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The reaction of cyclopentanone with cyanoacetylhydra-
zine gave 2-cyano-2-cyclopentylideneacetohydrazide (1).
Treatment of compound 1 with elemental sulphur in the
presence of triethylamine afforded 2-amino-5,6-dihydro-
-4H-cyclopenta[b]thiophene-3-carbohydrazide (2), which
in-turn formed the corresponding intermediate diazonium
salt. The latter was coupled with either ethyl cyanoacetate
or ethyl acetoacetate to form 2-cyano-2-(3-(hydrazinecar-
bonyl)-5,6-dihydro-4H-cyclopenta[b]thiophen-2-yl)hydrazo-
no)acetate (3) and ethyl 2-(2-(3-(hydrazinecarbonyl)-5,6-di-
hydro-4H-cyclopenta[b]thiophen-2-yl)hydrazono)-3-oxobuta-
noate (4), respectively. On the other hand, the reaction of
compound 1 with either benzaldehyde or acetophenone
afforded N’-benzylidene-2-cyano-2-cyclopentylideneace-
tohydrazide (7) and 2-cyano-2-(2-cyclopentylidene)phe-
nylacetohydrazide (10), respectively. Moreover, com-
pound 1 was used to synthesize 2-cyano-2-cyclo-
pentylidene-N'-(arylthiazol-2(3H)-ylidene)acetohydrazides
(6a,b), 2-(2-benzylidenecyclopentylidene)-2-cyanoaceto-
hydrazide (8), 2-amino-N'-benzylidene-5,6-dihydro-4H-
-cyclopenta[b]thiophene-3-carbohydrazide (9), 2-cyano-
-2-(2-(2-phenylhydrazono)cyclopentylidene)acetohydrazide
(11), N'-(1-chloropropan-2-ylidene)-2-cyano-2-cyclopenty-
lideneacetohydrazide (12), and 2-cyclopentylidene-3-
-(3,5-disubstituted-1H-pyrazol-1-yl)-3-oxopropanenitriles
(13a,b) through its reaction with the respective reagents.
Antitumor evaluation of the newly synthesized com-
pounds against the three human tumor cells lines, name-
ly, breast adenocarcinoma (MCF-7), non-small cell lung
cancer (NCI-H460) and CNS cancer (SF-268) showed that
some of the described compounds exhibited higher inhi-
bitory effects towards the three tumor cell lines than the
reference compound doxorubicin.
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In many reports, hydrazide-hydrazones are considered to be good candidates for
different pharmaceutical applications, where such compounds were considered as anti-
bacterial, antifugal, antimicrobial and anticonvulsant agents (1–8). Moreover, many of
them showed analgesic and antiplatelet properties. Therapeutic prominence of the hi-
drazide-hydrazone derivatives has been well established. In addition, hydrazide-hydra-
zones were reported to elicit anticancer (13–20) and antiHIV properties (21) and hence
they have gained an important place in medicinal chemistry. Recently, hydrazide-hydra-
zones have gained great importance due to their diverse biological properties, including
anti-inflammatory, antimalarial and antituberculotic activities (22–27). With the aim of
obtaining novel hydrazide-hydrazones with a wide spectrum of pharmaceutical applica-
tions, we report herein the synthesis of a series of hydrazide-hydrazones and some of
their heterocyclic transformations, followed by antitumor evaluations of newly synthe-
sized products (28, 29).

EXPERIMENTAL

All melting points were determined on an electrothermal apparatus (Büchi 535,
Switzerland) in an open capillary tube and are uncorrected. Elemental analyses were
performed on a Yanaco CHNS Corder elemental analyzer (Japan). IR spectra (n, cm–1)
were recorded in KBr pellets on a PA-9721 IR spectrophotometer (Shimadzu, Japan). 1H
NMR and 13C NMR spectra were obtained on a Jeol 300 MHz (Japan) spectrometer in
DMSO-d6 as a solvent, using TMS as internal reference and chemical shifts (d) are ex-
pressed in ppm. Mass spectra were recorded on Kratos (75 eV) MS equipment (Germany).
Synthetic pathways are presented in Schemes 1–3 and physicochemical and spectral data
of the synthesized compounds are given in Tables I and II. Antitumor evaluations has
been recorded by research group at the National research Center in cooperation of the
National Cancer Institute in Egypt.

Syntheses

2-Cyano-2-cyclopentylideneacetohydrazide (1). – To a solution of cyanoacetylhydrazine
(1.00 g, 0.01 mol) in 1,4-dioxane (30 mL) containing piperidine (0.50 mL), cyclopentano-
ne (0.84 g, 0.01 mol) was added. The reaction mixture was heated under reflux for 2 h
and then left to cool. The solid product formed upon pouring onto ice/water containing
a few drops of hydrochloric acid was collected by filtration.

2-Amino-5,6-dihydro-4H-cyclopenta[b]thiophene-3-carbohydrazide (2). – A mixture of com-
pound 1 (1.65 g, 0.01 mol) and elemental sulphur (0.32 g, 0.01 mol) in absolute ethanol
(30 mL) containing triethylamine (0.80 mL) was heated under reflux for 2 h. The solid
product formed upon pouring onto ice/water containing a few drops of hydrochloric
acid was collected by filtration.

Ethyl 2-cyano-2-(3-(hydrazinecarbonyl)-5,6-dihydro-4H-cyclopenta[b]thiophen-2-yl)hydra-
zono)acetate (3) and ethyl 2-(2-(3-(hydrazinecarbonyl)-5,6-dihydro-4H-cyclopenta[b]thiophen-2-
-yl)hydrazono)-3-oxobutanoate (4). General procedure. – A cold solution (0–5 °C) of 1 (1.65 g,
0.01 mol) in acetic acid (10 mL) was added to a cold solution of nitrosyl sulphuric acid
[prepared by the addition of sodium nitrite solution (0.7 g, 0.01 mol) to a cold solution of
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concentrated sulphuric acid (8 mL), then the resulting mixture was heated at 60 °C for 1 h
and then cooled to 0 °C] under continuous stirring to form the appropriate diazonium sul-
phate salt as yellow precipitate. The formed cold solution of the diazonium salt was ad-
ded to a cold solution of either ethyl cyanoacetate (1.13 g, 0.01 mol) or ethyl acetoacetate
(1.0 g, 0.01 mol) in ethanol (95 %, 40 mL) containing sodium acetate (4.0 g) under con-
tinuous stirring. The formed solid product, in each case, was collected by filtration.

2-(2-Cyano-2-cyclopentylideneacetyl)-N-phenylhydrazinecarbothioamide (5). – To a solu-
tion of compound 1 (1.65 g, 0.01 mol) in absolute ethanol (40 mL) containing triethyl-
amine (0.5 mL), phenylisothiocyanate (1.35 g, 9.91 mol) was added. The reaction mixture
was heated under reflux in a boiling water bath for 3 h and then poured onto ice/water.
The formed solid product was collected by filtration.
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Table I. Analytical data of compounds 1–13

Compd. M.p. (°C)
(solvent of cryst.)

Yield
(%)

Mol. formula
(Mr)

Analysis (calcd./found, %)

C H N S

1 > 300
(EtOH)

60 C8H11N3O
(165.19)

58.17
58.24

6.71
6.49

25.44
25.29

2 280-283
(EtOH)

77 C8H11N3OS
(197.26)

48.71
48.92

5.62
5.49

21.30
21.49

16.26
16.45

3 198-201
(EtOH)

80 C13H15N5O3S
(321.35)

48.59
48.77

4.70
4.90

21.79
21.62

9.98
10.1

4 222-225
(EtOH)

68 C14H18N4O4S
(338.38)

49.69
49.81

5.36
5.02

16.56
16.82

9.48
9.55

5 160-162
(1,4-dioxane)

73 C15H16N4OS
(300.38)

59.98
60.27

5.37
5.29

18.65
18.30

10.67
10.82

6a 158-160
(1,4-dioxane)

70 C18H18N4OS
(338.43)

63.88
64.07

5.36
5.51

16.56
16.73

9.47
9.33

6b 192-195
(EtOH)

80 C23H20N4OS
(400.50)

68.98
68.72

5.03
5.31

13.99
13.85

8.01
8.22

7 282-284
(EtOH)

69 C15H15N3O
(253.30)

71.13
71.14

5.97
5.77

16.59
16.82

8 208-210
(EtOH)

75 C15H15N3O
(253.30)

71.13
71.17

5.97
5.84

16.59
16.39

9 266-270
(EtOH)

86 C15H15N3OS
(285.36)

63.13
63.09

5.30
5.51

14.73
14.51

11.24
11.09

10 140-143
(EtOH)

88 C16H17N3O
(267.33)

71.89
71.94

6.41
6.27

15.72
16.01

11 166-168
(1,4-dioxane)

90 C14H15N5O
(269.30)

62.44
62.61

5.61
5.72

26.01
25.82

12 122-125
(EtOH)

75 C11H14ClN3
O (239.70)

55.12
55.09

5.89
6.03

17.53
17.72

13a 210-212
(1,4-dioxane)

66 C11H13N5O
(231.25)

57.28
57.38

5.89
5.55

30.41
30.22

13b 270-273
(1,4-dioxane)

57 C11H12N4O2
(232.24)

56.89
56.72

5.21
5.47

24.12
24.06
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Table II. Spectral data of the newly synthesized compounds

Compd. IR (n, cm–1) 1H NMR
(DMSO-d6)
(d, ppm)

13C NMR
(DMSO-d6)
(d, ppm)

MS
(M+, m/z)

1 3325-3212 (NH2,
NH), 2885 (CH2),
2257 (CN), 1678
(CO), 1647 (C=C)

1.17-2.34 (2m, 8H,
4CH2), 3.83 (s, 2H,
NH2), 8.54 (s, 1H,
NH)

28.5, 28.7, 39.4, 165.0 (cyclopentyl
C), 90.3 (C=Cq-CN), 115.8 (CN),
165.8 (C=O)

165

2 3456-3322 (2NH2,
NH), 2893 (CH2),
1686 (CO), 1648
(C=C)

1.16-2.37 (2m, 6H,
3CH2), 3.80, 4.66
(2s, 4H, D2O
exchangeable,
2NH2), 8.77 (s, 1H,
D2O exchangeable,
NH)

22.0, 28.5, 32.8 (cyclopentyl C),
118.3, 133.6, 139.4, 145.2 (thiophene
C), 164.9 (C=O)

197

3 3477-3320 (NH2,
2NH), 2920, 2890
(CH3, CH2), 2253
(CN), 1720 (CO),
1678 (CO), 1644
(C=C), 1630 (C=N)

1.13 (t, 3H, J = 7.02
Hz, CH3), 1.15-2.35
(2m, 6H, 3CH2),
3.87 (s, 2H, NH2),
4.22 (q, 2H, J = 7.02
Hz, CH2), 8.81,
10.27 (2s, 2H, 2NH)

16.8 (CH3), 22.0, 28.5, (cyclopentyl
C), 59.5 (CH2), 116.3 (CN), 118.0,
133.7, 139.2, 145.6 (thiophene C),
162.8, 166.9 (2C=O), 171.3 (C=N)

321

4 3462-3327 (NH2,
2NH), 2977, 2895
(CH3, CH2), 1700,
1683. 1690 (3CO),
1641 (C=C), 1628
(C=N)

1.14 (t, 3H, J = 6.98
Hz, CH3), 1.17-2.32
(2m, 6H, 3CH2),
2.73 (s, 3H, CH3),
3.87 (s, 2H, NH2),
4.22 (q, 2H, J =
6.98 Hz, CH2), 8.74,
10.16 (2s, 2H, 2NH)

16.9 (CH3), 22.4, 26.4, 28.2, 29.3
(cyclopentyl C & CH3-CO), 59.8
(CH2), 118.4, 133.9, 139.0, 145.1
(thiophene C), 162.2, 164.7, 166.7 (3
C=O), 170.9 (C=N)

338

5 3452-3330 (2NH),
3120 (CH ar.), 2893
(CH2), 2252 (CN),
1690 (C=O), 1632
(C=C), 1335 (C=S)

1.14-2.36 (2m, 8H,
4CH2), 7.28-7.34
(m, 5H, C6H5),
8.82, 9.11, 10.09 (3s,
3H, 3NH)

28.8 (2C), 29.6, 32.0, 164.9
(cyclopentyl C), 96.6 (C=Cq – CN),
116.4 (CN), 122.8, 124.0, 126.8 (2
C), 128.0, 136.8 (Phenyl C), 162.0
(C=O), 177.8 (C=S)

300

6a 3485-3325 (NH),
3062 (CH aromatic),
2980, 2986 (CH3,
CH2), 2255 (CN),
1685 (C=O), 1640
(C=C)

1.18-2.37 (2m, 8H,
4CH2), 2.68 (s, 3H,
CH3), 7.22-7.41 (m,
6H, C6H5, thiazole
H-5), 8.77 (s, 1H,
NH)

18.3 (CH3),, (2 carbons)29.3, 32.2,
164.4 (cyclopentyl C), 96.1
(C=Cq-CN), 116.9 (CN), 121.9,
124.0, 126.4, 127.8, 136.3 (Phenyl
C), 99.8, 137.9, 148.3, (thiazole C),
164.8 (C=O)

339

6b 3460-3329 (NH),
3198 (CH aromatic),
2978 (CH2), 2250
(CN), 1687 (CO),
1638 (C=C)

1.18-2.37 (2m, 8H,
4CH2), 7.28-7.39
(m, 11H, 2C6H5,
thiazole H-4), 8.88
(s, 1H, NH)

28.2 (2C), 29.0, 38.5, 164.1
(cyclopentyl C), 95.9 (C=Cq-CN),
115.6 (CN), 120.3 (2C), 120.8 (2C),
121.3, 124.4, 125.9, 127.8, 132.0
(two phenyl C), 99.2, 135.7, 143.7,
(thiazole C), 165.2 (C=O)

400



2-Cyano-2-cyclopentylidene-N’-(4-methyl-3-phenylthiazol-2(3H)-ylidene)acetohydrazide (6a)
and 2-cyano-2-cyclopentylidene-N’-(3,4-diphenylthiazol-2(3H)-ylidene)acetohydrazide (6b). Gene-
ral procedure. – To a solution of compound 5 (3.00 g, 0.01 mol) in absolute ethanol (40 mL),
either a-chloroacetone (0.93 g, 0.8 mL, 0.01 mol) or phenacyl bromide (2.00 g, 0.01 mol)
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7 3477-3436 (NH),
3193 (CH aromatic),
2968 (CH2), 2254
(CN), 1689 (CO),
1631 (C=C)

1.16-2.35 (2m, 8H,
4CH2), 6.88 (s, 1H,
CH=N), 7.30-7.38
(m, 5H, C6H5), 8.83
(s, 1H, NH)

28.1 (2C), 28.7, 39.4, 165.2
(cyclopentyl C), 90.6 (C=Cq-CN),
115.9 (CN), 119.3 (2C), 122.6 (2C),
129.0, 133.8 (phenyl C), 165.8
(C=O), 170.3 (C=N)

253

8 3481-3330 (NH2,
NH), 3198 (CH
aromatic), 2970
(CH2), 2250 (CN),
1692 (CO), 1635
(C=C)

1.18-2.32 (2m, 6H,
3CH2), 4.82 (s, 2H,
NH2), 6.87 (s, 1H,
CH=C), 7.29-7.35
(m, 5H, C6H5), 8.80
(s, 1H, NH)

28.0, 28.9, 36.2, 160.2, 165.8
(cyclopentyl C), 90.8 (C=Cq-CN),
116.4 (CN), 119.6, 124.2, (2C) 128.7
(2C), 132.6 (phenyl C), 164.9
(C=O); 170.3 (C=N)

253

9 3383-3342 (NH &
NH2), 3170 (CH
aromatic), 2978
(CH2), 1685 (CO),
1636 (C=C)

1.14-2.38 (2m, 6H,
3CH2), 5.32 (s, 2H,
NH2), 6.80 (s,1H,
CH=N), 7.27-7.42
(m, 5H, C6H5), 8.88
(s, 1H, NH)

22.2, 28.5, 32.4 (cyclo-pentyl C),
117.9, 120.3, 122.7 (2C), 126.9 (2C),
130.1, 132.8, 139.4, 147.3 (phenyl,
thiophene C), 165.3 (C=O), 172.4
(C=N)

197

10 3465-3329 (NH), 3060
(CH aromatic), 2979,
2880 (CH3, CH2),
2255 (CN), 1689
(CO), 1632 (C=C)

1.16-2.37 (2m, 8H,
4CH2), 2.84 (s, 3H,
CH3), 7.34-7.41 (m,
5H, C6H5), 8.37 (s,
1H, NH)

20.3 (CH3), 26.8 (2C), 28.2, 39.8,
165.0 (cyclopentyl C), 90.6
(C=Cq-CN), 116.3 (CN), 120.3 (2C),
122.7 (2C), 128.9, 132.9 (phenyl C),
165.4 (C=O), 170.8 C=N)

267

11 3489-3342 (NH2, 2
NH), 2969 (CH2),
2229 (CN), 1688
(CO), 1628 (C=C)

1.14-2.30 (2m, 6H,
3CH2), 4.79 (s, 2H,
NH2), 7.26-7.39 (m,
5H, C6H5), 8.32,
8.79 (2s, 2H, 2NH)

26.9, 28.9, 30.1, 144.0, 165.9
(cyclopentyl C), 90.6 (C=Cq-CN),
117.3 (CN), 120.3 (2C), 122.7, 128.9
(2C), 131.8 (phenyl C), 165.9 (C=O)

269

12 3449-3330 (NH),
2981, 2893 (CH3,
CH2), 2529 (CN),
1692 (CO), 1629
(C=C)

1.15-2.39 (2m, 8H,
4CH2), 2.89 (s, 3H,
CH3), 3.91 (s, 2H,
CH2), 8.63 (s, 1H,
NH)

19.8 (CH3), 26.9, 28.3, 28.2, 33.0,
165.0 (cyclopentyl C), 39.8 (CH2),
90.4 (C=Cq-CN), 116.8 (CN), 160.3
(C=N), 165.4 (C=O)

239

13a 3449-3330 (2NH2),
2984 (CH2), 2255
(CN), 1698 (CO),
1626 (C=C)

1.16-2.42 (2m, 8H,
4CH2), 3.64, 4.86
(2s, 4H, 2NH2),
6.99 (s, 1H,
pyrazole H-4)

26.8, 28.2, 28.5, 39.2, 164.8
(cyclopentyl C), 90.4 (C=Cq-CN),
99.6, 146.9, 147.2 (pyrazole C),
116.5 (CN), 166.3 (C=O)

231

13b 3520-3328 (OH,
NH2), 2981 (CH2),
2259 (CN), 1695
(CO), 1629 (C=C)

1.17-2.38 (2m, 8H,
4CH2), 4.26 (s, 2H,
NH2), 6.89 (s, 1H,
pyrazole H-4),
10.22 (s, 1H, OH)

26.6, 28.0, 28.7, 39.5, 165.9
(cyclopentyl C), 91.0 (C=Cq-CN),
116.8 (CN), 99.3, 134.8, 158.6
(pyrazole C), 166.0 (C=O)

232



was added. The reaction mixture was heated under reflux for 2 h and then poured onto
water containing a few drops of sodium hydroxide solution (0.25 mL, 10 %). The formed
solid product, in each case, was collected by filtration.

N’-Benzylidene-2-cyano-2-cyclopentylideneacetohydrazide (7). – To a solution of comound
1 (1.65 g, 0.01 mol) in 1,4-dioxane (40 mL), benzaldehyde (1.06 g, 0.01 mol) was added.
The reaction mixture was heated under reflux for 2 h, then poured onto ice/water con-
taining a few drops of hydrochloric acid and the formed solid product was collected by
filtration.

2-(2-Benzylidenecyclopentylidene)-2-cyanoacetohydrazide (8). – To a solution of com-
pound 1 (1.65 g, 0.01 mol) in 1,4-dioxane (40 mL) containing piperidine (0.5 mL), ben-
zaldehyde (1.06 g, 0.01 mol) was added. The reaction mixture was heated under reflux
for 2 h, then poured onto ice/water containing a few drops of hydrochloric acid and the
formed solid product was collected by filtration.

2-Amino-N’-benzylidene-5,6-dihydro-4H-cyclopenta[b]thiophene-3-carbohydrazide (9). – To
a solution of compound 7 (2.53 g, 0.01 mol) in 1,4-dioxane (40 mL) containing triethyl-
amine (0.50 mL), elemental sulphur (0.32 g, 0.01 mol) was added. The reaction mixture
was heated under reflux for 1 h, then poured onto ice/water containing a few drops of
hydrochloric acid and the formed solid product was collected by filtration.

2-Cyano-2-(2-cyclopentylidene)phenylacetohydrazide (10). – To a solution of compound
1 (1.65 g, 0.01 mol) in 1,4-dioxane (40 mL), acetophenone (1.20 g, 0.01 mol) was added.
The reaction mixture was heated under reflux for 4 h, then left to cool overnight and the
formed solid product was collected by filtration.

2-Cyano-2-(2-(2-phenylhydrazono)cyclopentylidene)acetohydrazide (11). – To a cold solu-
tion (0–5 °C) of compound 1 (1.65 g, 0.01 mol) in ethanol (95 %, 40 mL) containing so-
dium acetate (4.0 g), benzenediazonium chloride (0.01 mol) [prepared by the addition of
sodium nitrite solution (0.70 g, 0.01 mol in 10 mL water) to a cold solution of aniline
(0.94 g, 0.01 mol) in concentrated hydrochloric acid (8.0 mL)] was added dropwise under
continuous stirring. The reaction mixture was stirred at room temperature for 2 h and
the formed solid product was collected by filtration.

N’-(1-chloropropan-2-ylidene)-2-cyano-2-cyclopentylideneacetohydrazide (12). – To a solu-
tion of compound 1 (1.65 g, 0.01 mol) in 1,4-dioxane (40 mL), a-chloroacetone (0.92 g,
0.01 mol) was added. The reaction mixture was heated under reflux for 2 h, then left to
cool overnight and the formed solid product was collected by filtration.

2-Cyclopentylidene-3-(3,5-diamino-1H-pyrazol-1-yl)-3-oxopropanenitrile (13a) and 3-(3-
-amino-5-hydroxy-1H-pyrazol-1-yl)-2-cyclopentylidene-3-oxopropanenitrile (13b). General pro-
cedure. – To a solution of compound 1 (1.65 g, 0.01 mol) in 1,4-dioxane (40 mL) containing
triethylamine (0.50 mL), 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 2 h, then
poured onto ice/water containing a few drops of hydrochloric acid and the formed solid
product was collected by filtration.

Antitumor screening

Fetal bovine serum (FBS) and L-glutamine were from Gibco Invitrogen Co. (UK).
RPMI-1640 medium was from Cambrex (USA). Dimethyl sulfoxide (DMSO), doxorubicin,
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penicillin, streptomycin and sulforhodamine B (SRB) were from Sigma Chemical Co. (USA).
Stock solutions of new compounds 1–13a,b (25 mmol L–1) were prepared in DMSO and kept
at –20 °C. Appropriate dilutions of the compounds were prepared just prior to the assays.

Cell cultures. – 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 ob-
tained from the European Collection of Cell Cultures (Salisbury, UK) and NCI-H460 and
SF-268 were kindly provided by the National Cancer Institute (Cairo, Egypt). They grew as
monolayers and were routinely maintained in RPMI-1640 medium supplemented with 5 %
heat inactivated FBS, 2 mmol L–1 glutamine and antibiotics (penicillin 100 mg mL–1,
streptomycin 100 mg mL–1), at 37 °C in a humidified atmosphere containing 5 % CO2.
Exponentially growing cells were obtained by plating 1.5 x 105 cell mL–1 for both of MCF-7,
SF-268 and 0.75 x 104 cell mL–1 for NCI-H460, followed by 24 h of incubation. The effect
of the solvent (DMSO) on the growth of these cell lines was evaluated in all experiments
by exposing untreated control cells to the maximum concentration (0.5 %) of DMSO used
in each assay where doxorubicin was used as the reference compound.

Results are given in concentrations that were able to cause 50 % cell growth inhibi-
tion (GI50) after a continuous exposure for 48 h ± SEM of three-independent experiments
performed in duplicate.

RESULTS AND DISCUSSION

Chemistry

The reaction of cyanoacetylhydrazine with cyclopentanone using ammonium ace-
tate gave the 2-cyano-2-cyclopentylideneacetohydrazide (1). The structure elucidation of
the latter product was based on analytical and spectral data. Thus, the 1H NMR spec-
trum showed the presence of two multiplets at d 1.17–2.34 ppm corresponding to the
four CH2 groups, a singlet at d 3.83 ppm corresponding to the NH2 group and a singlet
(D2O exchangeable) at d 8.54 ppm indicating the NH group. Moreover, its 13C NMR
spectrum showed the presence of signals at d of 28.5, 28.7, 39.4, 165.0, indicating cyclo-
pentyl C, a signal at d 90.3, equivalent to the quaternary C attached to the cyano group, a
signal at d 115.8 confirming the CN group and a signal at d 165.8, corresponding to the
C=O goup. The reaction of compound 1 with elemental sulphur in the presence of tri-
ethylamine gave the 2-amino-5,6-dihydro-4H-cyclopenta[b]thiophene-3-carbohydrazide
(2). The analytical and spectral data of the latter product were consistent with its pro-
posed structure. Thus, the mass spectrum showed m/z = 197 corresponding to the mole-
cular ion peak. Moreover, the 1H NMR spectrum showed two multiplets at d 1.16-2.37
ppm equivalent for the three CH2 groups, two singlets (D2O exchangeable) at d 3.80 and
4.66 ppm corresponding to the two NH2 and a singlet (D2O exchangeable) at d 8.77 ppm
indicting the NH group. The 13C NMR spectrum showed, beside the expected signals for
the cyclopentyl ring, signals at d 118.3, 133.6, 139.4, 145.2, corresponding to the thio-
phene carbons. Compound 2 underwent ready diazotization in concentrated sulphuric
acid at 0 °C and sodium nitrite solution to give the corresponding non isolable 2-diazo-
sulphate salt. The latter coupled with either ethyl cyanoacetate or ethyl acetoacetate to
give the 2-cyano-2-(3-(hydrazinecarbonyl)-5,6-dihydro-4H-cyclopenta[b]thiophen-2-yl)hy-
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drazono)-acetate (3) and the ethyl 2-(2-(3-(hydrazinecarbonyl)-5,6-dihydro-4H-cyclopen-
ta[b]thiophen-2-yl)hydrazono)-3-oxobutanoate (4), respectively. The mass spectra of both
compounds showed molecular masses at m/z 321 and 338, respectively. The 1H NMR
spectrum of compound 3 revealed the presence of a triplet at d 1.13 ppm indicating the
ester CH3 group, a quartet at d 4.22 ppm for the ester CH2 group and two singlets (D2O
exchangeable) at d 8.81 and 10.27 ppm corresponding to the two NH groups. The reac-
tion of compound 1 with phenylisothiocyanate gave the 2-(2-cyano-2-cyclopentylidene-
acetyl)-N-phenylhydrazinecarbothioamide (5). The latter compound underwent hetero-
cyclization when reacting with either a-chloroacetone or phenacylbromide to afford either
the 2-cyano-2-cyclopentylidene-N'-(4-methyl-3-phenylthiazol-2(3H)-ylidene)acetohydrazide
(6a) or the 2-cyano-2-cyclopentylidene-N'-(3,4-diphenylthiazol-2(3H)-ylidene)acetohydra-
zide (6b), respectively.

Compound 1 was allowed to react with benzaldehyde under two different condi-
tions to give two different products. Thus, carrying out the reaction in refluxing 1,4-di-
oxane afforded the N'-benzylidene-2-cyano-2-cyclopentylideneacetohydrazide (7). On
the other hand, carrying out the same reaction in the presence of a catalytic amount of
piperidine gave the 2-(2-benzylidenecyclopentylidene)-2-cyanoacetohydrazide (8). The
1H NMR spectra of compounds 7 and 8 showed signals at d 6.88 and 6.87 ppm, res-
pectively corresponding to the CH=N group present in 7 and the CH=C present in 8 and
multiplets at d 7.30-7.38 and 7.29-7.35 ppm, respectively, indicating the phenyl group.
The reaction of compound 7 with elemental sulphur in the presence of triethylamine af-
forded the 2-amino-5,6-dihydro-4H-cyclopenta[b]thiophene-3-N-benzal-carbohydrazide
(9). The 13C NMR spectrum of the latter product showed, beside the expected signals for
the cyclopentyl group, signals at d at 130.1, 132.8, 139.4, 147.3, indicating phenyl and
thiophene C, a signal at d 165.3, corresponding to the C=O and a signal at d 172.4,
indicating C=N.
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The reaction of compound 1 with acetophenone in 1,4-dioxane gave the 2-cyano-2-
-(2-(2-cyclopentylidene)phenylacetohydrazide (10). Moreover, the reaction of compound
1 with benzenediazonium chloride in the presence of sodium acetate at 0 °C gave the
2-cyano-2-(2-(2-phenylhydrazono)cyclopentylidene)acetohydrazide (11). On the other hand,
the reaction of 1 with chloroacetone gave the N'-(1-chloropropan-2-ylidene)-2-cyano-2-
cyclopentylideneacetohydrazide (12). Finally, we moved towards studying the reactivity
of compound 1 with cyanomethylene reagents with the aim of its heterocyclization to
the potentially antitumor pyranoles. Thus, compound 1 reacted with either malononi-
trile or ethyl cyanoacetate to give the 2-cyclopentylidene-3-(3,5-disubstituted-1H-pyra-
zol-1-yl)-3-oxopropanenitriles 13a and 13b, respectively. The analytical and spectral data
of 13a and 13b are in agreement with their respective structures.

Antitumor activity and structure activity relationship

The effect of compounds 1-13a,b was evaluated through the in vitro growth of three
human tumor cell lines representing different tumor types, namely, breast adenocarcinoma
(MCF-7), non-small cell lung cancer (NCI-H460) and CNS cancer (SF-268), after continuous
exposure for 48 h. The results summarized in Table III showed that all the compounds were
able to inhibit the growth of the human tumor cell lines in a dose-dependent manner.
2-Cyano-2-cyclophentylideneacetohydrazido-N-(4-cyano-3-phenyl-4-phenylthiazol-2-ylide-
no)-hydrazone (6b), 2-cyano-2-cyclopentylideneaceto-N-benzalhydrazide (7), 2-cyano-2-(2-
-(2-phenylhydrazono)cyclopentylidene)acetohydrazide (11) and 3-(3-amino-5-hydroxy-1H-
-pyrazol-1-yl)-2-cyclopentylidene-3-oxopropanenitrile (13b) showed the best results. It is
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Table III. Effects of compounds 1-13a,b on the growth of three human tumor cell lines

Compd. GI50 (mmol L–1)

MCF-7 NCI-H460 SF-268

1 12.0 ± 0.6 10.4 ± 2.4 16.8 ± 4.8
2 18.0 ± 4.2 20.3 ± 3.6 26 ± 2.8
3 30.2 ± 10.9 22.7 ± 2.8 40.2 ± 6.0
4 8.2 ± 1.9 12.8 ± 4.8 8.0 ± 2.6
5 60.2 ± 3.4 44.7 ± 6.1 16.4 ± 4.0

6a 10.6 + 1.2 6.1 ± 2.2 2.0 ± 1.2
6b 0.02 ± 0.01 0.08 ± 0.01 0.06 ± 0.02
7 2.2 ± 0.8 4.6 ± 0.4 1.2 ± 0.8
8 30.0 ± 2.5 22.0 ± 4.6 20.5 ± 2.8
9 10.0 ± 0.8 8.3 ± 2.8 16.5 ± 4.0

10 40.4 ± 2.8 22.1 ± 0.6 38.3 ± 0.5
11 0.01 ± 0.008 0.01 ± 0.006 0.08 ± 0.08
12 77.8 ± 10.0 64.2 ± 8.4 70.2 ± 12.6

13a 14.2 ± 8.2 10.0 ± 2.6 10.2 ± 4.8
13b 0.4 ± 0.1 0.2 ± 0.01 0.1 ± 0.02

Doxorubicin 0.04 ± 0.008 0.09 ± 0.008 0.09 ± 0.007



convenient to notice that compounds 6b and 11 have the highest cytotoxicity and their
activities are higher than that of doxorubicin. Such high cytotoxicity of both compounds is
attributed to the presence of the thiazole moiety bearing two phenyl groups in 6b and the
high nitrogen content of the hydrazide and hydrazone moieties that are present in 11. On
the other hand, comparing the cytotoxicity effect of compounds 6a and 6b, one can say that
the presence of the 3,4-diphenyl-thiazole moiety in 6b is responsible for its higher cytotoxi-
city effect than the 3-phenyl-4-methylthiazole moiety in 6a. On the other hand, compounds
4, 6a, 7, 9 and 13a showed moderate growth inhibitory effects. Comparing the activities of
compounds 13a and 13b, it is observed that compound 13b showed higher cytotoxicity
compared to compound 13a. Higher cytotoxicity of 13b is due to the presence of the
electron withdrawing 5-hydroxy group attached to the pyrazole ring while in case of
compound 13a, the 3,5-diamino groups lowered its cytotoxicity. The alicyclic compounds 5,
10 and 12 showed the lowest inhibitory effect on the three cancer cell lines.

CONCLUSIONS

The above results allow the conclusion that administration of the tested compounds
to breast adenocarcinoma (MCF-7), non-small cell lung cancer (NCI-H460) and CNS
cancer (SF-268) cells showed promising anticancer activity. The most potent compounds
were 2-cyano-2-cyclophentylideneacetohydrazido-N-(4-cyano-3-phenyl-4-phenyl-thiazol-
-2-ylideno) hydrazone (6b) and 2-cyano-2-(2-phenylhydrazono)-cyclopentylideneacetohy-
drazide (11) with inhibitory effects higher than that of the reference doxorubicin.
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