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Attempting to produce cyclized systems with potential
anti-proliferative activity, a series of novel thiophene and
benzothiophene derivatives were designed and synthe-
sized. The reactivity of the latter derivatives towards differ-
ent chemical reagents was studied. Twenty-one compounds
were synthesized and evaluated as anti-cancer agents. The
results showed that ethyl 5-amino-3-(4-chlorostyryl)-4-cy-
anothiophene-2-carboxylate (5b), ethyl 5-amino-4-((4-me-
thoxyphenyl)carbonyl)-3-methylhiophene-2-carboxylate
(8c) and 5-3-(ethoxy-3-oxopropanamido)-3-methyl-4-
(phenylcarbamoyl)thiophene-2-carboxylate (9) were the
most active compounds towards three tumor cell lines —
MCE-7 (breast adenocarcinoma), NCI-H460 (non-small cell
lung cancer) and SF-268 (CNS cancer) and a normal fibro-
blast human cell line (WI-38) compared to the anti-prolifer-
ative effects of the reference control doxorubicin.
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Thiophene derivatives are a very important class of compounds with different uses,
including industrial and medicinal chemistry (1-4). Further, substituted and fused thio-
phenes showed interesting applications in the field of medicinal chemistry (5-11).

On the other hand, benzo[b]thiophenes (12) are naturally occurring heterocyclic com-
pounds (13) with diverse applications in medicinal chemistry and material science, attract-
ing great interest in industry as well as academia. They display a wide range of biological
and physiological functions such as anti-inflammatory (14), anti-fungal (15), anti-depres-
sant (16), estrogen receptor modulating (17), anti-mitotic (18), kinases inhibiting (19, 20) and
anti-cancer (21, 22). Several commercially available drugs, such as sertaconazole nitrate
and benocyclidine, contain the benzo[b]thiophene core structure as well.
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EXPERIMENTAL

General

All melting points were determined on an Electrothermal digital melting point ap-
paratus and are uncorrected. IR spectra (KBr discs) were recorded on a FTIR plus 460 or
Pye Unicam SP-1000 spectrophotometer (Pye Unicam, UK). 'H NMR and *C NMR spectra
were recorded with Varian Gemini-200 (200 MHz, Varian UK) and Jeol AS 500 MHz (Jeol,
Japan) instruments in DMSO-d; as a solvent, using TMS as internal standard. Chemical
shifts are expressed as 6 ppm. The mass spectra were recorded with a Hewlett Packard
5988 A GC/MS system (Hewlett Packard, Agilent, USA) and GCMS-QP 1000Ex Shimadzu
(EL 70 eV) (Japan) instruments. Analytical data were obtained from a Vario EL III Elemen-
tal CHNS analyzer (Germany).

Syntheses

Ethyl 5-amino-4-cyano-3-methylthiophene-2-carboxylate (1a) and diethyl 5-amino-3-methyl-
thiophene-2,4-dicarboxylate (1b). General procedure. — Equimolar amounts of ethyl acetoace-
tate (1.30 g, 0.01 mol) and elemental sulfur (0.32 g, 0.01 mol) containing a catalytic amount
of triethylamine in ethanol (25 mL), either malononitrile (0.66 g, 0.01 mol) or ethyl cyano-
acetate (1.13 g, 0.01 mol), were added. The reaction mixture in each case was heated under
reflux for 3 hours, then cooled and neutralized by pouring into an ice/water mixture con-
taining a few drops of hydrochloric acid. The solid product formed in each case was col-
lected by filtration and crystallized from ethanol to give 1a and 1b, respectively (Table I).

Ethyl 5-(acetylamino)-4-cyano-3-methylthiophene-2-carboxylate (2). — A solution of 1a (2.10
g, 0.01 mol) in acetic acid/acetic anhydride (10:3 mL) was heated under reflux for 3 hours.
The solid product formed upon pouring into an ice/water mixture was collected by filtra-
tion, washed with water and crystallized from ethanol to give 2 (Table I).

Ethyl 5-amino-4-cyano-3-((2-phenylhydrazinylidene)methyl) thiophene-2-carboxylate (3a),
ethyl 5-amino-3-(2-(4-chlorophenyl)hydrazinylidene)-methyl-4-cyanothiophene-2-carboxylate
(3b), ethyl 5-amino-4-cyano-3-[2-(4-methoxyphenyl)hydrazinylidene]-methyl thiophene-2-carbox-
ylate (3c) and ethyl 5-amino-4-cyano-3-(2-(4-methylphenyl)hydrazinylidene)methylthiophene-2-
carboxylate (3d). General procedure. — To a cold solution (0-5 °C) of 1a (2.10 g, 0.01 mol) in
ethanol (98 %, 20 mL) containing sodium hydroxide (10 %, 5 mL), an equimolar amount of
either diazotized aniline (0.93 g, 0.01 mol), diazotiazed 4-chloroaniline (1.27 g, 0.01 mol),
diazotiazed 4-methoxyaniline (1.23 g, 0.01 mol) or diazotiazed p-toluidene (1.07 g, 0.01 mol)
[the corresponding diazonium salt, in each case, was prepared by adding a NaNO, (0.70 g,
0.01 mol) solution to a cold solution (0-5 °C) of either aniline, 4-chloroaniline, 4-methoxy-
aniline or p-toluidene in concentrated hydrochloric acid (18 pmol L7, 5 mL) under con-
tinuous stirring] was gradually added under stirring. The solid products formed upon
cooling in an ice bath were collected by filtration, washed with water and crystallized from
ethanol to give 3a-d, respectively (Table I).

Ethyl 4-cyano-5-((2,2-dicyanoethylidene)amino)-3-methylthiophene-2-carboxylate (4). — To a

mixture of 1a (2.10 g, 0.01 mol) and ethyl orthoformate (1.48 g, 0.01 mol), a catalytic amount
of piperidine was added and the reaction mixture was heated in an oil bath at 120 °C for 2
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Table 1. Physicochemical and analytical data of the newly synthesized compounds

Analysis (calcd./found) (%)

Molecul M.p.  Yield
Compd. forIile;(;\l;) e CI; (1;) Colour
i ’ C H N S
H £ whi
1a OENOS o0 60 g5 OEWhIte o isias azors11 13321300 15.25/1543
(210.25) crystals
H
1 CuflsNOS g s g5 OTANBe 50000 588580 544/524  1246/1211
(257.31) crystals
C, H,,N,0,5 £ whit
2 N g g WM 5 am 07 479459 1110/11.20 12.71/13.03
(252.92) crystals
H
30 CuthNOS oo o gg OTNES oonisr00 44922 17821747 10.20/10.53
(314.36) crystals
H 1 b
b CotNOSCl e 00 60 POWM 51655135 376343 1606/1585 919/878
(348.81) crystals
C,H,N,0.8 b
3¢ 1671645 108 110 80 FOWIL 55 80/55.40  4.68/4.20 16.27/1590 9.31/8.91
(344.39) crystals
H
3a CotheNiOS aq 1o o4 OTANBC sgomged 491456 170611711 9.76/940
(328.39) crystals
H b
g CothoNOS g0 g BrOWR o o sa00 352379 1957/19.80 11.20/10.88
(286.31) crystals
C,H,N,0,8 b
5a M2 g193 7 FOWI 64 41/6419 4731496 939/917  10.75/11.04
(298.36) crystals
C,H,:N,0,5C1 b
5b 16 132270 g3 95 g0 TOWI 57 74/58.03  3.94/410  842/817  9.63/9.83
(332.80) crystals
H, N b
sc  CrHLNOS g o5 g FOWIU 60 18/62.11  491/493  8.53/8.58  9.76/9.35
(328.39) crystals
faint
H
6 C“Gllﬁé?as 173-175 94  vyellow 61.13/61.07 4.49/4.63  891/9.07 10.20/10.45
’ crystals
C,H,N,0,5 b
7 127N 198 130 93 FOWI5198/51.68  4.00/3.89  15.15/14.80 11.56/11.20
(277.30) crystals
H
ga  CotheNaOSS o 1as 7 OTAMBC 5o 0054 5019/5954  9.20/950 10.54/10.20
(304.40) crystals
C,H,:N,O.S
8b 00208 99y 184 65 U8C (036/60.64 5.70/531  8.80/9.20  10.07/9.70
(318.40) crystals
C,H:N,0,5
8c U2 18 990 60 O 08 5747/5787 543/573  8.38/8.68  9.59/9.89
(334.40) crystals
H,,N b
o CotlaNOS 110 150 65 FOWI 57 40/5770  5.30/5.60  6.69/699  7.66/794
(418.50) crystals
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H, N black
10a CisHhieN,O,S 211-215 86 ac 61.35/60.95 4.58/4.20 15.90/15.50 9.10/9.50
(352.40) crystals
C,,H,,N,0,5 hit
10b  O0AEYR gy q4s 70 VM 6013/59.83  5.30/495 10.52/10.36  8.03/8.40
(399.50) crystals
yellowish
C,,H,:N,O,S
11 17(3412 43)4 98-100 76 white  5894/58.56 5.24/490  8.09/7.70  9.26/8.96
’ crystals
H,,N. b
12 CRHNOS 0 s g TOWIL - 0733/67.18  5.14/4.80  714/744  817/7.80
(392.50) crystals

hours. The mixture was then boiled in ethanol for a few minutes, poured onto an acidified
ice/water mixture and the product was crystallized from ethanol to give 4 (Table I).

Ethyl 5-amino-4-cyano-3-styrylthiophene-2-carboxylate (5a), ethyl 5-amino-3-(4-chlorostyryl)-
4-cyanothiophene-2-carboxylate (5b), ethyl 5-amino-4-cyano-3-[2-(2-methoxyphenyl)-ethenyl]thio-
phene-2-carboxylate (5¢) and ethyl 5-amino-4-cyano-3-[2-(2-hydroxypentyl)ethenyllthiophene-car-
boxylate (6). General procedure. — To a solution of 1a (2.10 g, 0.01 mol) containing a catalytic
amount of piperidine (0.5 mL), either benzaldehyde (1.06 g, 0.01 mol), 4-chlorobenzaldehyde
(1.40 g, 0.01 mol), 4-methoxybenzaldehyde (1.36 g, 0.01 mol) or salicyaldehyde (1.22 g, 0.01 mol)
was added and heated in an oil bath at 120 °C for about 2 hours, then boiled in ethanol (20 mL)
for a few minutes. The solid products obtained upon pouring into an acidified ice/water
mixture were crystallized from ethanol to give 5a-c and 6, respectively (Table I).

Ethyl 3,6-diamino-5-cyano-4-hydroxybenzo[clthiophene-1-carboxylate (7). — To a solution of
1b (2.57 g, 0.01 mol) in 1,4-dioxane (25 mL) containing a catalytic amount of triethylamine,
malononitrile (0.66 g, 0.01 mol) was added. The reaction mixture was heated under reflux
for 3 hours, then cooled and neutralized by pouring into an ice/water mixture containing
a few drops of hydrochloric acid. The solid product formed was collected by filtration and
crystallized from 1,4-dioxane to give 7 (Table I).

2-Ethyl 5-amino-3-methyl-4-(phenylcarbamoyl)thiophene-2-carboxylate (8a), ethyl 5-amino-
3-methyl-4-(p-tolylcarbamoyl)thiophene-2-carboxylate (8b) and ethyl 5-amino-4-((4-methoxyphe-
nyl)carbamoyl)-3-methylthiophene-2-carboxylate (8c). General procedure. — To a solution of either
2-cyano-N-phenylacetamide (1.60 g, 0.01 mol), 2-cyano-N-(p-tolyl)acetamide (1.74 g, 0.01
mol) or N-(4-methoxyphenyl)-2-cyanoacetamide (1.90 g, 0.01 mol) [prepared by adding
ethyl cyanoacetate (1.13 g, 0.01 mol) to either aniline (0.93 g, 0.01 mol), p-toludiene (1.07 g,
0.01 mol) or 4-methoxyaniline (1.23 g, 0.01 mol) under reflux for 2 hours, then poured into
an ice/water mixture and collected by filtration] in ethanol (25 mL) containing a catalytic
amount of triethylamine (0.50 mL), ethyl acetoacetate (1.30 g, 0.01 mol) and elemental sul-
fur (0.32 g, 0.01 moL) were added. The reaction mixture was heated under reflux for 5
hours, then cooled, and neutralized by pouring into an acidified ice/water mixture. The
solid product formed in each case was filtered off and crystallized from ethanol to give
8a-c, respectively (Table I).

Ethyl 5-(3-ethoxy-3-oxopropanamido)-3-methyl-4-(phenylcarbamoyl)thiophene-2-carboxyl-
ate (9). — Equimolar amounts of 8a (3.04 g, 0.01 mol) and malonic acid diethyl ester (1.60 g,
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0.01 mol) in dimethylformamide (20 mL) were heated under reflux for 5 hours. The solid
product formed upon pouring into an ice/water mixture was collected by filtration and
crystallized from dimethylformamide to give 9 (Table I).

Ethyl 3,6-diamino-5-cyano-4-(phenylamino)benzo[clthiophene-1-carboxylate (10a) and di-
ethyl 3,6-diamino-4-(phenylamino)benzo[c]thiophene-1,5-dicarboxylate (10b). General procedure.
— To a solution of 8a (3.04 g, 0.01 moL) in 1,4 dioxane (25 mL) and dimethylformamide
(15 mL) containing a catalytic amount of triethylamine, either malononitrile (0.66 g, 0.01
mol) or ethyl cyanoacetate (1.13 g, 0.01 mol) was added. The reaction mixture was heated
under reflux for 5 hours. After cooling, the reaction mixture, in each case, was acidified by
a few drops of hydrochloric acid (18 mol L™, 0.50 mL) and the crude product was precipi-
tated, collected by filtration and crystallized from 1,4-dioxane to give 10a and 10b, respec-
tively (Table I).

Ethyl 5-acetamido-3-methyl-4-(phenylcarbamoyl)thiophene-2-carboxylate (11). — A solution
of 8a (3.04 g, 0.01 mol) in acetic acid/acetic anhydride (10:3 mL) was heated under reflux for
3 hours. The solid product formed upon pouring into an ice/water mixture was collected
by filtration, washed with water and crystallized from ethanol to give 11 (Table I).

Ethyl 5-amino-4-(phenylcarbamoyl)-3-styrylthiophene-2-carboxylate (12). — A solution of 8a
(3.04 g, 0.01 mol) containing a catalytic amount of piperidine (0.50 mL) and benzaldehyde
(1.06 g, 0.01 mol) was heated in an oil bath at 120 °C for about 2 hours and then boiled in
ethanol (20 mL) for a few minutes. The solid product obtained upon pouring into an acid-
ified ice/water mixture was crystallized from ethanol to give 12 (Table I).

In vitro cytotoxic activity of the newly synthesized compounds

Fetal bovine serum (FBS) and L-glutamine were obtained from Gibco Invitrogen
Company (UK). RPMI-1640 medium was provided by Cambrex (USA). Dimethyl sulfoxide
(DMSO), doxorubicin, penicillin, streptomycin and sulforhodamine B (SRB) were obtained
from Sigma Chemical Company (USA).

Stock solutions of compounds 1 to 12 were prepared in DMSO and kept at 20 °C. Ap-
propriate dilutions of the compounds were freshly prepared just prior to assays. Final
concentrations of DMSO did not interfere with cell growth.

Three human tumor cell lines, MCF-7 (breast adenocarcinoma), NCI-H460 (non-small
cell lung cancer), and SF-268 (CNS cancer), were used. MCF-7 was obtained from the Euro-
pean Collection of Cell Cultures (ECACC, Salisbury, UK) and NCI-H460 and SF-268 were
kindly provided by the National Cancer Institute (NCI, Cairo, Egypt). They grew as mono-
layers and were routinely maintained in RPMI-1640 medium supplemented with 5 % heat-
-inactivated FBS, 2 mmol L~ glutamine and antibiotics (penicillin 100 ug mL~, streptomycin
100 ug mL™), at 37 °C in a humidified atmosphere containing 5 % CO,. Exponentially growing
cells were obtained by plating 1.5 x 10° cell mL~ for MCF-7 and SF-268 and 0.75 x 10* cell mL™
for NCI-H460, followed by 24 h of incubation. The effect of the vehicle solvent (DMSO) on
the growth of these cell lines was evaluated in all the experiments by exposing untreated
control cells to the maximum concentration (0.5 %) of DMSO used in each assay and the
results are given in Table IIL

57



R. M. Mohareb ef al.: Synthesis and structure elucidation of some novel thiophene and benzothiophene derivatives as cytotoxic agents,

Acta Pharm. 66 (2016) 53—68.

(N=D)

O s 9z ©ooon <99 (0=D) 80°191 “(°H°D "D auaydonyy)

(HN ‘HL ‘9 (HN-N=) 9251 (O=D)

606 “CHN ‘HZ *9) 62 ‘("H’D ‘HY ‘W) 1€/-¢TZ  FSPL ‘2091 (O=D) €291 (ND) 0z

#91 (00%) LINI 82¢ \Hﬁ.ommwMMNMW@MM%MMM:OWMM%wmw (HD 'HL*9) 012 ‘CHD ‘HT D) 16552 (CHOZ THD) S26c-9867 ‘Ouewore  FF
L0911 CHD) £0°T9 “CHD) 2602 “CL) 97 BT *HD ‘HE 9) ¥T ¢ CHD ‘HE D STT-TCT  HD) 060€ ‘(“HN ‘HN) T6Ie-€€h¢
(0-D)
(HN ‘HI ‘9 (HN-N=) 6151
. INE . /(S 19~ # Quo .MO~ )
(00-001) MMMM MWNWW Mmm.m% Amw hwﬁ wmﬂ. mﬂmo o.www 08'6 ‘CHN "HZ *8) 008 ‘"H’D ‘Hy W) £££-202 (D=D) 85¥1 0091 (0=D) 091 (ND) ¢
£6 (0¢¥1) [e+IN] 9%¢ €€'0ZL ‘SOFIT BLETL 6901 (NS) T0°STT (HD “HI ) 669 (‘HD ‘Hz ‘D) 67%-tc¥  ¥1ce (FHDOT “HD) 86 ‘(Prewore
) £0'09 “CHO0) 0758 ‘) 9141 ‘(*HD 'HE '9) 9¢C CHD ‘HE WD TT1-0CT  HD) 090¢ ‘CHN ‘HN) T6I€-80%¢
(0=D) 0£991 “(N=D) 0¢'191 ‘CH’D OF P e (HN-N=) 0Z61
9 - P
(00001)  duaydony) ‘06091 ‘TTSHL ‘T9°SEL “1S°6TT 962 1 Eﬂmﬁmwmxwwﬂm MMEV (O=D) 98¥1 0091 (0=D) 2291 “(ND) as
09 (00°52) [c+IN TSE 66'8TT “06°STL ‘00°E€TL ‘TO6LT ‘8611 “9S°ELT O ‘Hz D) 165525 CHD ‘HE 9) /2T-€21 912z “("HD “HD) 006¢ ‘Prewore
(ND) TT£IT “(FHD) 6019 ‘((HD) 071 HD) 001€ ‘CHN ‘HN) 1026-5TF¢
(0ze”) (0=D) 59991 “(N=D) T€'191 P (TN 1o 4 (HN-N=) 6est
S ° S
JLFHD1 ££ (007001 €91 “(CH’D “OF ausydory) €¢°9%1 ‘00°0€T FL6CT 062 S He ﬁﬂoﬁo M%NAMUA MM%M h.w (0=D) S6¥F1 2091 (0=D) €291 “(ND) ve
(001D [c-JAll 1€ (00T 21621 “00°SZT 0S €T “00°02T “OT'ILT ‘66901 CHD Mz D) 175-51% CHD ‘He 9) 92 1-121. 112 “(*HD “HD) t86¢ ‘Pnewore
[~ 1€ “(0%0) LAl #1¢ (ND) 86'F11 “(CHD) 6009 (FHD) ¢T¥1 HD) 920¢ ‘(“HN ‘HN) £61€~£6€€
(00°001) (0=D7) £&'691 “€S°191 (O duaydony) zz'zs1 (HN (D=D) 0s¥1
0225 (08°00) I=IN]  “€T°TST “9€°€¥1 ‘T9°ELL ‘0856 “(ND) 62°91T ‘HI ‘S) 9021 “(‘HD ‘He ) 9z 7—¥¢ ¥ CHD ‘He ‘€951 (0=00) 6041 ‘0641 ‘(ND) €2cT ¢
26t (0760 LNl €57 “(FHD) €709 (FHD) 997 ‘(19389 *HD) LTHT S) 16T “CHD ‘HE D) 1€T-8¢'T CHD ‘HE ‘9) 9¢°T “CHOE “HD) 06T (HN) 092€-00%¢
(0v°¢) [T~ 952 “(0F2) Op m%ﬁoéww%% mm %Wm MM.WM (HN ‘HZ 9) 062 “CHD ‘Hz b) 077-91'% (O=D) 0¥¥1
[Nl 252 (002 [1+A] 61901 “CHD) h. /66 CH0) 9665 “CHD) ‘(HD ‘He D) sy (HD ‘HE P 8T1-7TT ‘8761 (0=D7) €661 ‘6291 ‘FHOE  qT
86 (09°0) [c+NI 65C $9°Gh CLID) 96T CHD) €241 L) 76°8 (HD ‘HE D 1TT~£1'T “(*HD ‘HE ‘) 91'T “HOY) 6v67-€86¢ “(“HN) 01€E-TTHE
(0=D) ¥9'991 “(OF susydorys) . . (O=D) p6¥1
. -, Ao P ‘g ., ’ b
_%mowvm_momm%ﬂwmmmm G0°TST “1€°9%T ‘S6'901 ‘€488 “(ND) L6711 p— Ammwwmm WMN%%MWMM MNEN ‘ShG1 (0=D) S£91 “(ND) ¥0Te ‘(FHOT el
* h ‘(HD) 8009 “((HD) 991 ‘(*HD) 0T¥1 THD) Te62-£86¢ “(CHIN) €0T€-T0%E
(%) /1t SN (wdd @) °p-OSINQA) AN Dg; (wdd @) °p-OSINA) MAN H; (w2 M) 1 ‘pdwo)

spunoduiod pazisayjufis Ajmau a3 Jo vivp wag00ds ‘[T ajqu ],

58



R. M. Mohareb et al.: Synthesis and structure elucidation of some novel thiophene and benzothiophene derivatives as cytotoxic agents,

Acta Pharm. 66 (2016) 53—68.

(0=00)
(00°001) 98 “(08'6) 99'091 ‘0%"091 “("H’D “D¥ susydorys)
[1-A 21€ (09'1D) [N 81€  T8'SET “S8°CET ‘TT6CT ‘TT6IT ‘16T (CHD) ,
€£°6F “(*HD) 65°9¢ “(*HD) 6£°0¢ ‘(*HD) 19'8
(0=D2) 00191 76091
(6€°9) .['H1?21 92 “(007001) “("H*D “D¥ duaydoryy) 00°SST “00°IST ‘00 FF1
€6 ‘[£1°0) LIN] $0€ “€€°8€T F6'8T1 ‘F8'8CT ‘F8°€TL 0L 6LL “0T6IT
78°STT “(FHD) 79°s¥ “(FHD) §9'9¢ (FHD) 65°8

(0=D) 99991
(00001) 65 “(0£'1%) LIA] “((H°D ‘D auaydorys) 89791 ‘96191 ‘6 LT
222 10€'8S) [1+N1 842 ‘0071 ‘0091 “00°FET ‘00°STT ‘00°TTT

‘(ND) 00°6T1 “((HD) 6465 “(FHD) TTHT

(z6'9) L'HD] 92 “(00°00T)
S91 ‘701 LA $1€

(0=D) 69'991 “(*H’D “D¥ suaydory3)

0€'T91 “00°8ST “00°Z¥T ‘0€"9%1 ‘00°€ET “00'ZET
‘S5°6¢T “6£°8T1 ‘00'TCT ‘86711 “(ND) 88°€1T
(HO=DOH) S6'90T (HD=DH) 7£'88 “FHD)
£0°09 “(°HDO) 20°SS ‘(19389 *HD) 0T F11

(0£€2) .['H°2] 92 “(00700T) (0=D) 59991
gzt 0z ) [e-IN] 1e€ “((H?D “DOF auaydory) 0g 191 ‘00°8¥F1 ‘00£FT

(00°001) S91 “(0%°2€)
LAl sz¢ (0F°9) [1+A 62¢

(HN ‘HI 9) 8101 ‘(“HN ‘Ht 9) 062 (H*D ‘H¥
‘w) g% /~¢12 ((HD ‘He ‘b) 8Tv-61% ("HD ‘He
) 16T (°HD ‘HE ) 02 T-ST'T ‘(*HD “HE ‘8) 90°T

‘Hz ’b) 1% “(*HD 'HE ) 02T “CHD “HE ) 01'T

(O=D)

TSP1 ‘6VS1 (0=D7) ST9T ‘2991 “(CHOE
“HD) TT6¢-096C ‘(Prewore HD)
££0€-¥€1€ “HN ‘HN) 907€-S0%¢€

(O=D)

€6¥1 ‘85ST (0=D7) €191 6991 (*HDT
“HD) TI8T-196¢ “(d1ewore 1)
£90€~-€71€ ‘CHN ‘HN) 807€-91H¢

(HN ‘HI ‘9) 9201 “(CHN
‘Hz ') 667 ‘(CH’D ‘HS ‘W) 76 /~£07 “((HD

(HO "HI1 ) €°%1 “CHN ‘Hz *5) 0’6 “(Sutx (0=D) 6¥¥1 ‘€851
auazuaq HD ‘HI ‘) 682 (“HN ‘He ‘) 01Z (0=D) #991 “(ND) S0¢T “(‘HD “HD)
‘("HD ‘He ‘D) €7 7817 “(CHD ‘HE W SI'T-9I'T  £86¢-6/6T ‘CHNT ‘HO) 10€€-CIHE

(HO ‘H1 '9) 6¥'6 ‘“HN ‘Hz ‘s) 62 (H’D ‘HY (O=D) L6¥1

w) 10£-€£°9 “(HD “HI *9) 149 (HD “HI 9) 019 291 (0=D) 9291 “(ND) ¥0zz ‘((HD

‘("HD ‘Hz ‘D) 0z H-€1'% *HD ‘HE D 6I' 41T “HD) Ge6¢ “‘HN ‘HO) $0ze—~£LI€E

(“HN ‘HT

s) g6 ("H?D ‘HY ‘W) 16£-86'9 “(HD ‘HI *S)
€69 “(HD ‘HI ) 089 “CHD ‘Hz 'b) 0z v—€1%
("HD ‘HE *9) 01T “CHD ‘HE W) 9TT-1TT

(O=D) zost
“2€91 (0=D) ££91 “(ND) 0tz “(*HOT
“HD) 0¥87-1¢6T (‘HN) $0Te-66€€

(‘HN ‘Ht 9) g1 (HD (O=D) s6¥1

“(ogon) [1-JA ze€ “(€11) ‘0€°9¥T “00°9€1 ‘00°TET Z0TET “€70€1 ‘1T62 ‘HY ‘W) $h/-ce2 “(HD ‘HI ‘) Sz (HD 'HI'S) “F£91 (0=D) ££91 “(ND) sozz ((HD

LAl eg¢ 0¥ ¢D) [+A] ‘6821 “(ND) 86711 “(HDO=DH) $6'90T
vee 0z'9) [erNl e (HD=DH) 7488 ((HD) £0°09 “*HD) 9971

(0=D) 69'991 “(*H’D “D¥ suaydory3)

(0852 J[*H°D] ££ (0°001) TE€T9T ‘TE9¥L ‘00°0ST “00°9€T “2S°8TL ‘FELTL ,
691 “(0£°) [z+IAl 00€ 0021 “(ND) 86711 (HD=DH) 56901
(HO=DH) ££88 ‘(HD) 6009 (*HD) 9971

‘H19) 00'F “CHD ‘HE *9) €9'1 “((HD ‘HE D) 0€'T

002 ‘CHD 'He D) £1%-€1'7 (CHD ‘HE M) 01'T  “HD) 6587-6.6¢ ‘CHN) $02€—£6€E

(“HN ‘Hz ") €62 CHD (O=D) 96¥1

HS ‘W) 9672 (HD ‘HI ) €7% (HD ‘HI 9)  ‘0€91 (0=D) 8291 “(ND) S0z “*HD

877 ((HD ‘Hz D) U797 ("HD ‘HE D 17T “HD) 1667££6T “CHN) F0E-86£€

(N=D)
€hS1 (O=D) 6€¥1 “10SI (0=D) 1191
“(ND) 661T ("HDT “HD ‘HIT) T€6C

(HD 'H1 ) 089 ‘CHD ‘He ‘D) £1% “(HD

qa8

eg

oG

qas

kg

59



R. M. Mohareb ef al.: Synthesis and structure elucidation of some novel thiophene and benzothiophene derivatives as cytotoxic agents,

Acta Pharm. 66 (2016) 53—68.

(HN
‘HI°S) 1701 “CHN ‘Hz '9) 62'8 “"H?Dt ‘HOI
w) 01'8-¢12Z ‘CHD ‘He D) 94759 (HD ‘HI
‘8) 17 (HD “HI ) 1'% ‘((HD ‘HE D) TTT-8I'T
(HN ‘HI ) 0T'TT “(HN ‘HI ‘S) 9201 ‘CH’D ‘HS (O=D) €6¥1 “S¥ST (0=D¢)
w) ¢£/~/07 “CHD ‘Hz 'b) 6e-S1'% “CHD ‘HE  £6S1 “€£91 ‘0.1 “(*HDE “HD) 9/6C 11
‘5) 06’7 “("HD ‘HE ‘9) #€'T “(CHD ‘HE W) €T'1-80'T  ‘(rrewore D) 050¢ “(HNT) $92€
(HN
‘HI1°S) £Z°01 ‘((HN ‘Ht ‘9) T6 (Sutrauszuaq (D=D) g6¥1 ‘9951 (O=D¢) 6091 991
HD “H’D ‘H9 ‘W) £9/~¢0Z ‘(HD ‘He *s) 0¢¥ “((HOT “HOE) $96¢ ‘Puewore 1) q0T
‘"HD ‘Hz ‘D) £1'7-91% (‘HD ‘He D) STv-€1'v  €01e-F¥1€ “CHN ‘HN) 012€~£The
‘(°HD ‘HE M ¥T1-7TT ‘((HD ‘HE ) 0T T-SI'T

(D=D) g6¥1 ‘8€ST (0O=D2) 0091
2491 “((HD “HD) Te6e ‘(Gnewore gL
HD) 050¢ “CHN ‘HN) Tee-19h¢

(05°69) 'H*D] 22
“(00°001) 951 “(09°0) [2-.JAll
06€ (09°0) [1-A 162

(09°69) .[*H°D1 ££ “007001)
€6 (09°9) [Nl 9%¢

(00-001)
#81 (00%2) [1+IA] 00%

(HN (O=D) 88¥1
(0629) L[*H°D] ££ “(00700T) ‘HLS) 9201 CHN ‘Hz *8) 06 ‘(Burrauazuaq ‘9191 (0=D) £991 (ND) 01z *HO or
€6 (0£:51) [1+IAN] €5¢ HD “H’D ‘H9 ‘W) 66/~£02 ‘(“HD ‘HT ) 0% “HOT) ST6¢—£S6¢ ‘(Orewore HD)

‘CHD ‘He D) £1%-S17 ((HD ‘HE M) 9¢T-€T1  €50€-¥¥1€ ‘“HN ‘HN) L0Z€-61¥€
(HN ‘HI 9) 0r'el “(HN ‘HI ‘) €101 ‘CH’D ‘HS
‘w) 08/~€07 ‘CHD ‘HT '8) 9¢% ((HD ‘Ht ')
027 (‘HD 'Hz D) £Z1'7—ST'% (*HD 'HE ) 671
("HD ‘HE D 9T T-€TT ("HD ‘HE D) 1TT-8I'T

(D=D) s6¥1 ‘F¥ST (O=D%) 0191 6£91
‘071 ‘0€L1 ‘Prewore D) 090 6
‘(*HDE “HDE) 46T (HNT) LTHE

(0z6m) 1Dl
££(00°001) €6 “(08°0) [1+
A 61F (08°0) [¢+IATl 02F

. e (HN ‘HI 9) 2101 “CHN ‘HZ 9) €52 (HD (D=D) 08¥1 6051 (0=D7) 1191
Aoommmw%mﬁzwﬂ.@_\m M\% HY ‘W) 95£-68'9 (‘HD ‘He ‘D) 017 (*HD ‘He  ‘0€91 “("HOE “HD) ¥6¢ ‘(Pnewore o
h ‘) £1°C “("HD ‘HE D) $T'1-81'T “(HD ‘HE ) 9T'1 HD) 050¢ “CHN ‘HN) 9¢¥¢

60



R. M. Mohareb ef al.: Synthesis and structure elucidation of some novel thiophene and benzothiophene derivatives as cytotoxic agents,
Acta Pharm. 66 (2016) 53—68.

Table I11. IC;, of the newly synthesized compounds against three human tumor and one normal human cell
line

ICsy (umol L2

Compd.

MCEF-7 NCI-H460 SF-268 WI-38
1a 40.0+18 44.3+10.8 20.5+1.1 10.3+2.8
1b 20+1.2 26+14 44+0.8 80.3+18.4

2 46+24 29+£0.8 1.8+0.6 40.2+10.2
3a 13.8+0.6 16.5+0.8 16.7+1.6 >100
3b 220+0.2 30.6+17 38.4+0.6 30.1+4.6
3¢ 36.7 175 422+128 54.0+9.0 435+8.2
3d 20.0£0.6 220+04 31.5+8.0 582+12.7

4 44.6+12.2 32.6+8.6 60.4+14.8 123 +6.1
5a 0.6+0.2 0.1+0.02 0.3+0.05 22.8+8.0
5b 0.03 £ 0.007 0.02 £ 0.008 0.01 +0.004 >100
5c 380+18 44.0+4.5 205+1.1 68.2+12.9

6 23.6+04 243 +0.8 32.0+0.8 42+18

7 28.0£4.6 20.0+24 33.5+6.0 36.2+6.9
8a 35.4+10.2 241+0.8 189 +6.8 441+6.3
8b 380+138 12.0+0.8 16.5+4.1 36.6 £4.7
8c 0.01 £ 0.006 0.03 +0.002 0.06 +0.005 >100

9 0.01 +0.003 0.02 +0.001 0.01 +0.001 66.5+12.7
10a 30.1+0.6 173+ 14 223+15 60.5£22.6
10b 28.0+0.2 30.6+14 384+0.6 44.3+10.6
11 28.7+11.5 22.2+10.8 26.0 +8.0 40.7+8.3
12 70+17.5 202+12.8 33.0£9.0 70.1+22.3

DMSO 943 +64 96.4 +10.2 98.6 £12.2 >100
Doxorubicin ~ 0.0428 + 0.0082 0.0940 £ 0.0087 0.0940 £ 0.0070 >100

*Drug concentration required to inhibit tumor cell proliferation by 50 % after continuous exposure of 48 h; data are
expressed as mean + SEM of three independent experiments performed in duplicates.
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RESULTS AND DISCUSSION

Chemistry

In the present work, we are demonstrating the synthesis of thiophene derivatives to-
gether with their cytotoxic evaluation, in continuation of our interest in the design of bio-
active heterocycles (23-27). Thus, the reaction of ethyl acetoacetate with elemental sulphur
and either malononitrile or ethyl cyanoacetate gave the thiophene derivatives 1a,b, respec-
tively. The structures of the products were based on analytical and spectral data. Thus, the
'TH NMR spectrum of 1a showed a singlet at § 1.18 ppm for the CH, group, a triplet at § 1.23
ppm and a quartet at § 4.15-4.18 ppm indicating ethoxy group and a singlet at § 7.93 ppm
(D,O exchangeable) equivalent to the NH, group. The 2-amino group present in compound
1a was capable of acetylation. Thus, compound 1a reacted with acetic anhydride to give
the N-acetyl derivative 2.

On the other hand, the methyl group, which is in the ortho-position to the cyano group
present in compound 1a, showed interesting reactivity towards some reagents. Thus, com-
pound 1a reacted with either benzene-diazonium chloride, 4-chlorobenzene, 4-methoxy-
benzene or 4-methylbenzene diazonium chloride to give the arylhydrazone derivatives
3a-d, respectively.

Next, we studied the reaction of the thiophene derivative 1a with each ethyl orthofor-
mate and malononitrile. The reaction was carried out in a catalytic amount of piperidine
to afford the N-methinomalononitrile derivative 4 (Scheme 1). The structure of compound
4 was based on analytical and spectral data. Thus, the 'TH NMR spectrum showed a singlet
at 6 1.63 ppm corresponding to the CH, group, a triplet at § 1.30 ppm equivalent to the
ester CH, group, a quartet at 6 4.17 ppm for the ester CH, group and two singlets at 5 4.00
and 6 6.80 ppm for the two CH groups.

Compound 1a reacted with either benzaldehyde, 4-chlorobenzaldehyde or 4-me-
thoxybenzaldehyde to give the benzal derivatives 5a-c, respectively. Similarly, the reaction
of 1a with salicyladehyde gave the o-hydroxybenzal derivative 6. The analytical and spec-
tral data of compounds 5a-c and 6 were consistent with their respective structures. On the
other hand, the reaction of 1b with malononitrile gave ethyl 3,6-diamino-5-cyano-4-
hydroxybenzo[c]thiophen-1-carboxylate 7 (Scheme 2). The analytical and spectral data of
the latter product were the tools of its structural elucidation. Thus, the TH NMR spectrum
showed a triplet at 6 1.16-1.18 ppm corresponding to the ester CH; group, a quartet at
6 4.18-4.23 ppm for the ester CH, group, a singlet indicating CH benzene ring at & 7.89
ppm, two singlets at 6 7.10 and 9.10 ppm (D,O exchangeable) indicating the two NH, groups
and a singlet for the OH group at 6 14.23 ppm.

At the other extreme, ethyl acetoacetate reacted with elemental sulfur and either 2-cy-
ano-N-phenylacetamide, 2-cyano-N-(p-tolyl)acetamide, or N-(4-methoxyphenyl)-2-cyano-
acetamide in the presence of ethanol containing a catalytic amount of triethylamine to give
the thiophene derivatives 8a-c. Mass spectra of 8a-c displayed [M'] ion peaks and [M*-1] at
m/z 304, 318 and 333, respectively, corresponding to their respective molecular formulae
CsH,N, O35, CHgN,O;S and C,(H{N,O,S.

The 2-amino group present in 8a was capable of amide formation; thus, the reaction
of 8a with diethylmalonate gave the (3-ethoxy-3-oxopropanamido)thiophene derivative 9.
On the other hand, the reaction of 8a with either malononitrile or ethyl cyanoacetate in

62



R. M. Mohareb ef al.: Synthesis and structure elucidation of some novel thiophene and benzothiophene derivatives as cytotoxic agents,
Acta Pharm. 66 (2016) 53—68.

X
Q9 EIOH,  \__ / \
N = O
+ Sg +
/\O)J\/U\ 8% X -~  EtN s NH,
o
X =CN 1aX=CN
X = COOC,Hs 1b X = COOC,Hs
CN
o
X
Acy0 / )&\
1a —_—
ACOH o \ N
S H
o}
2
N—NH
/ CN
®_O  EioH
+ = —
1a XQN_NCI NaoH™  \__o / \
NH,
s
aX=H O 3ax=H
b X=Cl 3bX=Cl
¢ X = OCHs 3¢ X = OCHj
d X = CHs 3d X = CH3
CN
CN
SO0, N N piperidine /
ERN A G - I SN
o s CN
7 °

Scheme 1

refluxing 1,4-dioxane containing a catalytic amount of triethylamine gave the benzolc]
thiophene derivatives 10a and 10b, respectively. The 'H NMR and 3C NMR spectra were
the basis of their structure elucidation. The reaction of compound 8a with acetic anhydride
gave the N-acetyl derivative 11.

Moreover, the reaction of compound 8a with benzaldehyde gave the benzalidene de-
rivative 12 (Scheme 3). The structure of compound 12 was based on analytical and spectral
data. Thus, the 'TH NMR spectrum showed a triplet for the ester CH, group 6 1.18-1.21 ppm,
two singlets at 6 4.15 and 4.17 ppm equivalent to the benzal CH, a quartet 6 4.64—4.76 ppm
for the ester CH, group, a multiplet at 57.12-8.10 ppm for the benzene ring and two singlets
at 68.29 and 10.41 ppm for NH, and NH groups, respectively. Mass spectrum of compound
12 showed m/z 391 [M*-1] and m/z 77 [C{H;]" for phenyl moiety.

In vitro cytotoxic activity of the newly synthesized compounds

The tumor cell growth inhibition activities of the newly synthesized thiophene systems
(21 compounds in total) were assessed in vitro (28, 29) on three human tumor cell lines,
namely, MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), SF-268
(CNS cancer), and normal fibroblast cells (WI-38), after continuous exposure for 48 h. The
results were compared to the anti-proliferative effects of the reference control doxorubicin
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(30). All compounds were dissolved in DMSO with the maximum concentration 0.5 % in
each assay.

The + SEM means of three independent experiments performed in duplicate.

The results from Table IIl indicate that most of the compounds demonstrated substan-
tial growth inhibitory effects against the human tumor cells at the concentrations tested.
The anti-proliferative activity of the test compounds against each of the title tumor cell
lines may be arranged in a descending according to the measured concentration required
to inhibit tumor cell proliferation by 50 %.

It is clear from Table III that compounds 5b, 8¢ and 9 showed significant activity
against the three tumor cell lines tested. The inhibitory effects of other compounds varied,
depending on the tested tumor cell, from high to medium or marginal effects. Some com-
pounds had no impact on a specific tumor cell proliferation, but exhibited some specificity
to another.

Structure activity relationship

It is obvious that compounds 5b, 8c and 9 exhibited maximal cytotoxic effect against
cancer cell lines, with ICy's in the pmol L™ range. Comparing the cytotoxicity of thiophene
derivatives 1a and 1b, it is clear that the cytotoxicity of 1b is higher than that of 1b. The
presence of the ethoxy group is responsible for the higher potency of 1b. Acetylation of
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compound 1a gave the N-acetyl derivative 2, for which the cytotoxicity apparently in-
creased. As regards the arylhydrazone derivatives 3a-d, it is clear that the unsubstituted
aryl derivatives showed the highest cytotoxicity among the four compounds. On the other
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hand, the reaction of compound 1a with malononitrile and ethyl orthoformate to give
compound 4 resulted in a remarkable decrease of cyctotoxicity. Moreover, it is obvious for
the benzalthiophene derivatives 5a-c that compound 5b showed high cytotoxicity due to
the presence of the chloro group. The reaction of 1a with either salicylaldehyde or malonon-
itrile gave compound 6 or 7, respectively, which showed a moderate increase in their cyto-
toxicity. On the other hand, it is clear for the other series of the thiophene amide deriva-
tives 8a, 8b and 8¢ that the presence of the OCHj, group in compound 8c is responsible for
higher cytotoxicity than that of compound 8b, which bears the CH; group. Moreover,
compound 9 revealed higher cytotoxicity than doxorubicin; such high cytotoxicity was
attributed to the presence of two ethoxy groups. It is clear from Table III that the thiophene
derivatives 10a, 10b and 11 showed moderate cytotoxicity. It is noteworthy that the reac-
tion of compound 8a with benzaldehyde to give benzylidine derivative 12 resulted in re-
markable increase in cytotoxicity. Our results showed that, in most cases, the electronega-
tive Cl, OCH; and OC,H; hydrophobic groups in the thiophene derivatives might play a
very important role in enhancing the cytotoxic effect. It is clear from Table III that com-
pounds 1a, 4 and 6 showed cytotoxicity against the normal cell line WI-38 and low po-
tency against the cancer cell lines.

CONCLUSIONS

In summary, we have developed a convenient synthetic approach for novel thiophene
and benzothiophene derivatives. The region selective attack by different reagents on the
active center moiety in the thiophene system led to the diversity of the produced systems.
Most of the newly synthesized compounds were found to be promising anti-proliferative
agents. Results showed that ethyl 5-amino-3-(4-chlorostyryl)-4-cyanothiophene-2-carbox-
ylate (5b), ethyl 5-amino-4-[(4-methoxyphenyl)carbamoyl]-3-methylthiophene-2-carboxyl-
ate (8c) and ethyl 5-(3-ethoxy-3-oxopropanamido)-3-methyl-4-(phenylcarbamoyl)thio-
phene-2-carboxylate (9) are the most active compounds against the three tumor cell lines
such as MCF-7, NCI-H460 and SF-268. At the same time, they showed low potency against
the normal fibroblasts human cell line (WI-38). On the other hand, compounds 1a, 4 and 6,
although showing low potency against the cancer cell lines, showed high potency against
the normal fibroblasts (WI-38) cell lines.

Acknowledgements. — R. M. Mohareb thanks the Alexander von Humboldt foundation for fellow-
ships in Germany for completing this work.
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