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ABSTRACT

The new research work deals with the synthesisydblepta[b]thieno[2,3-e][1,4]diazepine derivativékrough
three synthetic pathways starting with cyclohepteno The starting ethyl 2-amino-5,6,7,8-tetrahydrd-4
cyclohepta[b]thiophene-3-carboxylate (2) and 2-am#6,7,8-tetrahydro-4H-cycloheptalb] thiophene-3-
carboxamide (5) was synthesized adopting a diremtv&d's method. The starting material 2 was reactéth
phenacyl bromide and its chloride derivative tooadf 3 a&b which further cyclized through the reacti with
different aromatic amines to give 4a-e. Also 3-aty,9,10-tetrahydro-1H,6H-cyclohepta[b]thieno[26J-1,4]
diazepin-5(4-H)-one (7a-f) was furnisheda eyclization of 6 with phenacyl bromides. In aitdif the reaction
of the same starting material 6 with chloroacetylocide afforded 9 through the separated interméali@d. All of
the newly synthesized products were subjectedvitrmmanticancer screening against human breastoes cell line
(MCF-7), colon cancer cell line (HCT-116) and aggtimuman liver carcinoma (HepG-2). Compounds 7 €,and
7 f were the most active compounds which exhildt@dumor activity against human hepatocellular daoma
(HepG-2), human breast adenocarcinoma (MCF-7) anchdin colon carcinoma (HCT-116) cell lines, with 0G5
ranging from 4.4-13,g/mL in a comparison to slandered vinblastine.

Keywords: Thieno[1,4]diazepine, anticancer activity.

INTRODUCTION

1,4-Diazepine derivatives are the seven membeidgan containing heterocyclic ring systems posisgsa wide
range of therapeutic applications. These derivatare predominantly used in the inhibition of sigria the central
nervous system which is useful for the synthesipsytchoactive drugs. [1] Certain 1,4-benzodiazepliexvatives
suchl (R=CH;, C,Hs) possess sedative properties, [2] and are useplaasslytic and hypnotic drugs. [3-5] Also
(I, R=H) was found to have an anticonvulsant, muscle relasad tranquilizing activities. [6] Similarly the
hydroxy compoun® (Oxazepam)has sedative, muscle relaxant, and anticonvubsifects. [7] Furthermore, the
thieno derivativell possesses neuroleptic activity. [8]
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Also, 1,4-diazepines are widely used in the fielgpeptidomimetics as potential mimetic and molecslzaffolds.
[9,10] Analogs of 1,4-diazepine nucleoside with firetected sugar moiety have been made as possijelets
against HIV-1 and HIV-2 viruses. [11] 1,4-Diazenattracted the attention of chemists and drugdstgheir
biological and medicinal activities, such as antiobial, [12] anti-HIV, [13] herbicidal, [14] psydiropic [15] and
anticancer [16] activities. Furthermore 1,4-diapegi act as antagonists of platelet activation fa@@@\F). [17]
Such as 9-(+)-6-(2-chlorophenyl)-3-cyclopropane-carbonyl-8,dimethyl-1,2,3,3a,4,5,6,8,9,11-decahydropyrido
[4',3"4,5][\Y]-thieno[3,24][1,2,4]triazolo[4,3a][1,4]dia-zepine(IV) inhibited thapsigargin-induced production of
tumor necrosis factod: [18]

cl
HN _\ \ /N'Z
SH
N
IV N O

Moreover, it was found that 1,4-diazepines playedpminant roles in the field of medicinal chemjdiecause it is
the core moiety used for the synthesis of variousydnolecules. As the [1,4]diazepine has uniquectire that
mimics the peptide linkage, the interesting obst@mmacompletely shifted the interest of medicin&lemist for
[1,4]diazepine from CNS acting drugs to anticaraggents. During last few decades, a large numbegpafrts have
appeared in the literature highlighting the anta=ractivity of [1,4] diazepines. In view of abosaid importance,
thieno[1,4]diazepine derivatives were synthesizadl screened for their anticancer activity.

MATERIALS AND METHODS

Chemistry
All melting point were taken on Electrothermal LAMDseries, Digital Melting point Apparatus were amected.

IR Spectra were determined using KBr disc technigue Nikolet IR 200 FT IR Spectrophotometer at
Pharmaceutical Analytical Unit, Faculty of Pharma8y-Azhar University, and values are representedcin’).
The 'HNMR Spectra were recorded on Gemini 300MHz, andcMiyy 400 MHz NMR Spectrometer at the Main
Chemical Warfare Laboratories, Chemical Warfare a&epent, Ministry of Defense. DMSQOsdvas used as
solvents; Chemical shifts were measured ippm, relative to TMS as internal standard. MapscBum were
recorded at 70 ev on DI-50 unit of Schimadzu GC/-@®5050A Spectrometer at Regional Center for Mygyl
and Biotechnology (RCMB), At—Al-Azhar Universitypeesented as m/z (relative abundance %) (formElajnent
Analysis (C,H,N) were carried out at Regional Cefite Mycology and Biotechnology, Al-Azhar Univetgi the
values were found to be within £0.4 % of the thé&oed ones unless otherwise indicated. Progreshefeaction
was monitored by TLC using TLC sheets precoatett Wi fluorescent silica gel Merck 60 F254 platesl avas
visualized using UV lamp.
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Ethyl 2-cyano-2-cycloheptylideneacetate (1)
Prepared using reported procedure. [19]

Ethyl 2-amino-5,6,7,8-tetrahydro-H-cycloheptap]thiophene-3-carboxylate (2)
Prepared using reported procedure. [20, 22]

Ethyl 2-(2-oxo-2-phenylethylamino)-5,6,7,8-tetrahytb-4H-cycloheptap]thiophene-3-carboxy-late and ethyl
2-(2-(4-chlorophenyl)-2-oxoethylamino)-5,6,7,8-tethydro-4H-cycloheptap]-thiophene-3-carboxylate (3 a &
b)

A mixture of compoun@ (2.39 g, 0.01 mol), phenacyl bromide or 4-chlorddgive (1.99 g or 2.33 g, 0.01 mol)
and anhydrous ¥CO; (0.5 g) inN, N-dimethylformamide (10 mL) was heated under reflox8 h. The reaction
mixture was cooled, poured onto ice cold watetelfdd, washed with water, then dried and crystdlifrom
ethanol to give compourl

For 3a: Yield: 88%; m.p.: 138-140°C; IRKBr) v cm™ 3429 (NH); 3061 (Ar-H); 2918, 2853 (aliphatic Q:H
1720-1660 (2C=0); 760, 699 (phenyldNMR (DMSO-d) &/ppm: 1.22-1.27 (t, 3H, Ci}t 1.54 (s, 2H, ChHat
positions 6); 1.72 (s, 4H, 2GHt positions 5, 7); 2.57 (s, 2H, NHGED); 2.73 (s, 2H, Chlat positions 8); 2.91 (s,
2H, CH; at positions 4); 4.13-4.20 (g, 2H, €EHs); 6.94 (s, 1H, NH exchangeable by®), 7.40-7.95 (m, 5H, Ar-
H); MS (m/z %): 357 (2.53) (M), 239 (100) (GH140,S'"). Anal. Calcd. for GH,sNO5S; C, 67.20; H, 6.49, N,
3.92; Found: C, 67.51, H, 6.41, N, 3.94.

For 3 b: Yield: 90%; m.p.: 118-120°C; IRKBr) v cm™: 3399 (NH); 3087 (Ar-H); 2915, 2851 (aliphatic Q:H
1710-1659 (2C=0); 830, 76®-(substituted phenyl}HNMR (DMSO-d) &/ppm: 1.22-1.30 (t, 3H, Cit 1.53 (s,
2H, CH, at positions 6); 1.81 (s, 4H, 2GlHdt positions 5, 7); 2.57 (s, 2H, NHG@ED); 2.72 (s, 2H, CkHat positions
8); 2.88 (s, 2H, CHlat positions 4); 4.12-4.17 (q, 2H, &BHs); 6.97 (s, 1H, NH exchangeable by®@), 7.29-8.44
(m, 4H, Ar-H); MS (m/z %): 393 (3.09) (M+2), 391 (25.23) (M), 141 (100) (GH;NS'™ &/or C;HCIO™).
Anal. Calcd for GgH,,CINOsS; C, 61.29; H, 5.66, N, 3.57; Found: C, 61.315187, N, 3.53.

3,4-Diaryl-7,8,9,10-tetrahydro-H,6H-cycloheptap]thieno[2,3-€][1,4]diazepin-5(4H)-one (4a-))

General procedure:

A mixture of the appropriate ketoester 3 a@01mol) and the respective amine (0.01mol) irtiglaacetic acid (10
mL) was heated under reflux for 10 h. After coolitize reaction mixture was concentrated under rediypcessure
and the product was triturated with diethyl ethigre separated solid was filtered and crystallizethfthe suitable
solvent.

3,4-Diphenyl-7,8,9,10-tetrahydro-H,6H-cycloheptap]thieno[2,3-€][1,4]diazepin-5(4H)-one (4a)

Compoundda was prepared as described fr@mand aniline. Crystallized from ethanol; Yield: 85 m.p.: 168-
170°C; IR(KBr) v cm®: 3283 (NH); 3053 (Ar-H); 2917, 2860 (aliphatic Q:H.661 (C=0); 750, 695 (phenyl);
HNMR (DMSO-d;) 8/ppm: 1.90 (s, 2H, Chat position 8); 2.03 (s, 4H, 2GHt positions 7,9); 2.78 (s, 2H, Gt
positions 10); 2.88 (s, 2H, GHat positions 6); 6.31 (s, 1H, CH at positions&98-7.95 (m, 10 H, Ar-H); 9.82 (s,
1H, NH exchangeable by,D); MS (m/z %): 386 (6.55) (M), 77 (100) (GHs'"). Anal. Calcd for G4H,,N,OS; C,
74.58; H, 5.74, N, 7.25; Found: C, 74.76, H, 5/1817.38.

4-(4-Chlorophenyl)-3-phenyl-7,8,9,10-tetrahydro-H,6H-cycloheptap]thieno[2,3-€][1,4]diaz-epin-5(4H)-one

(4b)

Compound4b was prepared as described frBmand 4-chloroaniline. Crystallized from ethanolghd: 73 %; m.p.:
215-217°C; IR(KBr) v cm™: 3413 (NH); 3057 (Ar-H); 2920, 2851 (aliphatic C:H)662 (C=0); 822, 700, 69@-(
substituted phenyl & phenylfHNMR (DMSO-d;) &/ppm: 1.82 (s, 2H, CHat positions 8); 2.03 (s, 4H, 2Glt
positions 7, 9); 2.73 (s, 2H, GHt positions 10); 2.89 (s, 2H, Gt positions 6); 7.30-7.95 (m, 10H, 9 Ar-H and
1H at position 2-), 9.98 (s, 1H, NH exchangeabldb®); MS (m/z %): 422 (0.98) (M+2"), 420 (1.01) (NI, 57
(100) (GHs'*, CHN,O'" &/or C,HsNO™™). Anal. Calcd for G:H,,CIN,OS; C, 68.48; H, 5.03, N, 6.65; Found: C,
68.69, H, 5.08, N, 6.67.
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4-(5-Oxo0--3-phenyl-7,8,9,10-tetrahydro-H,6H-cycloheptalp]thieno[2,3-€][1,4]diazepin-4(3H)yl) benzonitrile
(4¢)

Compounddc was prepared as described fr8amand 4-aminobenzonitrile. Crystallized from benzefield: 85 %;
m.p.: 220-222°C; IRKBr) v cm™: 3269 (NH); 3050 (Ar-H); 2921, 2860 (aliphatic Q:2219 (CN); 1668 (C=0);
835, 755, 702t-substituted phenyl & phenylJHNMR (DMSO-ds) 8/ppm: 1.90 (s, 2H, CHat positions 8); 2.08 (s,
4H, 2CH at positions 7, 9); 2.72 (s, 2H, gHt positions 10); 2.89 (s, 2H, GHt positions 6); 7.60-7.91 (m, 10H,
9Ar-H and 1H at position 2-); 10.31 (s, 1H, NH eanbgeable by BD); MS (m/z %): 411 (11.70) (W, 202 (100)
(C1iH1 N3O &lor C;HgNOS ). Anal. Caled for GH»NsOS; C, 72.97; H, 5.14, N, 10.21; Found: C, 73.24, H
5.17, N, 10.31.

4-(4-Hydroxyphenyl)-3-phenyl-7,8,9,10-tetrahydro-H,6H-cycloheptap]thieno[2,3-€][1,4]diaz-epin-5(4H)-one
(4d)

Compound4d was prepared as described fr@aand 4-hydroxyaniline. Crystallized from ethanoleM: 80 %;
m.p.: 175-177°C; IRKBr) v cmi’: 3267 (br OH&NH); 3050 (Ar-H); 2919, 2860 (alipiaC-H); 1655 (C=0); 826,
699 (-substituted phenyl & phenylfHNMR (DMSO-d;) &/ppm: 1.83 (s, 2H, CHat positions 8); 1.97 (s, 4H,
2CH; at positions 7,9); 2.17 (s, 2H, gHt positions 10); 2.23 (s, 2H, Gldt positions 6); 6.65-6.67 (& 6Hz, 2H,
Ar-H); 6.80-6.83 (d,J= 9Hz, 2H, Ar-H); 7.01-7.04 (dJ= 9Hz, 2H, Ar-H); 7.30-7.33 (m, 4H, 3Ar-H and 1H at
position 2-); 7.55-7.58 (dJ= 9Hz, 2H, Ar-H), 9.05 (s, 1H, NH exchangeable byOR 9.57 (s, 1H, OH
exchangeable by D); MS (m/z %): 402 (1.20) (M), 239 (100) (&H:aNS'™). Anal. Calcd for GH,,N,O,S; C,
71.62; H, 5.51, N, 6.96; Found: C, 71.80, H, 5827.11.

4-(4-Methoxyphenyl)-3-phenyl-7,8,9,10-tetrahydro-H,6H-cycloheptap]thieno[2,3-€][1,4]diaz-epin-5(4H)-one
(4e)

Compoundde was prepared as described fr8eand 4-methoxyaniline. Crystallized from glaciaéic acid; Yield:
81 %; m.p.: 200-201°C; IRKBr) v cm™: 3261 (NH); 3075 (Ar-H); 2928, 2839 (aliphatic Q:H.652 (C=0);
830,770, 703-substituted phenyl & phenylJHNMR (DMSO-d) 8/ppm: 1.90 (s, 4H, 2CHat positions 7,9); 1.99
(s, 2H, CH at positions 8); 2.36 (s, 2H, GHt positions 10); 2.62 (s, 2H, Gldt positions 6); 3.70 (s, 3H, OGH
6.83-7.47 (m, 10H, 9Ar-H and 1H at position 2-%9(s, 1H, NH exchangeable by®@); MS (m/z %): 416 (0.15)
(M™), 93 (100) (GH,N'™). Anal. Calcd for GH»N,0,S; C, 72.09; H, 5.81, N, 6.73; Found: C, 72.185194, N,
6.89.

3-(4-Chlorophenyl)-4-phenyl-7,8,9,10-tetrahydro-H,6H-cycloheptap]thieno[2,3-€][1,4]diaz-epin-5(4H)-one
(41)

Compound4f was prepared as described fr@n and aniline. Crystallized from ethanol; Yield: %6 m.p.: >
300°C; IR(KBr) v cmi™: 3438 (NH); 3050 (Ar-H); 2985, 2860 (aliphatic Q:H637 (C=0); 850, 70({substituted
phenyl & phenyl);'HNMR (DMSO-d;) &/ppm: 1.90 (s, 4H, 2CHat positions 7,9); 2.03 (s, 4H, 2¢Ht positions
8,10); 2.72 (s, 2H, CHat positions 6); 7.01-7.54 ( (m, 10H, 9Ar-H and &Hposition 2-); 9.85 (s, 1H, NH
exchangeable by D); MS (m/z %): 422 (1.08) (M+2%), 420 (1.35) (M), 73 (100) (GHsNS'™). Anal. Calcd for
C,4H21CIN,OS; C, 68.48; H, 5.03, N, 6.65; Found: C, 68.725187, N, 6.80.

3,4-Bis(4-chlorophenyl)-7,8,9,10-tetrahydro-# ,6H-cycloheptap]thieno[2,3-€][1,4]diazepin-5-(4H)-one (49)
Compounddg was prepared as described fr8mand 4-chloroaniline. Crystallized from ethanolghi: 90 %; m.p.:
180-182 °C; IR(KBr) v cm™: 3295 (NH); 3050 (Ar-H); 2919, 2853 (aliphatic Q:H.662 (C=0); 826, 744p{
substituted phenyl)HNMR (DMSO-d;) &/ppm: 1.90 (s, 2H, CHat positions 8); 2.03 (s, 4H, 2GHt positions
7,9); 2.56 (s, 2H, CHat positions 10); 2.72 (s, 2H, GHt positions 6); 7.30-7.60 ( (m, 9H, 8Ar-H and aH
position 2-); 9.99 (s, 1H, NH exchangeable bR MS (m/z %): 456 (1.96) (M+F2), 454 (4.15) (M), 44 (100)
(CS'™). Anal. Calcd for GH»CpN,0S; C, 63.30; H, 4.43, N, 6.15; Found: C, 63.5344]1, N, 6.28.

4-(3-(4-Chlorophenyl--5-oxo-7,8,9,10-tetrahydro-d#l ,6H-cyclohepta]thieno[2,3-€][1,4]diaz-epin-4(5H)-yl)
benzonitrile (4h)

Compounddh was prepared as described framand 4-aminobenzonitrile. Crystallized from benzefield: 85 %;
m.p.: 208-210°C; IRKBr) v cm™: 3227 (NH); 3086 (Ar-H); 2922, 2855 (aliphatic Q:t2226 (CN); 1696 (C=0);
794, 680 p-substituted phenyl}JHNMR (DMSO-d;) 8/ppm: 1.90 (s, 4H, 2CHat positions 7,9); 2.08 (s, 2H, GHit
positions 8); 2.78 (s, 2H, GHt positions 10); 2.94 (s, 2H, GHt positions 6); 7.60-7.96 ( (m, 9H, 8Ar-H and 4H
position 2-); 10.35 (s, 1H, NH exchangeable B®D MS (m/z %): 445 (1.79) (M), 136 (100) (gH.;NO'* &/ or
CgHgS™1™). Anal. Calcd for GHxCIN3OS; C, 67.33; H, 4.52, N, 9.42; Found: C, 67.514180, N, 9.53.
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3-(4-Chlorophenyl)-4(4-hydroxyphenyl)-7,8,9,10-tetahydro-1H,6H-cycloheptajp]thieno[2,3-€] [1,4]diazepin-
5(4H)-one (4i)

Compound4i was prepared as described fr@m and 4-hydroxyaniline. Crystallized from ethanoieh: 74 %;
m.p.: 283-285°C; IRKBr) v cmi*: 3402 (br OH&NH); 3050 (Ar-H); 2920, 2870 (alipiaC-H); 1649 (C=0); 821,
738 (-substituted phenyl))HNMR (DMSO-d;) & ppm: 1.90 (s, 2H, CHat positions 7); 1.99 (s, 2H, GHat
positions 9); 2.03 (s, 4H, 2GHat positions 8,10); 2.23 (s, 2H, gHt positions 6); 6.64-7.33 ( (m, 9H, 8Ar-H and
1H at position 2-); 9.10 (s, 1H, NH exchangeabldDb®); 9.60 (s, 1H, OH exchangeable by}, MS (m/z %):
438 (1.88) (M+2™), 436 (5.27) (M), 86 (100) (GHgN,O'™). Anal. Calcd for GH»CIN,O,S; C, 65.97; H, 4.84,
N, 6.41; Found: C, 66.14, H, 4.89, N 6.48.

3-(4-Chlorophenyl)-4(4-methoxyphenyl)-7,8,9,10-tetthydro-1H,6H-cycloheptap]thieno[2,3-€] [1,4]diazepin-
5(4H)-one (4))

Compound4 j was prepared as described fr@mand 4-methoxyaniline. Crystallized from ethanoleld: 86 %;
m.p.: >300°C; IR(KBr) v cmi’; 3428 (NH); 3054 (Ar-H); 2921, 2849 (aliphatic Q:H.652 (C=0); 821, 740p{
substituted phenylJHNMR (DMSO-d;) 8/ppm: 1.90 (s, 4H, 2CHat positions 7,9); 1.99 (s, 4H, 2€Ht positions
8,10); 2.57 (s, 2H, Ctat positions 6); 3.70 (s, 3H, OG}16.83-6.86 ( (dJ=9Hz, 5H, 4Ar-H and 1H at position 2-);
7.44-7.47 (dJ=9Hz, 4H, Ar-H) 9.75 (s, 1H, NH exchangeable byOD MS (m/z %): 452 (0.79) (M+2), 450
(0.91) (M™), 108 (100) (gH,S'™). Anal. Calcd for GsH2:CIN,O,S; C, 66.58; H, 5.14, N, 6.21; Found: C, 66.69, H,
5.18, N, 6.27.

2-Cyano-2-cycloheptylideneacetamide (5)
Prepared using reported procedure. [19, 23]

2-Amino-5,6,7,8-tetrahydro-4H-cycloheptap]thiophene-3-carboxamide (6)
Prepared using reported procedure. [19]

3-Aryl-,7,8,9,10-tetrahydro-1H,6H-cycloheptap]thieno[2,3-€][1,4]diazepin-5(4H)-ones (7)

General procedure:

A mixture of compound (0.01mol) and the respective phenacyl bromidel{®dl) in N,N-dimethylformamide (10
mL) and anhydrous $C0O; (0.5 g) was heated under reflux for 8 h. The lieaaixture was poured onto ice cold
water £20 mL); the formed solid, was filtered, dried amgstallized from the suitable solvent.

3-Phenyl-,7,8,9,10-tetrahydro-H,6H-cycloheptalp]thieno[2,3-€][1,4]diazepin-5(4H)-ones (7a)
Compoundrawas prepared as described frérand phenacylbromide. Crystallized from ethaivo&ld: 77%; m.p.:
250-251°C; IR: 3399 (br. 2NH); 3066 (Ar-H); 291852 (aliphatic C-H); 1658 (C=0); 776, 661 (phen}ijNMR
(DMSO-d) d/ppm: 1.61 (s, 4H, 2Ckht position 7,9); 1.85 (s, 2H, GHt position 8); 2.72 (s, 2H, GHt position
10); 2.88 (s, 2H, CHat position 6); 7.22-8.11 (m, 6H, 5Ar-H and 1H aisjtion 2- ); 12.48 (s, 2H, 2 NH
exchangeable by ®); MS m/z: 310 (2.02) (M), 135 (100) (GH;S™"). Anal. Calcd. for GH:gN,OS, C, 69.65, H,
5.84; N, 9.02; Found: C, 69.63; H, 5.80, N, 9.07.

3-(4-Methylphenyl)-7,8,9,10-tetrahydro-H,6H-cycloheptab]thieno[2,3-€][1,4]diazepin-5(4H)-ones (7b)
Compound7b was prepared as described frérand 4-methyl phenacylbromide. Crystallized frorasiol; Yield:
53%; m.p.: 146-147C; IR: 3425, 3241 (2NH); 3039 (Ar-H); 2918, 2857 (&lgic C-H); 1660 (C=0); 823p(-
substituted phenylHNMR (DMSO-d;) &/ppm: 1.62 (s, 4H, 2Ckht position 7,9); 1.85 (s, 2H, Gldt position 8);
2.36 (s, 3H, ChH); 2.72 (s, 2H, CHat position 10); 2.88 (s, 2H, Gt position 6); 7.06-8.00 (m, 5H, 4Ar-H and 1H
at position 2-); 12.51 (s, 2H, 2 NH exchangealylp0); MS m/z: 324 (6.50) (M), 119 (100) (gH,07"). Anal.
Calcd for GgHooN,OS; C, 70.34; H, 6.21; N, 8.63; Found: C, 70.306128; N, 8.63.

3-(4-Benzylphenyl)-7,8,9,10-tetrahydro-#H,6H-cycloheptap]thieno[2,3-€][1,4]diazepin-5(4H)-ones (7c)
Compound7b was prepared as described frérand 4-phenyl phenacylbromide. Crystallized fromzsne;Yield:
81%; m.p.: 215-216C; IR: 3424, 3180 (2 NH); 3045 (Ar-H); 2917, 2870 (ghlatic C-H); 1661 (C=0); 841, 749,
690 p -substituted phenyl & phenylMS m/z: 386 (3.33) (M), 234 (100) (GH:12NO 1™). Anal. Calcd for
CoH2N,0S; C, 74.58; H, 5.74; N, 7.25; Found: C, 74.605H/7; N, 7.27.
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3-(4-Chlorophenyl)-7,8,9,10-tetrahydro-H,6H-cycloheptap]thieno[2,3-€][1,4]diazepin-5(4H)-ones (7d)
Compound7d was prepared as described frénand 4-chloro phenacylbromide. Crystallized froracigl acetic
acid; Yield: 79%; m.p.: 180-182C; IR: 3420, 3150 (2NH); 3069 (Ar-H); 2918, 2855 (hlgic C-H); 1654C=0);
831 (-substituted phenyl)*HNMR (DMSO-d;) d/ppm: 1.60 (s, 4H, 2CHat position 7,9); 1.85 (s, 2H, Ght
position 8); 2.72 (s, 2H, Ctat position 10); 2.88 (s, 2H, GHt position 6); 7.46-8.13 (m, 5H, 4Ar-H and 1H at
position 2-); 12.51 (s, 2H, 2 NH exchangeable b@D MS m/z: 346 (2.31) (M+Z%), 344 (3.79) (M), 139 (100)
(CgHsCI ™), 75 (27.69%) (H4Cl 7). Anal. Calcd for GgH;,CIN,OS; C, 62.69; H, 4.97; N, 8.12; Found: C, 62.72;
H, 4.99; N, 8.11.

3-(4-Hydroxyphenyl)-7,8,9,10-tetrahydro-H ,6H-cycloheptalp]thieno[2,3-€][1,4]diazepin-5(4H)-ones (7€)
Compound7e was prepared as described frénand 4-hydroxy phenacylbromide. Crystallized frotacgal acetic
acid; Yield: 76%; m.p.: 198-206C; IR: 3408, 3159 (NH & OH); 3050 (Ar-H); 2919, 2868liphatic C-H); 1657
(C=0); 831 p-substituted phenyl}HNMR (DMSO-d;) /ppm: 1.59 (s, 4H, 2Ckht position 7,9); 1.83 (s, 2H, GH
at position 8); 2.72 (s, 2H, GHt position 10); 2.88 (s, 2H, GHt position 6); 6.63-8.03 (m, 5H, 4Ar-H and 1H at
position 2-); 11.68 (s, 1H, OH exchangeable QD 12.47 (s, 2H, 2 NH exchangeable byd); MS m/z: 326
(21.50) (M"), 121 (100) (gHsO ). Anal. Calcd for GgH:aN-0,S; C, 66.23; H, 5.56; N, 8.58; Found: C, 66.23; H,
5.60; N, 8.53.

3-(4-Methoxyphenyl)-7,8,9,10-tetrahydro-H ,6H-cycloheptap]thieno[2,3-€][1,4]diazepin-5(4H)-ones (7f)
Compound/f was prepared as described frérand 4-methoxy phenacylbromide. Crystallized fraheaol; Yield:
50%; m.p.: 229-230C; IR: 3428, 3180 (2NH); 3058 (Ar-H); 2917, 2854 (Algtic C-H); 1658 (C=0); 854p{
substituted phenylHNMR (DMSO-d;) &/ppm: 1.60 (s, 4H, 2Ckht position 7,9); 1.84 (s, 2H, Gldt position 8);
2.72 (s, 2H, CHat position 10); 2.88 (s, 2H, GHt position 6); 3.87 (s, 3H, OG}J16.99-8.13 (m, 5H, 4Ar-H and
1H at position 2- ); 12.45 (s, 2H, 2 NH exchangeaby DO); MS m/z: 340 (0.92) (M), 234 (100)
(C16H12NO™™). Anal. Caled for GgH,oN-0,S; C, 67.03; H, 5.92; N, 8.23; Found: C, 67.085194; N, 8.27.

2-(2-Chloroacetamido)-5,6,7,8-tetrahydro-#-cyclohepta[b]thiophene-3-carboxamide (8Chloroacetyl chloride
(1.13g, 0.8mL, 0.01mol) was added to a stirredtgmiuof 6 (0.01mol) in dry toluene (50 mL). The reaction tore
was stirred at room temperature for one h. Thelgmdoduct was then filtered and crystallized frattma@ol;Yield:
90%; m.p.: 218-220C; IR: 3389 (NH); 3247, 3180 (NHt 2920, 2852 (aliphatic C-H); 1637 (C=CHNMR
(DMSO-d;) é/ppm: 1.56 (s, 4H, 2CHht position 7,9); 1.79 (s, 2H, GHt position 8); 2.67-2.75 (m, 4H, 2GHit
position 6,10); 4.24, 4.41 (2s, 2H, -CO&H); 7.42 (s, 2H, NH exchangeable by J®); 11.10 (s, 1H, NH
exchangeable by ®); MS m/z: 288 (M+2™) (20.33), 286 (58.51) (M), 269 (100)(Cy;H:,CIN,O,S'* &/or
C1-H1,CINO,S'™); 271 (38.97) (B+2™). Anal. Calcd for H1sCl N,O,S; C, 50.26; H, 5.27; N, 9.77; Found: C,
50.28; H, 5.28; N, 9.80.

7,8,9,10-Tetrahydro-H, 6H-cycloheptap]thieno[2,3-€][1,4]diazepin-2,5(3H,4H)-dione (9)

Method 1

A mixture of6 (0.01mol) in dry toluene (50mL) was stirred atmotemperature while chloroacetyl chloride (1.13g,
0.8mL, 0.01mol) was added dropwise. The reactioxturgé was then heated under reflux for 5 h. Theesdlwas
then evaporated under reduced pressure and theesibjue was extracted with ether until solidifieat The solid
was then crystallized from ethanol.

Method 2:

A mixture of8 (0.01mol) in dry toluene (50mL) was heated un@dlux for 5 h. The solvent was then evaporated
under reduced pressure and the oily residue wamotetl with ether until solidification. The solidaw then
crystallized from ethanol. Yield: 85% for methodidd 93 % for method 2; m.p.: 152-1%2; IR: 3421 (br. 2NH);
2922, 2860 (aliphatic C-H); 1662 (2 C=GHNMR: 1.75 (s, 4H, 2Ch); *HNMR (DMSO-d;) 8/ppm: 1.58 (s, 4H,
2CH; at position 7,9); 1.80 (s, 2H, GHt position 8); 2.63-2.71 (m, 4H, 2GHit position 6,10); 4.25, 443 (s, 2H,-
COCH,-NH); 11.80 (s, 2H, 2NH exchangeable byd); MS m/z: 250 (7.50) (M), 193 (100) (GoH.;NOS1™).
Anal. Calcd for G,H4N>,0,S; C, 57.58; H, 5.64; N, 11.19; Found: C, 57.535186; N, 11.18.
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Biological Activities

Cell Lines

Human colon (HCT-116), breast (MCF-7) and hepatolzel (Hep-G2) carcinoma cells were obtained frdm t
American Type Culture Collection (ATCC, RockvillsiD, USA). The cells were grown in RPMI-1640 medium,
supplemented with 10% inactivated fetal calf seamd 50 pg/mL gentamycin. The cells were maintagte8i7 °C

in a humidified atmosphere with 5% GO

Evaluation of the antitumor activity by MTT assay:

Viability of control and treated cells were evakdtusing the MTT assay in triplicate. MTT assaxw imboratory
test and a standard colorimetric assay (an ass@hwheasures changes in color) for measuring eellgtowth,
Yellow MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-dipheafitetrazolium bromide, a tetrazole) was reducedotople
formazan in the mitochondria of living cells. Alglilization solution (dimethyl sulfoxide) was adt® dissolving
the insoluble purple formazan product into a calagelution. Briefly, three tumor cell lines wereded in 96-well
plates containing 100pL of the growth medium aeasity of 1x10 cells/well. Cells were permitted to adhere for
24h till confluence, washed with PBS, and then te@awith different concentration of compounds iesfr
maintenance medium from 50 to 1.56 pug and incubat&d°C for 24h. A control of untreated cells wzesde in the
absence of test compound. Untreated cells usedegatime control. Serial two-fold dilutions of thested
compounds were added into a 96-well tissue culplate using multichannel pipette (eppendorff, GaryaAfter
treatment (24h), the culture supernatant was regdlédy fresh medium. Then, the cells in each welleviecubated
at 37°C with 100l of MTT solution (5mg/ml) for 4After the end of incubation the MTT solution wasnoved,
then 100! of DMSO was added to each well. The rilaswe was detected at 570nm using a microplatierea
(SunRise TECAN, Inc, USA).The absorbance of un#eatells was considered as 100%. The results were
determined by three independent experiments. [24]

Data analysis

The percentage cell viability was calculated ugimg Microsoft Excel®. Percentage cell viability wesculated as
follows: according to the following calculation:ettpercentage of cell viability = [1-(ODt/ODc)] x %, where
ODt is the mean optical density of wells treatethwhe tested compound and ODc is the mean optmasity of
untreated cells. The test compounds were compasied) the IC50 value, i.e., the concentration ofiradividual

compound leading to 50% cell death that was estichéitom graphical plots of surviving cells vs corapd

concentrations.

RESULTS AND DISCUSSION

Chemistry

The synthesis of the target compounds is depiatedhemes 1&2Scheme 1starting with the reaction of
cycloheptanone with ethyl cyanoacetate followedc¥slization with sulfur applying Gewald's reactioanditions

to afford ethyl 2-amino-5,6,7,8-tetrahydrél€ycloheptap]thiophene-3-carboxylatq2). Reaction of 2 with
phenacyl bromide and its chloride derivative yielda&b. The presence of signals of aromatic protons in the
"HNMR spectrum iraddition to out of plane bending absorption bartdgs8 & 699 crit pointed to the presence
of phenyl groups and the formation of compowa]in addition to out of plane bending absorption tsaat 830
&768 cm! for p-substituted phenyl of compout. Target compoundé a-j were obtained via reaction 8fa&b

with different anilines in a glacial acetic acidor@irmations of structure4a-j were achieved by spectral data and
element analyses. The absence of ester grolip and'HNMR and the appearance of -C=0 amidic at range 1661-
1637 cm' in IR spectrum indicate the formation of these compoutmisaddition to the presence of functional
groups such as cyano group in compound&h at 2219 and 2226 chrespectively. Also the presence of
absorption bands at 3267 and 3402'émIR spectrum indicate the presence of —OH group ifitiaddto -NH for 4
d&i. The'HNMR for the same compounds shows two singlet sigrtals%05 and 9.57 ppm for -NH and -OH
which exchangeable by,D for compoundtd. Another singlet signals appeared &.10 and 9.60 ppm indicate the
presence of -NH and -OH which exchanged b@Bor compoundidi. FurthermoréHNMR for compoundste&j
indicate the presence of a methoxy group (-@Ci$ a singlet signal &3.70 ppm. Mass spectrum also proves the
structures of these compounds. The structure getbempounds were confirmed by the mass specpreessnce of
M+2 in compounds containing chloride (-Cl) in adutit to the presence of molecular ion peaks suckbdgy,i&;j .
(Scheme 1)
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Scheme 2, starting with the reaction of cycloheptame in dry benzene, with cyanoacetamide, ammoniuntatate and glacial acetic acid
afforded 2-cyano-2-cycloheptylideneacetamide (5).y€lization of 5 with sulfur applying Gewald's reacton conditions yielded 2-amino-
5,6,7,8-tetrahydro-4H-cycloheptap]thiophene-3-carboxamide (6).

The main start 6 reacted in two pathways,

firstly with phenacylbromide derivatives iMN,N-dimethylformamide N,N-DMF) to vyield 3-aryl-,7,8,9,10-
tetrahydro-H,6H-cycloheptap]thieno[2,3€][1,4]diazepin-5(4)-ones(7). Both elemental analysis and spectral data
are in agreement with the proposed structiiRe.indicate the presence of absorption band at 3066 which
indicate the presence of aromatic protons in amltliih the presence of out of plain bending at B8@, cm' for 7a.
"HNMR for compound7b indicate the presence of a singlet signal at36 ppm for -Cklgroup absorption. Also
the presence of a molecular ion peak at m/z: 88 fc, M+2 and M" at m/z: 346 and 344 in a percentage 3:1
indicate the presence dClin the compound d. Moreover for compound ethere was an absorptidmands inlR

at 3408, 3159 cthfor -NH & -OH.*HNMR for the same compound represented a singlet sagriall1.68 and
12.47 ppm which indicate the presence of -OH& -Nhich exchanged by . *"HNMR for 7f showed a singlet
signal at 8 3.87 ppm for -OCH group. Furthermore the reaction of 2-amino-5,6t&t8ahydro-#-
cycloheptap]thiophene-3-carboxamidg6) with chloroacetylchloride afforded 2-(2-Chloroacatdo)-5,6,7,8-
tetrahydro-#-cyclohepta[b]thiophene-3-carboxamid8). The structure of8 was confirmed by spectral and
elemental analyses. THR spectrum indicates the presence of -NH&-Nihsorption at 3389, 3247& 3180 ¢m
Also the'HNMR for the same compound represents two singlet igrid 4.24 & 4.41 ppm for -COCHEI| group

in addition to another signals at7.42 ppm for -NH and 11.10 for -NH which exchangeable byOD Finally
cyclization of8 in dry toluene afforde®. The structure of 7,8,9,10-tetrahydrbk16H-cycloheptap]thieno[2,3-
€][1,4]diazepin-2,5(8l,4H)-dione (9) was improved by spectral in addition to elementelgses. ThdR spectra
showed an absorption band at 3421 crasponsible for 2-NH absorption in addition to@=0O at 1662 c.
"MNMR showed a singlet signal &t11.80 ppm for 2 -NH and the disappearance of masigt 7.42 ppm confirmed
that the disappearance of  -Nabsorption and this improve that the compound el@sed at this step. The mass
spectral data also confirmed the cyclization thatappearance of molecular ion peak at m/z: 25D (%a).
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Biological activity:

All of the newly synthesizedompounds were screened for their anticancer actgainst three cell linddCF-7,
HepG-2andHCT 116 cells. Most of the tested compound showed theantier activity again$iCF-7 cells with
IC50 ranging from4.4to 49.5ug (Table 4). Compound/eelicited the highest antitumor activity against MEF-7
cell lines withIC50 4.4 pg compared with the standard Vinblastine followedcbynpound? c& f which hasiC50
5.9 & 6 ng respectively. FoHepG-2 cell line, it was found that the most active compadsiwere? ¢, e & £ Also
these compounds showed the highest activity agaHST-116 cell line. Studying the structure-activity
relationships of 1,4-diazepine derivativdsaj and7a-f) revealed that, compoundsshowed higher activity thah
in all tested cell lines. Comparing anticancer\atitis of compounddga-j where the diazepine ring is substituted
with substituted phenyl ring at 3 & 4 positigeempoundsgif-j imparts higher activity withC 50 ranging from 25-
50 ug againsMCF-7 andHCT-116 cell lines, while compoundé b, e-i showed anticancer activity agaimpG-

2 cell line withIC 50 ranging from 33-5Qug. On the other hand compoundsa-f which have 1,4-diazepine ring
substituted at position 3- with substituted pheshgwed the highest activity against three celldir@ompound3 c,

e &f were the most active compounds in which the phgrodip at position 3- substituted witld-phenyl, -OH and
-OCH; groups. Therefore; the electron withdrawing groimpthis position is favored for anticancer actjvithese
three groups possedseffect in addition tor M effect. Introduction of non-substituted phenylsabstituted phenyl
with electron donating group such as —Glécrease the anticancer activity. On the othed aren the substitution
was 4-Cl phenyl which has —I effect only the atyivias decreased. Among compounds with heterockiokicra-f,

it was obvious that, compouni bearing 4-hydroxy phenyl ring has slight betteidigt than 7c&f having phenyl
or 4-methoxy phenyl ring againgtCF-7 with IC 504.4png. (Table 4 and figure 4)
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Table 1: % Viability of MCF-7 cells

compounds Viability %

0.00pg | 1.56pg | 3.125pug | 6.25pg | 12.5pg | 25pg | 50pg

4a 100 100 100 98.76 90.50 | 78.24 | 65.12

4b 100 100 100 100 90.71 | 75.68 | 60.41

4c 10C 10C 10C 10C 95.88 | 89.4: | 75.2]

4d 100 100 100 96.70 89.41 | 73.56 | 69.44

4e 100 100 100 98.21 75.98 | 63.43 | 52.19

Af 100 100 97.75 80.29 73.67 | 50.42 | 28.57

4g 100 100 100 95.44 79.58 | 60.97 | 42.85

4h 100 100 100 90.18 76.34 | 69.45 | 50.31

4i 10C 10C 95.2% 89.31 78.62 | 67.81 | 46.9¢

4 10C 10C 10C 10C 97.37 | 70.1: | 49.5¢

7a 100 100 100 98.76 83.49 | 75.58 | 60.94

7b 100 100 100 95.49 78.89 | 64.89 | 50.34

7c 100 89.19 66.39 47.98 39.56 | 22.34 | 15.66

7d 100 100 100 100 85.48 | 66.97 | 54.27

7€ 10C 78.4¢ 50.9¢ 48.5¢ 39.8¢ | 27.9¢ | 13.2¢

7f 10C 90.9¢ 65.6¢€ 49.2¢ 37.9¢ | 25.4¢ | 19.5¢

9 100 100 100 97.58 80.23 | 73.58 | 69.43

Vinblastine | 100.00 | 67.24 56.54 42.35 29.26 | 15.18 | 7.82

Figure 1 : % Viability of MCF-7 cells

% of viability of MCF-7 cells
100 -
90 -
80 - m Vigbility % 0.00 pg
70 - — MW Vizbility % 1.56 pg
60 m Vizbility % 3.125 pg
50 A m Viobility % 6.25 pg
40 A W Viability % 12.5 ug
30 Vizbility % 25 pg
20 - = Vizbility % 50 pg
10 - C
0 - :
T2 33 3T PSITLALLROS
Compounds =
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Table 2 % Viability of HepG-2 cells

compounds Viability %

0.00pg | 1.56pg | 3.125ug | 6.25pg | 12.5pg | 25pg | 50ug

4a 100 100 100 100 85.94 | 73.51| 60.26

4b 100 100 95.31 80.29 67.94 | 59.26 | 45.67

4c 10C 10C 10C 94.5¢ 82.1f | 75.9¢ | 60.2¢

4d 100 100 100 98.43 85.61 | 78.33| 67.51

4e 100 100 94.68 79.93 68.42 | 56.75| 43.94

4f 100 100 95.98 79.45 64.96 | 55.76 | 38.21

4g 100 100 100 95.63 77.42 | 59.74| 45.16

4h 100 100 100 98.14 85.62 | 70.89 | 50.12

4i 10C 10C 10C 90.9¢ 78.67 | 63.9¢ | 40.8¢

4 10C 10C 10C 10C 85.5¢ | 69.4f | 54.3¢

7a 100 100 100 100 95.43 | 86.71| 70.95

7b 100 100 100 87.74 71.14 | 67.89 | 50.66

7c 100 94.84 80.79 65.45 44.78 | 31.69| 23.49
7d 100 100 100 100 88.42 | 75.91| 60.32

7€ 10C 95.7¢ 83.5¢ 60.3¢ 49.5: | 35.6¢ | 26.9¢

7f 10C 95.7¢ 75.4¢ 59.6¢ 48.5¢ | 40.4¢ | 30.1¢
9 100 100 100 100 98.54 | 86.11| 70.47
Vinblastine | 100.00 | 76.82 69.23 53.85 43.59 | 27.35| 15.38

Figure 2 : % Viability of HepG-2 cells

% of viability of HepG-2 cells

100 -
S IR TIRRT AN C

20 - l l —— M Viabhility % 0.00 pg
70 + W Viability % 1.56 pg
60 m Viability % 3.125 pg
50 W Viability % 6.25 pg
40 - H Viability % 12.5 pg
30 1 Viability % 25 pg
20 1 ' m Viability % 50 pg
10 -

013:;#3#"&:# SEFCERRRRSE

Compounds =
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Table 3 % Viability of HCT cells

compounds Viability %
0.00pg | 1.56pg | 3.125ug | 6.25pg | 12.5pg | 25pg | 50ug
4a 100 100 100 100 98.68 | 85.43| 64.95
4b 100 100 95.49 88.68 75.32 | 60.07 | 50.11
4c 10C 10C 10C 10C 95.4¢ | 89.7% | 78.6¢
4d 100 100 100 100 98.78 | 86.64 | 76.50
4e 100 100 100 87.95 73.53 | 66.67 | 50.04
4f 100 100 98.56 85.42 69.87 | 50.16 | 35.16
49 100 100 96.22 89.72 70.92 | 55.63| 40.12
4h 100 100 90.65 75.12 62.87 | 50.22| 42.91
4i 10C 10C 95.2] 77.87 65.4¢ | 50.7¢ | 44.6¢
4 10C 10C 10C 96.1¢ 86.4¢ | 60.31 | 45.4¢
7a 100 100 100 100 95.67 | 80.56 | 76.47
7b 100 100 100 95.43 80.96 | 69.78 | 55.69
7c 100 98.44 85.76 60.94 | 49.44 | 35.96 | 23.54
7d 100 100 100 98.49 89.96 | 74.67 | 65.96
7€ 10C 98.3¢ 87.6¢ 69.97 50.4f | 39.5¢ | 27.9¢
7f 10C 80.81 69.4: 54.7¢ 47.98 | 32.8¢ | 20.9¢
9 100 100 100 100 100 93.48 | 75.96
Vinblastine | 100.00 | 58.11 47.30 39.86 18.92 | 1554 | 12.16

Figure 3 : % Viability of HCT cells

% of viability of HCT cells

= Viability % 0.00 pg

m Viability % 1.56 pg

= Viability % 3.125 ug

B Viobility % 6.25 pg

= Viability % 12.5 ug
Viability % 25 pg

= Viability % 50 pg
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Table 4: IC50 of the test set of compounds againstiman breast cancer cells MCF-7, human hepatocellat carcinoma cell line HepG2
and human colon cancer cells (HCT-116)

compounds ICs0(ng) [ (1Ts)] 1C 50(ng)
MCF-7 cells | HepG-2 cells| HCT-116

4a >50 >50 >50
4b >50 42 50
4¢ >50 >50 >50
4d >50 >50 >50
4e >50 38 50
Af 25.5 33 25
4g 40 417 34
4h 50 50 25.8
4i 46 40 28
4 49.5 >50 42
7a >50 >50 50
7b 50 50 >50
7c 5.9 10.9 12
7d >50 >50 >50
7e 4.4 12 13
7f 6 11.7 10.6
9 >50 >50 >50

Vinblastine 4.6 9.8 2.38

Figure 4: IC50 of the test set of compounds againsuman breast cancer cells MCF-7, human colon canceells (HCT-116), and human
hepatocellular carcinoma cell line HepG2

IC30 of the test set of compounds MCEF-7,
HCT-116 and HepG2
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