-H), 7.72 (d=/10.0 Hz, (s, 1H, NH), 7.86 (d, #11.0 Hz, 2H, Ph-H), 7.71 (d,
2H, Ph-H), 7.14-7.10 (m, 2H, Ph-H), 6.67-6.63 (m,/=11.0 Hz, 2H, Ph-H), 7.21 (d,=/11.0 Hz, 2H, Ph-H),
3H, Ph-H), 4.34 (s, 2HCH,), 3.64-3.62 (m, 4H2CH,), 6.58 (d, &=11.0 Hz, 2H, Ph-H), 4.34 (s, 2KGH,), 3.96—
2.85-2.83 (m, 4H,22CH,) ppm. *C-NMR (DMSO-d,):  3.94 (m, 4H2CH,), 2.84-2.82 (m, 4H2CH,) ppm. *C-
§=165.9 (C=0), 146.3 (C), 143.3 (C), 129.5 (CH), 129 HIMR (DMSO-d,): §=165.9 (C=0), 147.4 (C), 143.3 (C),
(CH), 129.2 (C), 119.6 (CH), 119.4 (CH), 113.2 (CH), 66.132.2 (C), 131.9 (CH), 129.4 (C), 129.1 (CH), 119.6 (CH),
(CH,), 46.3(CH.), 44.0(CH.) ppm. 114.8 (CH), 65.1CH.,), 46.3(CH,), 44.0(CH,) ppm.

2-(4-Methoxyphenylamino)-N-(4-(morpholinosulfonyl)  Ethyl  4-(2-(4-(morpholinosulfonyl)phenylamino)-2-ox-
phenyl)acetamide (5j) Pale yellow crystals, yield (67%), oethylamino)benzoate  (5n) Beige crystals, vyield
m.p. 97-99 °C. FT-IR: 3400 (NH), 3332 (NH), 3099 (CH(78%), m.p. 90-92 °C. FT-IR: 3426 (NH), 3346 (NH),
arom.), 2973 (CH aliph.), 2858 (CH aliph.), 1689 (C=0)3040 (CH arom.), 2982 (CH aliph.), 2865 (CH aliph.),
cm L 1H-NMR (DMSO-d,): §=11.43 (s, 1H, NH), 10.93 1722 (C=0), 1685 (C=0O)cm . 'H-NMR (DMSO-
(s, 1H, NH), 7.89 (d, £11.0 Hz, 2H, Ph-H), 7.71 (d, d,): 6=10.84 (s, 1H, NH), 10.65 (s, 1H, NH), 7.87 (d,
J=11.0 Hz, 2H, Ph-H), 7.04 (d,=511.0 Hz, 2H, Ph-H), /=10.5 Hz, 2H, Ph-H), 7.71 (d,=/10.5 Hz, 2H, Ph-H),
6.90 (d, 2H/=11.0 Hz, Ph-H), 4.35 (s, 2KZH,), 4.14 (s, 7.65 (d, =10.5 Hz, 2H, Ph-H), 6.59 (d,5/10.5 Hz, 2H,
3H, CH,), 3.65-3.63 (m, 4H2CH,), 2.84-2.82 (m, 4H, Ph-H), 4.33 (s, 2HCH,), 4.19 (q, £8.5 Hz, 2H,CH,),
2CH,) ppm. ¥C-NMR (DMSO-d,): §=165.6 (C=0), 3.62-3.60 (m, 4H,2CH,), 2.84-2.82 (m, 4H2CH,),
142.8 (C), 141.7 (C), 129.7 (CH), 129.2 (C), 119.5 (CH},.26 (t,/=8.5 Hz, 3H,CH) ppm. 2*C-NMR (DMSO-
115.2 (CH), 65.7(CH,), 55.8 (CH;), 46.3(CH,), 44.0 d,): §=166.3 (C=0), 165.9 (C=0), 153.2 (C), 143.3 (C),
(CH,) ppm. 131.4 (CH), 129.4 (CH), 129.1 (C), 119.6 (CH), 116.9
(C), 113.4 (CH), 65.TCH,), 59.9(CH,), 46.3(CH,), 44.0
N-(4-(morpholinosulfonyl)phenyl)-2-(p-tolylamino)aceta-  (CH,), 14.8(CH5) ppm.
mide (5k) Beige crystals, yield (69%), m.p. 86-88 °C.
FT-IR: 3332 (NH), 3190 (NH), 3104 (CH arom.), 29734-(2-(4-(Morpholinosulfonyl)phenylamino)-2-oxoethyl-
(CH aliph.), 2859 (CH aliph.), 1698 (C=Qdm™Y. H-  amino)benzoic acid (50) Beige crystals, yield (55%), m.p.
NMR (DMSO-d,): §=10.86 (s, 1H, NH), 10.83 (s, 1H, 105-108 °C. FT-IR: 3475 (br, OH), 3365 (NH), 3059 (CH
NH), 7.87 (d, =10.5 Hz, 2H, Ph-H), 7.72 (d=/10.0 Hz, arom.), 2977 (CH aliph.), 2858 (CH aliph.), 1699 (C=0.),
2H, Ph-H), 7.26-7.00 (m, 4H, Ph-H), 4.33 (s, 28H,), 1690 (C=0)cm . H-NMR (DMSO-d,): 6=10.87 (s,
3.62-3.60 (m, 4H,2CH,), 2.85-2.83 (m, 4H2CH,), 1H, NH), 10.71 (s, 1H, NH), 7.87 (d=/10.0 Hz, 2H,
2.34 (s, 3HCH,) ppm. 23C-NMR (DMSO-d,): §=165.9 Ph-H), 7.73-7.69 (m, 4H, Ph-H), 6.66 (d=10.5 Hz,
(C=0), 143.3 (C), 131.7 (C), 129.4 (CH), 129.6 (C), 1198H, Ph-H), 4.86 (s, 1H, OH), 4.33 (s, 26H,), 3.63-3.61
(CH), 65.7 (CH,), 46.3(CH,), 44.0(CH,), 20.2(CHy)  (m, 4H,2CH,), 2.84-2.82 (m, 4H2CH,) ppm. 3C-NMR
ppm. (DMSO-dy): §=166.3 (C=0), 165.9 (C=0), 143.2 (C),
131.9 (CH), 129.5 (C), 129.4 (CH), 119.6 (C), 119.5 (CH),
2-(4-Chlorophenylamino)-N-(4-(morpholinosulfonyl) 113.8 (CH), 65.1CH,), 46.3(CH,), 44.0(CH,) ppm.
phenyl)acetamide (51) White crystals, yield (55%), m.p.
102-104 °C. FT-IR: 3339 (NH), 3191 (NH), 3055 (CHN-(4-(Morpholinosulfonyl)phenyl)-2-(4-nitrophe-
arom.), 2971 (CH aliph.), 2857 (CH aliph.), 1695 (C=O)nylamino)acetamide (5p) Yellow crystals, yield (85%),
cm~ L H-NMR (DMSO-dy): §=10.84 (s, 1H, NH), 10.52 m.p. 112-114 °C. FT-IR: 3343 (NH), 3362 (NH), 3055
(s, 1H, NH), 7.87 (d, £10.5 Hz, 2H, Ph-H), 7.71 (d, (CH arom.), 2970 (CH aliph.), 2854 (CH aliph.), 1694
J=10.5 Hz, 2H, Ph-H), 7.12 (d,511.0 Hz, 2H, Ph-H), (C=0) cm . H-NMR (DMSO-d,): §=10.77 (s, 1H,
6.61 (d, £11.0 Hz, 2H, Ph-H), 4.33 (s, 2iGH,), 3.63— NH), 7.94 (d, £11.0 Hz, 2H, Ph-H), 7.86 (d510.5 Hz,
3.61 (M, 4H,2CH,), 2.84-2.82 (m, 4H2CH,) ppm.2°C-  2H, Ph-H), 7.71 (d, £10.5 Hz, 2H, Ph-H), 6.72 (s, 1H,
NMR (DMSO-d,): 6= 165.9 (C =O), 147.9 (C), 143.4 (C), NH), 6.60 (d, =11.0 Hz, 2H, Ph-H), 4.32 (s, 2IGH,),
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3.63-3.61 (m, 4H2CH,), 2.84-2.82 (m, 4H2CH,) ppm. !H-NMR (DMSO-d,): §=10.22 (s, 1H, NH), 7.48 (d,
3C-NMR (DMSO-d,): 6=165.9 (C=0), 156.1 (C), 143.3 /=10.5 Hz, 2H, Ph-H), 7.34 (d,=/10.5 Hz, 2H, Ph-H),
(C), 136.1 (C), 129.4 (CH), 129.1 (C), 126.8 (CH), 119.8.13 (d, =10.5 Hz, 2H, Ph-H), 6.65 (d, 2H=10.5 Hz,
(CH), 112.8 (CH), 65.1CH,), 46.3(CH,), 44.0(CH,) Ph-H), 6.04 (s, 1H, NH), 4.24 (s, 2HKGH,), 2.78 (t,
ppm. J=6.0 Hz, 4H,2CH,), 2.26 (s, 3HCH,), 1.53-1.51 (m,
4H, 2CH,), 1.34-1.32 (m, 2H,CH,) ppm. ®C-NMR
(DMSO-d,): §=164.8 (C=0), 153.5 (C), 136.4 (C), 133.3
(C), 129.9 (CH), 129.7 (CH), 120.4 (C), 119.8 (CH), 113.1

General procedure for synthesis (CH), 47.0(CH,), 44.0(CH,), 25.1(CH,), 23.5(CH,),
of N-aryl-2-(4-(piperidin-1-ylsulfonyl)phenyl-amino) 20.9(CH,) ppm.

acetamides 6a—h and N-aryl-2-(4-(morpholinosulfonyl)

phenylamino)- acetamides 6i-p N-(4-Chlorophenyl)-2-(4-(piperidin-1-ylsulfonyl)phe-

In a round bottomed ask, 2-chloro-Narylacetamide nylamino)acetamide (6d) White crystals, yield (92%),
4a—h (0.001 mol), sulfonamide 1a,b (0.001 mol) and m.p. 130-131 °C. FT-IR: 3437 (NH), 3362 (NH), 3040
triethylamine (0.1 mL) in absolute ethanol (20 mL) was (CH arom.), 2950 (CH aliph.), 2836 (CH aliph.), 1670
re uxed for 4-6 h. e reaction mixture was cooled (C=0) cmt. 'H-NMR (DMSO-d,)): §=10.45 (s, 1H,
to room temperature, the solid obtained was Itered, NH), 7.63 (d, =10.5 Hz, 2H, Ph-H), 7.39 (d510.5 Hz,
washed with cold ethanol, dried and recrystallized from 2H, Ph-H), 7.33 (d, #10.5 Hz, 2H, Ph-H), 6.64 (d, 2H,
ethanol to give the titled products 6ap and 6i—p. J=10.5 Hz, Ph-H), 6.04 (s, 1H, NH), 4.27 (s, 2Bl,),
2.78 (t, =6.0 Hz, 4H,2CH,), 1.53-1.51 (m, 4H2CH,),
N-Phenyl-2-(4-(piperidin-1-ylsulfonyl)phenylamino) ~ 1.34-1.32 (m, 2H,CH,) ppm. ¥*C-NMR (DMSO-d,):
acetamide (6a) White crystals, yield (96%), m.p. 122— §=165.2 (C=0), 153.5 (C), 137.9 (C), 129.8 (CH), 129.2
124 °C. FT-IR: 3437 (NH), 3363 (NH), 3040 (CH arom.)(CH), 127.9 (C), 121.3 (CH), 120.4 (C), 113.1 (CH), 47.0
2950 (CH aliph.), 2836 (CH aliph.), 1674 (C=@n %  (CH,), 43.9(CH,), 25.1(CH,), 23.4(CH,) ppm.
H-NMR (DMSO-d,): §=10.33 (s, 1H, NH), 7.61 (d,
J=10.0 Hz, 2H, Ph-H), 7.36-7.31 (m, 4H, Ph-H), 7.10-N-(4-Bromophenyl)-2-(4-(piperidin-1-ylsulfonyl)phe-
7.07 (m, 1H, Ph-H), 6.67-6.65 (m, 2H, Ph-H), 6.00 (br spylamino)acetamide (6e) White crystals, yield (97%),
1H, NH), 4.27 (s, 2HCH,), 2.77 (t/=6.5 Hz, 4H2CH,), m.p. 145-146 °C. FT-IR: 3437 (NH), 3362 (NH), 3045
1.52-1.50 (m, 4H2CH,), 1.34-1.32 (m, 2HCH,) ppm. (CH arom.), 2950 (CH aliph.), 2836 (CH aliph.), 1671
13C-NMR (DMSO-d,): §=165.1 (C=0), 153.4 (C), 138.9 (C=0) cm L. H-NMR (DMSO-d,): 6=10.45 (s, 1H,
(C), 129.8 (CH), 129.3 (CH), 124.3 (CH), 120.5 (C), 119.8H), 7.58 (d, =10.5 Hz, 2H, Ph-H), 7.51 (d=/10.5 Hz,
(CH), 113.2 (CH), 47.QCH,), 44.0(CH,), 25.1(CH,), 2H, Ph-H), 7.34 (d, £11.0 Hz, 2H, Ph-H), 6.65 (d, 2H,
23.4(CH,) ppm. J=11.0 Hz, Ph-H), 6.04 (s, 1H, NH), 4.27 (s, 2BH.,),
2.78 (t, =6.5 Hz, 4H,2CH,), 1.53-1.51 (m, 4H2CH,),
N-(4-Methoxyphenyl)-2-(4-(piperidin-1-ylsulfonyl)phe- ~ 1.34-1.32 (m, 2H,CH,) ppm. ®*C-NMR (DMSO-d,):
nylamino)acetamide (6b) White crystals, yield (92%), §=165.2 (C=0), 153.4 (C), 138.3 (C), 132.1 (CH), 129.8
m.p. 120-121 °C. FT-IR: 3437 (NH), 3340 (NH), 3072CH), 121.7 (CH), 120.4 (C), 115.6 (C), 113.1 (CH), 47.0
(CH arom.), 2952 (CH aliph.), 2836 (CH aliph.), 1664(CH,), 44.0(CH,), 25.1(CH,), 23.4(CH,) ppm.
(C=0) cm™L H-NMR (DMSO-d/): §=10.17 (s, 1H,
NH), 7.51 (d, =£10.5 Hz, 2H, Ph-H), 7.34 (d510.5 Hz, Ethyl 4-(2-(4-(piperidin-1-ylsulfonyl)phenylamino)aceta-
2H, Ph-H), 6.91 (d, #£10.5 Hz, 2H, Ph-H), 6.65 (d, 2H, mido)benzoate (6f) White crystals, yield (91%), m.p.
J=10.5 Hz, Ph-H), 6.04 (s, 1H, NH), 4.22 (s, 26kl,), 75-76 °C. FT-IR: 3275 (NH), 3203 (NH), 3090 (CH
3.73 (s, 3HCH,), 2.78 (t, £5.5 Hz, 4H,2CH,), 1.54— arom.), 2947 (CH aliph.), 2858 (CH aliph.), 1721 (C=0),
1.52 (m, 4H,2CH,), 1.34-1.32 (m, 2HCH,) ppm.*C- 1679 (C=0) cm™. 'H-NMR (DMSO-d,): 6=10.75
NMR (DMSO-d,): §=164.6 (C=0), 156.0 (C), 153.5 (C),(s, 1H, NH), 10.65 (s, 1H, NH), 7.94 (d=10.5 Hz,
132.0 (C), 129.9 (CH), 121.4 (CH), 120.4 (C), 114.4 (CHRH, Ph-H), 7.83 (d, #10.5 Hz, 2H, Ph-H), 7.74 (d,
113.1 (CH), 55.6(CH;), 47.0 (CH,), 44.0 (CH,), 25.1 J=10.5 Hz, 2H, Ph-H), 7.71 (d, 2H=/10.5 Hz, Ph-H),
(CH,), 23.5(CH,) ppm. 4.29 (q, £6.0 Hz, 4H,2CH,), 2.85 (t, =6.0 Hz, 4H,
2CH,), 1.54-1.52 (m, 4H2CH,), 1.34 (t, 6.0 Hz, 3H,
2-(4-(Piperidin-1-ylsulfonyl)phenylamino)-N-p-toly-  CHy), 1.33-1.29 (m, 2HCH,) ppm. *C-NMR (DMSO-
lacetamide (6c) White crystals, yield (98%), m.p. 137—d,): §=165.8 (C=0), 165.6 (C=0), 143.2 (C), 142.9 (C),
138 °C. FT-IR: 3437 (NH), 3363 (NH), 3040 (CH arom.),130.8 (CH), 130.3 (C), 129.2 (CH), 125.6 (C), 119.6 (CH),
2950 (CH aliph.), 2836 (CH aliph.), 1672 (C=@n ™.
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119.2 (CH), 60.9(CH,), 47.0(CH,), 44.0(CH,), 25.1 6.67 (d, =10.5 Hz, 2H, Ph-H), 6.13 (s, 1H, NH), 4.22 (s,
(CH,), 23.3(CH,), 14.6(CH3) ppm. 2H, CH,), 3.72 (s, 3HCH,), 3.62-3.60 (m, 4H2CH,),
2.77-2.75 (m, 4H2CH,) ppm. *C-NMR (DMSO-d,):
4-(2-(4-(Piperidin-1-ylsulfonyl)phenylamino)acetamido)  §=164.6 (C=0), 156.0 (C), 153.8 (C), 132.0 (C), 130.2
benzoic acid (6g) White crystals, yield (81%), m.p. (CH), 121.4 (CH), 119.1 (C), 114.4 (CH), 113.2 (CH), 65.7
164-166 °C. FT-IR: 3437 (br OH), 3340 (NH), 3000 (CH(CH,), 55.6(CH.), 46.3(CH.), 44.0(CH.,), ppm.
arom.), 2950 (CH aliph.), 2836 (CH aliph.), 1680 (C=0),
1641 (C=0) cm™. 'H-NMR (DMSO-dy): 6=12.77 2-(4-(Morpholinosulfonyl)phenylamino)-N-p-tolylacet-
(s, 1H, OH), 10.94 (s, 1H, NH), 7.92 (d=210.5 Hz, gamide (6k) Beige crystals, yield (55%), m.p. 158-
2H, Ph-H), 7.76 (d, #10.5 Hz, 2H, Ph-H), 7.33 (d, 160 °C. FT-IR: 3444 (NH), 3364 (NH), 3035 (CH arom.),
J=10.5 Hz, 2H, Ph-H), 6.65 (d, 2H~10.5 Hz, Ph-H), 2916 (CH aliph.), 2848 (CH aliph.), 1673 (C=@n .
6.07 (s, 1H, NH), 4.35 (s, 2CH,), 2.79-2.76 (m, 4H, 'H-NMR (DMSO-d,): §=10.21 (s, 1H, NH), 7.48 (d,
2CH,), 1.53-1.50 (m, 4H2CH,), 1.35-1.33 (m, 2HCH,)  J=10.0 Hz, 2H, Ph-H), 7.36 (d,510.5 Hz, 2H, Ph-H),
ppm. *C-NMR (DMSO-d;): §=167.1 (C=0), 165.7 7.13 (d, =10.0 Hz, 2H, Ph-H), 6.68 (d, 2H=/10.5 Hz,
(C=0), 153.5 (C), 143.5 (C), 131.4 (CH), 129.8 (CH)Ph-H), 6.12 (s, 1H, NH), 4.23 (s, 2BH,), 3.61-3.59 (m,
126.4 (C), 120.3 (C), 119.0 (CH), 113.1 (CH), 4TH,), 4H, 2CH,), 2.77-2.75 (m, 4H2CH,), 2.25 (s, 3HCH,)
44.0(CH,), 25.1(CH,), 23.4(CH.) ppm. ppm. 3C-NMR (DMSO-d,): §=164.8 (C=0), 153.8 (C),
136.4 (C), 133.3 (C), 129.6 (CH), 129.8 (CH), 119.1 (CH),
N-(4-Nitrophenyl)-2-(4-(piperidin-1-ylsulfonyl)phe-  113.2 (CH), 65.7(CH,), 46.3 (CH,), 44.0(CH,), 20.9
nylamino)acetamide (6h) Yellow crystals, yield (85%), (CH5) ppm.
m.p. 142-144 °C. FT-IR: 3437 (NH), 3362 (NH), 3099
(CH arom.), 2947 (CH aliph.), 2836 (CH aliph.), 1685N-(4-Chlorophenyl)-2-(4-(morpholinosulfonyl)phe-
(C=0) cm™. 'H-NMR (DMSO-d,): §=10.92 (s, 1H, nylamino)acetamide (61) White crystals, yield (98%),
NH), 8.24 (d, £11.5 Hz, 2H, Ph-H), 7.85 (d5/11.5 Hz, m.p. 166-168 °C. FT-IR: 3444 (NH), 3365 (NH), 3084
2H, Ph-H), 7.33 (d, #11.0 Hz, 2H, Ph-H), 6.65 (d, 2H, (CH arom.), 2984 (CH aliph.), 2847 (CH aliph.), 1670
J=11.0 Hz, Ph-H), 6.04 (s, 1H, NH), 4.35 (s, 2BH,), (C=0) cm ™. 'H-NMR (DMSO-d,): §=10.44 (s, 1H,
2.77 (t, =6.0 Hz, 4H,2CH,), 1.53-1.51 (m, 4H2CH,), NH), 7.62 (d, =10.5 Hz, 2H, Ph-H), 7.39 (d=510.5 Hz,
1.33-1.31 (m, 2H,CH,) ppm. *¥*C-NMR (DMSO-d): 2H, Ph-H), 7.35 (d, £10.5 Hz, 2H, Ph-H), 6.67 (d, 2H,
§=166.0 (C=0), 153.4 (C), 145.0 (C), 143.0 (C), 129.8-10.5 Hz, Ph-H), 6.12 (s, 1H, NH), 4.26 (s, 2EH,),
(CH), 125.5 (CH), 120.4 (C), 119.5 (C), 113.1 (CH), 47.8.61-3.59 (m, 4H2CH,), 2.77-2.75 (m, 4H2CH,) ppm.
(CH,), 44.0(CHy), 25.1(CHy), 23.4(CH) ppm. 13C-NMR (DMSO0-d,): §=165.2 (C=0), 153.8 (C), 137.9
(C), 130.2 (CH), 129.2 (CH), 127.9 (C), 121.3 (CH), 119.1
2-(4-(Morpholinosulfonyl)phenylamino)-N-phenylaceta-  (C), 113.2 (CH), 65.{CH,), 46.3(CH,), 43.9(CH,) ppm.
mide (6i) Beige crystals, yield (98%), m.p. 133-134 °C.
FT-IR: 3444 (NH), 3365 (NH), 3099 (CH arom.), 2985N-(4-Bromophenyl)-2-(4-(morpholinosulfonyl)phe-
(CH aliph.), 2847 (CH aliph.), 1672 (C=Qm *. 'H-  nylamino)acetamide (6m) White crystals, yield (95%),
NMR (DMSO-dg): §=10.30 (s, 1H, NH), 7.59 (d, m.p. 173-175 °C. FT-IR: 3444 (NH), 3365 (NH), 3078
J=9.5 Hz, 2H, Ph-H), 7.35 (d,510.5 Hz, 2H, Ph-H), (CH arom.), 2954 (CH aliph.), 2847 (CH aliph.), 1671
7.32 (d, £9.5 Hz, 2H, Ph-H), 7.10-7.06 (m, 1H, Ph-H), (C=0) cm™. H-NMR (DMSO-d,): §=10.44 (s, 1H,
6.68-6.66 (m, 2H, Ph-H), 6.12 (s, 1H, NH), 4.26 (s, 2HNH), 7.57 (d, =10.5 Hz, 2H, Ph-H), 7.52 (d5/10.5 Hz,
CH,), 3.62-3.60 (m, 4H2CH,), 2.77-2.75 (m, 4H2CH,)  2H, Ph-H), 7.35 (d, #10.5 Hz, 2H, Ph-H), 6.67 (d, 2H,
ppm. *C-NMR (DMSO-d,): §=165.1 (C=0), 153.8 (C), /=10.5 Hz, Ph-H), 6.12 (s, 1H, NH), 4.26 (s, 2BH,),
138.9 (C), 130.2 (CH), 129.3 (CH), 124.3 (CH), 119.8.61-3.59 (m, 4H2CH,), 2.77-2.75 (m, 4H2CH,) ppm.
(CH), 119.1 (C), 113.2 (CH), 65(CH,), 46.4(CH,), 44.0 13C-NMR (DMSO-d,): §=165.2 (C=0), 153.8 (C), 138.3
(CH,) ppm. (C), 132.1 (CH), 130.2 (CH), 121.7 (CH), 119.1 (C), 116.4
(C), 113.2 (CH), 65.7CH.), 46.4(CH,), 44.0(CH,) ppm.
N-(4-Methoxyphenyl)-2-(4-(morpholinosulfonyl)phe-
nylamino)acetamide (6j) Pale yellow crystals, yield Ethyl  4-(2-(4-(morpholinosulfonyl)phenylamino)aceta-
(94%), m.p. 127-128 °C. FT-IR: 3444 (NH), 3364 (NH)mido)benzoate (6n) White crystals, yield (94%), m.p.
3073 (CH arom.), 2957 (CH aliph.), 2844 (CH aliph.),97-99 °C. FT-IR: 3327 (NH), 3276 (NH), 3087 (CH
1665 (C=0) cm™". 'H-NMR (DMSO-d,): §=10.17 arom.), 2971 (CH aliph.), 2863 (CH aliph.), 1720 (C=0),
(s, 1H, NH), 7.51 (d, #11.0 Hz, 2H, Ph-H), 7.35 (d, 1676 (C=0) cm ' H-NMR (DMSO-d,): §=10.83
J=10.5 Hz, 2H, Ph-H), 6.90 (d,511.0 Hz, 2H, Ph-H), (s, 1H, NH), 10.69 (s, 1H, NH), 7.93 (d=L10.5 Hz,
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2H, Ph-H), 7.87 (d, £10.5 Hz, 2H, Ph-H), 7.74 (d, were incubated at 37 °C for 24 h. Each assay was done
J=11.0 Hz, 2H, Ph-H), 7.71 (d5/11.0, 2H, Ph-H), 4.33— in triplicate. ZOl was determined using the mean value.
4.25 (m, 4H2CH,), 3.63-3.61 (m, 4H2CH,), 2.84-2.82 Tested compound giving high ZOI value re ecting its
(m, 4H, 2CH,), 1.29 (t, =8.5 Hz, 3H,CH,) ppm. 13c.  signi cant antibacterial activity. E cacy of the novel
NMR (DMSO-d,): §=165.8 (C=0), 165.6 (C=0), 143.2 compounds was measured against di erent strains of
(C), 143.2 (C), 130.7 (CH), 129.4 (CH), 129.1 (C), 1258&ram positive and Gram-negative bacteria, also evalu
(C), 119.6 (CH), 119.2 (CH), 65(CH,), 60.9(CH,), 46.3 ated against di erent fungal strains. e Gram-positive
(CHy), 44.0(CH,), 14.6(CH) ppm. organisms that were used for culture sensitivity include
S. aureusRCMBO010010), and B. subtilis RCMB 015 (1)
4-(2-(4-(Morpholinosulfonyl)phenylamino)aceta- NRRL B-543, on the other hand, the Gram-negative
mido)benzoic acid (60) White crystals, yield (83%), organisms that were used for culture sensitivity include
m.p. 197-198 °C. FT-IR: 3444 (br OH), 3365 (NH),E. coli (RCMB 010052) ATCC 25955, and P. vulgaris

3038 (CH arom.), 2984 (CH aliph.), 2847 (CH aliph.),RCMB 004 (1) ATCC 13315. e fungal strains that
1682 (C=0),1642 (C=0)cm: H-NMR (DMSO- Wwere used include A. fumigatus (RCMB 002008), and

dy): §=12.12 (s, 1H, OH), 10.62 (s, 1H, NH), 7.92 (dC. albicans RCMB 005003 (1) ATCC 10231. Dierent
J=10.5 Hz, 2H, Ph-H), 7.71 (d,5/10.5 Hz, 2H, Ph-H), antibiotics were used as a reference for evaluating the
7.35 (d, £10.5 Hz, 2H, Ph-H), 6.66 (d, 2H=10.5 Hz, antimicrobial activity of novel compounds. Gentamy
Ph-H), 6.12 (s, 1H, NH), 4.30 (s, 2KH,), 3.61-3.59 cin and Ketoconazole were used as a reference -anti
(m, 4H,2CH,), 2.77-2.75 (m, 4H2CH,) ppm.*3C-NMR biotic for assessing the antimicrobial activity of the
(DMSO-d,): 6=167.3 (C=0), 165.7 (C=0), 153.8 (C),novel compounds against bacterial and fungal strains,
142.8 (C), 131.0 (C), 130.9 (CH), 130.2 (CH), 126.4 (Cjespectively.

119.1 (CH), 113.2 (CH), 65.{CH,), 46.3(CH,), 44.0

(CH) ppm. _ _ ,

In vitro anticancer screening
2-(4-(Morpholinosulfonyl)phenylamino)-N-(4-nitrophe- € cell lines were purchased from the American Type
nyl)acetamide (6p) Pale yellow crystals, yield (96%), Culture collection and their accession number as fol
m.p. 158-160 °C. FT-IR: 3444 (NH), 3365 (NH), 3097lows: A-549 (ATCC CCL-185) lung carcinoma cell
(CH arom.), 2984 (CH aliph.), 2847 (CH aliph,), 1686line and MCF-7 (ATCC HTB-22") breast adenocarei
(C=0) cm % H-NMR (DMSO-d,): §=10.91 (s, 1H, noma cell line.

NH), 8.24 (d, =10.5 Hz, 2H, Ph-H), 7.84 (d=/10.5 Hz, Cytotoxic activity screening was performed at

2H, Ph-H), 7.35 (d, £10.0 Hz, 2H, Ph-H), 6.67 (d, 2H, Regional Center for Mycology and Biotechnology, Al-

J=10.0 Hz, Ph-H), 6.11 (s, 1H, NH), 4.35 (s, 2EH,), Azhar University, according to the suggested method
3.61-3.59 (m, 4H2CH,), 2.77-2.75 (m, 4H2CH,) ppm. of Skehan et al. [65]. Exponentially, cells were placed
3C-NMR (DMSO-d,): §=166.0 (C=0), 153.8 (C), 145.0 in 10* cells/well for 24 h, and then add fresh medium

(C), 143.0 (C), 130.1 (CH), 125.5 (CH), 119.5 (CH), 119.which containing di erent concentration of the tested

(C), 113.2 (CH), 65.fCH,), 46.3(CH,), 44.0(CH,) ppm. sample. Serial two-fold dilutions of the tested sample
were added using a multichannel pipette. Moreover, all

cells were cultivated at 37 °C, 5@0, and 95% humid

ity. Also, incubation of control cells occurred at 37 °C.
However, after incubation for 24 h di erent concentra
tions of sample (500, 250, 125, 62.50, 31.25, 15.60, 7.80,
3.90, 2, 1 and 0 pg1}) were added and continued the
incubation for 48 h, then, add the crystal violet solution

di usion method [62—64] using Mueller—Hinton Agar. 1% to each well for 0.5 h to examine viable cells. Rinse

Activation of various strains of bacteria occurred by theo Wellslusmg yvater until no staln..After that, add
using a loop that full of bacterial strain in the broth 30% glacial acetic acid to all wells with shaking plates

and incubated for 24 h at 37 °C. Furthermore, 0.1 mL°" Microplate r-eader (TECAN, Inc.) to measure the
of the suspension of strains was poured on the aga@bsorbance, using a test Wavele.ngth of 490 nm. Besides,
spread well and left to solidify. Moreover, using a ster”ecompar.e-the treateq samples W'th, the control cell. e
cork, about 0.9 cm cut was made and were lled com CY!otoXicity was estimated byCe in uM; the concen
pletely with the tested compound solution. e wells tration that inhibits 50% of growth of cancer cell.

Antimicrobial screening

All microbial strains were provided from culture cel

lection of the Regional Center for Mycology and Bio
technology (RCMB), Al-Azhar University, Cairo, Egypt.
e antimicrobial activity was evaluated by disc-agar
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Docking and molecular modeling calculations

Were done in the Department of Pharmaceutical
Organic Chemistry, Faculty of Pharmacy (Girls), Al-

Azhar University, Egypt, as computational software 8.

using Protein Data Bank, 5-Fluorouracil (PDB ID:

1BID) and DHFR (PDB ID: 4DFR).

Additional file

Additional file 1. A molecular docking study was executed to identify
their good binding interactions with the active sites of dihydrofolate
reductase (DHFR). Most of compounds displayed significant anticancer
activity against human lung carcinoma (A-549) and human breast carci-
noma (MCF-7) cell lines.
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