A
ELSEVIER

Available online at www.sciencedirect.com

sc.ENCE@D.“W

European Journal of Medicinal Chemistry 40 (2005) 12221245

EURO.PEAN JOURNAL OF
ME INAL
CHEMISTRY

www.elsevier.com/locate/ejmech

Original article

Synthesis and biological evaluation as AChE inhibitors of new indanones
and thiaindanones related to donepezil

Ziad Omran, Thomas Cailly, Elodie Lescot, Jana Sopkova-de Oliveira Santos,
Jean-Hugues Agondanou, Vincent Lisowski, Frédéric Fabis, Anne-Marie Godard,
Silvia Stiebing, Guillaume Le Flem, Michel Boulouard, Frangois Dauphin,
Patrick Dallemagne *, Sylvain Rault

Centre d’études et de recherche sur le médicament de Normandie, département de pharmacochimie U.F.R. des sciences pharmaceutiques,

université de Caen Basse-Normandie, boulevard Becquerel, 14032 Caen cedex, France

Received 28 April 2005; received in revised form 17 June 2005; accepted 1 July 2005

Available online 30 August 2005

Abstract

Sixty-four new indanones and thiaindanones related to donepezil were synthesized and evaluated in vitro as potential AChE inhibitors.
Among them, 11 derivatives were found to inhibit the enzyme in the submicromolar range; the best compound revealed its inhibitory activity
with an ICs in the same range (0.06 uM) than the reference compound, donepezil (ICs, = 0.02 uM).

© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

Alzheimer disease (AD) is characterized by reduced cor-
tical and hippocampal levels of acetylcholine (ACh). Agents
that restore the latter through the inhibition of acetylcholinest-
erase (AChE) constitute as of today the main palliative treat-
ment of this affection [1]. Among AChE inhibitors, done-
pezil (E2020; 1) [2], a dimethoxyindanone derivative, exhibits
a long and selective action and manageable adverse effects
that confer to it a lead position in this pharmacological series
in view to design analogues with potential interest in the treat-
ment of AD [3]. Taking our experience in the indanone field
into account, we focused on the synthesis and the in vitro
biological evaluation as AChE inhibitors of new derivatives
2-65 related to donepezil, prepared from 5,6-dimethoxy-3-
aminoindan-1-one 66 and its thiophene isosters 67-75 (Fig. 1)
[4-9].

* Corresponding author. Tel.: +33 2 31 56 59 10; fax: +33 2 31 93 34 73.
E-mail address: patrick.dallemagne @unicaen.fr (P. Dallemagne).
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2. Chemistry

The access to the aminocyclopentanone system fused on a
benzene or a thiophene ring was achieved as previously
described by our group from various benzene or thiophene
carboxaldehydes 76-79 (Scheme 1). The synthetic pathway
involved the B-aminoacids 80-83 obtained from the latter
according to the Rodionow—Johnson [10,11] reaction which
were then, eventually after halogenation, cyclized and finally
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hydrolyzed to yield the hydrochloric salts of the aminocyclo-
pentanones 66-75. The latter were treated in alkaline medium
to liberate the free bases which were then involved in a reac-
tion with bromoacetyl bromide yielding the bromoaceta-
mides 84-92, which were finally reacted with various
N-substituted piperazines to provide the title derivatives 2—-58
(Scheme 2).

The commercially unavailable piperazinyl reagents in-
volved in this nucleophilic substitution were prepared from
substituted arylmethylhalides by reaction with an excess of
piperazine. The unknown N-(pyrrol-2-ylmethyl)- 99 and [(2,5-
dimethoxythien-3-yl)]Jmethyl- 100 piperazines were issued
from the reductive amination of arylcarboxaldehydes 95, 96
by ethyl piperazine-carboxylate in the presence of sodium
cyanoborohydride and subsequent N-deprotection of the car-
boxylates 97, 98 in alkaline medium under microwave appli-
cation (Scheme 3).

The dibromocyclopenta[c]thiophene series, selected by the
biological evaluation, was particularly submitted to various
pharmacomodulations. For example, the oximes 59-61 were
selectively prepared under their E form starting from 13, 20
or 43, respectively, using hydroxylamine displaced from its
hydrochloride (Scheme 4).

On the other hand, in a similar manner as above and start-
ing from the corresponding bromoacetamide 91, the benzyl-
homopiperazinyl 62 and piperidinyl derivatives 63 were pre-
pared (Scheme 5).

Finally, the length of the linker chain between the piper-
azinyl and the thiaindanone moieties was declined through
the synthesis of the compounds 64 and 65 (Scheme 6). The
latter were prepared from the aminodibromocyclopen-
ta[c]thiophene derivative 74 whose the hydrochloric salt was
reacted with bromobutyryl- and bromopropionyl chloride,
respectively, to give the bromide 93 and the o,B-unsaturated
derivative 94. The latter was issued from a B-elimination
which took place in the presence of an excess of TEA, while
no traces of the corresponding halide were observed in this
case. Compounds 93 and 94 yielded 64 and 65, respectively,
under treatment with 2-chlorobenzylpiperazine.

3. Discussion

Compounds 2-65 were tested for in vitro inhibition of
AChE on the commercially available electric eel enzyme
according to the Ellman et al.’s [12] method. Taking into
account the SAR recently established by the structure eluci-
dation of AChE-donepezil co-crystal [13], we first evaluated
a dimethoxyindanone derivative 2 substituted on the
3-position by a benzyl-piperazinylacetamide moiety likely to
reproduced the interactions between donepezil and AChE. The
result (Table 1), however, was quite disappointing since 2
inhibited AChE at a two hundred-fold higher concentration
than donepezil (ICs, = 4.00 uM versus 0.02 uM).

Substitution of the phenyl ring of 2 by various halogen
atoms or groups did not permit to recover the inhibitory activ-
ity at the noteworthy exception of the 2-chlorophenyl deriva-
tive 9 (IC5, = 0.65 uM). On the other hand, replacement of
the indanone moiety of 2 by an oxodibromocyclopen-
ta[c]thiophene one slightly improved the activity of com-
pound 12 (ICs, = 0.56 uM) and consequently the latter was
considered as a new lead for further pharmacomodulations.

So, replacement of the piperazine ring of 12 by piperidine
(63) or homopiperazine (62) resulted in a total loss of anti-
AChE activity in a similar manner as for the introduction of a
cyclohexylmethyl (56), a phenyl (5§7) or a phenethyl (58)
group in place of the benzyl one (Table 2). Substitution of the
latter was also examined. The results showed that introduc-
tion of a substituent in the 4- or 3-position resulted in a loss
of activity whatever its nature, except for a fluorine atom
which however decreased it (22, IC5, = 1.40 uM and 21,
IC5,=2.50 uM). In the mean time and in a similar manner
than for the indanone series, substitution of the 2-position of
the benzyl group by a chlorine (13, IC5, = 0.22 uM), fluorine
(20, IC5, = 0.40 uM) or bromine atom (23, IC5, = 0.58 uM)
or amethyl group (26, IC5, = 0.75 uM) preserved or improved
the anti-AChE activity at the condition that the other phenyl
positions remain unsubstituted. It was not the case for the
derivatives bearing on this 2-position an iodine atom (24), a
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trifluoromethyl (25), a nitro (29), an amino (32), or a meth-
oxy group (34) which were almost devoid of activity. In a
similar manner, replacement of the phenyl ring of the benzyl
moiety by a naphthalene (38), a pyridine (39-41), a furane
(46, 47) or a pyrrole (48) ring dramatically resulted in
decreased activity. The latter was nevertheless preserved at a
lower level with a 2-thiophene ring (42, ICs, = 1.25 uM) and
even increased with a 3-thiophene one (43, IC5, = 0.18 uM).
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Substitution of the thiophene ring of 42 and 43 by a chlorine
atom (44) or by two methoxy groups (45), respectively, how-
ever suppressed the activity.

On the other hand, compounds 64 and 65, the upper homo-
logues of 13, showed that the acetamido group between the
cyclopentane moiety and the piperazine one is critical for anti-
ACHhE activity since these compounds were almost devoid of
activity (Table 3).

Br O NH,OH, HCI Br T-OH
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The effect of the position of the sulfur atom of the
thiophene ring as well as the nature of the substituents of the
latter on the activity of 20 were then examined (Table 4). It
appeared that the cyclopentane ring must be fused on the
c-side of the thiophene since the cyclopenta[b] thiophene
derivatives 53-55 were inactive. The thiophene ring must be
further substituted on the 1- and 3-positions by two methyl
groups (51, IC5, = 0.57 uM), or halogen atoms since the
dibromo compound 20 remained three to four-fold more active
than its 1-monobromo derivative (49, IC5, = 1.10 uM) or than
its dichloro analog (52, IC5, = 1.50 uM) and the unsubsti-
tuted derivative 50 totally losing the activity.

Finally, the role of the cyclopentane carbonyl of the most
active compounds 13, 20 and 43 was studied through its con-
densation into an oxime group (Table 5). Compound 59
was totally devoid of the activity of 13, whereas 61
(IC5¢ = 0.14 uM) conserved those of 43. In the 2-fluorobenzyl
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series, the oxime (60, IC5, = 0.06 uM) significantly improved
the inhibitory activity of the oxo derivative 20.

4. Molecular modeling

The crystal structure of AChE cocrystallized with done-
pezil 1 [13], showed that donepezil binds in the active-site
cleft principally by (i) stacking interaction of indanone with
Trp,;o and (ii) stacking interaction of the benzyl ring with
Trpg, (Fig. 2). (iii) A m-cation interaction occurs between the
charged nitrogen of the piperidine ring and the phenyl ring of
Phe,s,. No direct hydrogen bond between the enzyme and
donepezil could be detected in the structure; donepezil binds
to the enzyme via hydrogen bonds through water molecules
(@iv).

A 3D model of the inhibitor molecules was built and posi-
tioned into the AChE cleft automatically by the program
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Table 1
Anti-AchE activity of compounds 1-12

3-11
Compd® R ICsy = SD (uM)°
1 - 0.02 +0.01 (N=4)°
2 - 400(N=1)
3 4-OMe Inactive
4 4-Br Inactive
5 4-Cl Inactive
6 3-CF; Inactive
7 3-Cl Inactive
8 3-CN Inactive
9 2-Cl 0.65 +0.05 (N=2)
10 2-NO, Inactive
11 2,6-diCl Inactive
12 - 0.56 +0.05 (N=2)

“The value of the hydrochloride is shown.
ICs, value was measured for enzyme activity < 20% at 10> M.
€N = number of duplicate independent experiments.

LigandFit (Cerius2) [14]. The position of 12 we found is very
similar to that of donepezil (Fig. 2). In the bottom part, the
interactions of donepezil are conserved: (i) the benzyl moi-
ety stacks against the indole ring of Trpg, and (ii) the charged
nitrogen of the piperazine ring is oriented in a position suit-
able for a m-cation interaction with the phenyl ring Phess,.
The differences are observed in upper part, the dibromocy-
clopenta [c]thiophene moiety takes different orientations with
respect to Trp,-e. (iil) The m-stacking interaction between this
moiety and the indole is perturbed, and the bromine atom at
position 1 on the thiophene is oriented outside of the protein
cavity contrary to the brome at position 3, which is oriented
inside of the protein, in a hydrophobic environment.

In vitro tests showed that substitution of the ortho position
of the benzyl ring by a chlorine (compound 13) or fluorine
atom (compound 20) increases the inhibitory activity. Mod-
eling studies on 20 showed that substitution of the benzyl at
the ortho position by a fluorine atom modifies the orientation
of the benzyl ring in a manner that its n-stacking with the
Trpg, is amplified.

We further observed that the presence of a hydrophobic
aromatic group on the place of a benzyl group is favorable
for a good affinity. The best inhibition activity was observed
for the thiophene derivative 43. Sulfur is a hydrophobic atom
and its presence in the ring enhanced the hydrogen bond donor
capacity of two neighboring carbons (Fig. 3). Along to our

Table 2
Anti-AchE activity of compounds 12-48, 56-58, 62, 63
Br o}
-
r 0
Br -N 0
H
12 ’ 56
0,/ @
63 }F l 57
f‘N/_\ i &
LN ~
5w A =i
62
13-48
Compd Ar, ICs + SD (uM)°
12° - 0.56 £0.05 (N=2)°
13* 2-Cl-CcH, 0.22+0.01 (N=2)
14 3-CI-C¢H, Inactive
15 4-CI-CcH, Inactive
16 2,3-diCI-C¢H; Inactive
17° 2,4-diCI-C4H; Inactive
18 2,5-diCl-C4H; Inactive
19 2,6-diCI-CH; Inactive
20° 2-F-C¢H, 0.40+0.07 (N=3)
21* 3-F-C¢H, 2.50+0.20 (N=2)
22¢ 4-F-C¢H, 140+ 020 (N=2)
23 2-Br-C¢H, 0.58 +£0.03 (N=2)
24 2-1-C¢H, Inactive
25 2-CF;-C¢H, Inactive
26" 2-Me-CH, 0.75+0.65 (N=3)
27° 3-Me-C¢H, Inactive
28" 4-Me-CH, Inactive
29 2-NO,-C¢H, Inactive
30° 3-NO,-C¢H, Inactive
31° 4-NO,-C¢H, Inactive
32¢ 2-NH,-C¢H, 1.40 £ 0.60 (N=3)
33 4-NH,-C.H, Inactive
34 2-OMe-C¢H, Inactive
35 3-OMe-CH, Inactive
36" 4-OMe-C¢H, Inactive
37* 3,4-diOMe-CH; Inactive
38 Inactive
39¢ e Inactive
N ~
40° | = Inactive
, N
41° S Inactive
l zN
42¢ = 1.25£025(N=2)
s /
43" 0.18+0.01 (N=2)

(continued on next page)
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Table 2 Table 3
(continued) Anti-AchE activity of compounds 13, 64, 65
Br o] Br 0
= =
S, Lz[\/\o S __ '
o}
Br H’N Br H
56
12 | 13 N
Cl
—_—
Jé'*\ N Q \@ /
& “\
o]
63 \ 57 _N
- = A
FN Y | 64 N—g \ o
Y V&
N L &y y-N
L .2 i
62 65 /71‘
13-48 N\
Compd Ar, ICs + SD (WM)° =
44° = Inactive Compd® ICsy = SD (uM)®
s-¢ 13 0.22+0.01 (N=2)°
o] 64 Inactive
45¢ Inactive 65 Inactive
m—OMe .
fegr B #The value of the hydrochloride is shown.
. ) ®ICs, value was measured for enzyme activity < 20% at 10~ M.
46° = > Inactive © N = number of duplicate independent experiments.
]
47° m Inactive
o]
48 ,/ Inactive Table 4
H‘N Anti-AchE activity of compounds 20, 49-55
56 - Inactive ¥ ~ ‘2‘
57* - Inactive -l
. s
58 - Inactive Br
62° - Inactive 49 o
63 - Inactive /

#The value of the hydrochloride is shown.
" ICs, value was measured for enzyme activity < 20% at 10> M.
¢ N = number of duplicate independent experiments.

docking results the thiophene ring is situated in the way that
one of the neighboring carbons is opposite to the carbonyl of
glutamic acid at a distance favorable for the formation of a
weak hydrogen bond (d._;;~3.5A). Therefore, the thiophene
interacts through n—m stacking and in the same time through
weak hydrogen bond with AChE.

In vitro tests revealed furthermore that the oxime 60 cor-
responding to the orthofluorobenzyl derivative 20 exerts an
inhibitory activity on AChE close to the donepezil one. Mod-
eling studies showed that the upper part is differently posi-
tioned differently between 60 and 20. For the latter, it takes a
position in which n—n stacking with the indole ring of Trp,
is better preserved and in which the oxime group makes a
hydrogen bond with the carboxyl group of Ser,g, (Fig. 4).

5. Conclusion

We have synthesized and evaluated as potential AChE
inhibitors 64 new indanones and thiaindanones related to

~c%
L
50

i

Me e @f
51 Cl Br 55
Sij{ A
CI = Brﬂ; s
52 -
53

Compd®* IC5o = S.D. (uM)°
20 0.40 +0.07 (N=3)°
49 1.10£0.20(N=2)
50 Inactive
51 0.57£0.13 (N=2)
52 1.50+0.30 (N=2)
53 Inactive
54 Inactive
55 Inactive

#The value of the hydrochloride is shown.
ICs, value was measured for enzyme activity < 20% at 107> M.
¢ N = number of duplicate independent experiments.
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Table 5
Anti-AchE activity of compounds 13, 20, 43, 59-61
Br X
=
S
—
O
Br H/N‘ﬁ
N/\“‘N
L2l
Ar
~N ~N AN
cl F
Atk g R~
X S
o] 13 20 43
NOH 59 60 61
Compd ICy5o + S.D. (uM)°
13* 0.22 +0.01 (N=2)°
20° 0.40 +0.07 (N=3)
43 0.18+£0.01 (N=2)
59 Inactive
60 0.06 +0.02 (N =3)
61 0.14£0.07 (N=2)

“The value of the hydrochloride is shown.
" ICs, value was measured for enzyme activity < 20% at 10~ M.
¢ N = number of independent experiments.

) TRP 279

't \>‘I‘.L
TYR 121

PHE 330

GLU 199

TRP 84

Fig. 2. The stick representation of the binding site of AChE (green) and done-
pezil (gray) from X-ray structure, with the modeled position of compound
12 (purple).

Fig. 3. The stick representation of the binding site of AChE (green) and done-
pezil (purple) from X-ray structure, with the modeled position of compound
43 (gray).

donepezil. Among them, 11 derivatives were found to inhibit
the enzyme in the submicromolar range and one of them (60),
revealed its inhibitory activity with an ICs, (0.06 uM) in a
same order of magnitude than the reference compound, done-
pezil (1, IC5, = 0.02 uM). This result prompts us to now study
the in vivo biological comportment of these new inhibitors.

6. Experimental protocols
6.1. In vitro tests of AChE biological activity

Inhibitory capacity of compounds on AChE biological
activity were evaluated through the use of the spectrometric
method of Ellman et al. [12]. Lyophilized electric eel AChE
(Type 111, electric eel, Sigma Chemical Co.) was dissolved in
0.2 M phosphate buffer pH 7.4 such as to have an enzyme
solution stock with 2.5 units.ml~" AChE activity. Acetylthio-
choline iodide (Sigma Chemical Co.) was used as a substrate
of the enzymatic reaction and 5,5-dithiobis-(2-nitrobenzoic)
acid (DTNB, Sigma Chemical Co.) as label for the measure-
ment of cholinesterase activity. In the procedure, 1880 uL of
60 mg/500 ml DTNB dissolved in phosphate buffer pH
7.4 were mixed with 40 ul of test compound solution and
40 ul of enzyme stock solution were mixed. After 5 min of
preincubation, 40 ul of 10 mM acetylthio-choline iodide solu-
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Fig. 4. The stick representation of the binding site of AChE (green) and done-
pezil (gray) from X-ray structure, with the modeled position of compound
60 (cyan).

tion was added to the assay solution. The change in absor-
bance at 412 nm was recorded (AGILENT 8453 UV-VIS
Spectroscopy System) during 10 min First screening of AChE
activity was carried out at a 10> M concentration of com-
pounds under study. For the compounds with significant inhi-
bition (= 80%) after 4 min of reaction, ICy, values were deter-
mined graphically from log concentration—inhibition curves,
using a range of 107'°~107 M concentrations of the test com-
pounds.

6.2. Computational methods

6.2.1. Inhibitor structures

The 3D models of inhibitors were generated using the
Cerius2 software (Accelerys Co.). To derive a stable confor-
mation for the models, the full geometry optimization was
carried out by semiempirical AM1 method (MOPAC pro-
gram in Cerius2 software [15-17]).

6.2.2. Complex models

The crystal structure of complex AChE from Torpedo
Californica/Donepezil (E2020) (PDB file identificator IEVE)
[13] was used as template to construct the complex models.
The studied compounds were placed automatically by dock-
ing procedure of LigandFit [14] in the active-site cleft of pro-
tein model.

6.3. Chemistry

Melting points were determined on a Kofler melting point
apparatus and are uncorrected. IR spectra were recorded on a
Genesis series FTIR spectrometer using KBr pellets. The 'H
(400 MHz) and "*C (100 MHz) NMR spectra were obtained
on a Jeol Lambda 400 spectrometer using DMSO-d, or
CDCls;. The chemical shifts (3) are reported in ppm, and the
coupling constants are in Hertz. Electron impact mass spec-
tra were obtained using a Jeol JIMS GCMate spectrometer
and with pfk as internal standard for high-resolution proce-
dure. Reactions were monitored by thin-layer chromatogra-
phy (TLC) using 0.2 mm Polygram Sil silica gel G/UV
254 precoated plates with visualization by irradiation with a
short-wavelength UV light. Silica gel flash chromatography
was performed using 63—200 mM Kieselgel Merck 60 silica
gel.

6.4. General experimental procedure for the synthesis
of 2-58, 6264

To a solution of one of the compounds 84-93 (1.5 mmol)
in methylene chloride (10 ml) was added the desired pipera-
zine, piperidine or homopiperazine derivative (3 mmol) and
potassium carbonate (0.426 g, 3 mmol). The reaction mix-
ture was stirred at room temperature for 12 h. Methylene chlo-
ride (50 ml) was then added and the mixture was washed sev-
eral times with water. The organic layer was dried over MgSO,
and evaporated under reduced pressure. The product was puri-
fied by flash chromatography.

6.4.1. 2-(4-Benzylpiperazin- 1-yl)-N-(5,6-dimethoxy-3-oxo-
2,3-dihydro-1H-inden-1-yl)acetamide (2)

Yield: 89%. M.P. 190 °C. IR (KBr,cm™"): 3309 (NH), 1690
(CO), 1659 (CO amide), 1503, 1452, 1302, 1213, 840, 735.
"H-NMR (CDCl5) & (ppm): 7.28 (m, 5H, Hppeny)> 7-18 (s,
1H, H-4), 6.95 (s, 1H, H-7), 6.77 (d, *Jxsi1e = 9.0 Hz,
1H,NH), 5.65 (m, 1H, H-3), 3.93 (s, 6H, 20Me), 3.47 (s, 2H,
Hienpy): 3:20 (dd, *Toop iy = 7.5 Hz, Ty 1100 = 18.9 Hz, 1H,
H-2b), 3.09 (s, 2H, COCH,N), 2.42(m, 9H, H-2a and
Hiperazine)- - C-NMR (CDCl3) & (ppm): 201.75 (C-3), 170.50
(NHCO), 156.06 (C-6), 150.82 (C-5), 149.30 (C-7a), 137.78
(C-1penyn)» 129.72 (C-3a), 129.10 (C-2,epy1 and C-6pc001)s
128.28 (C-3heny1 and C-5peni)s 127.19 (C-4e00), 106.53
(C-7),103.57 (C-4), 64.43 (COCH,N), 62.17 (Cyyepy,y1), 56.57
(OMe), 56.24 (OMe), 53.58 (C-3perazine aNd C-5 e razine)s
52.90 (C-2,;perazine a0d C-6c1asine)> 46.45 (C-1),44.92 (C-2).
HRMS: calculated (423.2158), found (423.2222).

6.4.2. 2-[4-(4-Methoxybenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-0x0-2,3-dihydro-1H-inden-1-yl) acetamide (3)
Yield: 15%. M.P. 195 °C. IR (KBr,cm™'): 3310 (NH), 1705
(CO), 1660 (CO amide), 1594, 1461, 1332, 1051, 1010, 841.
'"H-NMR (CDCls) & (ppm): 7.40 (d, *Jxppmie = 9.3 Hz,
IH,NH), 7.00 (m, 6H, H-4, H-7 and H_cny1), 5.65 (m, 1H,
H-3), 3.93 (s, 6H, 20Me), 3.79 (s, 3H, OMe), 3.45 (s, 2H,



1230 Z. Omran et al. / European Journal of Medicinal Chemistry 40 (2005) 1222—1245

Hpenzy): 3:20 (dd, *Typp iy = 7.5 Hz, "o 4100 = 18.8 Hz, 1H,
H-2b), 3.08 (s, 2H, COCH,N), 2.48 (m, 9H, H-2a and
Hiperazine)- 3C-NMR (CDCl5) 8 (ppm): 201.76 (C-3), 170.22
(NHCO), 160.00 (C-4p,eny1)> 155.84 (C-6), 150.60 (C-5),
149.88 (C-7a), 129.49 (C-3a), 129.04 (C-1peny), 121.21
(C-2phenyt and C-6ppenyr), 114.45 (C-3eny1 and C-5ppcny0),
106.31 (C-7), 103.53 (C-4), 62.45 (Cyyepy1); 61.16 (COCH,N),
56.24 (OMe), 56.00 (OMe), 54.98 (OMe), 53.22 (C-3
and C_Spiperazine)’ 52.61 (C'zpipemzine and C-6
(C-1), 44.68 (C-2). MS (m/z): 453.2 ("M).

piperazine

), 46.23

piperazine

6.4.3. 2-[4-(4-Bromobenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-0x0-2,3-dihydro-1H-inden-1-yl) acetamide (4)

Yield: 95%. M.P. 222 °C. IR (KBr,cm™"): 3338 (NH), 1706
(CO), 1640 (CO amide), 1593, 1505, 1462, 1309, 1266, 845.
'"H-NMR (CDCl5) 6 (ppm): 7.10 (m, 6H,NH, H-4 and
Hphenyr)s 6.95 (s, 1H, H-7), 5.66 (m, 1H, H-3), 3.93 (s, 6H,
20Me), 3.41 (s, 2H, Hyepyy1)> 3.20 (dd, Jipe = 7.6 Hz,
2Tiopr12a = 18.8 Hz, 1H, H-2b), 3.09 (s, 2H, COCH,N), 2.48
(m, 9H, H-2a and Hyperazine)- ' "C-NMR (CDCl;) 8 (ppm):
201.68 (C-3), 170.37 (NHCO), 156.03 (C-6), 150.81 (C-5),
149.25 (C-Ta), 136.86 (C-1penyr)s 131.35 (C-34cpy1 and
C-5pneny)s 130.63 (C-2,p,c0y1 and C-6pny1), 129.69 (C-3a),
120.95 (C-4 peny1)> 106.52 (C-7), 103.73 (C-4), 62.01
(Coenzy1)> 61.36 (COCH,N), 56.42 (OMe), 56.20 (OMe), 53.48
(C'Spiperazine and C_Spiperazine)7 52.82 (C'2piperazine and
C-6iperazine)s 46.40 (C-1), 44.87 (C-2). HRMS: calculated
(501.1263), found (501.1246).

6.4.4. 2-[4-(4-Chlorobenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-0x0-2,3-dihydro-1H-inden-1-yl) acetamide (5)
Yield: 12%. M.P.218 °C. IR (KBr, cm™"): 3447 (NH), 1689
(CO), 1660 (CO amide), 1595, 1505, 1456, 1330, 1267, 986.
'"H-NMR (CDCl;) & (ppm): 7.42 (d, *Juy.miec = 8.7 Hz,
1H,NH), 7.20 (m, 5H, H-4 and Hyepy1), 6.95 (s, 1H, H-7),
5.66 (m, 1H, H-3), 3.93 (s, 6H, 20Me), 3.43 (s, 2H, Hy.p,0)
3.20 (dd, *Typop 11 = 7.5 Hz, “Tipop 110, = 18.8 Hz, 1H, H-2b),
3.09 (s, 2H, COCH,N), 2.48 (m, 9H, H-2a and Hierazine)-
13C-NMR (CDCl;) & (ppm): 201.03 (C-3), 170.44 (NHCO),
156.05 (C-6), 150.81 (C-5), 149.29 (C-7a), 136.34 (C-1,,eny0);
132.89 (C-4 peny)s 130.31 (C-2,p 01 and C-6,.0), 129.70
(C-3a), 128.44 (C-3 ,py1 and C-5..1), 106.53 (C-7), 103.71
(C-4),62.00 (COCH,N), 61.28 (Cp,ep,1). 56.47 (OMe), 56.24
(OMe), 53.51 (C-3piperazine a0d C-5ierazine)s 5248 (C-
2 and C-6 ),46.41 (C-1),44.89 (C-2). HRMS:

piperazine piperazine

calculated (457.1768), found (457.1719).

6.4.5. 2-[4-(3-Trifluoromethylbenzyl)piperazin-1-yl]-N-
(5,6-dimethoxy-3-0xo0-2,3-dihydro-1H-inden-1-
yl)acetamide (6)

Yield: 16%. M.P. 130 °C. IR (KBr, cm™"): 3446 (NH), 1689
(CO), 1660 (CO amide), 1595, 1505, 1456, 1330, 1121, 986.
"H-NMR (CDCls) & (ppm): 7.50 (m, SH,NH and Hpheny1)s
7.18 (s, 1H, H-4), 6.95 (s, 1H, H-7), 5.66 (m, 1H, H-3), 3.93
(s, 6H, 20Me), 3.51 (s, 2H, Hyep,y)s 3.20 (dd,
Viovsire = 7-4 Hz, Ty 00 = 18.9 Hz, 1H, H-2b), 3.10 (s,

2H, COCH,N), 2.48 (m, 9H, H-2a and H; c;0zine)- "C-NMR
(CDCLy) 8 (ppm): 201.78 (C-3), 170.35 (NHCO), 156.05
(C-6), 150.81 (C-5), 149.28 (C-7a), 139.00 (C-1 4 cpy1), 132.25
(C-6,peny)> 130.67 (q, T = 131.4 Hz, CF3), 129.75 (C-3a),
129.72 (C-3ppenyt)s 128.76 (C-5enyn)s 125.55 (C-ypeny)s
124.12 (C-2ppenyn)s 10631 (C-7), 103.53 (C-4), 62.45
(Cheny1)s 61.16 (COCH,N), 56.47 (OMe), 56.24 (OMe), 53.46
(C_?’piperazine and C_Spiperazine)’ 52.90 (C_zpiperazine and
C-6piperazine)> 4643 (C-1), 44.89 (C-2). HRMS: calculated
(491.2032), found (491.1996).

6.4.6. 2-[4-(3-Chlorobenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-0x0-2,3-dihydro-1H-inden-1-yl) acetamide (7)

Yield: 46%. M.P. 145 °C. IR (KBr,cm™'): 3348 (NH), 1705
(CO), 1650 (CO amide), 1594, 1503, 1461, 1303, 1211, 1011.
"H-NMR (CDCl5) & (ppm): 7.42 (d, *Jnps1e = 8.7 Hz,
IH,NH), 7.50 (m, SH, H-4 and H,¢,,,1), 6.95 (s, 1H, H-7),
5.66 (m, 1H, H-3), 3.93 (s, 6H, 20Me), 3.43 (s, 2H, Hypp,y1)
3.21(dd, *Tpopsi1e = 7.4 HZ, Ty 110, = 18.9 Hz, 1H, H-2b),
3.09 (s, 2H, COCH,N), 2.48 (m, 9H, H-2a and H;jerazine)-
13C-NMR (CDCl,) § (ppm): 201.75 (C-3), 170.04 (NHCO),
156.07 (C-6), 150.84 (C-5), 149.29 (C-Ta), 140.10 (C-3 eny1)s
13421 (C-1peny)s 129.74 (C-3a), 129.55 (C-55,eny1)s 128.95
(C-2phenyt)» 127.40 (C-6,peny1)> 127.07 (C-4ppenyn)> 106.54
(C-7),103.75 (C-4), 62.17 (COCH,N), 61.41 (Cy,p,y1), 56.47
(OMe), 56.24 (OMe), 53.53 (C-3 i erazine aNd C-5;crazine)s
52.90 (C-2,;perazine a0d C-6ca7ine) 46.45 (C-1),44.92 (C-2).
HRMS: calculated (457.1768), found (457.1742).

6.4.7. 2-[4-(3-Cyanobenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-0x0-2,3-dihydro-1H-inden-1-yl) acetamide (8)

Yield: 88%. M.P. 118 °C. IR (KBr, cm™"): 3314 (NH), 1679
(CO), 1660 (CO amide), 1594, 1500, 1457, 1303, 1214, 861.
'H-NMR (CDCl5) § (ppm): 7.48 (m, SH,NH and Hheny1)s
7.18 (s, 1H, H-4), 6.97 (s, 1H, H-7), 5.66 (m, 1H, H-3), 3.92
(s, 6H, 20Me), 3.47 (s, 2H, Hyep,y), 3.19 (dd,
Tiobmie = 8.2 HZ, ZJio0 100 = 20.0 Hz, 1H, H-2b), 3.09 (s,
2H, COCH,N), 2.43 (m, 9H, H-2a and H; c;0zine)- | "C-NMR
(CDCl3) 6 (ppm): 201.74 (C-3), 170.36 (NHCO), 156.09
(C-6), 150.86 (C-5), 149.30 (C-7a), 139.78 (C-1 jpeny1), 133.23
(C-6pneny1)> 132.20 (C-4enyn)s 130.95 (C-2100y1), 129.71
(C-3a), 129.13 (C-5,peny1)> 118.48 (CN), 112.48 (C-3peny1)-
106.59 (C-7), 103.76 (C-4), 61.81 (COCH,N), 61.38
(Cpenzy1)s 56.47 (OMe), 56.24 (OMe), 53.47 (C-3,;; e razine and
C_Spiperazine)’ 5291 (C_zpiperazine and C_6piperazine)’ 46.46
(C-1), 44.87 (C-2). HRMS: calculated (448.2111), found
(448.2085).

6.4.8. 2-[4-(2-Chlorobenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-0x0-2,3-dihydro-1H-inden-1-yl) acetamide (9)
Yield: 57%. M.P. 160 °C. IR (KBr, cm™"): 3333 (NH), 1698
(CO), 1673 (CO amide), 1595, 1504, 1300, 1212, 1120, 865.
"H-NMR (CDCl;) § (ppm): 7.30 (m, 6H,NH, H-4 and
Hpheny1)s 6.96 (s, 1H, H-7), 5.66 (m, 1H, H-3), 3.93 (s, 6H,
20Me), 3.47 (s, 2H, Hyeppyp), 3.21 (dd, *Jppp i = 7.4 Hz,
Jipoba = 18.9 Hz, 1H, H-2b), 3.18 (s, 2H, COCH,N), 2.43



Z. Omran et al. / European Journal of Medicinal Chemistry 40 (2005) 1222—1245 1231

(m, 9H, H-2a and Hyperasine)- "C-NMR (CDCl5) § (ppm):
201.72 (C-3), 170.38 (NHCO), 156.06 (C-6), 150.83 (C-5),
149.21 (C-7a), 134.38 (C-1 jeny)s 131.60 (C-2,0ny1), 130.86
(C-6phenyt)s 129.75 (C-3a), 129.52 (C-3 penyr)> 128.411
(C-4ppeny1)s 126.68 (C-510ne)s 10650 (C-7), 103.76 (C-4),
61.37 (COCH,N), 58.89 (Cpenyy1)s 56.47 (OMe), 56.24 (OMe),
53.46 (C_Spiperazine and C_Spiperazine)’ 52.81 (C'Zpiperazine and
C-6piperazine)> 46.50 (C-1), 44.93 (C-2). HRMS: calculated
(457.1768), found (457.1749).

6.4.9. 2-[4-(2-Nitrobenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-0x0-2,3-dihydro-1H-inden-1-yl) acetamide
(10)

Yield: 70%. M.P. 126 °C.IR (KBr,cm™"): 3311 (NH), 1697
(CO), 1666 (CO amide), 1594, 1500, 1303, 1266, 1123, 861.
"H-NMR (CDCly) § (ppm): 7.79 (d, *Jxsme = 7.8 Hz,
1H,NH), 7.45 (m, 4H, H,;;.,1). 7.17 (s, 1H, H-4), 6.94 (s, 1H,
H-7), 5.66 (m, 1H, H-3), 3.93 (s, 6H, 20Me), 3.75 (s, 2H,
Hpenzy): 3:20 (dd, *Typpp i1 = 7.3 Hz, " 4100 = 18.9 Hz, 1H,
H-2b), 3.07 (s, 2H, COCH,N), 2.43 (m, 9H, H-2a and
H,perazine)- - C-NMR (CDCl3) 8 (ppm): 201.72 (C-3), 170.33
(NHCO), 156.06 (C-6), 150.82 (C-5), 149.85 (C-2,peny)-
149.21 (C-7a), 133.34 (C-1 jpeny1) 13232 (C-5,,0ny0), 130.91
(C-4peny))> 129.75 (C-32), 127.13 (C-6peny)), 124.44 (C-

3 pheny))s 106.50 (C-7), 103.74 (C-4),61.31 (COCH,N), 58.81
(Chenzy) 56.47 (OMe), 56.24 (OMe), 53.06 (C-3 yiperazine and
C_Spiperazine)’ 52.92 (C_Zpiperazine and C-6piperazine)7 46.44
(C-1), 44.91 (C-2). HRMS: calculated (468.2008), found
(468.2022).

6.4.10. 2-[4-(2,6-Dichlorobenzyl)piperazin-1-yl]-N-(5,6-
dimethoxy-3-o0xo0-2,3-dihydro-1H-inden- 1 -yl)acetamide
(11)

Yield: 40%. M.P. 198 °C. IR (KBr, cm™"): 3325 (NH), 1700
(CO), 1641 (CO amide), 1595, 1499, 1303, 1267, 1121, 860.
"H-NMR (CDCl;) § (ppm): 7.46 (d, *Jny e = 8.5 Hz,
IH NH) 7.29 (d 3JH?:phenyl H4phenyl — 3JHSphenyl Hd4phenyl =
7.5 Hz, 2H, H-3 ..,y and H-5,;..,01), 7.19 (s, 1H, H-4), 7.13
(t JH4phenyl H3phcny1 JH4phenyl HS5phenyl — =175 HZ lH
H-4 eny1)s 6.96 (s, 1H, H-7), 5.65 (m, 1H, H-3), 3.95 (s, 3H,
OMe) 3.93 (s, 3H, OMe), 3.71 (s, 2H, Hy.pp,y1), 3.22 (dd,
Jiovie = 7-5 Hz, 2Ty 1100 = 18.8 Hz, 1H, H-2b), 3.06 (s,
2H, COCH,N), 2.43 (m, 9H, H-2a and H; . razine)- "C-NMR
(CDCly) 6 (ppm): 201.77 (C-3), 170.58 (NHCO), 156.09
(C-6), 150.86 (C-5), 149.26 (C-7a), 136.94 (C-2cny1 and
C-6,penyt)s 134.00 (C-1penyn)s 129.79 (C-3a), 128.94 (C-
4oheny)s 128.39 (C-3 eny and C-5,pc1), 106.50 (C-7), 103.81
(C-4),61.39 (COCH;,N), 56.61 (Cyepyyy1), 56.47 (OMe), 56.24
(OMe), 53.62 (C-3ipcrazine a0d C-5crazine)s 52.80 (C-
2 piperazine AN C-610 010 ine)> 46.51 (C-1),45.01 (C-2). HRMS:
calculated (491.1378), found (491.1437).

6.4.11. 2-(4-Benzylpiperazin-1-yl)-N-(1,3-dibromo-6-oxo-

5,6-dihydro-4H-cyclopenta[c Jthien-4-yl) acetamide (12)
Yield: 50%. M.P.211 °C. IR (KBr,cm™): 3373 (NH), 1717

(CO), 1661 (CO amide), 2813, 1510, 1092, 1007, 699.

"H-NMR (CDCl5) & (ppm): 7.56 (d, *Jnyyjiac = 8.2 Hz,
1H,NH), 7.28 (m, 5H, Hppeny). 5.36 (dt, “Jyyye s, = 3.8 Hz,
Thaesise = Jiaenn = 8.2 Hz, 1H, H-4¢), 3.51 (m, 3H,
Hbenzyl and H- 5b) 3.06 (s, 2H, COCH,N), 2.82 (dd,
Jiisatiae = 3.8 Hz, 25, sy = 19.4 Hz, 1H, H-5a), 2.55 (m,
8H, Hpiperazine)- 3C.NMR (CDCl,) & (ppm): 192.35 (C-6),
170.23 (NHCO), 151.68 (C-6a), 141.95 (C-3a), 137.55
(C-1phenyn)s 129.31 (C-2 ey and C-6,..1), 128.30 (C-3 0001
and C-5epy1)s 127.22 (C-4.00), 111,95 (C-1), 106.01 (C-3),
62.84 (Cpengy1)s 61.33 (COCH,N), 53.65 (C-3 ,iperazine and
C_Spiperazine)’ 52.94 (C_zpiperazine and C_6piperazine)’ 52.15
(C-5), 43.04 (C-4). MS (m/z): 529.1 (*M+2), 527.1 (*M),
525.1 (*M-2). Anal. CHN C,,H,,Br,N;0,S.

6.4.12. 2-[4-(2-Chlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (13)

Yield: 77%. M.P. 170 °C. IR (KBr,cm™'): 3284 (NH), 1717
(CO), 1661 (CO amide), 2811, 1503, 1469, 1131, 1011, 753.
"H-NMR (CDCl;) & (ppm): 7.59 (d, *Jypise = 8.1 Hz,
1H,NH), 7.35 (d, *Jyi3pnenyl-taphenyt = 7-6 Hz, TH, H-3.00),
7.24 (d, 3JH6phenyl Hsphenyt = 7-2 Hz, TH, H-6 ¢ 01), 7.19 (m,
2H, H- 4pheny1 and H-5cny1), 527 (dt, T aeisa = 3.6 Hz,

T hae sy = JH4C ~u = 8.1 Hz, 1H, H-4c), 3.52 (s, 2H,

Hyenzy)s 328 (dd, isoiae = 8-1 HZ, 2Tiysp 1150 = 20.0 Hz, 1H,
H-5b), 2.97 (s, 2H, COCH,N), 2.73 (dd, *J 15, 114c = 3.6 Hz,
*Jysanso = 20.0 Hz, 1H, H-5a), 2.45 (m, 8H, Hy erazine)- C-
NMR (CDCl5) & (ppm): 192.26 (C-6), 170.14 (NHCO),
151.62 (C-6a), 141.88 (C-3a), 135.50 (C-1,peny1), 134.20
(C-2phenyt)s 130.58 (C-6ppenyt)s 129.39 (C-3henyn), 128.16
(C-4ppeny)s 126.57 (C-5 peny)s 111.80 (C-1), 105.91 (C-3),
61.26 (COCH,N), 58.92 (Cyepyy)s 53.62 (C-3iperazine and
C_Spiperazine)’ 52.93 (C'zpipemzine and C_6piperazine)? 52.05
(C-5), 42.99 (C-4). MS (m/z): 563.0 ("M+2), 561.0 ("M),
559.0 ("M-2). Anal. CHN C,,H,,Br,CIN;0,S.

6.4.13. 2-[4-(3-Chlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (14)

Yield: 66%. M.P. 195 °C. IR (KBr,cm™'): 3374 (NH), 1718
(CO), 1662 (CO amide), 2890, 1509, 1476, 1129, 1008, 779.
"H-NMR (CDCl5) & (ppm): 7.57 (d, 3JNH Hae = 8.0 Hz,
IH,NH), 7.23 (m, 4H, Hpny1), 5.37 (dt, 3 aerisa = 3.7 Hz,
3 e rish = JH4C ~i = 8.0 Hz, 1H, H-4c), 3.52 (dd, *Jys,.
Hac = 8.0 Hz, Jysp 145, = 19.2 Hz, 1H, H-5b), 3.45 (s, 2H,
Hbenzyl) 3.06 (s, 2H, COCH,N), 2.82 (dd, *Jyys, 14c = 3.7 Hz,
*Jysanso = 19.2 Hz, 1H, H-5a), 2.56 (m, 8H, H, raine)- C-
NMR (CDCl5) & (ppm): 192.36 (C-6), 170.15 (NHCO),
151.66 (C-6a), 141.93 (C-3a), 140.00 (C-3 henyn), 134.21
(C-1pheny)s 129.55 (C-5henyt)s 128.94 (C-2peny1), 127.36
(C-6phenyr)s 127.08 (C-4 penyn)» 111.92 (C-1), 105.99 (C-3),
62.17 (COCH,N), 61.29 (Cyeppyn)s 53.59 (C-3,iperazine and
C'Spipcrazine)’ 52.93 (C'zpipcrazine and C'6piperazinc)’ 52.13
(C-5), 43.03 (C-4). MS (m/z): 563.0 ("M+2), 561.0 ("M),
559.0 ("M-2).
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6.4.14. 2-[4-(4-Chlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (15)

Yield: 30%. M.P. 192 °C. IR (KBr, cm™"): 3369 (NH), 1717
(CO), 1661 (CO amide), 2812, 1510, 1334, 1130, 1008, 807.
'"H-NMR (CDCl,) § (ppm): 7.57 (d, 3JNH fae = 8.0 Hz,
IH,NH), 7.27 (m, 4H, H¢,,y1), 536 (dt, Jiaenisa = 3.7 Hz,
3 ae sy = JH4C ~i = 8.0 Hz, 1H, H-4c), 3.50 (dd, *Jys,.
Hac = 8.0 Hz, *Jyy5, 150 = 19.4 Hz, 1H, H-5b), 3.46 (s, 2H,
Hbenzyl) 3.06 (s, 2H, COCH,N), 2.82 (dd, *J}45, y14c = 3.7 Hz,
“Jusanse = 194 Hz, 1H, H-52), 2.56 (m, 8H, Hjperazine)- - C-
NMR (CDCly) 6 (ppm): 192.36 (C-6), 170.15 (NHCO),
151.66 (C-6a), 141.91 (C-3a), 136.39 (C-1,peny1), 132.85
(C-4pheny)> 130.31 (C-2 ey and C-6,5p,01), 128.41 (C-3 1001
and C-5;,¢ny1), 111.89 (C-1), 105.98 (C-3), 61.99 (COCH,N),
61.28 (Cbcnzyl)’ 53.60 (C'3pipcrazinc and C_Spipcrazinc)’ 52.87
(C-2iperazine A0 C-6,5i0c11ine)> 52.10 (C-5), 43.00 (C-4). MS
(m/z): 563.0 ("M+2), 561.0 ("M), 559.0 ("M-2). Anal. CHN
C,H,(Br,CIN;0,S.

6.4.15. 2-[4-(2,3-Dichlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta [c[thien-4-yl)-
acetamide (16)

Yield: 60%. M.P. 181 °C. IR (KBr,cm™'): 3437 (NH), 1721
(CO), 1667 (CO amide), 2818, 1508, 1132, 1011, 777.
"H-NMR (CDClg) 8 (ppm): 7.59 (d, *Jnyyaac = 8.1 Hz,
1H,NH), 7.34 (d, JH4phenyl HSphenyl = =7.8 Hz, IH, H-4
7.31(d, 3JH6phenyl -Hphenyl = HZ, Jiuetiso = Insenn = 8.1 Hz,
1H, H-4c¢), 3.58 (s, 2H, Hyepy1), 3.45 (dd, *Jyysp, prae = 8.1 Hz,

JHsb nsa = 19.3 Hz,7.8 Hz, 1H, H-6,4c0,1), 7.13 (t,
Jl—[iphenyl H4pheny1 JHiphenyl H6phenyl — =738 HZ lH
H-5peny1)s 5.32 (dt, JH4C usa = 3-8 1H, H-5b), 3.02 (s, 2H,
COCH,N), 2.79 (dd, *J 15, 114e = 3-8 Hz, “Jiys, 115, = 19.3 Hz,
1H, H-5a), 2.56 (m, 8H, H; crazine)- 3C.NMR (CDCl,) &
(ppm): 192.29 (C-6), 170.08 (NHCO), 151.59 (C-6a), 141.85
(C-32), 138.05 (C-1ppeny)s 132.99 (C-3,peny1), 132.21 (C-
2 heny)s 128.91 (C-440001)s 128.38 (C-6,4cny1), 126.96
(C-5phenyr)s 111.82 (C-1), 105.91(C-3), 61.24 (COCH,N),
59.62 (Cyenzyr)s 53.60 (C-3pipcrazine and C-50crazine)s 52.98
(C-2,iperazine and C-6 ), 52.03 (C-5), 42.97 (C-4). MS

piperazine piperazine

(m/z): 596.9 ("M+2), 594.9 (*M), 592.9 (*M-2).

phenyl)

6.4.16. 2-[4-(2,4-Dichlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta [c]thien-4-yl)-
acetamide (17)

Yield: 25%. M.P. 195 °C. IR (KBr, cm™"): 3425 (NH), 1721
(CO), 1659 (CO amide), 2925, 1468, 1199, 1195, 812.
"H-NMR (CDCl3) § (ppm): 7.51 (d, *Jyppae = 8.2 Hz,
1H,NH), 7.32 (d, *Jyisphenyl- Hopheny! = =7.8 Hz, 1H, H-5 ..,
7.2 (s, TH, H-3 jeny1)s 7-13 (d, “Tggphenyl-nsphenyt = /-8 Hz, 1H,
H-6heny1)> 5:30 (dt, *Jyuepsa = 3.6 Hz, “Jyuc sy =
3JH4c nu = 8.2 Hz, 1H, H-4¢), 3.50 (s, 2H, Hyey,,y1), 3.44 (dd,
Jasoomae = 8:2 Hz, Tysp 5. = 19.3 Hz, 1H, H- Sb) 3.00 (s,
2H, COCH,N), 2.79 (dd, *Tyys, piac = 3.6 Hz, Tyysa nisp =
19.3 Hz, 1H, H-5a), 2.56 (m, 8H, H, i crasine)- C-NMR
(CDCly) 6 (ppm): 192.30 (C-6), 170.14 (NHCO), 151.64

(C-6a), 141.94 (C-3a), 134.82 (C-1 .,), 134.27 (C-2
133.24 (C-4ypeng)s 13191 (C-6,peny1)s 129.27 (C-35peny1)s
126.98 (C-5heny1)> 111.97 (C-1), 105.97 (C-3), 61.29
(COCH,N), 58.40 (Cpensyr)s 53.65 (C-3,1crasine and
C'Spiperazine)’ 52.95 (C_Zpiperazine and C'6piperazine)’ 52.14
(C-5), 43.07 (C-4). MS (m/z): 596.9 (*M+2), 594.9 (*M),
592.9 ("M-2).

phenyl) >

6.4.17. 2-[4-(2,5-Dichlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta [c]thien-4-yl)-
acetamide (18)

Yield: 50%. M.P. 195 °C. IR (KBr,cm™'): 3341 (NH), 1728
(CO), 1670 (CO amide), 2817, 1507, 1472, 1132, 1012, 811.
"H-NMR (CDCl5) & (ppm): 7.51 (d, *Jnpaac = 8.0 Hz,
1H NH) 7.46 (d JHGphenyl H4phenyl — =24 HZ IH H- 6pheny1)
7.26 (d %JH'%phenyl H4phenyl — =85 HZ IH H- 3phenyl) 7.16 (dd

JH4phenyl -H6phenyl — =24 HZ JH4phenyl -H3phenyl — =35 HZ IH

H-4 peny), 536 (dt, Thtae-nsa = 36 Hz, iy sy =
JH4C nu = 8.0 Hz, 1H, H-4c¢), 3.58 (s, 2H, Hypy,y1), 3.51 (dd,
JHSb nac = 8.0 Hz, JHSb usa = 19.3 Hz, 1H, H- Sb) 3.07 (s,
2H, COCH,N), 2.84 (dd, *Jys, t14c = 3.6 Hz, *Tys, pisp =
19.3 Hz, 1H, H-5a), 2.58 (m, 8H, H,;perazine)- 3C-NMR
(CDCl5) & (ppm): 192.31 (C-6), 170.16 (NHCO), 151.66
(C-6a), 141.96 (C-3a), 137.59 (C-1 eny1)> 132.73 (C-5peny1)s
132.29 (C-2peny1)> 130.52 (C-310ny1)s 130.18 (C-6,peny1)
128.23 (C-4ppenyr)> 111.97 (C-1), 105.99 (C-3), 61.30
(COCH,N), 58.69 (Cpepgyt)s 53.66 (C-3 i pcrazine and
C_Spiperazine)’ 53.06 (C_zpiperazine and C_6piperazine)’ 52.17
(C-5), 43.09 (C-4). MS (m/z): 515.9 (*M+1-Br), 513.9 ("M-
1-Br).

6.4.18. 2-[4-(2,6-Dichlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta [c Jthien-4-yl)-
acetamide (19)

Yield: 68%. M.P. 245 °C. IR (KBr, cm™"): 3338 (NH), 1708
(CO), 1653 (CO amide), 2817, 1472, 1135, 1006, 762.
"H-NMR (CDCl;) § (ppm): 7.64 (d, 3JNH Hae = 8.0 Hz,
IH NH) 7.29 (d 3,‘]H3phenyl H4phenyl = JH5pheny1 H4phenyl =

77 Hz, 2H, H- 33pheny1 and H-5,.,.,), 7.16 (1,

JH4phf:nyl H3phenyl — JH4phcnyl H5phenyl — =77 HZ lH
H-4pcnn)s 5.36 (m, 1H, H-4c), 3.74 (s, 2H, Hyep,), 3.44 (dd,
Misoriae = 7.9 Hz, T pispnsa = 18.9 Hz, 1H, H-5b), 3.00 (s,
2H, COCH,N), 279 (dd, *Jysopue=3.6 Hz, Ty,
nsb = 18.9 Hz, 1H, H-5a), 2.58 (m, 8H, Hy;perazine)- ' C-
NMR (CDCly) & (ppm): 192.42 (C-6), 170.35 (NHCO),
151.66 (C-6a), 141.97 (C-3a), 136.93 (C-2,penyt aNd C-6,peny1)s
134.04 (C-1 ppeny)s 128.94 (C-4penir), 128.38 (C-3 001 and
C-Spheny)s 111.92 (C-1), 106.00 (C-3), 61.27 (COCH,N),
56.25 (Cbenzyl)’ 53.67 (C'3piperazine and C'Spiperazine)’ 52.87
(C-2piperazine 1 C-6erazine)> 3215 (C-5),43.07 (C-4).). MS
(m/z): 596.5 ("M+2), 594.5 ("M), 592.5 ("M-2).

6.4.19. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-oxo0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (20)

Yield: 50%. M.P. 185 °C. IR (KBr,cm™"): 3370 (NH), 1718
(CO), 1660 (CO amide), 2935, 1510, 1216, 1192, 1044, 754.
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'H-NMR (CDCl,) & (ppm): 7.55 (d, Ty e = 8.2 Hz,
31H ,NH), 7.36 (dt, 4JH6pheny1 Hapheny1 = 1.7 Hz, JH6phenyl F=
JH6pheny1-Hspheny1 = 7.5 Hz, 1H, H- 6phenyl) 7.22 (m, 1H,
H- 4pheny1) 7.10 (t JHSphenyl H4phenyl — ‘JHSphenyl -H6phenyl —
7.5 HZ 1H H- 5phenyl) 7.02 (t JH’%phenyl H4pheny1
JH3phen§/l =92 Hz, 1H, H-3 0001, 5.35 (dt, Vg pisy =
3.5Hz, “Jyse s, = JH40 ~u = 8.2Hz, 1H, H-4c), 3.59 (s, 2H,
Hpenzy1)s 350 (dd, JHSb mac = 8.2 Hz, JHSb nsa = 19.4Hz, 1H,
H-5b), 3.05 (s, 2H, COCH,N), 2.82 (dd, 45, jac = 3.5 Hz,
“Jusanse = 194 Hz, 1H, H-52), 2.60 (m, 8H, Hjperazine)- - C-
NMR (DMSO-d6) & (ppm): 191.92 (C-6), 169.68 (NHCO),
160.84 (d, 'J¢_p, = 246.2 Hz, C-2,p, 001, 151.27 (C-6a), 141.43
(C-3a), 131.03 (d, 3JC r=5.0 Hz, C-6,,cny1), 128.40 (d,
Jo_p = 8.3 Hz, C-4,;.,,1), 123.73 (d, *J_p = 14.8 Hz,
C-1ppenyt)s 123.42 (d, *Te_p = 3.3 Hz, C-5p00y1), 114.76
(2JC _p=22.3Hz,C-3 0y, 111.20 (C-1), 105.49 (C-3), 60.83
(COCH,N), 54.49 (Cpeny)s 53.09 (C-3;0crapine and
C_Spiperazine)7 52.13 (C_Zpiperazine and C_6piperazine)’ 51.50
(C-3), 42.46 (C-4). MS (m/z): 547.3 ("M+2), 545.3 (*M),
543.3 ("M-2). Anal. CHN C,,H,,Br,FN;0,S.

6.4.20. 2-[4-(3-Fluorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (21)

Yield: 71%. M.P. 192 °C. IR (KBr,cm"): 3376 (NH), 1716
(CO), 1661 (CO amide), 2816, 1510, 1478, 1255, 1092, 797.
"H-NMR (CDCl;) § (ppm): 7.54 (d, *Jny. tac = =8.2 Hz,
1H,NH), 7.29-6.92 (m 4H, Hppenyr)s 5-36 (dt, T ae s =
3.7 Hz, *Tiue e = Tiaenn = 8-2 Hz, 1H, H-4c), 3.50 (m,
3H, Hpen,y and H- Sb) 3.06 (s, 2H, COCH,N), 2.82 (dd,
Jisatiae = 3.7 Hz, 2Tysanse = 19.3 Hz, 1H, H-52), 2.60 (m,
8H, Hyiperazine)- BC.NMR (CDCly) § (ppm): 192.29 (C-6),
170.11 (NHCO), 162.99 (d, 'J- = 245.3 Hz, C- -3 phenyl)>
151.69 (C-6a), 141.98 (C-3a), 140.59 (d, *J- . = 6.6 Hz,
C-1henyn)» 129.74 (d, Jo g =74 Hz, C- SEhenyl) 124.48 (d,
“Jo g =25 Hz, C- 6pheny)s 115.71 (d, “Jc_p=21.4 Hz,
C-4pheny)> 114.13 (d, 2Jop =20.7 Hz, C- 2phenyt)s 111.96
(C-1),106.00 (C-3), 62.19 (Cpep,y1), 61.31 (COCH,N), 53.59
(C_3piperazine and C_Spiperazine)’ 52.93 (C_Zpiperazine and
C-6piperazine)s 92.16 (C-5), 43.09 (C-4). MS (m/z): 546.5
(*M+2), 544.5 (*M), 542.5 ("M-2).

6.4.21. 2-[4-(4-Fluorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (22)

Yield: 79%. M.P. 176 °C.IR (KBr,cm™"): 3372 (NH), 1716
(CO), 1662 (CO amide), 2811, 1510, 1476, 1222, 1129, 822.
"H-NMR (CDCls) § (ppm): 7.54 (d, *Jxpppae = 8.0 Hz,
IH,NH), 7.28 (m, 2H, H-2,,,; and H- 6pheny1) 6.98 (t,
3JH3pheny1 H2phenyl — JHSphenyl H6phenyl — JH’iphenyl F=
JHSPheny, r = 8.6 Hz, 2H, H- ?)lmeny1 and H-5;,.,1), 5.36 (dt,
Tte-nisa = 3-6 Hz, Vppac sy = Jisenn = 8.0 Hz, 1H, H-4c),
3.51 (m, 3H, Hy,,,; and H-5b), 3.06 (s, 2H, COCH,N), 2.82
(dd, *Tysaiae = 3.6 Hz, s, psp = 19.3 Hz, 1H, H-5a), 2.54
(m, 8H, Hperasine)- - C-NMR (CDCly) 8 (ppm): 192.29 (C-6),
170.17 (NHCO), 162.10 (d, 'Jo = 244.6 Hz, C-4

phenyl)

151.72 (C-6a), 141.99 (C-3a), 133.60 (d, *Jo = 3.3 Hz,
C-Lypenyt)s 130.52 (d, s = 8.2 Hz, C-2p0nyy ad C-6 preny1)s
115.11 (d, Jep = 21.4 Hz, C-3 0y and C-5c0y), 111.95
(C-1), 106.00 (C-3), 62.02 (Cbmyl) 61.34 (COCH,N), 53.66
(C-3.ierapine and C-5 ) 52.90 (C-2,,;  .rapine and

piperazine piperazine piperazine

C-6,inerazine)s 32.18 (C-5), 43.09 (C-4). MS (m/z): 546.5

piperazine

(*M+2), 544.5 (*M), 542.5 ("M-2).

6.4.22. 2-[4-(2-Bromobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (23)

Yield: 79%. M.P. 176 °C. IR (KBr,cm™'): 3333 (NH), 1722
(CO), 1666 (CO amide), 2813, 1502, 1132, 1011, 752.
'"H-NMR (CDCl) & (ppm): 7.64 (d, *Jxppse = 8.1 Hz,
IHNH), 752 (dd, “Tysphenyimsphenyt = 1.3 Hz,
%JH3phenyl H4pheny1 =173 HZ lH H- 3phenyl) 7.44 (d
IH, H-6pheny1)s 7.27 (,

JH4phenyl HSphenyl - JH4phenyl H3phenyl — =73 HZ lH
H-4 7.10 (dt JHSphenyl H3phenyl — =13 HZ
JHSphenyl H4pheny1 - JHSphcnyl H6phenyl — =173 HZ IH
H-5 heny)s 5:36 (dt, Thae-nsa = 37 Hz, pyensy =
JH4C wit = 8.1 Hz, 1H, H-4c), 3.53 (5, 2H, Hyenyy)s 348 (dd,
3 isotae = 8.1 Hz, sy i = 19.3 Hz, 1H, H-5b), 3.06 (s,
2H, COCH,N), 283 (dd, Jys,pec=3.7 Hz,
*Jsamso = 19.3 Hz, 1H, H-52), 2.59 (m, 8H, Hyjperazine)- - C-
NMR (CDCl,) & (ppm): 192.30 (C-6), 170.15 (NHCO),
151.68 (C-6a), 141.90 (C-3a), 137.20 (C-1 peny1)s 132.70
(C-3ppenyt)s 130.63 (C-pennr), 12847 (H-6,pcnyp), 127.22
(C-5penyt)s 124.57 (C-2000), 111.74 (C-1), 105.93 (C-3),
61.48 (Cpenpy)> 6129 (COCH,N), 53.64 (C-3,iperasine and
C_Spiperazine)’ 52.93 (C_Zpiperazine and C_6piperazine)’ 52.04
(C-5), 42.99 (C-4). MS (m/z): 608.3 ("M+3), 606.3 ("M+1),
604.3 ("M-1), 602.3 (*"M-3). Anal. CHN C,,H,,Br;N;0,S.

JH()phenyl HS5phenyl — =73 HZ

phenyl)

6.4.23. 2-[4-(2-lodobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (24)

Yield: 66%. M.P. 175 °C. IR (KBr,cm™'): 3424 (NH), 1719
(CO), 1655 (CO amide), 2818, 1511, 1127, 1006, 750.
'H-NMR (CDCl3) & (ppm): 7.83 (dd, “Tyysphenyl-tisphenyt =
1.0 Hz, Jmphenyl Haphenyl = /-7 Hz, 1H, H-3;...,.1), 7.60 (d,
T Hac = = 8.2 Hz, 1H,NH), 7.38 (dd, *J H6phenyl-H4phenyl =
1.7 Hz, JH()phenyl Hsphenyt = 7.7 Hz, 1H, H-6 ), 7.30 (dt,

3JH5phenyl H3phenyl — =1.0 HZ 3JH5phenyl H4phenyl
JHsphenyl-H3pheny1 = 7.7 Hz, 1H, H- 5pheny1) 6.95 (dt,
4 =1.7 Hz, °J

3 H4phenyl-H6phenyl H4phenyl- HSphcnyl
JH4phenyl H3pheny1 =77 HZ 1H H- 4phenyl) 5.37 (dt
*Thae-nisa = 3.7 HZ, Vpgae piso = Thaenm = 8.2 Hz, 1H, H-4c),
3.53 (m, 3H, Hyeyyy; and H-5b), 3.07 (s, 2H, COCH,N), 2.84
(dd, *Tyys, pae = 3.7 Hz, Ty, psp = 19.3 Hz, 1H, H-5a), 2.45
(m, 8H, Hpjperazine)- "C-NMR (CDCl5) & (ppm): 192.36 (C-6),
170.21 (NHCO), 151.60 (C-6a), 141.90 (C-3a), 140.18
(C-1ppenyt)s 13949 (C-3,1eng)s 130.21 (C-5peny)s 128.78
(C-4peny)s 128.01 (C-6,pepy), 111.92 (C-1), 106.00 (C-3),
100.55 (C-2ppeny)s 66.21 (Cpenyyp)s 61.28 (COCH,N), 53.68
(C-3.. . and C-5 ), 52.84 (C-2... .. and

piperazine piperazine

phenyl/>

piperazine
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C-6iperazine)s 32.11 (C-5), 43.01 (C-4). MS (m/z): 573.9

piperazine

(*M+1-Br), 571.9 ("M—1-Br). Anal. CHN C,,H,,Br,IN;0,S.

6.4.24. 2-[4-(2-Trifluorometheylbenzyl)piperazin-1-yl]-N-
(1,3-dibromo-6-oxo0-5,6-dihydro-4H-cyclopenta[c [thien-4-
yl)acetamide (25)

Yield: 30%. M.P. 130 °C. IR (KBr,cm™'): 3429 (NH), 1718
(CO), 1666 (CO amide), 2814, 1508, 1313, 1117, 770.
"H-NMR (CDClg) 8 (ppm): 7.76 (d, *Jnyyjiae = 7.6 Hz,
1H,NH), 7.64 (d, JH3pheny1 Haphenyl = 7-3 Hz, TH, H-3pc001)s
7.60 (d, 3JH6pheny1 HSphenyl = =7.5 Hz, 1H, H-6,c0,1), 7.51 (8,

JH4phenyl HSphenyl — ’ JH4phenyl H’%pheny]:;_ 7. 5 HZ IH

H- 4phenyl) 7.33 (t JHSphenyl H4phenyl — JHSpheny] H6phenyl =
7.5 Hz, 1H, H-5,0000), 5.36 (dt, Typuepsa = 3.7 Hz,
3 aetish = JH4C = 7.6 Hz, 1H, H-4c), 3.66 (s, 2H,
Hyenggt) 349 (dd, Tyisp raae = 7.6 HZ, Tyys pase = 19.3 Hz, 1H,
H-5b), 3.07 (s, 2H, COCH,N), 2.84 (dd, *Jys, 114 = 3.7 Hz,
Jusanse = 19.3 Hz, 1H, H-52), 2.59 (m, 8H, Hjperazine)- - C-
NMR (CDCly) & (ppm): 192.22 (C-6), 170.02 (NHCO),
15159 (C-6a). 141.82 (C-3a). 137.23 (C-1ypy). 13168
(C-5pmeny)s 130.16 (C-6eny), 12840 (q, Je_p = 30.1 Hz,
? 2phenyl) 126.77 (C 4’pheny1) 125.62 (C 3pheny]) 124.18 (Cl,
Jep=292.9 Hz, CF,), 111.64 (C-1), 105.84 (C-3), 61.20
(COCH,N), 57.82 (Cypenpy)s 53.55 (C-3, erasine and
C_Spiperazine)’ 52.93 (C'zpiperazine and C_6piperazine)a 51.91
(C-5), 42.92 (C-4). MS (m/z): 598.0 ("M+2), 596.0 ("M),
594.0 ("M-2). Anal. CHN C,,H,,Br,F;N;0,S.

6.4.25. 2-[4-(2-Methylylbenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (26)

Yield: 65%. M.P. 175 °C. IR (KBr, cm™"): 3372 (NH), 1720
(CO), 1658 (CO amide), 2813, 1511, 1130, 1007, 741.
'"H-NMR (CDCl;) & (ppm): 7.62 (d, *Jup.1se = 8.1 Hz,
IH,NH), 7.20 (m, 4H, H,c,y1), 5.36 (dt, Jiaenisa = 3.7 Hz,
JH4C b = Thac. N = 8.1 Hz, 1H, H-4c¢), 3.50 (dd,
Tiisootiae = 8.1 Hz, 2Tiysp s, = 19.4 Hz, 1H, H-5b), 3.45 (s,
2H, Hpen,y), 3.04 (s, 2H, COCH,N), 2.82 (dd,
Jisatiae = 3.7 Hz, 2Tysansy = 19.4 Hz, 1H, H-52), 2.55 (m,
8H, Hyjperazine)s 2.34 (s, 3H, Me). *C-NMR (CDCl5) & (ppm):
192.35 (C-6), 170.26 (NHCO), 151.71 (C-6a), 141.94 (C-3a),
137.53 (C-2ppeny1)s 136.06 (C-1,p0ny1)> 130.30 (C-3 eny)s
129.76 (H-6,peny1)> 127.15 (C-4penyt)s 125.48 (C-5 peny1)s
111.85 (C-1), 105.98 (C-3), 61.32 (Cpeyy,y1), 60.68 (COCH,N),
53.77 (C-3 and C-5 ), 53.03 (C-2i erazine and

piperazine piperazine piperazine

C-6piperazine) 3213 (C-5),43.03 (C-4), 19.21 (Me). MS (m/z):

543.0 (*M+2), 541.0 (*M), 539.0 (*M—2). Anal. CHN
C,,H,3Br,N;0.S.

6.4.26. 2-[4-(3-Methylbenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (27)

Yield: 67%. M.P. 170 °C. IR (KBr,cm™"): 3367 (NH), 1716
(CO), 1660 (CO amide), 2814, 1514, 1133, 1094, 1007, 773.
'"H-NMR (CDCls) & (ppm): 7.62 (d, *Jnppae = 8.2 Hz,

3 _3 —
lH,NH), 7.19 (t’ JHSphenyl-H4phu:nyl - JHSphenyl-H()phenyl -

7.4 Hz, 1H, H-5;c0y1), 7.11 (s, 1H, H-2;..,01), 7.09 (d,
JH6phenyl H5phenyl — =74 HZ lH H- 6phenyl) 7.05 (d

Haphenyl-HSphenyl = =7.4 Hz, 1H, H-4 .., 5.36 (dt,
*Thae-nisa = 3-8 HZ, Ty s = Jiuaenn = 8.2 Hz, 1H, H-4c),
3.47 (m 3H, Hyep,y and H-5b), 3.05 (s, 2H, COCH,N), 2.82
(dd, *JTys, p14e = 3-8 HZ, Vs, s = 19.3 Hz, 1H, H-5a), 2.55
(m, 8H, Hyjperazine) 2-33 (s, 3H, Me). ?C-NMR (CDCls) &
(ppm): 192.30 (C-6), 170.19 (NHCO), 151.73 (C-6a), 141.94
(C-3a), 137.86 (C-1peny)s 137.60 (C-3pny1), 129.82 (C-
2 oheny)s 128.12 (C-51eny1)s 127.92 (C-6,pcny1)s 126.20
(C-4 penyn)s 111.77(C-1), 105.97 (C-3), 62.82 (Cyye 1), 61.32
(COCH,N), 53.61 (C-3,;perazine and C-5,; ¢ azine)s 52.93
(C-2 ;i nerazine and C-6 ), 52.06 (C-5),43.02 (C-4),21.37

piperazine piperazine

(Me). MS (m/z): 542.5 ("M+2), 540.5 (*"M), 538.5 ("M-2).

6.4.27. 2-[4-(4-Methylbenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (28)

Yield: 77%. M.P. 181 °C. IR (KBr, cm™"): 3372 (NH), 1720
(CO), 1662 (CO amide), 2809, 1510, 1476, 1129, 1007, 838.
"H-NMR (CDCl;) & (ppm): 7.58 (d, *Jny.pac = 8.1 Hz,

3 _3 —
1H7NH)? 7. 18 (d JH’%pheny]—Hthenyl - JHSphenyl—H6pheny] -

8.0 Hz, 2H, H:3, and H-Spe), 711 (d
3JH2phenyl H3pheny1 JH()phen{l -H5phenyl — =3.0 HZ 2H H- 2phenyl
and H-6pcqy1), 5.35 (dt, “Jygeps, = 3.7 Hz, *Titac-nsp =

itsentt = 8.1 Hz, 1H, H-dc), 3.47 (m, 3H, Hy,,; and H-5b),
3.05 (s, 2H, COCH,N), 2.82 (dd, s, 14 = 3.7 Hz,
Ytsatisp = 19.3 Hz, TH, H-52), 2.55 (m, 8H, Hj crapine)> 2.33
(s, 3H, Me). *C-NMR (CDCl5) § (ppm): 192.31 (C-6), 170.19
(NHCO), 151.72 (C-6a), 141.95 (C-3a), 136.78 (C-1 jpen),
134.64 (C-4peny1)s 129.08 (C-3 penyy and C-5,1,0n,), 128.94
(C-2,pengs and C-6,401. ), 111.81 (C-1), 105.96 (C-3), 62.54
(Chensy)> 61.33 (COCH,N), 53.65 (C-3, craime and
C_Spiperazine)7 52.86 (C_Zpiperazine and C_6piperazine)’ 52.09
(C-5), 43.02 (C-4), 21.09 (Me). MS (m/z): 543.2 ("M+2),
5412 (*M), 539.2 (*M-2).

6.4.28. 2-[4-(2-Nitrobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (29)

Yield: 75%. M.P. 180 °C. IR (KBr, cm™"): 3412 (NH), 1720
(CO), 1664 (CO amide), 1526, 1503, 1469, 1131, 753.
"H-NMR (CDCl;) § (ppm): 7.72 (d, *Jny.pac = 8.1 Hz,
1H NH) 7.49 (m, 3H, H- 33phenyl, H-5 ey and H-6,..,.1), 7.32
(t JH4pheny1 -H3phenyl — JH4phenyl HS5phenyl — =7 HZ lH
H-4 peng))s 5:27 (At “Tyyensa = 3.7 Hz, “Tigensy =
*Jyaaenn = 8.1 Hz, 1H, H-4c), 3.71 (s, 2H, Hyepyy), 341 (dd,
*Jasoiae = 8.1 Hz, Ty msa = 19.3 Hz, 1H, H- Sb) 2.97 (s,
2H, COCH,N), 2.75 (dd, *Jysaiac = 3.7 Hz, *Viysaisy =
19.3 Hz, 1H, H-5a), 2.45 (m, 8H, Hpjperazine)- - C-NMR
(CDCl;) & (ppm): 192.24 (C-6), 170.10 (NHCO), 151.60
(C-6a), 149.75 (C-2,peny1)s 141.86 (C-3a), 133.38 (C-1
132.32 (C-5penyn)s 130.77 (C-4peny)s 127.98 (C-6,peny1)s
124.31 (C-3 peny)> 111.78 (C-1), 105.87 (C-3), 61.16
(COCH,N), 58.66 (Cpenzyt)s 53.52 (C-3ipcrazine and

piperazine
C-5 piperasine)s 52:92 (C-2 and C-6 ), 52.01

phenyl)’

piperazine piperazine
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(C-5), 43.01 (C-4). MS (m/z2): 574.5 ("M+2), 572.5 (*M),
570.5 (*M-2).

6.4.29. 2-[4-(3-Nitrobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (30)

Yield: 100%. M.P. 152 °C. IR (KBr, cm™"): 3368 (NH),
1719(CO) 1661 (CO amide), 2810, 1612, 1512, 1130, 1008,
842. "H-NMR (CDCl,) 6 (ppm): 8.19 (s, 1H, H-2,,01), 8.11
(d JH4pheny1 HS5phenyl = =38.1 HZ 1H H- 4phenyl) 7.66 (d
JHﬁphenyl -Hsphenyt = 8-1 Hz, 1H, H-6,.001), 7.53 (d,
JNH nac = 8.1 Hz, TH,NH), 7.49 (t, *Jyispnenyi-raphenyt =
JHSphenyl H6pheny1 = 8.1 HZ lH H- 5phe:nyl) 5.36 (dt
Thae-nsa = 3.7 Hz, Vpe sy = Jiuae: NH = = 8.1 Hz, 1H, H-4¢),
3.59 (s, 2H, Hyep,y), 3.50 (dd, JHSb mae = 8.1 Hz,
JHSb usa = 19.3 Hz, 1H, H-5b), 3.08 (s, 2H, COCH,N), 2.82
(dd, *Tiyso e = 3.7 Bz, T ys.nsy = 19.3 Hz, 1H, H-5a), 2.45
(m, 8H, Hy;perazine)- 3C-NMR (CDCl,) 6 (ppm): 192.32 (C-6),
170.07 (NHCO), 151.68 (C-6a), 148.43 (C-3cny1), 141.97
(C-32), 140.47 (C-1pheny)s 134.90 (C-6,peny1), 129.27 (C-
Sphenyl)s 123.66 (C-2,p001)5 122.35 (C-4 ey, 111.99 (C-1),
105.99 (C-3), 61.84 (Cyepyyr), 61.29 (COCH,N), 53.57
(C_3piperazine and C_Spiperazine)’ 53.00 (C_zpiperazine and
C-6,, ine)s 92.16 (C-5), 43.09 (C-4). MS (m/z): 574.5

piperazine

(*M+2), 572.5 (*M), 570.5 (*M-2).

6.4.30. 2-[4-(4-Nitrobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (31)

Yield: 55%. M.P. 190 °C. IR (KBr,cm™"): 3369 (NH), 1716
(CO), 1660 (CO amide), 2818, 1516, 1348, 1130, 1007, 741.
'"H-NMR (CDCl3) & (ppm): 8.17 (d, *Jyisphenyl-Hophenyl =
3JH5pheny] -H6phenyl — =838 HZ 2H H- 3];Jheny] and H- 5phenyl) 7.55
(d, *Jnirpae = 8.0 Hz, IHNH), 7.50 (d, JHthenyl -H3phenyl =
3JH(S%henyl -H5phenyl — =8.8 HZ 2H H- 2phenyl and H- 6phenyl) 5.37
(dt, Ty pisa = 3.6 Hz, Ty H5b = *Tiae.nm = 8.0 Hz, 1H,
H-4c¢), 3.60 (s, 2H, Hyenyy)s 351 (dd, *Jysppae = 8.0 Hz,
2Tiishonsa = 19.4 Hz, 1H, H-5b), 3.08 (s, 2H, COCH,N), 2.82
(dd, *Tysamiae = 3.6 Hz, s, nsp = 19.4 Hz, 1H, H-5a), 2.58
(m, 8H, Hpiperazine)- 13C—NMR (CDCl,) 6 (ppm): 192.30 (C-6),
170.03 (NHCO), 151.68 (C-62), 147.27 (C-4,cny1)> 146.00
(C-1phenyr)» 141.97 (C-3a), 129.40 (C-2eny1 and C-6,p001),
123.60 (C-3penyt and C-5401), 111.98 (C-1), 105.98 (C-3),
61.93 (Cpepzy)s 61.31 (COCH,N), 53.60 (C-3,; crazine and
C_Spiperazine)’ 53.08 (C'zpiperazine and C-6piperazine)’ 52.17
(C-5), 43.08 (C-4). MS (m/z): 574.0 ("M+2), 572.0 (*"M),
570.0 ("M-2).

6.4.31. 2-[4-(2-Aminobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (32)

Yield: 75%. M.P. >240 °C. IR (KBr, cm™"): 3369 (NH),
1720 (CO), 1657 (CO amide), 2804, 1510, 1476, 1135, 747.
'"H-NMR (CDCl,) & (ppm): 7.56 (d, JNH nac = 8.2 Hz,
IH,NH), 6.90 (m, 4H, H,pcpy1), 5.36 (d, e risa = 3.8 Hz,

T iaerisy = Jiaenn = 8.2 Hz, 1H, H-4c), 3.51 (m, 3H,

Hyensy and H-5b), 3.04 (s, 2H, COCH,N), 2.81 (dd,
isaniae = 3-8 Hz, 2Tiys.nse = 19.3 Hz, 1H, H-5a), 2.51 (m,
8H, Hpjperazine)- -~ C-NMR (CDCl3) & (ppm): 192.36 (C-6),
170.14 (NHCO), 151.60 (C-6a), 146.87 (C-2,.py1). 141.94
(C-3a), 130.51 (C-4,peny)s 128.57 (C-6,pcny1)s 121.83 (C-
Loneny)s 117.65 (C-3 pengp)s 115.55 (C-5,eny)s 112.01 (C-1),
106.01 (C-3), 61.81 (Cpepyy), 61.28 (COCH,N), 53.83
and C-5 ), 52.64 (C-2,; . iarine and

(C_?’piperazine piperazine piperazine

C-6inerazine)s 32.14 (C-5), 43.07 (C-4). MS (m/z): 545.0

piperazine

(*M+2), 543.0 (*M), 541.0 (*M=2).

6.4.32. 2-[4-(4-Aminobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (33)

Yield: 53%. M.P. 130 °C. IR (KBr,cm™"): 3350 (NH), 1720
(CO), 1666 (CO amide), 2811, 1516, 1262, 1131, 802.
'"H-NMR (CDCls) & (ppm): 7.59 (d, *Jnppse = 8.2 Hz,
1H7NH)’ 7.06 (d 3JH2phenyl—H3phenyl - 3JH6phenyl -H5phenyl =
8.3 Hz, 2H, H-2 and H-6 6.63 (d,
JHZ’:pht:nyl H2pheny1 - JH5phen:2/l -H6phenyl — =83 HZ 2H H- 3phenyl
and H-5,;.4y1), 5.36 (dt, “Jysensa = 3.7 Hz, Titac-nsp =
JH4c ~u = 8.2 Hz, 1H, H-4c¢), 3.6 (large, 2H,NH,), 3.48 (dd,
JHSb Hac = 8.2 Hz, JHSb_HSa_ 19.3 Hz, 1H, H-5b), 3.41 (s,
2H, Hyensy), 3.04 (s, 2H, COCH,N), 2.81 (dd,
JHSa Hac = 3.7 Hz, JHSa s, = 19.3 Hz, 1H, H-5a), 2.53 (m,
8H, Hpjperazine)- ~C-NMR (CDCl3) & (ppm): 192.34 (C-6),
170.24 (NHCO), 151.71 (C-6a), 145.58 (C-4 cny1), 141.94
(C-3a), 130.34 (C-2heny1 and C-6,p01), 127.26 (C-1peny)s
114.86 (C-3peny1 and C-5pen0)s 111.82 (C-1), 105.97 (C-3),
62.33 (Cpepzy)s 61.32 (COCH,N), 53.62 (C-3,,;perazine and
C_Spiperazine)’ 52.76 (C_Zpiperazine and C_6piperazine)’ 52.08
(C-5), 43.39 (C-4). MS (m/z): 545.1 (*M+2), 543.1 ("M),
541.1 ("M=-2).

phenyl phenyl)

6.4.33. 2-[4-(2-Methoxybenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (34)

Yield: 60%. M.P. 110 °C. IR (KBr,cm™'): 3430 (NH), 1721
(CO), 1666 (CO amide), 2935, 2815, 1469, 1241, 1132, 755.
"H-NMR (CDCl;) & (ppm): 7.60 (d, *Jyu s = 8.2 Hz,
IHNH), 732 (dd, “Jygphenyi-raphenyt = 1.5 Hz,
’;JH6phenyl -H5phenyl — =75 HZ lH H- 6pheny]) 7.25 (dt JH4pheny1

Hophenyl = 1.5 Hz, JH4phenyl mphenyl = "JH4pheny1 -H5phenyl =
7.5 HZ 1H H- 4phenyl) 6.93 (dt JH5phenyl -H3phenyl — =0.8 HZ

3
JHSphenyl H4phenyl — JHSphenyl H6phenyl — =175 HZ lH

H- Sphenyl) 6.87 (dd JH?yphenyl -HS5phenyl — =08 HZ
JH’%phenyl H4pheny1 =75 HZ 1H H- 3phenyl) 5.36 (dt
*Thae-nisa = 3.7 HZ, Vpgae piso = Thsenm = 8.2 Hz, 1H, H-4c),

3.82 (s, 3H, OMe) 3.58 (s, 2H, Hyep,y), 3.50 (dd,

s = 8:2 HzZ, 2Jyysp e = 19.3 Hz, 1H, H- Sb) 3.06 (s,

2H, COCH,N), 2.82 (dd, *Jyysuiac = 3.7 Hz, *Jiysanisy =

19.3 Hz, 1H, H-5a), 2.60 (m, 8H, Hpperazine)- C-NMR
(CDCl;) § (ppm): 192.35 (C-6), 170.29 (NHCO), 157.78
(C-2ppeny)): 151.65 (C-6a), 141.92 (C-3a), 130.49 (C-4 peny)-
128.15 (C-6penyn)s 125.74 (C-1peny)s 120.30 (C-5,40ny1)
111.86 (C-3 110.48 (C-1), 105.95 (C-3), 61.30

phcnyl)’
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(COCH,N), 55.74 (Cpepyyr)> 55.41 (OMe), 53.68 (C-35iperazine
and C_Spiperazinc)’ 52.86 (C'zpiperazine and C'6piperazine)’ 52.11
(C-5), 43.00 (C-4). MS (m/z): 559.7 ("M+2), 557.7 (*M),
555.7 ("M=2).

6.4.34. 2-[4-(3-Methoxybenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (35)

Yield: 60%. M.P. 148 °C. IR (KBr,cm™"): 3376 (NH), 1716
(CO), 1660 (CO amide), 2934, 2814, 1512, 1262, 1136, 780.
"H-NMR (CDCl;) § (ppm): 7.59 (d, *Jnyypaac = 8.2 Hz,
lH’NH)’ 7.23 (ta 3JHS];)henyl»H4pheny] = 3JHS];)henyl»HGpheny] =
7.9 Hz, 1H, H-5 1cny1), 6.88 (m, 2H, H-2,,;..,,,; and H-4
6.80 (dd, 4JH6phenyl-H4pheny1 =1.8 Hz, JH6phenyl—H5phenyl =
7.9 Hz, 1H, H-6pny1), 5.37 (dt, *Thaenisa = 3.7 Hz,
Tie-nso = Jpaenn = 8.2 Hz, 1H, H-4c), 3.80 (s, 3H, OMe),
3.50 (m, 3H, H-5b and Hy,,,y1), 3.06 (s, 2H, COCH,N), 2.82
(dd, *Tsamiae = 3.7 Hz, s, 1isp = 19.3 Hz, 1H, H-5a), 2.56
(m, 8H, Hjperazine)- - C-NMR (CDCl,) & (ppm): 192.21 (C-6),
170.03 (NHCO), 159.40 (C-3peny)s 151.48 (C-6a), 141.70
(C-32), 139.29 (C-1pheny)s 129.01 (C-5,peny1), 121.16 (C-
Ophenyt)s 114.36 (C-4pcn01)s 112.20 (C-2,5p01), 111.68 (C-1),
105.78 (C-3), 62.52 (Cyepyyy1), 61.10 (COCH,N), 54.99 (OMe),
53.44 (C_3piperazine and C_Spiperazine)’ 52.71 (C'Zpiperazine and
C-6,iperazine)> 31.88 (C-5), 42.77 (C-4). MS (m/z): 559.3
(*M+2), 557.3 ("M), 555.3 ("M-2).

phenyl)’

6.4.35. 2-[4-(4-Methoxybenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (36)

Yield: 44%. M.P. 167 °C. IR (KBr,cm™"): 3330 (NH), 1714
(CO), 1658 (CO amide), 2824, 1526, 1351, 1135, 1010, 735.
'"H-NMR (CDCl,): & (ppm) 7.57 (d, *Jup.1ae = 8.1 Hz,
IH,NH), 7.20 (d, 3JH2phenyl»H3phenyl = 3JH6phenyl—H5phenyl =
8.2 Hz, 2H, H-2 and H-6 6.84 (d,
3JH3phenyl-H2pheny1 = JH5phenyl-H6pheny1 =8.2 HZ’ Q’H’
H-3 penyt and H-5,..01), 5.35 (dt, *Jyyepns, = 3.4 Hz,
Tiperish = Jraenm = 8.1 Hz, 1H, H-4¢), 3.79 (s, 3H, OMe),
3.47 (m, 3H, H-5b and Hy,,,1), 3.05 (s, 2H, COCH,N), 2.82
(dd, *Tyisatiae = 34 Hz, ZJys. nsp = 19.3 Hz, 1H, H-5a), 2.56
(m, 8H, Hy;perazine)- 3C-NMR (CDCl,) § (ppm): 192.32 (C-6),
170.23 (NHCO), 158.83 (C-4peny1)> 151.72 (C-6a), 141.96
(C-3a), 130.28 (C-2peny and C-6,4c0y1)> 129.80 (C-1peny1)
113.65 (C-3epny1 and C-5,1c01), 111.86 (C-1), 105.99 (C-3),
62.21 (Cpepn,y), 61.34 (COCH,N), 55.25 (OMe), 53.68
(C'Spiperuzine and C_Spiperazine)’ 52.83 (C'2piperazine and
C-6piperazine)s 32.13 (C-5), 43.04 (C-4). MS (m/z): 559.7
(*M+2), 557.7 (*M), 555.7 ("M-2).

phenyl phenyl)’

3

6.4.36. 2-[4-(3,4-Dimethoxybenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclo-penta[ c Jthien-4-yl)-
acetamide (37)

Yield: 55%. M.P. 128 °C. IR (KBr,cm™"): 3325 (NH), 1721
(CO), 1669 (CO amide), 2816, 2933, 1514, 1263, 1134, 1027.
'"H-NMR (CDCls) & (ppm): 7.58 (d, *Jnppae = 8.3 Hz,
IH,NH), 6.87 (s, 1H, H-2,;,.,,y1), 6.80 (m, 2H, H-5,.,,; and

H'6pheny1)’ 5.36 (dt’ 3Jl—[4c—l—[5a =3.7 HZ’ 3Jl—M—cfHSb =
Jiaaenn = 8.3 Hz, 1H, He), 3.88 (s, 3H, pOMe), 3.87 (s, 3H,
mOMe), 3.50 (dd, *Tyisp1ae = 8-3 HZ, Tpisp s = 19.4 Hz,
1H, H-5b), 3.44 (s, 2H, Hyepy 1), 3.06 (s, 2H, COCH,N), 2.82
(dd, *Tyisamiae = 3.7 Hz, 2Tysansy = 19.4 Hz, 1H, H-5a), 2.54
(m, 8H, Hpjperazine)- | "C-NMR (CDCl5) & (ppm): 192.34 (C-6),
170.24 (NHCO), 151.71 (C-6a), 148.94 (C-4 .., 148.23
(C-3peny)s 141.96 (C-3a), 13047 (C-1,0n,), 121.22 (C-
6pneny)s 112.16 (C-5eny0), 11191 (C-1), 110.16 (C-2peny)-
105.99 (C-3), 62.58 (COCH,N), 61.34 (Cpep,y1), 55.92
(20Me), 53.70 (C-3permzine and C-5. im0, 52.91 (C-
2piperazine AN C-6i0crasine)s 52.14 (C-5), 43.05 (C-4). MS
(m/z): 589.0 ("M+2), 587.0 ("M), 585.0 ("M-2).

6.4.37. 2-[4-(1-Naphthylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (38)

Yield: 51%. M.P. 115 °C. IR (KBr,cm™"): 3368 (NH), 1717
(CO), 1660 (CO amide), 2820, 1512, 1134, 750, 466. 'H-
NMR (CDC]B) 0 (ppm) 8.17 (d’ 3JH4naphthalene -H3naphthalene =
8.6 HZ’ IH’ H_4naphthalene)’ 7.75 (d’ 3JH8naphthalene—H7naphthalene =

38 HZ’ le H-Snaphthalene)? 7.69 (t’ 3JI—l7naphtha1ene—HGnaphthalene =
;JH7naphthalene -H8naphthalene =58 HZ’ lH’ H_7naphlhalene)’ 7.55
(d, Ttre = 81 Hz, TH,NH), 7.41 (m, 4H, H-2,, phatenes
H'3naphthalene H'snaphthalene, and H'6naphthalene)’ 5.25 (dt,
3JH4C—HSa =3.6Hz, 3JH4c-H5b = 3JH4c-NH = 8.1 Hz, 1H, H-4¢),
3.81 (s, 2H,NCH, naphthalene), 3.39 (dd, *Jj;sp, 114 = 8.1 Hz,
2T isoise = 19.3 Hz, 1H, H-5b), 2.95 (s, 2H, COCH,N), 2.73
(dd, *Tys, 114e = 3.6 Hz, *Tiys, 150 = 19.3 Hz, 1H, H-5a), 2.50
(m, 8H, Hyiperazine)- "C-NMR (CDCl3) & (ppm): 192.31 (C-6),
170.19 (NHCO), 151.63 (C-6a), 141.85 (C-3a), 133.75
(C' 1 naphthalene)’ 133.59 (C'4anaphthalene)’ 132.40 (C_
Sanaphthalene)’ 128.33 (C'snaphthalene)’ 128.02 (C'4naphthalene)’
127.32 (C2papminatene)s 125.71 (C-Tapnihatene)s 125.60 (C-
3naphthalene)’ 125.00 (C_6naphthalene)’ 124.60 (C_8naphthalene)’
111.78 (C-1), 105.93 (C-3), 61.55 (NCH, naphthalene), 60.90
(COCH,N), 53.64 (C-2,;1crasine a1d C-6,1crazine)> 53.08
(C-3piperazine 1A C-3,10cravine)s 32.03 (C-5), 42.93 (C-4). MS
(m/z): 579.3 (*M+2), 577.3 (*M), 575.3 (*M=2).

6.4.38. 2-[4-(Pyridin-2-ylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta [c Jthien-4-yl)-
acetamide (39)

Yield: 40%. M.P.211 °C. IR (KBr, cm™"): 3372 (NH), 1718
(CO), 1662 (CO amide), 2809, 1508, 1092, 751, 547. 'H-
NMR (DMSO d-6) & (ppm): 8.46 (dd, “Jyiepyridine Hapyridine =
1.8 HZ’ 3JH6pyridinc-HSpyridine =49 HZ’ lH’ H_6pyridine)5 8.35
(d’ 3JNH*H4C =8.3 HZ’ lH,NH), 7.74 (dt’ 4JH4pyridine—H6pyridine =
18 HZ’ 3JH4pyridine—HSpyridine = 3JH4pyridine—HE‘vpyridine = 77 HZ’
IH H'4pyridine)’ 7.40 (d7 3JHI*)pyridine—H4pyridine =77 HZ’ lH
H_3pyridine)’ 7.23 (dd’ 3JHSpyridine»Hprridine =49 HZ’
3JHSpyridine-H4pyridine =71 HZ’ lH’ H_Spyridine)’ 5.36 (dt’
3JH4C—HSa =3.5Hz, 3JH4C-H5b = 3JH4c-NH = 8.8 Hz, 1H, H-4¢),
3.57 (s, 2H,NCH,pyridine), 3.29 (dd, sy 1sc = 8.8 Hz,
2T isosa = 18.7 Hz, 1H, H-5b), 2.92 (s, 2H, COCH,N), 2.82
(dd, *Tyisamiae = 3-5 Hz, 2T ysonsn = 18.7 Hz, 1H, H-52), 2.55



Z. Omran et al. / European Journal of Medicinal Chemistry 40 (2005) 1222—1245 1237

(m, 8H, Hyjperazine)- "C-NMR (DMSO d-6) & (ppm): 193.40
(C-6), 168.89 (NHCO), 158.14 (C-2,siaine) 153.50 (C-6a),
148.72 (C-6,ysigine)> 142.57 (C-3a), 136.45 (C-4,y1idine)-
122.73 (C-3 ,ysigine)» 122.11 (C5 5 igine)- 109.50 (C-1), 104.62
(C-3), 63.70 (NCH, pyridine), 61.26 (COCH,N), 52.95
(C-3iveragine and C-5 ), 52.43 (C-2,; razine and

piperazine piperazine piperazine

C-6 i), S1.10 (C-5), 40.12 (C-4). MS (m/z): 530.2

piperazine

(*M+2), 528.2 (*M), 526.2 (*M-2).

6.4.39. 2-[4-(Pyridin-3-ylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta [cJthien-4-yl)-
acetamide (40)

Yield: 43%. M.P. 241 °C. IR (KBr,cm™'): 3416 (NH), 1718
(CO), 1651 (CO amide), 2807, 1508, 1133, 716, 576. 'H-
NMR (CDCl;) & (ppm): 8.52 (s, 1H, H- -2 yridine)» 3-05 (d,
3JHﬁpyndme HS5pyridine — =4.7 HZ IH H- 6pyr1dme) 7.65 (d
JH4pyr1d1ne H5pyridine — =706 HZ 1H H-4 yrldme) 7.54 (d
aie =7-8  Hz, 1HNH), 7.26 (dd, *Teispyridine-
H4pyridine = 7.6 HZ, JHSpyridine—H6pyridine=4'7 HZ, IH
H-5, dine)s 5-36 (dt, *Jyyepsa = 3.7 Hz, Jue sy =
*Jiaenn = 7.8 Hz, 1H, H-4c), 3.57 (m, 3H, H-5b and
NCH,pyridine), 3.06 (s, 2H, COCH,N), 2.82 (dd,
Tisatiae = 3.7 Bz, 2T ysansy = 19.5 Hz, 1H, H-52), 2.55 (m,
8H, Hpjperazine)- C-NMR (CDCly) & (ppm): 192.41 (C-6),
170.18 (NHCO), 151.76 (C-6a), 150.50 (C-2pyridme), 148.72
(C-6pyridine)> 142.57 (C-3a), 136.45 (C-4,y,idine)> 133.39
(C-3pyridine)s 123.50 (CSPyridme), 112.10 (C-1), 106.10 (C-3),
61.40 (COCH,N), 60.70 (NCH,pyridine), 53.68 (C—3pipermne
and C'Spiperazine)’ 53.02 (C_zpiperazine and C'6piperazine)’ 52.25
(C-5), 43.16 (C-4). MS (m/z): 530.8 (*M+2), 528.8 (*M),
526.8 ("M-2).

6.4.40. 2-(4-Pyridin-4-ylmethyl)piperazin-1-yl)-N-(1,3-
dibromo-6-ox0-5,6-dihydro-4H-cyclopenta [c]thien-4-yl)-
acetamide (41)

Yield: 43%. M.P. 241 °C. IR (KBr,cm™"): 3368 (NH), 1717
(CO), 1660 (CO amide), 2820, 1512, 1134, 750, 466. 'H-
NMR (DMSO d- 6) 0 (ppm) 8.48 (d JH2pyr]d1ne H3pyridine —
3‘] H6pyr1dme HS5pyridine — =53 HZ 2H H- 2pyr1d1ne’ H- 6pyr1dme) 8.34
(d JNH-H4C =87 HZ 1H NH) 7.29 (d JH:’)pyndme -H2pyridine —
3JHS%yrldme -H6pyridine — =53 HZ 2H H-3 yridine» H- Spyndme) 5.28
(dt, “Tgensa = 3.5 Hz, Tygepiso = Jppaenn = 8.7 Hz, 1H,
H-4c), 3.48 (s, 2H,NCH,pyridine), 3.26 (dd, *Jysp jac =
8.7 Hz, 2Jysy.us. = 18.7 Hz, 1H, H-5b), 2.92 (s, 2H,
COCH,N), 2.82 (dd, *Jyys, piac = 3.5 Hz, T s, 1450 = 18.7 Hz,
1H, H-5a), 2.55 (m, 8H, Hyjperaine)- - C-NMR (DMSO d-6)
& (ppm): 193.35 (C-6), 168.91 (NHCO), 153.47 (C-6a),
149.48 (C-2,igine A1 C-6, pigine)s 147.31 (C-4, igine), 142,57
(C-3a), 123.75 (C-3,y1igine and C-5,y1iaine)> 109.58 (C-1),
104.67 (C-3), 61.22 (NCH,pyridine), 60.60 (COCH,N), 52.91
(C'3piperazine and C_Spiperazine)’ 52.31 (C'2piperazine and
C-6piperazine)s 51.08 (C-5), 4231 (C-4). MS (m/z): 530.2
(*M+2), 528.2 (*M), 526.2 (*M-2).

6.4.41. 2-[4-(Thien-2-ylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (42)

Yield: 33%. M.P. 170 °C. IR (KBr, cm_l): 3372 (NH), 1718
(CO), 1662 (CO amide), 2811, 1511, 1476, 1130, 1008, 702.
'"H-NMR (CDCls) & (ppm): 7.61 (d, *Jppse = 8.2 Hz,
1H NH) 7.23 (dd 4JH5thmphene -H3thiophene — =12 HZ
3Jl—lSthlophene H4thiophene — =49 HZ IH H- 5thlophene) 6.94 (dd

JH4th10phene H3thiophene — =34 HZ JH4th10phene H5thiophene =
4.9 HZ lH H- 4th10phene) 6.89 (dd 4JH3th10phene HSthlophene
L. ZHZ JH’%thlophene H4th10phene =3. 4HZ 1H H- 3thlophene) 5.35
(dt, 3JH4c nsa = 3-8 Hz, *Jyue sy = Jyaenn = 8.2 Hz, 1H,
H-4c¢), 3.71 (s, 2H,NCH.,thiophene), 3.47 (dd, JHSb_H4C
8.2 Hz, 2JH5b»H5a =19.3 Hz, 1H, H-5b), 3.06 (s, 2H,
COCH,N), 2.82 (dd, *J 15, 114e = 3-8 Hz, 245, 115 = 19.3 Hz,
1H, H-5a), 2.55 (m, 8H, Hyiperazine)- "C-NMR (CDCls) 8
(ppm): 192.30 (C-6), 170.15 (NHCO), 151.73 (C-6a), 141.93
(C_zlhiophene)’ 141.16 (C-3a), 126.44 (C-4thiophene), 126.09
(C—Slhiophene), 125.09 (C—3thiophene), 111.73 (C-1), 105.94
(C-3), 61.28 (COCH,N), 56.59 (NCH,thiophene), 53.57
(C_3piperazine and C_Spiperazine)’ 52.58 (C'Zpiperazine and
C-6: eragine)s 52.02 (C-5), 43.02 (C-4). MS (m/z): 453.1

piperazine

(*M+1-Br), 451.1 ("M-1-Br).

6.4.42. 2-[4-(Thien-3-ylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-oxo0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (43)

Yield: 71%. M.P. 203 °C. IR (KBr, cm™): 3369 (NH), 1716
(CO), 1661 (CO amide), 2811, 1511, 1461, 1130, 1006, 769.
"H-NMR (CDCl5) & (ppm): 7.57 (d, *Jnppaac = 8.1 Hz,
1H NH) 7.27 (dd 4JH4th10phene H2thiophene =3.1 HZ
3JH4th10phene HS5thiophene — =49 HZ IH H- 4th10phene) 7.10 (d

JH2th10phene H4thiophene — =3.1 HZ IH H- 2th10phene) 7.04 (d
JHSthlophene H4th10phene =49 HZ 1H H- 5th10phene) 5.36 (dt
Thuae-tisa = 3-8 Hz, Vppue sy = Jisenn = 8.1 Hz, 1H, H-4c),
3.54 (s, 2H,NCH.,thiophene), 3.49 (dd, *Jy;5, j4c = 8.1 Hz,
2 isoaisa = 19.3 Hz, 1H, H-5b), 3.06 (s, 2H, COCH,N), 2.82
(dd, *Tys, r14e = 3-8 HZ, Tpys, sy = 19.3 Hz, 1H, H-5a), 2.55
(m, 8H, Hyjperaine)- "C-NMR (CDCl5) 8 (ppm): 192.33 (C-6),
170.19 (NHCO), 151.69 (C-6a), 141.88 (C-3a), 138.80
(C'?’thiophene)’ 128.46 (C'Sthiophene)’ 125.54 (C_4thi0phene)’
122.86 (C-2piopnenc)> 111.88 (C-1), 105.98 (C-3), 61.32
(COCH,N), 57.42 (NCH,thiophene), 53.67 (C-3 i eragine and
C_Spiperazine)’ 52.12 (C_2piperazine and C_6piperazine)’ 52.05
(C-5), 42.99 (C-4). HRMS: calculated (530.9287), found
(530.9282).

6.4.43. 2-{4-[(5-Chlorothien-2-yl)methyl Jpiperazin-1-yl}-
N-(1,3-dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c [thien-
4-yl)acetamide (44)

Yield: 73%. M.P. 188 °C. IR (KBr,cm™'): 3380 (NH), 1719
(CO), 1662 (CO amide), 2813, 1509, 1329, 1129, 1092, 784.
"H-NMR (CDCl;) & (ppm): 7.55 (d, *Jny.pac = 8.2 Hz,
IH NH) 6.73 (d JH4th10phene H3thiophene — =3.6 HZ lH
H- 4thlophene) 6.65 (d JH3th10phcne -H4thiophene — =3.6 HZ 1H

H- 3lh10phene) 5.37 (dt JH4c H5a — =3.7 HZ JH4c H5b =



1238 Z. Omran et al. / European Journal of Medicinal Chemistry 40 (2005) 1222—1245

Jiaenn = 8.2 Hz, 1H, H-4c), 3.61 (s, 2H,NCH,thiophene),
3.50 (dd, *Jiisp 1ae = 8.2 Hz, 450 1150 = 19.3 Hz, 1H, H-5b),
3.06 (s, 2H, COCH,N), 2.82 (dd, *Jys, s = 3.7 Hz, *Tpys,.
usb = 19.3 Hz, 1H, H-5a), 2.55 (m, 8H, Hyjperazine)- ' C-
NMR (CDCl5) & (ppm): 192.33 (C-6), 170.10 (NHCO),
151.68 (C-6a), 141.94 (C-2y,;opnene)s 140.74 (C-3a), 129.33
(C_Slhiophene)’ 125.41 (C_3thiophcne)’ 125.00 (C_4[hiophenc)5
111.91 (C-1), 105.98 (C-3), 61.25 (COCH,N), 57.32
(NCH,thiophene), 53.58 (C-3 ,iperazine 80d C-55iperazine)» 92.61
(C-2iperazine and C-6 ), 52.13 (C-5), 43.04 (C-4). MS

piperazine piperazine

(m/z): 569.9 (*M+2), 567.9 (*M), 565.9 ("M-2).

6.4.44. 2-{4-[(2,5-Dimethoxythien-3-yl)methyl Jpiperazin-1-
yl}-N-(1,3-dibromo-6-oxo-5,6-dihydro-4H-
cyclopentalcJthien-4-yl)acetamide (45)

Yield: 71%. M.P. >240 °C. IR (KBr, cm™"): 3419 (NH),
1716 (CO), 1640 (CO amide), 2926, 1455, 1261, 1233, 1016,
801. "H-NMR (CDCl5) § (ppm): 7.57 (d, *Jnp pac = 8.1 Hz,
1H,NH), 7.27 (s, 1H, H-4 i0pnene)s 5-36 (dt, *Jygye s, = 3.8 Hz,
Tiperish = Jraenm = 8.1 Hz, 1H, H-4¢), 3.74 (s, 3H, OMe),
3.73 (s, 3H, OMe), 3.45 (s, 2H,NCH,thiophene), 3.40 (dd,
s = 8.1 Hz, sy 15, = 19.7 Hz, 1H, H-5b), 3.06 (s,
2H, COCH,N), 2.76 (dd, *Jyys, 11ac = 3.8 Hz, *Jiysa sy =
19.7 Hz, 1H, H-5a), 2.68 (m, 8H, Hy i eraine)- C-NMR
(CDCl5) & (ppm): 192.43 (C-6), 169.68 (NHCO), 154.59
(C-5piophene)s 151.73 (C-6a), 151.42 (C-2yi0pnene). 141.91
(C-3a), 114.07 (C-3ypi0phene): 111.84 (C-1), 106.02 (C-3),
102.90 (C-4 i phene)- 62.89 (OMe), 61.32 (COCH,N), 60.16
(OMe), 57.42 (NCH,thiophene), 53.67 (C-3,;,crazine and
C_Spiperazine)’ 52.12 (C'Zpiperazine and C-6piperazine)7 52.05
(C-5), 42.99 (C-4). HRMS: calculated (590.9495), found
(590,9497).

6.4.45. 2-[4-(Fur-2-ylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (46)

Yield: 33%. M.P. 152 °C. IR (KBr,cm™"): 3371 (NH), 1717
(CO), 1662 (CO amide), 817, 1509, 1474, 1262, 1093, 801.
'"H-NMR (CDCl;) § (ppm): 7.54 (d, *Jny.pae = 8.2 Hz,
1H,NH),7.38 (d,J Hsfuran-Hafuran = 2.2 Hz, TH, H-54,,an), 6.32
(dd’ 3JH4furan—H5furan =22 HZ’ 3JH4furan—H3furan =3.0 HZ’ lH’
H_4furan)’ 6.20 (d’ 3JH3furanfl—[4fura.n =30 HZ’ 1H’ H_3furan)’ 5.36
(@t *Tygensa = 3.7 Hz, “Typgepisy = Jpaenn = 82 Hz, 1H,
H-4c), 3.54 (s, 2H,NCH,furan), 3.50 (dd, *J ;s 4. = 8.2 Hz,
2JH5b»HSa =19.3 Hz, 1H, H-5b), 3.06 (s, 2H, COCH,N), 2.82
(dd, *Jysamiae = 3.7 Hz, Jys.nsp = 19.3 Hz, 1H, H-5a), 2.55
(m, 8H, Hjperazine)- - C-NMR (CDCl,) 8 (ppm): 192.28 (C-6),
170.07 (NHCO), 151.63 (C-6a), 151.19 (C-24,.,), 142.26
(C-5¢4ran)-141.88 (C-3a), 111.73 (C-1), 110.03 (C-4¢yran)s
108.91 (C-34,14n)> 105.93 (C-3), 61.21 (COCH,N), 54.58
(NCH,furan), 53.41(C-3ipcrazine and C-50c1azine)s 32.55
(C-2; ine and C-6 ), 52.04 (C-5), 42.96 (C-4). MS

piperazine piperazine

(m/z): 518.7 ("M+2), 516.7 (*M), 514.7 ("M-2).

6.4.46. 2-[4-(Fur-3-ylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (47)

Yield: 21%. M.P. 158 °C. IR (KBr,cm™'): 3371 (NH), 1717
(CO), 1662 (CO amide), 2813, 1508, 1261, 1130, 1020, 801.
'"H-NMR (CDCls) & (ppm): 7.55 (d, *Jnppse = 8.1 Hz,
1H,NH), 7.38 (d, *Jyyssuran tiasuran = 1.5 Hz, TH, H-5;,.. ), 7.33
(S’ lH’ H'zfuran)’ 6.38 (d’ 3Jl—l4fura.n—l—15furam =15 Hz, IH’
H_4furan)9 5.37 (dt’ 3JH4c-HSa =37 HZ’ 3JH4C—H5b =
Jiaenn = 8.1 Hz, 1H, H-4c), 3.49 (dd, *Jjsp1se = 8.1 Hz,
Jiisosa = 19.3 Hz, 1H, H-5b), 3.40 (s, 2H,NCH,furan), 3.06
(s, 2H, COCH,N), 2.82 (dd, *Jys,us.=3.7 Hz,
*Jusamso = 19.3 Hz, 1H, H-52), 2.55 (m, 8H, Hjiperazine)- - C-
NMR (CDCl5) & (ppm): 191.97 (C-6), 169.79 (NHCO),
151.34 (C-6a), 142.77 (C-54,,an), 141.60 (C-3a), 140.58
(C-2pppan)s 120.64 (C-34,0n)s 111.55 (C-1), 110.99 (C-4,1an)s
105.63 (C-3), 60.92 (COCH,N), 53.15 (NCH,furan), 52.34
(C'3piperazine and C_Spiperazine)’ 52.33 (C_S)’ 51.76 (C_Zpiperazine
and C-6,;crasine)» 42.70 (C-4). MS (m/z): 518.7 (*M+2),516.7
(*M), 514.7 (*“M-2).

6.4.47. 2-[4-(1H-Pyrrol-2-ylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclo-pentalc [thien-4-yl)-
acetamide (48)

Yield: 73%. M.P.209 °C. IR (KBr, cm™"): 3344 (NH), 1720
(CO), 1643 (CO amide), 2820, 1514, 1134, 1002, 835, 725.
"H-NMR (CDCl;) & (ppm): 9.12 (s, 1H,NH pyrrole)> 1-46 (d,
T Hic = =8.2Hz, IH.NH,q), 6.72 (dd, 4JH5pyrrole -H3pyrrole —
2.6 HZ JHSpyrrolf: -H4pyrrole — =4.0 HZ lH H- 5pyrrole) 6.10 (m
2H, H-3 and H-4,,, 1), 5.35 (dt, *Jye s, = 3.7 Hz,

hseriss = Jaenn = 8.2 Hz, 1H, H-4c), 3.71 (s,
2H,NCH,pyrrole), 3.47 (dd, 3JH5b,H4C =8.2 Hz, 250 1150 =
19.3 Hz, 1H, H-5b), 3.06 (s, 2H, COCH,N), 2.82 (dd,
Jsane = 3.7 Hz, *Tysa sy = 19.3 Hz, 1H, H-52), 2.55 (m,
8H, Hpjperazine)- ~C-NMR (CDCl3) & (ppm): 192.16 (C-6),
169.66 (NHCO), 151.85 (C-6a), 142.18 (C-3a), 125.04
(C-2,0mr01e)s 11898 (C-5,0,1010)s 112.06 (C-1), 109.39 (C-

4oyrrote)s 108.29 (C-3,,,1010), 106.08 (C-3), 61.20 (COCH,N),
54.92 (NCHZPYITO]e)’ 52.73 (C_3piperazine and C_Spiperazine)’
52.37 (C-2,iperazine A C-6piperazine)s 92.23 (C-5),43.35 (C-4).
MS (m/z): 517.9 ("M+2), 515.9 (*M), 513.9 ("M-2).

pyrrole

6.4.48. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(3-bromo-
6-0x0-5,6-dihydro-4H-cyclopenta[c Jthien-4-yl)acetamide
(49)

Yield: 57%. M.P. 136 °C. IR (KBr, cm™"): 3329 (NH), 1716
(CO), 1668 (CO amide), 2820, 1506, 1467, 1183, 1133, 726.
"H-NMR (CDCl;) & (ppm): 7.80 (s, 1H, H-1), 7.59 (d,
%JNH Hd4c — =38.0 HZ 1H NH) 7.36 (dt JH6phenyl H4phenyl =

1.7 Hz,

JH6phenyl F= JHGphenyl -HS5phenyl — =75 HZ lH

H'6pheny1) 7.23 (m, IH, H-4 heny]) 7.11  (dt,
4 _ R ”
3JH5phenyl—H3phenyl =1.1 HZ’ JH5phenyl»H4phenyl -
4JH5phenyl—H6pheny1 =175 HZ, 1H, H- Sphenyl) 7.02 (dt
JH?:phenyl H5phenyl — =1.1 HZ JH.’;phenyl H4phenyl

JH%phcn 1.r=9.2 Hz, 1H, H-3.,y1), 5.42 (dt, Tiac Hsa =
3.9Hz, *Jiue sy = Jhaenn = 8.0 Hz, 1H, H-4c), 3.58 (s, 2H,
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Hpenzy): 3-52 (dd, *Tyysp pae = 8.0 Hz, "5, 50 = 19.3 Hz, 1H,
H-5b), 3.06 (s, 2H, COCH,N), 2.83 (dd, *J 35, yae = 3.9 Hz,
“Jusanse = 19.3 Hz, 1H, H-52), 2.55 (m, 8H, Hjperazine)- | C-
NMR (CDCl;) § (ppm): 193.58 (C-6), 170.28 (NHCO),
161.38 (d, 'J_p = 245.2 Hz, C-2,,0n0), 151.31 (C-6a), 144.36
(C-3a), 131.49 (d, *Jc_p=4.1 Hz, C-6,.,1). 128.89 (d,
Jo_p=8.2 Hz, C-4,,.,,), 125.76 (C-1), 124.37 (d,
*Jo_p = 14.8 Hz, C-1 peny)s 123.92 (d, YJ_p =3.3 Hz,
C-5pheny)s 115.27 Cle_p = 21.4 Hz,C-3 ..., 106.74 (C-3),
61.37 (COCH,N), 55.01 (Cpepyy)s 53.61 (C-3iperazine and
C'Spiperazine)’ 52.71 (C'zpiperazine and C-6piperazine)’ 52.11
(C-5), 43.75 (C-4). MS (m/z): 466.9 ("M+1), 464.9 ("M-1).

6.4.49. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(6-0x0-5,6-
dihydro-4H-cyclopentalc Jthien-4-yl) acetamide (50)

Yield: 32%. M.P. 130 °C. IR (KBr, cm™"): 3350 (NH), 1711
(CO), 1662 (CO amide), 2823, 1513, 1455, 1154, 1008, 758.
"H-NMR (CDCl;) & (ppm): 7.85 (s, 1H, H-1), 7.54 (d,
Inmonae = 7.8 Hz, THNH), 7.34 (t, "yepnenyir =
*Tutphenyl-Hsphenyt = 7-1 Hz, TH, H-6,,.,.1), 7.27 (s, 1H, H-3),
7.23 (m, 1H, H-4 .0y, 7.11 (8, 4JH5phenyl— H4phenyl =
ZJHSphenyl»HGphenyl ? 7.1 HZ? lH’ H_Sphenyl)’ 7.02 (t’
JH3pheny1—H4phenyl = JH3phenyl-F =9.2 HZ’ lH’ H_3phenyl)» 5.35
(m, 1H, H-4c), 3.58 (s, 2H, Hy.n,y), 3.50 (dd,
T asporiae = 7-6 Hz, *Tysp msa = 19.0 Hz, 1H, H-5b), 3.06 (s,
2H, COCH,N), 2.78 (dd, *Jyysaiac = 3.3 Hz, “Jiysa sy =
19.0 Hz, 1H, H-5a), 2.60 (m, 8H, Hyjperazine)- C-NMR
(CDCls) & (ppm): 194.14 (C-6), 170.16 (NHCO), 161.23 (d,
e g =246.8 Hz, C-2,,00,), 154.15 (C-6a), 143.71 (C-3a),
131,40 (C-6,peny): 128.82 (C-4p0ny1), 124.64 (C-1), 124.00
(d, ZJe_p=14.8 Hz, C-1 .00, 123.79 (C-5,00y0), 119.57
(C-3), 115.12 (d, *Jc_p =222 Hz, C-3,4.n,0), 61.21
(COCH,N), 54.84 (Cpeppyt)s 53.36 (C-3ipcrazine and
C-5 piperazine)> 3248 (C-2,;crasine and C-6 ), 51.45
(C-5), 43.49 (C-4). MS (m/z): 387.1 ("M).

piperazine

6.4.50. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(1,3-dim-
ethyl-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (51)

Yield: 71%. M.P. 153 °C. IR (KBr, cm™"): 3434 (NH), 1705
(CO), 1643 (CO amide), 2817, 1514, 1178, 1015, 838, 768.
'"H-NMR (CDCl;) & (ppm): 7.32 (d, *Jnp.1ae = 8.3 Hz,
IH.NH), 7.27 (t, 4JH6phenyl»F = 3JH6phenyl—H5 henyl = 7.3 Hz, 1H,
H-6eny)s 715 (m, TH, H-4 1.0, 01), 7.03 (8, g5 phenyi- Haphenyl =
zJHSPhenyl—Hﬁphenyl ? 7.3 HZ’ lH’ H_Sphenyl)? 6.95 (t’
°J H3%heny1—H4phenyl = JH3p§16nyl-F = 9-23'IZ’ 1H, H-3phcnyl)’ 5.36
(dt, “Tgacmsa = 2.3 Hz, “Jpucusy = Jaaenu = 8.3 Hz, 1H,
H-4c), 3.50 (s, 2H, Hyeppy), 3.35 (dd, *Tyysp e = 8.3 Hz,
2Jiisooisa = 19.1 Hz, 1H, H-5b), 2.96 (s, 2H, COCH,N), 2.64
(dd, *Jisamiae = 2.3 Hz, s nisp = 19.1 Hz, 1H, H-52), 2.45
(m, 14H, H,j,erazine and C1-Me and C3-Me). '*C-NMR
(CDCl3) 8 (ppm): 195.58 (C-6), 169.80 (NHCO), 161.40 (d,
'Jo p=246.1 Hz, C-2heny1)s 147.93(C-6a), 141.14 (C-1),
139.31 (C-3), 131.48 (d, *J-_=5.1 Hz, C-6,peny1)> 130.28
(C-3a), 128.89 (d, *J- p=8.2 Hz, C-4pheny)s 124.37 (d,

Jo_p =149 Hz, C-1 4eny), 12391 (d, g =3.3 Hz,

C-5pheny))> 115.25 (d, 2T =22.4 Hz, C-3 epy), 61.44
(COCH,N), 55.00 (Cpenpyr)s 53.60 (C-3icrazine and
C-Spiperuzine)’ 52.65 (C'zpiperazine and C_6piperazine)? 52.51
(C-5), 42.48 (C-4), 13.389 (C1-Me), 12.48 (C3-Me). MS
(m/z): 415.7 ("M).

6.4.51. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(6-0x0-5,6-
dihydro-4H-cyclopenta[b Jthien-4-yl) acetamide (52)

Yield: 28%. M.P. 130 °C. IR (KBr, cm™"): 3446 (NH), 1700
(CO), 1660 (CO amide), 2820, 1507, 1455, 1129, 1095, 760.
"H-NMR (CDCls) & (ppm): 7.85 (d, Ty, 445 = 4.6 Hz, 1H,
H-2), 7.43 (d, 3JNH_H4C =7.6 Hz, 1H,NH), 7.27 (dt,
4JH6phenyl—H4phenyl =1.7Hz, Y Hé6phenyl-F = 3JH6phenyl—H5pheny1 =
7.0 Hz, 1H, H-6,,¢ny1), 7.16 (m, 1H, H-4,..,.\1), 7.02 (m, 2H,
g—I-Sphenyland H—3),36.93 (dt, 4JH3phenyl—H5phenyl = 1.0 Hz,

JH3phenyl—H4phenyl =" H3phenyl-F = 9.2Hz, 1H, H_Sphenyl)’ 5.51
(dt, “Tyepisa = 2.5 H2, Tpe sy = Tppaenn = 7.6 Hz, 1H,
H-4c), 3.49 (s, 2H, Hyep,y1)s 3.37 (dd, 3JH5b,H4C =7.6 Hz,
2JH5b—H5a = 18.6 Hz, 1H, H-5b), 2.98 (s, 2H, COCH,N), 2.67
(dd, *Tys, p1ae = 2.5 Hz, Tys, s = 18.6 Hz, 1H, H-5a), 2.45
(m, 8H, Hpiperazine)- BC-NMR (CDCly) é (ppm): 193.15 (C-6),
170.10 (NHCO), 167.24 (C-3a), 161.18 (d, 'chp =2444Hz,
C-2 henyr), 141.82 (C-62), 141.25 (C-2), 131.37 (d,
*Jep=5.0 Hz, C-6§heny1), 128.77 (d, *J- = 8.2 Hz,
E_4phenyl)’ 124.00 (d, Vg = 14.9 Hz, C-1,eny1), 1232.75 (d,

Jer=3.3 Hz, C-5,;,.0y1), 123.20 (C-3), 115.08 (d, T =
22.2 Hz, C-3 1), 61.18 (COCH,N), 54.78 (Cypy,y1), 53.28
(C_3piperazine and C_Spiperazine)> 52.38 (C_zpiperazine and
C-6 ), 49.21 (C-5),44.58 (C-4). MS (m/z): 387.3 ("M).

piperazine

6.4.52. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(2-bromo-
4-0x0-5,6-dihydro-4H-cyclopenta[b Jthien-6-yl)acetamide
(53)

Yield: 50%. M.P. 155 °C. IR (KBr, cm™"): 3439 (NH), 1707
(CO), 1663 (CO amide), 2813, 1505, 1390, 1155, 1010, 755.
"H-NMR (CDCl;) § (ppm): 7.53 (d, *Jy.nec = 7.0 Hz,
TH,NH), 7.24 (t, Tysopheny1-r = “Iriephenyl-isphenyt = 7-3 Hz, 1H,
H-6peny)> 7.16 (m, TH, H-4, . 1), 7.00 (m, 2H, H-5 ;... and
H-3), 6.92 (t, 3JH3phenyl—H4phenyl = 3JH3pheny1-1= =9.2 Hz, 1H,
H-3 henyr)s 5.42 (dt, Thise-nisa = 25 Hz, Vpgensp =
*Tusenn = 7.0 Hz, 1H, H-6¢), 3.49 (s, 2H, Hyepy1), 3.24 (dd,
*Jsoree = 7.0 Hz, 2T ysp nsa = 18.3 Hz, 1H, H-5b), 2.96 (s,
2H, COCH,N), 2.58 (dd, *Jysanee = 2-5 Hz, Tysamsy =
18.3 Hz, 1H, H-52), 2.45 (m, 8H, H,perazine)- C-NMR
(CDCly) § (ppm): 192.79 (C-6), 170.78 (NHCO), 168.59
(C-6a),161.12(d, 'J_p = 246.2 Hz, C-2,,0,1), 144.93 (C-3a),
131.28 (d, *Je_p = 4.9 Hz, C-6,p001), 128.67 (d, *Jc g =
8.3 Hz, C-4,.ny). 124.04 (d, *Je_p = 14.9 Hz, C-1 peny),
123.64 (d, J_p = 3.3 Hz, C-500y1), 121.33 (C-3), 119.81
(C-2), 115.02 (d, *Jo_p=22.3 Hz, C-3,4.n,1). 60.96
(COCH,N), 54.75 (Cpengyr)s 5331 (C-3iperazine and
C'Spiperazine)’ 52.37 (C_Zpiperazine and C'6piperazine)’ 46.85
(C-5), 46.04 (C-4). MS (m/z): 467.0 (*M+1), 465.0 (*M—1).
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6.4.53. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(2,3-
dibromo-4-oxo0-5,6-dihydro-4H-cyclopenta[b] thien-4-yl)-
acetamide (54)

Yield: 58%. M.P. 85 °C. IR (KBr,cm™"): 3340 (NH), 1716
(CO), 1661 (CO amide), 2931, 1492, 1456, 1261, 1106, 759.
'"H-NMR (CDCly) & (ppm): 7.47 (d, *Jnsnee = 7-2 Hz,
IH.NH), 7.27 (¢, 4JH6phenyl»F = 3JH6phenyl—H5phenyl =7.3Hz, IH,
H-6,eny1)> 7.05 (m, 3H, H-3 010 H-4peny and H-5 0001,
5.61 (m, 1H, H-6¢), 3.53 (s, 2H, Hyep,y1)s 3.33 (dd,
Jivniee = 7.0 Hz, 2Ty nsa = 18.4 Hz, 1H, H-5b), 2.99 (s,
2H, COCH,N), 2.65 (dd, *Jyysanee = 2.6 Hz, Tpysa sy =
18.4 Hz, 1H, H-5a), 2.47 (m, 8H, Hyj crazine)- C-NMR
(CDCl3) & (ppm): 191.28 (C-4), 171.39 (NHCO), 168.16
(C-6a), 161.40 (d, 'J_g = 245.1 Hz, C-2 1), 141.69 (C-3a),
131.57 (d, *Jc_gp = 4.1 Hz, C-6,,.,,)), 128.98 (d, *Jc p =
7.4 Hz, C-4 ), 123.91 (m, 2C, C-1 epy1 and C-5 0001,
118.98 (C-2), 115.31 (d, "¢y = 21.4 Hz, C-3py1), 107.52
(C-3), 61.06 (COCH,N), 55.00 (Cyepzyr)> 53.54 (C-3 iperazine
and C_Spiperazine)’ 52.59 (C_Zpiperazine and C_6piperazine)’ 47.25
(C-5), 45.75 (C-6). MS (m/z): 547.7 ("M+2), 545.7 (*M),
543.7 ("M=2).

6.4.54. 2-[4-(2-Fluorobenzyl)piperazin-1-yl]-N-(1,3-
dichloro-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (55)
Yield: 77%. M.P.220 °C. IR (KBr,cm™"): 3366 (NH), 1722

(CO), 1657 (CO amide), 2815, 1491, 1230, 1140, 752.
'"H-NMR (CDCly) & (ppm): 7.57 (d, *Jnppae = 8.0 Hz,
31H,NH), 7.35 (dt, 4JH6pheny1—H4pheny1 =1.7 Hz, 4JH6phenyl-F =
JH6phenyl-Hsphenyt = 7-4 Hz, 1H, H-6,10,01), 7.24 (m, 1H,
§_4phenyl)’ 7.11 ,
°J H5phenyl-H4phenyl =] H5phenyl-H6phenyl =74 HZ? IH’ H'Sphenyl)’
703 (dt’ JH3phenyl—H5pheny] = 10 HZ’ 3JHSphenyl»I—Mphenyl =
3JH3phen3y1-F =9.2 Hz, TH, H-3eny)> 542 (dt, Jppue s, =
39Hz, “Jyse sy, = 3JH40_NH =8.1Hz, 1H, H-4¢), 3.59 (s, 2H,
Hoenzy) 347 (dd, *Tysp pae = 8.1 Hz, "5, s, = 19.3 Hz, 1H,
H-5b), 3.05 (s, 2H, COCH,N), 2.82 (dd, *J s, 114 = 3.9 Hz,
Jasanse = 19.3 Hz, 1H, H-52), 2.55 (m, 8H, Hjperazine)- - C-
NMR (CDCly) 6 (ppm): 191.87 (C-6), 170.19 (NHCO),
161.45(d, 'J- . = 245.2 Hz, C-2peny1)s 147.45 (C-6a), 138.59
(C-3a), 131.51 (d, 3JC,F=4.9 Hz, C-6,4cny1), 128.82 (d,
3Jc71= =8.2 Hz, C-4,cny), 127.16 (C-1), 124.37 (d,
“Je_p = 14.8 Hz, C-1 500y, 123.92 (d, *Jc_p=3.3 Hz,
C-5 henyr)s 120.73 (C-3), 115.30 (d, 2JC_F= 22.2 Hz,
C-3pheny)> 61.31 (COCH,N), 55.03 (Cyep,y)s 53.60 (C-
piperazine and C-Spiperazine)’ 52.70 (C'zpiperazine and
C-6piperazine)s 31.92 (C-5), 42.84 (C-4). MS (m/z): 455.0
(*M+2), 457.0 (*M), 459.0 ("M-2).

4
(dt’ JHSphenylin%pheny] =1.0 HZ,

6.4.55. 2-[4-(Cyclohexylmethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta [c[thien-4-yl)-
acetamide (56)

Yield: 30%. M.P. 177 °C. IR (KBr, cm™"): 3377 (NH), 1720
(CO), 1662 (CO amide), 2922, 1509, 1128, 1014, 590.
'"H-NMR (CDCls) & (ppm): 7.55 (d, *Jnppae = 8.1 Hz,
IH,NH), 5.37 (dt, *Jygge risa = 3.6 HZ, T pasp = Tppaonn =

8.0 Hz, 1H, H-4c), 3.43 (dd, *J sy e = 8-0 Hz, g5y piac =
19.3 Hz, 1H, H-5b), 2.98 (s, 2H, COCH,N), 2.82 (dd,
satiae = 3.6 Hz, *Tys, sy = 19.3 Hz, 1H, H-52), 2.48 (m,
8H, Hoyjperapine)s 2:06 (m, 2H,NCH,CH), 1.65 (m, 6H,
H'3cyclohexyl’ H_4cyclohexyl and H_Scyclohexyl)7 1.39 (m’ 1H7
H-1oyctohexyr)> 1.15 (m, 4H, H-2. johexyr and H-6cycionexyr)- C-
NMR (CDCly) & (ppm): 192.38 (C-6), 170.26 (NHCO),
151.63 (C-6a), 141.88 (C-3a), 111.83 (C-1), 105.94 (C-3),
65.39 (NCH,CH), 61.29 (COCH,N), 53.60 (C-3,erapine and
C_Spiperazine)’ 53.50 (C'zpiperazine and C_6piperazine)? 52.08
(C'S)a 42.97 (C'4)» 34.89 (C_lcyclohexyl)7 31.78 (C_zcyclohexyl
and C'6cyclohexyl)? 26.70 (C'4cyc]ohexy])7 26.05 (C_3cyclohexy| and
C-Seyetonexy)- MS (m/2): 535.6 (‘M+2), 533.6 (*M), 531.6
(*M=2).

6.4.56. 2-(4-Phenylpiperazin-1-yl)-N-(1,3-dibromo-6-oxo-
5,6-dihydro-4H-cyclopenta[c Jthien-4-yl) acetamide (57)

Yield: 46%. M.P. 205 °C. IR (KBr,cm™"): 3438 (NH), 1712
(CO), 1663 (CO amide), 2824, 1503, 1471, 1239, 758.
"H-NMR (CDCl5) § (ppm): 7.59 (d, *Jnpyaac = 8.1 Hz,

}H’NH)’ 7.26 (t’ 31H3pheny1—H2phenyl = 3JH3phenyl—H4phenyl =
i JHSpheny]»H4phenyl = \JHSphenyl»HGPheny] = 81 HZ? 2H’ H_3phenyl
and H-5,,c0y1), 6.89 (m, 3H, H-2,..1, H-4,,c0, and
H-6peny)s 5:36 (dt, “Tyuepsa = 3.7 Hz, “Jigepsy =
e = 8.1 Hz, 1H, H-4¢), 3.53 (dd, *Jjisp_14 = 8.1 Hz,
Jyshise = 19.3 Hz, 1H, H-5b), 3.18 (m, 6H, , COCH,N,
g—lpipemzine_3 and Hpiperazine's)’ 2.84 (dd’ 3JHSa—H4c =37 HZ’
Jusansy = 19.3 Hz, 1H, H-5a), 2.71 (m, 4H, H,;,erazine
2 and Hpjperasine=6). "C-NMR (CDCl,) § (ppm): 192.23 (C-6),
169.96 (NHCO), 151.66 (C-6a), 150.97 (C-1,cny1), 141.98
(C-3a), 129.18 (C-3ypenyr aNd C-5peny1); 120.14 (C-ypen),
116.23 (C-2 eyt a1 C-6penyp), 112012 (C-1), 105.94 (C-3),
61.42 (COCH,N), 53.68 (C-3 perasine 1A C-5.crasine)s 5217
(C-5),49.29 (C-2 i perazine 1A C-6piperasine)s 43.19 (C-4).). MS
(m/2): 515.6 ("M+2), 513.6 ("M), 511.6 ("M-2).

6.4.57. 2-[4-(2-Phenylethyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
acetamide (58)

Yield: 50%. M.P. 198 °C. IR (KBr,cm™"): 3364 (NH), 1716
(CO), 1660 (CO amide), 2811, 1514, 1130, 1007, 697.
"H-NMR (CDCl5) & (ppm): 7.54 (d, *Jnpaae = 6.5 Hz,
1H,NH), 7.28 (m, 5H, H,,c,,1). 5.36 (m, 1H, H-4c), 3.51 (dd,
Tiishoriae = 6.7 Bz, 2Tiisp pue = 18.1 Hz, 1H, H-5b), 3.00 (s,
2H, COCH,N), 2.62 (m, 13H, H-5a, NCH,CH,Ph and
8H,iperazine)- C-NMR (CDCl3) § (ppm): 192.33 (C-6),
170.07 (NHCO), 151.69 (C-6a), 141.92 (C-3a), 139.96
(C-Lppenyn): 128.62 (C-2,peny1 and C-6,ni)s 128.39 (C-3 jpenyn
and C-5,.py1)> 126.11 (C-4.,. ), 111.82(C-1), 105.96 (C-3),
61.30 (COCH,N), 60.18 (CH,Ph), 53.53 (C-3,;perazine and
C_Spiperazine)’ 53.03 (C_Q’piperazine and C_6piperazine)7 52.01
(C-5), 43.01 (C-4), 33.48 (CH,CH,Ph). MS (m/z): 544.0
("M+2), 542.0 (*M), 540.0 (*M-2).
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6.4.58. 2-(4-Benzyl-1,4-Diazepan-1-yl)-N-(1,3-dibromo-6-
0x0-5,6-dihydro-4H-cyclopentalc [thien-4-yl)acetamide
(62)

Yield: 76%. M.P.209 °C. IR (KBr,cm™'): 3427 (NH), 1717
(CO), 1660 (CO amide), 2809, 1501, 1467, 1131, 753.
'"H-NMR (CDCl;) & (ppm): 7.81 (d, *Typ. Hae = = 8.3 Hz,
1H NH) 7.23-715 (m, SH, Hpeny), 5-31 (dt, e, H5a =
3.8 Hz, Jmcmb— JH40NH—83HZ 1H, H-4c¢), 3.57 (s, 2H,
Hyenzy1)s 3.37 (dd, Tiisotiae = 83 Hz, Tysy 5o = 19.3 Hz, 1H,
H-5b), 3.13 (s, 2H, COCH,N), 2.68 (m, 9H, H-52, H-2 ;... pane
H- 3d1a7epane’ H- Sdla7epane’ H- 7d1a7epane) 1.71 (quintet’
JH6 H5 = JH6 H7 — =6.0 HZ 2H H- 6d1azepane) 13C_NMR
(CDCl3) 6 (ppm): 192.23 (C-6), 170.74 (NHCO), 151.82
(C-6a), 141.77 (C-3a), 138.20 (C-1 penyn)s 128.72 (C-3 henyi
and C-5,peny1)s 128.13 (C-2 10y and C-6,c,y1), 127.04
(C-4penyn)s 111.38 (C-1), 105.74 (C-3), 62.65 (Cyyepyyy)s 61.25
(COCHZN), 55.87 (C_Sdiazepane)v 54.95 (C'Sdiazepane)a 54.54
(C-2giazepane)s 34.03 (C-T gigzepane)s 31.77 (C-5), 42.75 (C-4),
27.69 (C-64iascpane)- MS (m/z): 542.4 (*M+2), 540.4 (*M),
540.4 (*“M-2).

6.4.59. 2-(4-Benzylpiperidin-1-yl)-N-(1,3-dibromo-6-oxo-
5,6-dihydro-4H-cyclopenta[c Jthien-4-yl) acetamide (63)

Yield: 100%. M.P. 230 °C. IR (KBr, cm™"): 3426 (NH),
1716 (CO), 1659 (CO amide), 2922, 151 1, 1330, 1128, 699.
'H-NMR (CDCLy) & (ppm): 7.65 (d, N iise = 7.3 Hz,
IH NH) 7.28 (t JH3phenyl -H2phenyl = JH3phenyl -H4phenyl =
3JH5phenyl H4phenyl - JHSphenyl -H6phenyl — =71 HZ 2H H- 3phenyl
and H- 5phcnyl) 7.19 (t J H4phenyl-H3phenyl = J H4phenyl-H5phenyl =
7.1 HZ lH H- 4phenyl) 7.12 (d JH2phenyl H3phenyl =
3JH6phenyl HS5phenyl — =71 HZ 2H H- 2phenyl and H- 6Ehenyl) 5.36
(m, 1H, H-4c), 3.51 (dd, *JHSb tae = 8.3 Hz, “Tysp 1isa =
19.0 Hz, 1H, H-5b), 3.00 (s, 2H, COCH,N), 2.05 (m, 13H,
H-5a, Hyenyy1 and Hpiperidine)- 13C'NMR (CDCl,) 8 (ppm):
191.99 (C-6), 171.00 (NHCO), 151.24 (C-6a), 141.47 (C-3a),
139.79 (C-1 ppenyt)s 128.59 (C-3 penyt and C-5 )y 127.78
(C2phenyt AN C-6 ey 12548 (C-4,peny)s 111.37 (C-1),
105.57 (C-3), 61.24 (COCH,N), 54.00 (C-2,; erigine and
C-6piperidine)s 31.66 (C-5), 43.04 (Cpep,y1), 42.53 (C-4), 36.66
(C_4piperidine)’ 31.74 (C_3piperidine and C_Spiperidine)' MS (m/Z):
528.0 ("M+2), 526.0 ("M), 524.0 ("M-2).

6.4.60. 2-[4-(2-Chlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
butanamide (64)

Yield: 77%. M.P.203 °C. IR (KBr, cm™"): 3300 (NH), 1722
(CO), 1650 (CO amide), 2935, 1471, 1259, 1129, 912, 742.
"H-NMR (DMSO d-6) § (ppm) 8.55 (d, *Tnppae = 8.3 Hz,
IH,NH), 7.32 (dd, JH3pheny1 Hsphenyl = 1.9 Hz,
QXJH3pheny1 H4phenyl — =74 HZ IH H- 3phenyl) 7.24 (dd

Jﬁéphenyl “Haphenyt = 1.7 Hz, JH6phenyl _Hspheny1 = 74 Hz, 1H,

H- 6phenyl) 7.15 (dt JH4phr3nyl H6phenyl — = 1.7 HZ
JH4phenyl H3phenyl - JH4phenyl -H5phenyl — =74 HZ 1H
H- 4phenyl) 7.10 (dt JHSphenyl H3phenyl — =19 HZ

’;
JH5phenyl H4phenyl JHSphenyl -H6phenyl — =74 HZ lH

H-5,peny1), 5.36 (dt, Tasensa =37 Hz, *Tyge sy =

Jsenn = 8.3 Hz, 1H, H- 4c) 3.42 (m, 3H, H-5b Hy.,,,0),
2.35 (dd, *Tyysa p1ae = 3.7 Hz, 2Jyys, 1sp = 19.4 Hz, 1H, H-5a),
2.45 (m, 14H, COCH,CH,CH,N and H;\aine)- 3C.NMR
(CDCl3) & (ppm): 192.64 (C-6), 172.60 (NHCO), 152.33
(C-6a), 141.99 (C-3a), 135.45 (C-1 jpeny): 134.38 (C-2 peny)-
130.71 (C-6penyn)s 129.46 (C-3penyt)s 128.23 (C-dppeny),
126.52 (C-5,peny), 111.64 (C-1), 106.11 (C-3), 59.13
(Cpenzy)): 58.40 (CH,CH,CH,N), 53.14 (C-3 i1 crazine and
C_Spiperazine)’ 52.52 (C'zpipemzine and C_6piperazine)? 52.36
(C-5), 43.03 (C-4), 35.87 (CH,CH,CH,N), 21.52
(CH,CH,CH,N). MS (m/z): 591.6 ("M+2), 589.6 ("M), 587.6
(*M-2).

6.5. General experimental procedure for the synthesis

of 59-61

To a solution of one of the compounds 13, 20 or 43
(1 mmol) in ethanol (10 ml) was added a solution of hydroxy-
lamine hydrochloride (256 mg, 4 mmol) and sodium acetate
(328 mg, 4 mmol) in water (3 ml). The reaction mixture was
refluxed for 3 h. The solvent was evaporated under reduced
pressure and the residue was diluted with methylene chloride
(50 ml) and washed several times with water. The organic
layer was dried over MgSO,, and evaporated under reduced
pressure. The product was purified by flash chromatography.

6.5.1. 2-[4-(2-Chlorobenzyl)piperazin-1-yl]-N-[(6E)-1,3-
dibromo-6-(hydroximino)-5,6-dihydro-4H-
cyclopentafc Jthien-4-ylJacetamide (59)

Yield: 75%. M.P. >240 °C. IR (KBr, cm™"): 3372 (NH),
2819 (OH), 1672 (CO), 1499, 1444, 1264, 1163, 1011, 754.
"H-NMR (DMSO-d6) & (ppm): 11.46 (s, 1H, OH), 8.37 (d,
T Hag = =8.7 Hz, 1H,NH), 7.52 (dd, 4Jmpheny1 HS5phenyl =
1.5 HZ JH'iphenyl -H4phenyl — =73 HZ 1H H- 3pheny]) 7.46 (dd

4
JH6phenyl -H4phenyl — =1 0 HZ JHéphenyl -H5phenyl — 7 3 HZ IH

H- 6phenyl) 7.37 (3dt 4JH4phenyl H6phenyl — =1.0 HZ
JH4phenyl H3phenyl — Jl—l4phenyl HS5phenyl — =73 HZ lH
H- 4'phenyl) 7.32 (dt Jl—[iphenyl H3phenyl — =1.5 HZ’

JH5phenyl H4phenyl — %JHSPheny] Ho6phenyl — =173 HZ lH
H- 5phenyl) 5.25 (dt JH4C H5a — =4.1 HZ JH4c H5b =
Vitaeni = 8.7 Hz, TH, H-4c), 3.60 (s, 2H, Hyepy0), 3.55 (dd,
iishotiae = 8.7 Hz, 2Tiysp. sy = =18.8 Hz, 1H, H- Sb) 2.98 (s,
2H, COCH,N), 2.89 (dd, *Jyys, tiae = 4.1 Hz, Tyys,psn =
18.8 Hz, 1H, H-52), 2.55 (m, 8H, H,perazine)- C-NMR
(DMSO-d6) § (ppm): 169.16 (NHCO), 152.84 (C-6), 150.69
(C-62), 141.69 (C-3a), 136.00 (C-1 epyp)s 133.71 (C-2
131.31 (C-6,eny)s 12968 (C-3penyr)s 129.03 (C-4,00 ),
127.47 (C-5 ppenyr)> 104.19 (C-1), 101.76 (C-3), 61.64
(COCH,N), 58.97 (Cpenzyt)s 53.36 (C-3,iperazine and
C'Spiperazine)? 52.87 (C_Zpiperazinc and C'6piperazine)7 45.02
(C-5), 41.01 (C-4). MS (m/z): 578.5 (*M+2), 576.5 (*M),
574.5 ("M-2).

phenyl) >

6.5.2. 2-[4-(2-Fluororobenzyl)piperazin-1-yl]-N-[(6E)-1,3-
dibromo-6-(hydroxyimino)-5,6-dihydro-4H-
cyclopenta/cJthien-4-ylJacetamide (60)

Yield: 75%. M.P. 150 °C. IR (KBr, cm-1): 3346 (NH), 2820
(OH), 1652 (CO), 1517, 1455, 1226, 1131, 1007, 758.
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IH-NMR (CDCl;) & (ppm): 10.76 (s, 1H, OH), 7.56 (d,
RN j 8.6 Hz, 1H NH) 7.36 (dt, JH6pheny1 Ha4phenyl =

1.7 Hz, “Juephenyir = JH6phenyl Hsphenyt = 7.5 Hz, 1H,
H-6 7.22 (m, 1H, H- 4gheny1) 7.10 (dt,

JHSphenyl H3pheny1 1.1 HZ JHSphenyl H4pheny1
JHSphenyI “Héphenyl = 7-5 Hz, TH, H-5,,.,,1), 7.02 (ddd,

H3phenyl-H5phenyl — =1.1 HZ JH’%phenyl H4phenyl — =85 HZ
Jmphenyl r=9.8 Hz, 1H, H-3,..,,), 538 (dt,
*Thise-nsa = 36 HZ, Vppae sy = Jiuaenn = 8.6 Hz, 1H, H-4c),
3.72(dd, " JHSb—H4c =8.6 Hz, JHSbHSa =19.3 Hz, 1H, H-5b),
3.60 (s, 2H, Hy., 1), 3.07 (s, 2H, COCH,N), 2.95 (dd,
o riae = 3.6 Hz, 5/JHSQ_HS,) =19.3 Hz, 1H, H-5a), 2.60 (m,
8H, Hyiperazine)- C-NMR (DMSO-d6) & (ppm): 168.74
(NHCO), 161.41 (d, 'Jc_p =246.2 Hz, C-2ppy1), 153.35
(C-6), 148.49 (C-6a), 139.89 (C-3a), 131.68 (d, 3JC F=
4.1 Hz, C-6,4cny1)s 129.09 (d, *Jo g=7.4 Hz, C- ‘Fhenyl)
124.11 (d, 2JC r=14.8 Hz, C-1,.01), 123.97 (d, =
3.3Hz, C-5 jpeny)> 115.42 (2JC = 22.3Hz, C-3 jyeny). 106.04
(C-1),103.59 (C-3), 62.12 (COCH,N), 54.88 (Cpye 1), 53.54
(C'Spiperazine and C_Spiperazine)7 52.17 (C'2piperazine and
C-64iperazine)s 44.93 (C-5), 41.42 (C-4). HRMS: calculated
(557.9734), found (557,9822).

phenyl)

6.5.3. 2-[4-(Thien-3-ylmethyl)piperazin-1-yl]-N-[(6E)-1,3-
dibromo-6-(hydroxyimino)-35,6-dihydro-4H-
cyclopentalc Jthien-4-yl]acetamide (61)

Yield: 70%. M.P. 185 °C. IR (KBr, cm™): 3305 (NH), 2820
(OH), 1661 (CO), 1506, 1456, 1261, 1130, 1008, 834.
'"H-NMR (CDCl,;) & (ppm): 10.66 (s, 1H, OH), 7.57 (d,

JNH H4c =838 HZ 1H NH) 7.20 (dd 4JH4th10phene HZthlophene
29 HZ J H4thiophene-H5thiophene — =49 HZ IH H- 4thophene) 7.06
(d JH2thlophene -H4thiophene — =29 HZ IH H- 2th10phene) 7.04 (d
3JHSth10phene H4th10phene =49 HZ lH H- 5th10phene) 5.31 (dt
Tte-nisa = 3-2Hz, Vpae sy = Tisenn = 8.8 Hz, 1H, H-4c),
3.62 (dd, *Tyisp e = 8-8 Hz, pyspp1s, = 18.8 Hz, 1H, H-5b),
3.49 (s, 2H,NCH,thiophene), 3.05 (s, 2H, COCH,N), 2.87
(dd, *Jysamiae = 3-2 Hz, s, nsp = 18.8 Hz, 1H, H-5a), 2.58
(m, 8H, Hyjperazine)- "C-NMR (CDCLy) 8 (ppm): 168.75
(NHCO), 153.28 (C-6), 148.49 (C-6a), 139.94 (C-3a), 138.30
(C'Sthiophene)7 128.53 (C_Sthiophene)’ 125.61 (C'4thiophene)’
123.24 (C-2y0pnene)> 106.03 (C-1), 103.51 (C-3), 62.11
(COCH,N), 57.26 (NCH,thiophene), 53.55 (C-3,,iperazine and
C_Spiperazine)’ 52.38 (C'Zpiperazine and C-6piperazine)7 44.92
(C-5), 41.43 (C-4). MS (m/z): 549.7 ("M+2), 547.7 (*M),
545.7 ("M=2).

6.5.4. 2-[4-(2-Chlorobenzyl)piperazin-1-yl]-N-(1,3-
dibromo-6-0x0-5,6-dihydro-4H-cyclopenta[c] thien-4-yl)-
propanamide (65)

To a solution of 94 (1.5 mmol) in acetonitrile (10 ml) was
added 1-(2-chlorobenzyl)-piperazine (3 mmol). The reaction
mixture was refluxed for 4 h. The solvent was then removed
under reduced pressure to give an oil which was dissolved in
methylene chloride and washed several times with water. The
combined organic layers were dried over MgSO,, evaporated
under reduced pressure and the product was purified by flash

chromatography. Yield: 43%. M.P. 152 °C. IR (KBr, cm™"):
3421 (NH), 1714 (CO), 1670 (CO amide), 2926, 1508, 1446,
1090, 804. "H-NMR (CDCl5) § (ppm): 9.36 (d, *Tnpi piac =
8.0 Hz, 1H,NH), 7.46-7.17 (m 4H, Hpenyn)> 5-12 (dt,
Thae-nisa = 300z, Ty prsp = Trae. NH = = 8.0 Hz, 1H, H-4¢),
3.42 (s, 2H, Hyep,y), 3.37 (dd, *Thshmae = 8.0 Hz,
me tsa = 18.6 Hz, 1H, H-5b), 2.72 (dd, *J s, j14c = 3.0 Hz,
Jiysatisy = 18.6 Hz, 1H, H-5a), 2.62 (m, 12H, COCH,CH,N
and Hpjperagine)- 3C.NMR (CDCl,) & (ppm): 191.38 (C-6),
171.93 (NHCO), 159.85 (C-6a), 151.43 (C-3a), 135.54
(C-1phenyn)s 134.46 (C-2cn01)s 130.77 (C-6ppenyn), 129.60
(C-3phenyt)s 128.47 (C-4penyt)s 126.68 (C-5,pcny1), 118.81
(C-1),85.51(C-3),59.14 (Cyepyy1), 53.41 (COCH,CH,), 52.61
(C'S)’ 52.09 (C'3piperazine and C_Spiperazine)’ 51.62 (C_Zpiperazine
and C-6,,;cine)> 43.52 (C-4), 31.52 (COCH,CH,). MS (m/z):
576.4 (*M+2), 574.4 (*M), 572.4 (*"M-2).

6.6. General experimental procedure for the synthesis

of 84-92

To a suspension of one of the compounds 66—75 (2 mmol)
in methylene chloride (15 ml) at room temperature was added
triethylamine (0.7 ml, 4.98 mmol). The resulting solution was
then cooled to 0 °C and bromoacetyl bromide (0.22 ml,
2.49 mmol) solved in methylene chloride (5 ml) was added
dropwise. The reaction mixture was stirred for 1 h at 0 °C
and for further 1 h at room temperature. The resulting mix-
ture was evaporated under reduced pressure to give an oil
which was then dissolved in methylene chloride and washed
several times with water. The combined organic layers were
dried over MgSO, and evaporated under reduced pressure.

6.6.1. 2-Bromo-N-(5,6-dimethoxy-3-0xo0-2,3-dihydro-1H-
inden-1-yl)acetamide (84)

Yield: 65%. M.P. 208 °C. IR (KBr, cm™"): 3273 (NH), 1697
(CO), 1655 (CO amide), 1592, 1502, 1469, 1044, 985, 861.
"H-NMR (CDCl,) & (ppm): 7.16 (s, 1H, H-4), 6.99 (s, 1H,
H-7), 6.77 (d, *Jxi1. = 8.0 Hz, 1H,NH), 5.60 (ddd,
Mitenna = 29Hz, 2 o ron = 7.4 Hz, Ty o = 8.0 Hz, 1H,
H-1c), 3.98 (s, 3H, OMe), 3.94 (s, 3H, OMe), 3.20 (dd,
Jipbmie = 74 Hz, 2T 10 = 18.9 Hz, 1H, H-2b), 2.48 (dd,
Jipatiie = 2.9 Hz, Yy 0 = 18.9 Hz, 1H, H-2a), 1.43 (s,
2H, COCH,Br). '*C-NMR (CDCl;) & (ppm): 201.58 (C-3),
166.19 (NHCO), 156.14 (C-6), 150.93 (C-5), 148.03 (C-7a),
129.72 (C-3a), 106.73 (C-7), 103.73 (C-4), 4656.57 (OMe),
56.25 (OMe), 46.20 (C-1), 44.45 (C-2), 28.92 (COCH,Br).
MS (m/z): 329.0 ("M+1), 327.0 ("M-1).

6.6.2. 2-Bromo-N-(1,3-dimethyl-6-oxo-5,6-dihydro-4H-
cyclopenta[cJthien-4-yl)acetamide (85)

Yield: 77%. M.P.203 °C. IR (KBr, cm™"): 3420 (NH), 1701
(CO), 1645 (CO amide), 1559, 1436, 1218, 1070, 974.
"H-NMR (DMSO d-6) & (ppm): 8.91 (d, *Jnyy pae = 8.4 Hz,
IHNH), 5.19 (dt, *Tysense =34 Hz, *Jyse sy =
*Jiaenn = 8.4 Hz, 1H, H-4c), 3.85 (s, 2H, COCH,Br), 3.38
(dd, *Tiyspiae = 8.4 Hz, 2T ysp 115, = 18.8 Hz, 1H, H-5b), 2.70
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(dd, *Tisatiae = 34 Hz, 245, 1isp = 18.8 Hz, 1H, H-5a), 2.49
(s, 3H, C1-Me), 2.46 (s, 3H, C3-Me). >*C-NMR (DMSO d-6)
8 (ppm): 195.52 (C-6), 165.44 (NHCO), 148.53 (C-6a),
139.24 (C-1), 138.98 (C-3), 129.71 (C-3a), 50.98 (C-5), 42.60
(COCH,Br), 42.57 (C-4), 12.84 (C1-Me), 12.01 (C3-Me). MS
(m/z): 302.9 ("M+1), 300.9 (*M-1).

6.6.3. 2-Bromo-N-(6-0x0-5,6-dihydro-4H-
cyclopenta[bJthien-4-yl)acetamide (86)

Yield: 64%. Oil. IR (KBr, cm™"): 3286 (NH), 1700 (CO),
1660 (CO amide), 3077, 1538, 1430, 1290, 730. '"H-NMR
(CDCl3) & (ppm): 7.95 (d, *Jyp 13 = 4.6 Hz, 1H, H-2), 7.14
(d, *J3.10 = 4.6 Hz, 1H, H-3), 7.10 (d, *Txpppiae = 6.9 Hz,
IH,NH), 5.52 (dt, *Jyyge pisa = 2.5 HZ, “Tue aso = Tpraonn =
6.9 Hz, 1H, H-4c), 3.89 (s, 2H, COCH,Br), 3.44 (dd,
T isoopae = 6.9 Hz, ZTyis ysa = 18.6 Hz, 1H, H-5b), 2.79 (dd,
Jsanae = 2.5 Hz, ysansy = 18.6 Hz, 1H, H-5a). °C-
NMR (CDCl;) § (ppm): 193.15 (C-6), 166.43 (NHCO),
165.89 (C-3a), 142.24 (C-6a), 141.70 (C-3), 123.56 (C-2),
48.99 (C-5),45.97 (C-4), 28.61 (COCH,Br). MS (m/z): 274.4
(*M+1), 272.4 ("M-1).

6.6.4. 2-Bromo-N-(6-0x0-5,6-dihydro-4H-
cyclopentalcJthien-4-yl)acetamide (87)

Yield: 60%. M.P. 139 °C. IR (KBr,cm™"): 3340 (NH), 1714
(CO), 1661 (CO amide), 2820, 1512, 1230, 1109, 760.'H-
NMR (CDCl,) & (ppm): 7.88 (s, 1H, H-1), 7.46 (s, 1H, H-3),
6.94 (d, *Jnps p1ae = 8.3 Hz, IH,NH), 5.19 (m, 1H, H-4c), 4.20
(s, 2H, COCH,Br), 3.49 (dd, *Jysp.j4c =8.0 Hz,
2Tiisborisa = 18.9 Hz, 1H, H-5b), 2.90 (dd, *Jy4s, j14e = 3.3 Hz,
Jysanss = 18.9 Hz, 1H, H-5a). MS (m/z): 274.4 ("M+1),
272.4 (*M-1).

6.6.5. 2-Bromo-N-(3-bromo-6-0x0-5,6-dihydro-4H-cyclo-
pentafcJthien-4-yl)acetamide (88)

Yield: 80%. M.P. 190 °C. IR (KBr, cm™"): 3258 (NH), 1708
(CO), 1652 (CO amide), 1548, 1470, 1183, 1030, 772.
'"H-NMR (CDCl5) & (ppm): 7.80 (s, 1H, H-1), 6.93 (d,
T niLpae = 8.1 Hz, 1HNH), 5.42 (dt, *Ji4e.15, = 3.6 Hz,
T hacniss = Jpaenn = 8.1 Hz, 1H, H-4c¢), 3.94 (s, 2H,
COCH,Br), 3.53 (dd, *Jy5p 114 = 8-1 Hz, 2Tyy5 115, = 19.3 Hz,
1H, H-5b), 2.88 (dd, *Jys, 114 = 3.6 Hz, *Jiy5, 115 = 19.3 Hz,
1H, H-5a). *C-NMR (CDCl5) § (ppm): 192.99 (C-6), 165.37
(NHCO), 150.40 (C-6a), 144.12 (C-3a), 126.00 (C-1), 107.45
(C-3),51.64 (C-5),44.90 (C-4), 28.61 (COCH,Br). MS (m/z):
354.8 ("M+2), 352.8 ("M), 350.8 ("M-2).

6.6.6. 2-Bromo-N-(2-bromo-4-0x0-5,6-dihydro-4H-cyclo-
penta[bJthien-6-yl)acetamide (89)

Yield: 64%. M.P. 90 °C. IR (KBr, cm™"): 3366 (NH), 1720
(CO), 1656 (CO amide), 2815, 1514, 1492, 1390, 1099, 752.
'"H-NMR (CDCl;) & (ppm): 7.40 (d, *Jny.nec = 7.2 Hz,
1H,NH), 7.00 (s, 1H, H-3), 5.40 (dt, *Jj6c 5. = 2.5 Hz,
Theenish = Jusenu = 7.2 Hz, 1H, H-4c), 3.49 (s, 2H,
COCH,Br), 3.22 (dd, *J 15y 116c = 7-2 HZ, 150 1150 = 18.3 Hz,
1H, H-5b), 2.79 (dd, *Ji4s, 1ec = 2.5 Hz, ZJysa 150 = 18.3 Hz,

1H, H-5a). '*C-NMR (CDCL,) & (ppm): 193.08 (C-6), 168.01
(C-6a), 166.82 (NHCO), 145.36 (C-3a), 121.53 (C-3), 120.53
(C-2),47.46 (C-5), 46.61 (C-6), 28.69 (COCH,Br). MS (m/z):
355.9 ("M+2), 353.9 (*M), 351.9 ("M-2).

6.6.7. 2-Bromo-N-(2,3-dibromo-4-oxo-5,6-dihydro-4H-
cyclopenta[bJthien-6-yl)acetamide (90)

Yield: 62%. M.P. 102 °C. IR (KBr, cm™"): 3305 (NH), 1714
(CO), 1659 (CO amide), 2926, 1530, 1390, 1108, 680. RMN
"H (CDCl,) & (ppm): 7,35 (d, *Txpnee = 7,0 Hz, 1H,NH);
5,45 (dt, *Tyge-risa = 2.7 H2, “Tiyge paso = Trigenn = 7.0 Hz, 1H,
H-6¢); 3,93 (s, 2H, COCH,Br); 3,44 (dd, *Jj3sp 116 = 7,0 Hz,
T iishonisa = 18,4 Hz, 1H, H-5b); 2,79 (dd, *Jy45, 116 = 2,7 Hz,
Jiysanisy = 18,4 Hz, 1H, H-52). RMN '*C (CDCl,) § (ppm):
190,94 (C-4); 167,08 (NHCO); 166,62 (C-6a); 142,01 (C-3a);
119,38 (C-2); 107,55 (C-3); 46,93 (C-5); 46,90 (C-6); 28,16
(COCH,Br). MS (m/z): 434.9 (*"M+3), 432.9 ("M+1), 430.9
(*M-1), 428.9 ("M-3).

6.6.8. 2-Bromo-N-(1,3-dibromo-6-o0x0-5,6-dihydro-4H-
cyclopentafcJthien-4-yl)acetamide (91)

Yield: 77%. M.P. 203 °C. IR (KBr, cm™"): 3312 (NH), 1712
(CO), 1641 (CO amide), 2959, 1530, 1262, 1103, 800.
"H-NMR (DMSO d-6) § (ppm): 8.91 (d, *Tyyp1ae = 8.3 Hz,
TH,NH), 5.19 (ddt, *Jj; yo8, = 1.0 Hz, *Ji4e 115, = 3.5 Hz,
s tisy = Jraenm = 8.3 Hz, 1H, H-4c), 3.86 (d, “Jipp,.
e = 1.0 Hz, 2H, COCH,Br), 3.08 (dd, *Jj;sp 14c = 8.3 Hz,
2T iishonsa = 18.0 Hz, 1H, H-5b), 2.70 (dd, *J 45, 4. = 3.5 Hz,
Jsansy = 18.0 Hz, 1H, H-5a). '>*C-NMR (DMSO d-6) &
(ppm): 193.17 (C-6), 165.70 (NHCO), 152.91 (C-6a), 142.36
(C-3a), 110.39 (C-1), 105.67 (C-3), 51.17 (C-5), 45.94
(COCH,Br), 43.50 (C-4). MS (m/z): 434.9 ("M+3), 432.9
(*M+1), 430.9 ("M-1), 428.9 (*M-3).

6.6.9. 2-Bromo-N-(1,3-dichloro-6-oxo0-5,6-dihydro-4H-
cyclopentalc Jthien-4-yl)acetamide (92)

Yield: 77%. M.P. 180 °C. IR (KBr,cm™"): 3310 (NH), 1717
(CO), 1640 (CO amide), 1527, 1527, 1490, 1398, 1105.
'"H-NMR (DMSO d-6) & (ppm): 9.0 (large, 1H,NH), 5.26 (m,
1H, H-4c¢), 3.85 (s, 2H, COCH,Br), 3.05 (m, 2H, H-5a and
H-5b). '>*C-NMR (DMSO d-6) § (ppm): 192.40 (C-6), 165.57
(NHCO), 148.76 (C-6a), 138.96 (C-3a), 123.90 (C-1), 119.25
(C-3),50.66 (C-5),29.05 (COCH,Br), 43.05 (C-4). MS (m/z):
343.8 (*“M+1), 341.8 (*"M-1).

6.6.10. 4-Bromo-N-(1,3-dibromo-6-0x0-5,6-dihydro-4H-
cyclopentalc Jthien-4-yl)butanamide (93)

To a suspension of 6-amino-1,3-dibromo-5,6-dihydro-4H-
cyclopenta[c]thiophen-4-one hydrochloride 74 (2 mmol) in
methylene chloride (15 ml) at room temperature was added
triethylamine (0.7 ml, 4.98 mmol), the resulting solution was
then cooled to 0 °C and 4-bromobutyryl chloride (0,23 ml,
2.5 mmol) solved in methylene chloride (5 ml) was added
dropwise. The reaction mixture was stirred for 1 h at 0 °C
and for other 3 h at room temperature. The resulting mixture
was evaporated under reduced pressure to give an oil which
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was then dissolved in methylene chloride and washed several
times with water. The combined organic layers were dried
over MgSO, and evaporated under reduced pressure. Yield:
73%. M.P. 182 °C. IR (KBr, cm™"): 3412 (NH), 1719 (CO),
1638 (CO amide), 1547, 1472, 1132, 988, 692. 'H-NMR
(DMSO-d6) & (ppm): 8.57 (d, *Tnpi e = 7.8 Hz, TH,NH),
5.16 (m, 1H, H-4¢), 3,50 (t, *J;34 3 = 6.0 Hz, 2H, H-4'), 3.33
(dd, *Tpisp1ae = 8.1 Hz, 2T iysp 115, = 18.2 Hz, 1H, H-5b), 2.68
(d, Tysansy = 18.2 Hz, 1H, H-52), 2.22 (t, *J 40 143 = 6.0 Hz,
2H, H-2"), 1.16 (q, *Tiy3 10 = Tpzpa = 6.0 Hz, 2H, H-3).
13C-NMR (DMSO-d6) § (ppm): 193.14 (C-6), 170.52 (C-1"),
153.25 (C-6a), 142.08 (C-3a), 109.99 (C-1), 105.00 (C-3),
51.21 (C-5), 42.67 (C-4), 34.50 (C-4"), 32.24 (C-2"); 28.08
(C-3"). MS (m/z): 462.6 ("M+3), 460.6 (*“M+1), 458.6 ("M—
1), 456.6 ("M-3).

6.6.11. N-(1,3-Dibromo-6-0x0-5,6-dihydro-4H-cyclopen-
ta[cJthien-4-yl)acrylamide (94)

To a suspension of 6-amino-1,3-dibromo-5,6-dihydro-4H-
cyclopenta[c]thiophen-4-one hydrochloride 74 (2 mmol) in
methylene chloride (15 ml) at room temperature was added
triethylamine (0.7 ml, 4.98 mmol), the resulting solution was
then cooled to 0 °C and 4-bromopropionyl chloride (0.25 ml,
2.5 mmol) solved in methylene chloride (5 ml) was added
dropwise. The reaction mixture was stirred for 1 h at 0 °C
and for another 1 h at room temperature. The resulting mix-
ture was evaporated under reduced pressure to give an oil
which was then dissolved in methylene chloride and washed
several times with water. The combined organic layers were
dried over MgSO, and evaporated under reduced pressure.
Yield: 43%. M.P. 198 °C. IR (KBr, cm™"): 3409 (NH), 1713
(CO), 1657 (CO amide), 3266, 1550, 1133, 957. '"H-NMR
(DMSO-d6) & (ppm): 8.30 (d, *Tnpy e = 8.4 Hz, IH,NH),
6.13 (m, 2H, CH=CH,), 5.63 (dd, *Jy y. = 3.9 Hz,
T tirans = 8.9 Hz, 1H, CH=CH,), 5.26 (dt, *Jiy4c 150 =
3.5 Hz, *Jiemish = Jieny = 8.4 Hz, 1H, H-4c), 3.41 (dd,
st = 84 Hz, 2T iysp 1isa = 18.8 Hz, 1H, H-5b), 2.70 (dd,
T isaiae = 3.5 Hz, Tys.. sy = 18.8 Hz, 1H, H-5a). '°C-
NMR (DMSO-d6) & (ppm): 193.16 (C-6), 164.05 (CONH),
153.06 (C-6a), 142.15 (C-3a), 131.14 (CH=CH,), 126.02
(CH=CH,), 110.39 (C-1), 105.39 (C-3), 51.39 (C-5); 42.82
(C-4). MS (m/z): 366.9 (*M=-2), 364.9 (*M), 362.9 (*"M-2).

6.7. General experimental procedure for the synthesis
of 97 and 98

A solution of arylaldehyde 95 or 96 (20 mmol) and ethyl
N-piperazinecarboxylate (2.77 g, 20 mmol) in methanol
(40 ml) was added to sodium cyanoborohydride (2.36 g,
40 mmol). Acetic acid (1 ml) was added and the stirred mix-
ture was refluxed for one night. The solution was then diluted
with ether (100 ml) and washed with an 1 N aqueous sodium
hydroxide solution. The organic layer was dried over MgSO,
and evaporated under reduced pressure.

6.7.1. Ethyl 4-(1H-pyrrol-2-ylmethyl)piperazine-1-
carboxylate (97)

Yield: 82%. Oil. IR (KBr, cm™"): 1699 (CO), 2807, 1432,
1242, 1004, 679. "H-NMR (CDCl,;) § (ppm): 8.16 (s, 1H,NH),
6.73 (dd’ 4JHSpyrrole—H3pyrmle =24 HZ’ 3JHSpyrrcvle—Hétpyrrole =
5.0Hz, IH, H-5,,,10), 6.12 (dd, T yapyerote-mzpyrrote = 2.9 Hz,
3JH4pyrrole—H5pyrrole = 50 HZ’ lH’ H'4pyrrole)9 60 (large’ lH’
H-3 011010, 413 (q, *Ju1.mo = 7.1 Hz, 2H, CH,CH3), 3.49 (s,
2H,NCH,pyrrole), 3.45 (t, *Ji» 113 = Tens = 4.9 Hz, 4H,
H-2 and H-6), 2.38 (t, *J 143110 = Jis 116 = 4.9 Hz, 4H, H-3 and
H-5), 1.25 (t, *Jy4, 4, = 7.1 Hz, 3H, CH,CH,). "*C-NMR
(CDCl,) 6 (ppm): 155.51 (CO), 127.96 (C-2,,y1e)> 117.55
(C-5py1r01e)s 108.00 (C-4, 1 10), 107.83 (C-3,,,1010)s 61.35
(CH,CH,;), 55.42 (NCH,pyrrole), 52.67 (C-3 and C-5), 43.68
(C-2 and C-6), 14.70 (Me). MS (m/z): 237.2 (*M).

6.7.2. Ethyl 4-[(2,5-dimethoxythien-3-
yl)methyl [piperazine-1-carboxylate (98)

Yield: 71%. Oil. IR (KBr, cm™"): 1699 (CO), 2818, 2932,
1432, 1242, 1123, 686. "H-NMR (CDCl;) & (ppm): 5.78 (s,
1H, H-44,i0phene)> 409 (q, *Ji110 = 7.1 Hz, 2H, CH,CH,),
3.76 (s, 3H, OMe), 3.74 (s, 3H, OMe), 3.49 (s,
2H,NCH,thiophene), 3.43 (m, 8H, Hy; crazine)» 1.25 (8,
3J41.12 = 7.1 Hz, 3H, CH,CH,). '*C-NMR (CDCl,) & (ppm):
155.49 (CO), 154.51 (C-5piophene)s 149.96 (C-24p,i0phene)s
116.23 (C-3pigphene)s 102.89 (C-4pigpnene)s 63.07 (OMe),
61.27 (CH,CHj;), 60.05 (OMe), 57.52 (NCH,thiophene),
52.62 (C-3 and C-5), 43.60 (C-2 and C-6), 14.68 (Me). MS
(m/z): 314.2 (*M).

6.8. General experimental procedure for the synthesis
of 99 and 100

Potassium hydroxide (5.61 g, 100 mmol) was slowly added
into the reaction vessel containing a solution of compound
97 or 98 (10 mmol), water (4 ml) and methanol (12 ml). The
reaction was heated under microwave irradiation to 100 °C
and monitored by thin-layer chromatography. After the start-
ing material had disappeared, the mixture was cooled, fil-
tered and extracted with methylene chloride. The organic layer
was separated, dried and evaporated under reduced pressure.

6.8.1. 1-(1H-Pyrrol-2-ylmethyl)piperazine (99)

Yield: 100%. Oil, IR (KBr, cm™"): 3370 (NH), 2826, 1540,
1419, 1271, 1113, 723. 'H-NMR (CDCl;) & (ppm): 8.84 (s,
1H.NH), 6.72 (d, *spyrroe-tapyrrote = 2-4 Hz, THH-5 010,
6.10 (m, 2H, H-3,y40. and H-4 ., ..), 3.48 (s,
2H,NCH,pyrrole), 2.88 (t, Ty 13 = Tnens = 4.9 Hz, 4H,
H-2 and H-6), 2.42 (m, 5H,NH, H-3 and H-5). '3*C-NMR
(CDCl3) & (ppm): 127.42 (C-2, 010> 117.52 (C-5,1010)-
107.92 (C-4, rro10)- 107.44 (C-3,11010) 55.69 (NCH, pyrrole),
53.68 (C-2 and C-6), 45.41 (C-3 and C-5). MS (m/z): 165.4
(*M).

6.8.2. 1-[(2,5-Dimethoxythien-3-yl)methyl Jpiperazine
(100)

Yield: 60%. Oil, IR (KBr, cm™"): 3390 (NH), 28281590,
1455, 1232, 999, 729. 'H-NMR (CDCl;) § (ppm): 5.83 (s,
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1H, H-4,10phene)- 3-80 (s, 3H, OMe), 3.78 (s, 3H, OMe), 3.31
(s, 2H,NCH.thiophene), 2.90 (t, *J;15 113 = “Te.1as = 4.9 Hz,
4H, H-2 and H-6), 2.4 (large, 4H, H-3 and H-5). '*C-NMR
(CDCly) & (ppm): 154.43 (C-5piophene)s 149-82 (C-2ipiophenc)>

116.63 (C-3

), 103.01 (C-4 ), 63.13 (OMe),

thiophene thiophene

60.05 (OMe), 57.70 (NCH,thiophene), 53.67 (C-3 and C-5),
45.78 (C-2 and C-6). MS (m/z): 242.4 (*M).
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