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Abstract—Here, we described a facile method for synthesis of novel 1-piperidinyl and 1-piperazinyl-3-thi-
oxo-6,7-dihydro-5H-cyclopenta[c]pyridine-4-carbonitrile compounds as well as the previously synthesized
1-morpholinyl derivative by the reaction of 3-amino-1-thioxo-1,5,6,7-tetrahydro cyclopenta[c]thiopyran-4-
carbonitrile with piperidine, piperazine and morpholine, respectively through Dimorth rearrangement. A
series of new 1-amino-2-substituted-5-morpholinyl-7,8-dihydro-6H-cyclopenta[d]thieno[2,3-c]pyridine
was synthesized by the reaction of the morpholinyl cyclopenta[c]pyridine thione with α-halogenated car-
bonyl compounds namely: ethyl chloroacetate, chloroacetone and ω-bromoacetophenone via two synthetic
routes. The ethyl 1-amino-5-morpholin-4-yl-7,8-dihydro-6H-cyclopenta[d]thieno[2,3-b]pyridine-2-car-
boxylate was utilized as a powerful precursor for the synthesis of novel heterocycles containing cyclo-
penta[d]thieno[2,3-c]pyridine moiety. Hydrazinolysis of the amino thienopyridine carboxylate ester with
hydrazine hydrate 99% upon reflux under solvent-free conditions produced the corresponding amino-carbo-
hydrazide, which was used as a versatile intermediate to prepare new heterocyclic systems. The chemical
structures of all newly synthesized compounds were elucidated based on their elemental and spectral analy-
ses. Furthermore, some of these compounds revealed promising anti-inflammatory activity using carra-
geenan-induced rat paw edema assay compared with indomethacin as a reference drug.
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INTRODUCTION

Pyridines and cyclopentapyridines are abundant
scaffolds in nature and privileged compounds in
medicinal and agricultural chemistry. Cyclopentapyr-
idines are considered the major structure of many nat-
urally occurring monoterpenoid alkaloids namely
tecomanine [1], (+)-oxerin, actinidine [2] (-)-plec-
trodorine [3, 4], skytanthine [5, 6], as well as anti-can-
cer and anti-androgenic alkaloids louisianins A–D [7,
8]. Some cyclopenta[c]pyridine species revealed a sig-
nificant affinity for the central nicotinic receptor [9]
and also were found to be effective precursors for the
synthesis of anticancer alkaloid camptothecin analo-
gous [10]. Furthermore, thienopyridine compounds
play an essential role in heterocyclic chemistry and
display broad spectrum of therapeutic activities. Cer-
tain thieno[2,3-b]pyridines exhibit anti-inflammatory
[11], antibacterial [12], antifungal [13], antiviral [14],
anticancer [15], antihypertensive [16], antidepressant
[17], neurotropic [18] and immune-stimulating activ-
ities [19].

On the other hand, thienopyrimidines are com-
monly utilized in a variety of applications in medicinal
chemistry. Thienopyrimidine derivatives proved to
possess several pharmaceutical activities as anti-
inflammatory [20], antimicrobial [21], antitumor
[22], anti-allergic [23], antioxidant [24], antiviral [25],
antiplatelet [26] and antihypertensive properties [27].

In the light of the prior biological importance of
cyclopentapyridine [28, 29], thienopyridine and
thienopyrimidine, and in a resumption of our program
for the synthesis of novel biologically active heterocy-
cles involving thienocyclopentapyridine and thieno-
tetrahydro- isoquinoline moieties [30–38]. In the cur-
rent investigation, we have synthesized novel 1-piper-
idinyl and 1-piperazinyl-3-thioxo-6,7-dihydro-5H-
cyclopenta[c]pyridine-4-carbonitrile compounds as well
as a series of new cyclopenta[d]thieno[2,3-b]pyridines
and cyclopenta[4'',5'']pyrido[3',2':4,5]thieno[3,2-d]-
pyrimidines.

As demonstrated, non-steroidal anti-inflamma-
tory drugs (NSAIDs) are the most important medi-
cines used for reducing pain and swelling accompa-
nied by inflammation. However, the long-term clini-1 Corresponding author: e-mail: rasal@aun.edu.eg.
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cal usage of NSAIDs is associated with remarkable
side effects including bleeding, gastrointestinal lesions
and nephrotoxicity [39–41]. Therefore, one of the
main objectives of our research is the synthesis of new
heterocyclic compounds that could be used as new
anti-inflammatory drugs. Hence, the assumed prom-
ising biological activities of the cyclopentapyridine
and thienopyridine encouraged us to investigate the
in vivo anti-inflammatory activities of cyclopentapyr-
idothienopyrimidine heterocycles in comparison with
the indomethacin standard drug. The results showed a
promising activity to reduce the severity of foot edema
caused by carrageenan.

RESULTS AND DISCUSSION
Based on the inspiring proficiency and continuous

attempts to synthesize new heterocyclic compounds
having promising biological activity, herein, we repre-
sented the synthesis of new heterocycles fused or
attached to the cyclopentathienopyridine moiety,
namely: pyrimidine, pyrazole, and pyrrole ring sys-
tems. The previously described method was used to
synthesize 3-amino-1-thioxo-1,5,6,7-tetrahydrocy-

clopenta[c]thiopyran-4-carbonitrile (I) and its con-
version into cyclopentathienopyridine derivatives via
Dimroth rearrangement utilizing alkaline medium
[30]. This transformation was reported in this paper
employing various amines namely: morpholine,
piperidine, and piperazine to give 1-(substituted)-3-
thioxo-2,3,6,7-tetrahydro-5H-cyclopenta[c]pyridine-
4-carbonitrile (IIa–c). Compound (IIa) was used as
an important intermediate in the synthesis of several
novel heterocyclic compounds containing thienocy-
clopentapyridine and cyclopentapyridothieno pyrimi-
dine moieties (Scheme 1). IR spectrum of compound
(IIb) revealed the appearance of absorption band at
3350 cm–1 specific for NH group and disappearance
of NH2 band in the initial compound (I).1H NMR of
(IIb) in DMSO-d6 exhibited singlet signal at
11.70 ppm unique for NH group. Furthermore, IR of
(IIc) represented two absorption bands at 3440 and
3247 cm–1 typical for NH pyridine and NH pipera-
zine. 1H NMR displayed two singlet signals at 6.69
and 11.76 ppm attributed to NH piperazine and NH
pyridine, respectively (Scheme 1).

Scheme 1. Dimorth rearrangement of the 3-amino cyclopenta[c]thiopyran-4-carbonitrile (I) 
to the 1-substituted cyclopenta[c]pyridine-3-thione compounds (IIa–c).

A sequence of 1-amino-2-substituted-5-(mor-
pholin-4-yl)-7,8-dihydro-6H-cyclopenta[c]thieno-
[2,3-b]pyridine derivatives (IVa–c) was synthesized by
two distinct methodologies. The first methodology is
represented by the reaction of 1-morpholinyl cyclo-
pentapyridine thione (IIa) with various alkylating
agents such as ethyl chloroacetate, chloroacetone, and
phenacyl bromide in refluxing ethanol and fused
sodium acetate to afford the sulfanyl derivatives (IIIa–
c). Compounds (IIIa–c) underwent Thorpe-Ziegler
cyclization upon treatment with ethanolic sodium
ethoxide solution to afford the target bi-functionally
cyclopenta[d]thieno[2,3-b]pyridines (IVa–c) in
quantitative yields. Compounds (IVa–c) were directly
obtained via an alternative methodology through the
reaction of pyridinethione (IIa) with the described
alkylating agents in ethanol and the presence of anhy-
drous potassium carbonate. The products obtained by

the two pathways were identical in all features and
their structures were elucidated by elemental and
spectral analyses. FT-IR analysis of compound (IVa)
indicated the absence of the CN group’s absorption
band at 2205 cm–1 in compound (IIIa) and appear-
ance of two bands at 3472, 3357 cm–1 characteristic to
NH2 in addition to a band at 1660 cm–1 unique for α,
β-unsaturated CO of ester group. 1H NMR displayed
triplet and quartet signals at 1.37 and 4.31 ppm
attributed to the ethoxyl group as well as singlet signal
at δ 5.93 ppm distinctive for NH2 group instead of a
signal at 3.92 ppm characteristic for SCH2 group in the
starting material. 13C NMR exhibited a signal at δ
165.89 ppm particular for CO of the ester group. Also,
the mass spectrum of the amino ester (IVa) showed a
molecular ion peak and base peak at 347.19 (Scheme 2).
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Scheme 2. Synthesis of 1-amino-2-substituted-5-morpholinyl cyclopenta[d]thieno[2,3-b]pyridines (IVa–c) 
by two alternative methods.

The ethyl 1-amino-5-morpholin-4-yl-7,8-dihy-
dro-6H-cyclopenta[d]thieno[2,3-b]pyridine-2-car-
boxylate (IVa) was utilized as a multipurpose precur-
sor for synthesis of other novel heterocyclic com-
pounds containing cyclopenta[d]thieno[2,3-b]-
pyridine ring system. Thus, hydrazinolysis of the ester
group in compound (IVa) with hydrazine 99% under
solvent-free conditions afforded the corresponding
amino-carbohydrazide (V) in a moderate yield. Eluci-
dation of the chemical structure of compound (V) was
confirmed by elemental and spectral investigation.
FT-IR exhibited absorption bands at 3472, 3357, 3336,
and 3263 cm–1 specific for NH and 2NH2 groups
accompanied with the disappearance of bands charac-
teristic of the carbonyl ester group and appearance of
absorption band at 1660 cm–1 typical for amidic CO
group instead. 1H-NMR of the carbohydrazide (V) in
DMSO-d6 showed two singlet signals at δ 4.33 and
6.56 ppm particular for 2NH2 and a singlet signal at
8.76 ppm attributed to NH group. Mass spectrum
exhibited a molecular ion peak at 333.16. Additionally,
reaction of the amino-ester (IVa) with 2,5-dimethoxy-
tetrahydrofuran in acetic acid yielded the pyrrolyl ester
derivative (VI). The structure of compound (VI) was
proved by elemental and spectral analyses. FT-IR pre-

sented the disappearance of bands characteristic of
NH2 group in compound (IVa). 1H-NMR spectrum in
DMSO-d6 affirmed two multiplet signals at δ 6.23 and
6.87 ppm distinctive for 4CH groups of pyrrolyl pro-
tons. In an analogous manner, the reaction of the pyr-
rolyl ester (VI) with hydrazine hydrate afforded the
pyrrolyl carbohydrazide (VII) in an excellent yield.
When the amino-ester (IVa) was allowed to react with
chloroacetyl chloride in dioxane at 70–80°C followed
by neutralization with diluted sodium carbonate solu-
tion, the chloroacetyl amino derivative (VIII) was
obtained. FT-IR analysis of compound (VIII) indi-
cated the presence of absorption band at 3210 cm–1

particular for NH group as well as bands at 1708 and
1681 cm–1 attributed to CO ester and CO amide,
respectively. 1H-NMR in DMSO-d6 emphasized sin-
glet signal at δ 10.29 ppm particular for NH. 13C NMR
revealed signal at 161.90 and 166.30 distinctive for CO
ester and the amidic CO, respectively.

The suggested fragmentation pattern of the
1-amino-2-acetyl-5-morpholin-4-yl-7,8-dihydro-6H-
cyclopenta[c]thieno[2,3-b]pyridine (IVb) is displayed
as follows in Scheme 3.
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Scheme 3. Fragmentation pattern of compound (IVb).

Subsequently, the reaction of chloroacetyl amino
(VIII) with potassium thiocyanate in ethanol afforded
a new tetracyclic ring system namely: ethyl 2-((4-mor-
pholin-4-yl-7-oxo-2,3,7,8-tetrahydro-1H-cyclopenta-
[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-9-yl)-
sulfanyl) acetate (IX) in one step. FT-IR spectrum
showed an absorption band at 3435 cm–1 that is char-
acteristic of NH as well as bands at 1739 and 1697 cm–1

unique to CO ester and CO pyrimidine, respectively.
1H NMR in DMSO-d6 displayed triplet and quartet
signals at δ 1.20, 4.17 ppm specific for the ethyl ester as
well as singlet signal at δ 4.14 ppm distinctive for SCH2
group. The cholroacetyl amino (VIII) underwent a
nucleophilic substitution reaction with aniline to give
the aryl aminoacetyl-thienopyridine derivative (X).
The structure of compound (X) was elucidated by FT-IR
and 1H-NMR spectra. FT-IR of compound (X)
showed two absorption bands at 3441 and 3179 cm–1

unique for 2NH. 1H NMR in DMSO-d6 demon-
strated a singlet signal at δ 3.92 ppm distinctive for

CH2 and two singlet signals at δ 6.13 and 9.96 ppm
particular for NH-Ph and CONH. 13C NMR of com-
pound (X) revealed two signals at 162.16 characteristic
for CO ester and at 171.35 ppm attributed to amidic
CONH group (Scheme 4).

The proposed reaction mechanism for formation of
the ethyl cyclopentapyridothienopyrimidinyl sulfanyl
acetate (IX) from chloroacetylamino derivative (VIII)
was suggested to proceed by nucleophilic substitution
of the chlorine atom in compound (VIII) with the car-
bonitrile group to afford the non-isolated intermediate
A. Next, nucleophilic addition of NH to the CN group
yielded the imino thiazolidine intermediate B. Finally,
formation of the target ethyl oxopyrimidine sulfanyl
acetate compound (IX) was carried out by a nucleop-
hilic addition of NH of thiazolidinone to the ester
group accompanied with removing the ethoxyl group
as an excellent leaving group, acting as a strong nucle-
ophile to break the thiazolidinone as depicted in the
following Scheme 5.
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Scheme 4. Reaction of amino ester (IVa) with hydrazine hydrate, 2,5-dimethoxytetrahydrofuran 
and chloroacetyl chloride affording the synthesized compounds (V), (VI) and (VIII).

Scheme 5. Mechanism of formation the ethyl pyridothienopyrimidinyl mercapto acetate (IX) 
from chloroacetyl amino derivative (VIII).
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Alternatively, the o-amino carbohydrazide com-
pound (V) was utilized as a versatile precursor for the
synthesis of novel cyclopenta[d]thieno[2,3-b]pyridine
and cyclopenta[4'',5'']pyrido[3',2':4,5]thieno[3,2-
d]pyrimidine heterocycles. Condensation of the car-
bohydrazide (V) with 1,3-dicarbonyl compounds
namely: ethyl acetoacetate and acetylacetone afforded
the corresponding pyrazolyl derivatives (XII), (XIII).
Thus, the reaction of the amino carbohydrazide (V)
with ethyl acetoacetate yielded the corresponding
hydrazone (XI), which underwent heterocyclization to
the pyrazolone derivative (XII) upon heating in acetic
acid and catalytic drops of conc. sulfuric acid. Forma-
tion of compounds (XI) and (XII) was established by
FT-IR and 1H NMR spectra. FT-IR of (XI) exhibited
absorption band at 1728 cm–1 attributed to CO ester
group. 1H NMR in CDCl3 revealed the presence of
triplet and quartet signals at δ 1.29 and 4.21 ppm
attributed to CH3 and CH2 of the ethoxy group. Con-
sequently, the FT-IR spectrum of pyrazolone com-
pound (XII) exhibited absorption band at 1644 cm–1

for CO group. 1H NMR in DMSO-d6 displayed singlet
signal at δ 2.90 specific for CH2 pyrazole. Analo-
gously, condensation of (V) with acetylacetone in eth-
anol afforded the dimethyl pyrazolyl derivative (XIII).
FT-IR of (XIII) presented absorption bands at 3447
and 3342 cm–1 distinctive for NH2 group and at 1639
for CO group. 1H-NMR in DMSO-d6 showed two
singlet signals at δ 1.85 and 2.02 ppm for 2CH3 groups
attached to pyrazole and singlet signal at δ 6.29
endorsed to CH pyrazole.

The amino-carbohydrazide (V) was reacted with
triethyl orthoformate in ethanol in the presence of cat-
alytic drops of acetic acid to afford the ethoxymethy-
leneaminopyridothieno- pyrimidinone (XIV). The
structure of compound (XIV) was confirmed by ele-
mental and spectral data. FT-IR exhibited an absorp-
tion band at 1686 cm–1 specific for C=O. 1H-NMR in
CDCl3 displayed triplet and quartet signals at δ 2.12,
3.36 ppm unique for the ethyl group as well as two sin-
glet signals at δ 11.35 and 8.44 ppm characteristic for
CH pyrimidine and CH=N groups, respectively.

Condensation of the carbohydrazide (V) with
benzaldehyde in ethanol gave the corresponding
Schiff’s base (XV). FT-IR spectrum of compound
(XV) showed absorption bands at 3465, 3313, and
3139 cm–1 unique for NH, NH2 groups and at
1628 cm–1 specific for amidic CO group. 1H-NMR in
DMSO-d6 emphasized singlet signal at 11.22 ppm dis-
tinctive for NH group as well as multiplet signals at δ
7.43–7.79 ppm characteristic for aromatic protons.

The arylidene hydrazone (XV) was cyclized using
acetic anhydride or triethyl orthoformate to give the
corresponding pyridothienopyrimidinone derivatives
(XVI) and (XVII). FT-IR of the latter compounds

exhibited disappearance of band characteristic for
NH2 group. The 1H-NMR of compound (XVI)
revealed singlet signals at δ 1.21 ppm specific for CH3
pyrimidine and at δ 8.98 ppm characteristic of CH
benzylidene. Also, the 1H-NMR spectrum of com-
pound (XVII) showed singlet signals at δ 8.62 and
9.27 ppm characteristic of CH benzylidene and CH
pyrimidine (Scheme 6).

Biological Screening

Nonsteroidal anti-inflammatory medicines
(NSAIDs) are a class of pharmaceuticals that have
been approved by the FDA for use as antipyretic, anti-
inflammatory, and analgesic agents. Because of these
effects, NSAIDs can be used to treat muscle pain, dys-
menorrhea, arthritic, pyrexia, gout, and migraines
diseases as well as opioid-sparing medicines in some
acute trauma instances. So, one of the essential targets
of our research is a synthesis of novel heterocycles hav-
ing predominant importance in biological and medic-
inal chemistry. As a result, the projected promising
biological activities of cyclopentathienopyridines
pressured us to study the anti-inflammatory signifi-
cance of cyclopentathienopyridine heterocycles in
comparison to standard pharmaceuticals.

In the present study, we focused on comparing the
anti-inflammatory impacts between compounds hav-
ing similar functional groups and carrying the same
cyclopentathienopyridine moiety to effectively
emphasize the structure-activity relationship (SAR)
among them. The anti-inflammatory activity assess-
ment for some of the newly synthesized cyclopenta-
thienopyridine compounds was measured at 1, 2, 3,
and 4 h after carrageenan injection. Indomethacin was
used as authentic drug. The data which was listed in
(Tables 1, 2 and Figs. 2, 3) indicated that all the tested
compounds (IVa), (VIII), (XIII), (XIV) and (XV)
revealed promising anti-inflammatory effects. It is
worthy to be mentioned that compound (XIV)
revealed the highest anti-inflammatory activity with
paw edema inhibition very close to indomethacin
during the period of the experiment (1–4 h). Com-
pounds (VIII), (XIII), (XIV) and (XV) displayed rapid
and significant activity, while (IVa) showed moderate
effect comparable to indomethacin after 30 min.
Compounds (VIII) and (XIV) exhibited the best effec-
tiveness after 1 and 2 h of treatment. After 3 h, com-
pounds (VIII), (XIII) and (XIV) revealed excellent
performance with similar edema inhibition to the ref-
erence drug, whereas compounds (IVa) and (XV) pre-
sented moderate effects parallel to indomethacin.
After 4 hrs, all the examined compounds revealed
highly promising anti-inflammatory efficacy exclud-
ing compound (XV) comparable to indomethacin.
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Scheme 6. Synthesis of new pyrazolyl cyclopentathienopyridine compounds (XII), (XIII) 
and the novel tetracyclic cyclopentapyridothienopyrimidine heterocycles (XVI), (XVII).

Practically, carrageenan-induced paw edema was a
prototype of the exudative phase of inflammation. The
development of edema was described as biphasic, the
initial phase is due to the release of mediators of
inflammation like histamine, serotonin, dopamine
and kinens in the first hour, however, the more pro-
nounced second phase is related to prostaglandins
release in 2–3 h. Consequently, the significant anti-
inflammatory effect of compounds (IVa), (VIII),
(XIII), (XIV) and (XV) may be due to the inhibitory
effect exerted predominately on the mediators of
inflammation [44–46].

EXPERIMENTAL
All melting points are uncorrected and measured

on a Fisher–John apparatus. Elemental analyses were
carried out at the Micro Analytical Center of Chemis-
try Department, Assiut University. Their results were
found to be in good agreement (±0.2%) with the cal-
culated values. FT-IR spectral analyses were recorded
using potassium bromide disks on a FT-IR 820/PC
Shimadzu. 1H NMR and 13C NMR spectra for com-
pounds (IVa), (VII), (VIII), (IX), (X), (XI), (XIII),
(XIV), (XV), (XVI) and (XVII) were obtained on
Bruker (1H NMR: 400 MHz, 13C NMR 100 MHz) as
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Table 1. Anti-inflammatory activity of tested compounds (IVa, VIII, XIII, XIV and XV) using acute carrageenan-induced
paw edema in rats (statistical analysis)

Swel, mean difference in rat paw volume between the right and left paw ± S.E.; % inhibition, a Dose 20 μmol/kg. b n = 6. c Statistically
significant from the indomethacin at p < 0.05. d Potency was expressed as % edema inhibition of the tested compounds relative to %
edema inhibition of indomethacin (reference drug).

Time (min)
Compounds

Paw edema inhibition (Swel ± S.E.M.)a, b, c, %

30 60 120 180 240

edema induced by carrageenan (% edema inhibition relative to control)

(IVa) 0.72 ± 0.02 0.68 ± 0.0 3 0.63 ± 0.03 0.55 ± 0.03 0.45 ± 0.05
(VIII) 0.70 ± 0.00 0.65 ± 0.08 0.50 ± 0.00 0.43 ± 0.03 0.43 ± 0.03
(XIII) 0.70 ± 0.00 0.67 ± 0.03 0.55 ± 0.05 0.43 ± 0.03 0.45 ± 0.03
(XIV) 0.67 ± 0.06 0.59 ± 0.00 0.42 ± 0.03 0.42 ± 0.03 0.40 ± 0.00
(XV) 0.70 ± 0.00 0.69 ± 0.00 0.68 ± 0.03 0.67 ± 0.03 0.65 ± 0.03
Indomethacin 0.67 ± 0.02 0.57 ± 0.03 0.38 ± 0.03 0.37 ± 0.03 0.36 ± 0.02
Control 0.73 ± 0.02 0.70 ± 0.00 0.76 ± 0.00 0.77 ± 0.02 0.76 ± 0.05

Table 2. Paw edema inhibition (%) for compounds (IVa, VIII, XIII, XIV and XV)

Compounds
Time (min)

Anti-inflammatory activity, % inhibition 

(IVa) (VIII) (XIII) (XIV) (XV) indomethacin

30 38.35 41.09 41.09 45.20 41.09 45.20
60 45.71 50.00 47.14 58.57 44.28 61.42

120 48.68 65.78 59.21 76.32 42.12 81.58
180 58.44 74.03 74.03 75.32 42.85 81.81
240 72.37 75.00 72.37 78.94 46.05 84.21
well as Varian Mercury VX-300 NMR (1H NMR:
300MHz, 13C NMR 75 MHz) spectrometers for com-
pounds (IIb), (IIc), (IIIa–c), (IVb), (IVc), (V), (VI)
and (XII) in CDCl3 and DMSO-d6 using tetramethyl
silane (TMS) as an internal standard (chemical shifts
were expressed in ppm). All the reactions were moni-
tored by thin layer chromatography (TLC) technique
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Fig. 1. Some naturally occurring monoterpenoid
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on silica gel coated on aluminum sheets (Silica Gel
60F254 Merck) using UV light. All reactions were car-
ried out under an air atmosphere. Mass spectra were
obtained on ISQ 7000 (70 eV) apparatus at Chemistry
Department Lab, Faculty of Science, Assiut Univer-
sity. Using the computer Chem Draw professional
13.0, the structures of all produced compounds were
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 alkaloids containing cyclopentapyridine moiety.
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Fig. 2. The relationship of Paw edema inhibition (mm) with time (min).
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Fig. 3. Aplot of paw edema inhibition (%) with time (min).
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drawn and named. Compound (IIa) was produced
using a procedure reported in the literature [30].

Synthesis of compound (IIa,c). General procedure.
A solution of the 3-amino-1-thioxo-1,5,6,7-tetrahy-
drocyclopenta[c]thiopyran-4-carbonitrile (I) (10.00 g,
0.05 mol) and different amines (0.05 mol) was
refluxed under solvent-free conditions for 1.5 h or
until H2S gas was ceased. The solid precipitate that
formed on cooling, was filtered off, dried and recrys-
tallized from the proper solvent.

1-(Piperidin-1-yl)-3-thioxo-3,5,6,7-tetrahydro-2H-
cyclopenta[c]pyridine-4-carbonitrile (IIb). Produced
as brown crystals in 64% (8.0 g) yield, mp 128–130°C.
FT-IR: 3350 (NH), 2204 (CN), 2929, 2850 (CH ali-
phatic) and 1253 (C=S). 1H NMR (DMSO-d6): 1.68
(m, 6H, 3CH2: C3–C5 piperidinyl), 2.01 (m, 2H,
CH2: C6 cyclopenteno), 2.84 (m, 2H, CH2: C7 cyclo-
penteno), 3.16 (m, 2H, CH2: C5 cyclopenteno), 3.52
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
(m, 4H, 2CH2: (CH2)2N: C2 and C6 piperidinyl),
11.70 (s, 1H, NH). Anal. Calcd. for C14H17N3S
(259.37): C, 64.83; H, 6.61; N, 16.20; S, 12.36%.
Found C, 64.78; H, 6.57; N, 16.16; S, 12.31%.

1-(Piperazin-1-yl)-3-thioxo-3,5,6,7-tetrahydro-2H-
cyclopenta[c] pyridine-4-carbonitrile (IIc). Produced
as pale brown crystals in 72% (9.00 g) yield, mp 160–
162°C. FT-IR: 3440, 3247 (2NH) and 2206 (CN).
1H NMR (DMSO-d6): 1.88 (m, 6H, 3CH2: C5–C7
cyclopenteno), 2.71 (m, 4H, 2CH2: C3 and C5
(CH2)2NH piperazinyl), 3.41 (m, 4H, 2CH2: C2 and
C6 (CH2)2N piperazinyl), 6.69 (s, 1H, NH pipera-
zine), 11.76 (s, 1H, NH pyridine). Anal. Calcd. for
C13H16N4S (260.36): C, 59.97; H, 6.19; N, 21.52; S,
12.31%. Found C, 59.93; H, 6.25; N, 21.47; S, 12.25%.

Synthesis of compounds (IIIa–c). General proce-
dure. A mixture of compound (IIa) (3.00 g, 15 mmol),
alkylating agent (e.g. ethyl chloroacetate, chloroace-
ol. 48  Suppl. 1  2022
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tone, and phenacyl bromide) (15 mmol) in ethanol
(40 mL) and fused sodium acetate (3.00 g, 3.40 mmol)
was refluxed for 1 hr. Then the reaction mixture was
allowed to cool. The solid precipitate formed was fil-
tered off, dried, and recrystallized from ethanol.

Ethyl 2-((4-cyano-1-morpholin-4-yl-6,7-dihydro-
5H-cyclopenta[c]pyridin-3-yl) thio)acetate (IIIa).
Produced as yellow crystals in 75% (3.00 g) yield, mp
120–122°C. FT-IR: 2981, 2964, 2850 (CH aliphatic),
2205 (CN) and 1748 (CO ester). 1H NMR (CDCl3):
1.27 (t, J = 7.00 Hz, 3H, CH3 ester), 2.12 (m, 2H,
CH2: C6 cyclopenteno), 2.92 (m, 4H, 2CH2: C5 and
C7 cyclopenteno), 3.61 (m, 4H, 2CH2: (CH2)2N mor-
pholinyl), 3.79 (m, 4H, 2CH2: (CH2)2O morpholinyl),
3.92 (s, 2H, CH2CO) and 4.19 (q, J = 7.10 Hz, 2H,
CH2 ester). Anal. Calcd. for C17H21N3O3S (347.43): C,
58.77; H, 6.09; N, 12.09; S, 9.23%. Found: C, 58.73;
H, 6.14; N, 12.174; S, 9.19%.

Morpholin-4-yl-3-((2-oxopropyl)thio)-6,7-dihydro-
5H-cyclopenta[c]pyridine-4-carbonitrile (IIIb). Pro-
duced as yellow crystals in 89% (3.20 g) yield, mp
140–142°C. FT-IR: 2965, 2944, 2850 (CH aliphatic),
2204 (CN) and 1717 (CO acetyl). 1H NMR (CDCl3):
2.12 (m, 2H, CH2: C6 cyclopenteno), 2.28 (s, 3H,
COCH3) 2.92 (m, 4H, 2CH2: cyclopenteno), 3.58 (m,
4H, 2CH2: (CH2)2N morpholinyl), 3.77 (m, 4H,
2CH2: (CH2)2O morpholinyl) and 3.85 (s, 2H,
CH2CO). Anal. Calcd. for C16H19N3O2S (317.41): C,
60.55; H, 6.03; N, 13.24; S, 10.10 Found: C, 60.49; H,
6.09; N, 13.30; S, 10.04%.

1-Morpholin-4-yl-3-((2-oxo-2-phenylethyl)thio)-
6,7-dihydro-5H-cyclopenta[c]pyridine-4-carbonitrile
(IIIc). Produced as yellow crystals in 95% (4.20 g)
yield, mp 210–212°C. FT-IR: 2969, 2905, 2841 (CH
aliphatic), 2200 (CN) and 1689 (CO benzoyl).
1H NMR (CDCl3): 2.11 (m, 2H, CH2: C6 cyclopen-
teno), 2.85 (m, 2H, CH2: C7 cyclopenteno), 2.93 (m,
2H, CH2: C5 cyclopenteno), 3.35 (m, 4H, 2CH2:
(CH2)2N morpholinyl), 3.52 (m, 4H, 2CH2: (CH2)2O
morpholinyl), 4.62 (s, 2H, CH2 benzoyl) and 7.50–
8.06 (m, 5H, ArH). Anal. Calcd. for: C21H21N3O2S
(379.48). C, 66.47; H, 5.58; N, 11.07; S, 8.45%.
Found: C, 66.41; H, 5.52; N, 11.10; S, 8.50%.

Synthesis of compound (IVa–c). General procedure.
Method a: To a solution of the appropriate 1-mor-
pholin-4-yl-3-(alkylthio)-6,7-dihydro-5H-cyclopenta-
[c]pyridin-4-carbonitrile (IIIa–c) (0.01 mol) in abso-
lute ethanol (25 mL), few drops of sodium ethoxide
solution (prepared from 0.50 g of divided clean sodium
in ethanol (20 mL) was added and the mixture was
refluxed for 15 min and then left to cool. The solid
product was filtered off, dried, and recrystallized from
ethanol. Method b: A mixture of compound (IIb)
(2.75 g, 0.01 mol), alkylating agent (0.01 mol) and
anhydrous potassium carbonate (3.00 g.0.02 mol) in
ethanol (40 mL) was refluxed for 3 h, then was allowed
RUSSIAN JOURNAL OF B
to cool. The solid precipitate was filtered off, dried,
and recrystallized from ethanol.

Ethyl 1-amino-5-morpholin-4-yl-7,8-dihydro-6H-
cyclopenta[d]thieno[2,3-b]pyridine-2-carboxylate (IVa).
Produced as white crystals in 91% (2.50 g) yield, mp
160–162°C. FT-IR: 3472, 3357 (NH2), 2958, 2917,
2896 (CH aliphatic) and 1660 (α,β-unsat. CO).
1H NMR (CDCl3): 1.37 (t, J = 7.20 Hz, 3H, CH3
ester), 2.21 (m, 2H, CH2: C7 cyclopenteno), 2.9 (m,
2H, CH2: C6 cyclopenteno), 3.24 (m, 2H, CH2: C8
cyclopenteno), 3.49 (m, 4H, 2CH2: (CH2)2N mor-
pholinyl), 3.82 (m, 4H, 2CH2: (CH2)2O morpholinyl),
4.31 (q, J = 7.20 Hz, 2H, CH2 ester) and 5.93 (s, 2H,
NH2). 13C NMR (DMSO-d6): 14.57, 25.48, 31.45,
31.99, 48.12, 60.13, 66.97, 117.37, 124.08, 148.30,
150.32, 158.35, 159.03, 165.89 ppm. EI-MS (m/z):
347.19 [M+]. Anal. Calcd. for C17H21N3O3S (347.43):
C, 58.77; H, 6.09; N, 12.09; S, 9.23%. Found: C,
58.73; H, 6.05; N, 12.14; S, 9.18%.

1-(1-Amino-5-morpholin-4-yl-7,8-dihydro-6H-
cyclopenta[d]thieno[2,3-b]pyridin-2-yl)ethan-1-one
(IVb). Produced as green crystals in 80% (2.20 g) yield,
mp 168–170°C. FT-IR: 3435, 3290 (NH2), 2959,
2849 (CH aliphatic), 1574 (COCH3) cm–1. 1H NMR
(CDCl3): 2.21 (m, 2H, CH2: C7 cyclopenteno), 2.38
(s, 3H, CH3 acetyl), 2.90 (m, 2H, CH2: C6 cyclopen-
teno), 3.20 (m, 2H, CH2: C8 cyclopenteno), 3.52 (m,
4H, 2CH2: (CH2)2N morpholinyl), 3.82 (m, 4H,
2CH2: (CH2)2O morpholinyl) and 6.75 (s, 2H, NH2)
ppm. 13C NMR (75 MHz, DMSO-d6): 25.34, 28.89,
32.10, 47.98, 66.92, 104.79, 116.88, 124.08, 149.04,
151.05, 159.11, 192.28. EI-MS (m/z): 317.18 [M+].
Anal. Calcd. for C16H19N3O2S (317.41): C, 60.55; H,
6.03; N, 13.24; S, 10.10%. Found: C, 60.49; H, 6.08;
N, 13.31; S, 10.03%.

(1-Amino-5-morpholin-4-yl-7,8-dihydro-6H-cyclo-
penta[d]thieno[2,3-b]pyridin-2-yl)(phenyl)methanone
(IVc). Produced as pale green crystals in 95% (2.60 g)
yield, mp 210–212°C. FT-IR: 3508, 3327 (NH2),
2959, 2913, 2840 (CH aliphatic), 1575 (COPh).
1H NMR (CDCl3): 2.23 (m, 2H, CH2: C7 cyclopen-
teno), 2.92 (m, 2H, CH2: C6 cyclopenteno), 3.27 (m,
2H, CH2: C8 cyclopenteno), 3.54 (m, 4H, 2CH2:
(CH2)2N morpholinyl), 3.82 (m, 4H, 2CH2: (CH2)2O
morpholinyl), 7.15–7.54 (m, 5H, ArH) and 7.87 (s,
2H, NH2). EI-MS (m/z): 379.17 [M+]. Anal. Calcd.
for C21H21N3O2S (379.48): C, 66.47; H, 5.58; N, 11.07;
S, 8.45%. Found: C, 66.40; H, 5.65; N, 11.02; S,
8.39%.

1-Amino-5-(morpholin-4-yl)-7,8-dihydro-6H-cyclo-
penta[d]thieno[2,3-b]pyridine-2-carbohydrazide (V).
The amino ester (IVa) (0.50 g, 1.40 mmol) and hydra-
zine hydrate 99% (2 mL, 0.06 mol) were fused under
solvent free conditions for 30 min then absolute etha-
nol (7 mL) was added dropwise. The reaction mixture
IOORGANIC CHEMISTRY  Vol. 48  Suppl. 1  2022
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was refluxed for additional 2 h. The solid product
formed during reflux was recrystallized from ethanol
to give pale yellow crystals in 52% (0.25 g) yield, mp
264–266°C. FT-IR: 3472, 3357, 3336, 3263 (NH,
2NH2), 2957, 2921, 2849 (CH aliphatic), 1660
(CONH). 1H-NMR (DMSO-d6): 2.07 (m, 2H, CH2:
C7 cyclopenteno), 2.84 (m, 2H, CH2: C6 cyclopen-
teno), 3.24 (m, 4H, 2CH2: (CH2)2N morpholinyl),
3.69 (m, 4H, 2CH2: (CH2)2O morpholinyl), 3.69 (m,
2H, CH2: C8 cyclopenteno),4.33 (s, 2H, NH2 carbo-
hydrazide), 6.56 (s, 2H, NH2 thieno), 8.76 (s, 1H,
CONH) ppm. EI-MS (m/z): 333.16 [M+]. Anal.
Calcd. for: C15H19N5O2S (333.41): C, 54.04; H, 5.74;
N, 21.03; S, 9.62%. Found: C, 54.10; H, 5.69; N,
21.10; S, 9.58.

Ethyl-5-morpholin-4-yl-1-(1H-pyrrolyl)-7,8-dihy-
dro-6H-cyclopenta[d]thieno[2,3-b]pyridine-2-car-
boxylate (VI). A mixture of amino ester compound
(IVa) (0.50 g, 1.40 mmol) and (0.2 mL, 1.50 mmol)
2,5-dimethoxytetrahydrofuran in acetic acid (2 mL)
was gently refluxed for 1h. The produced compound
which formed on cooling was filtered off, dried, and
recrystallized from ethanol as white crystals in 70%
(0.40 g) yield, mp 170–172°C. FT-IR: 2964, 2984,
2920, 2893 (CH aliphatic) and 1685 (CO ester).
1H NMR (DMSO-d6): 1.09 (t, 3H, J = 7.10 Hz, CH3
ester), 1.89 (m, 2H, CH2: C7 cyclopenteno), 2.27 (m,
2H, CH2: C6 cyclopenteno), 2.87 (m, 2H, CH2: C8
cyclopenteno), 3.46 (m, 4H, 2CH2: (CH2)2N mor-
pholinyl), 3.72 (m, 4H, 2CH2: (CH2)2O morpholinyl),
4.11 (q, 2H, J = 7.10 Hz, CH2 ester), 6.23 (m, 2H,
2CH: C3, C4 pyrrolyl) and 6.87 (m, 2H, 2CH: C2, C5
pyrrolyl). Anal. Calcd. for C21H23N3O3S (397.49): C,
63.47; H, 5.84; N, 10.57; S, 8.07%. Found: C, 63.43;
H, 5.90; N, 10.49; S, 8.02%.

5-Morpholin-4-yl-1-(1H-pyrrolyl)-7,8-dihydro-
6H-cyclopenta[d]thieno[2,3-b]pyridine-2-carbohy-
drazide (VII). A mixture of the pyrrolyl ester (VI) (0.50 g,
1.30 mmol) and hydrazine hydrate 99% (0.60 mL,
0.015 mol) was refluxed in ethanol for 3 h. The pro-
duced compound which formed while hot during
reflux was filtered off, dried, and recrystallized from
ethanol–dioxane (2 : 1) mixture as white crystals in
83% (0.4 g) yield, mp 230–232°C. FT-IR: 3374, 3319,
3116 (NH2, NH), 2961, 2920, 2848 (CH aliphatic) and
1645 (CO amide). 1H NMR (DMSO-d6): 2.09 (m,
2H, CH2: C2 cyclopenteno), 2.87 (m, 2H, CH2: C3
cyclopenteno), 3.44 (m, 2H, CH2: C1 cyclopenteno),
3.50 (m, 4H, 2CH2: (CH2)2N morpholinyl), 3.74 (m,
4H, 2CH2: (CH2)2O morpholinyl), 4.29 (s, 2H, NH2),
6.30 (m, 2H, 2CH: C3'',C4'' pyrrolyl), 6.94 (m, 2H,
2CH: C2'',C5'' pyrrolyl) and 7.73 (s, 1H, CONH).
13C NMR (DMSO-d6): 25.47, 29.42, 32.25, 48.31,
66.58, 110.32, 122.25, 123.75, 126.47, 127.15, 130.80,
150.95, 155.34, 157.68, 160.87. Anal. Calcd. for
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C19H21N5O2S (383.47): C, 59.51; H, 5.52; N, 18.26; S,
8.36%. Found: C, 59.46; H, 5.45; N, 18.33; S, 8.31%.

Ethyl 1-(2-chloroacetamido)-5-morpholin-4-yl-
7,8-dihydro-6H-cyclopenta[d]thieno[2,3-b]pyridine-
2-carboxylate (VIII). A suspension of the amino-ester
compound (IVa) (0.50 g, 1.40 mmol) and chloroacetyl
choride (0.8 mL, 0.01 mol) in dioxane (20 mL) was
heated on water bath at 70–80°C for 2 h. Then the
reaction mixture was allowed to cool and neutralized
with diluted sodium carbonate solution (10%) till just
alkaline. The solid product was collected and recrys-
tallized from ethanol as white crystals in 83% (0.50 g)
yield; mp 138–140°C. FT-IR: 3210 (NH), 2959, 2836
(CH aliphatic), 1708 (CO unsat. ester), 1681 (CO
amide). 1H NMR (DMSO-d6) δ (ppm): 1.31 (t, 3H,
J = 7.20 Hz, CH3 ester), 2.06 (m, 2H, CH2: C7 cyclo-
penteno), 2.92 (m, 2H, CH2: C6 cyclopenteno), 3.11
(m, 2H, CH2: C8 cyclopenteno), 3.47 (m, 4H, 2CH2:
(CH2)2N morpholinyl), 3.73 (m, 4H, 2CH2: (CH2)2O
morpholinyl), 4.28 (s, 2H, CH2Cl), 4.38 (q, 2H, J =
7.20 Hz, CH2 ester) and 10.29 (s, 1H, NH). 13C NMR
(DMSO-d6): 14.57, 25.42, 31.21, 32.34, 43.08, 48.13,
61.48, 66.59, 119.37, 122.07, 126.06, 133.82, 152.20,
156.84, 158.13, 161.90, 166.30. Anal. Calcd. for
C19H22ClN3O4S (423.91): C, 53.83; H, 5.23; Cl, 8.36;
N, 9.91; S, 7.56%. Found: C, 53.76; H, 5.28; Cl, 8.32;
N, 9.85; S, 7.60%.

Ethyl 2-((4-morpholin-4-yl-7-oxo-2 ,3,7,8-tetra-
hydro-1H-cyclopenta[4'',5'']pyrido[3',2':4,5]thieno-
[3,2-d]pyrimidin-9-yl)thio)acetate (IX). A mixture of
the chloro acetamido (VIII) (0.40 g, 1.00 mmol) and
slightly excess of potassium thiocynate (0.12 g,
1.25 mmol) in ethanol (5 mL) was refluxed for 2 h.
The solid product was collected and recrystallized
from ethanol–dioxane mixture (3 : 1) as white crystals
in 75% (0.30 g) yield, mp > 360°C. FT-IR: 3435
(NH), 2917, 2848 (CH aliphatic), 1739 (C=O unsat
ester), 1697 (CONH). 1H NMR (DMSO-d6): 1.20 (t,
3H, J = 7.10 Hz, CH3 ester), 2.12 (m, 2H, CH2: C2
cyclopenteno), 2.99 (m, 2H, CH2: C3 cyclopenteno),
3.38 (m, 2H, CH2: C1 cyclopenteno), 3.52 (m, 4H,
2CH2: (CH2)2N morpholinyl), 3.73 (m, 4H, 2CH2:
(CH2)2O morpholinyl), 4.14 (s, 2H, CH2CO), 4.17 (q,
2H, J = 7.10 Hz, CH2 ester), 13.02 (s, 1H, NH pyrim-
idinone). Anal. Calcd. for C20H22N4O4S2 (446.54): C,
53.68; H, 4.95; N, 12.55; S, 14.36%. Found: C, 53.61;
H, 4.88; N, 12.51; S, 14.41%.

Ethyl 5-morpholin-4-yl-1-(2-(phenylamino)acet-
amido)-7,8-dihydro-6H-cyclopenta[d]thieno[2,3-b]-
pyridine-2-carboxylate (X). The chloro acetamido
derivative (VIII) (0.50 g, 1.20 mmol) and aniline
(1.00 mL, 2.74 mmol) were refluxed in ethanol
(10 mL) for 2 h. The solid product which formed upon
cooling was filtered off, dried and recrystallized from
ethanol as white crystals in 75% (0.45 g) yield, mp
190–192°C. FT-IR: 3441, 3179 (2NH), 3043 (CH
ol. 48  Suppl. 1  2022
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aromatic), 2959, 2947, 2848 (CH aliphatic), 1696
(C=O ester), 1663 (CO amidic). 1H NMR (DMSO-d6):
1.28 (t, 3H, J = 7.00 Hz, CH3 ester), 1.97 (m, 2H,
CH2: C7 cyclopenteno), 2.88 (m, 2H, CH2: C6 cyclo-
penteno), 3.00 (m, 2H, CH2: C8 cyclopenteno), 3.46
(m, 4H, 2CH2: (CH2)2N morpholinyl), 3.73 (m, 4H,
2CH2: (CH2)2O morpholinyl), 3.92 (s, 2H, COCH2),
4.24 (q, 2H, J = 7.10 Hz, CH2 ester), 6.13 (s, 1H,
NHPh), 6.63–7.13 (m, 5H, ArH) and 9.96 (s, 1H,
NHCO). 13C NMR (DMSO-d6): 14.66, 25.46, 31.42,
32.30, 47.76, 48.12, 61.38, 66.58, 113.10, 117.22, 117.62,
122.19, 129.27, (134.73, 148.70, 152.51, 156.08, 158.08,
162.16, 171.35. Anal. Calcd. for C25H28N4O4S
(480.58): C, 62.48; H, 5.87; N, 11.66; S, 6.67%.
Found: C, 62.53; H, 5.91; N, 11.61; S, 6.60%.

Ethyl-3-(2-(1-amino-5-morpholino-7,8-dihydro-
6H-cyclopenta[d]thieno[2,3-b]pyridine-2-carbonyl)-
hydrazono)butanoate (XI). A solution of the carbohy-
drazide (V) (1.00 g, 3.00 mmol) and ethyl acetoacetate
(0.6 mL, 4.60 mmol) was refluxed in ethanol (10 mL).
The solid precipitate which separated out during
reflux was collected and recrystallized from ethanol as
yellow crystals in 71% (0.95 g) yield, mp 218–220°C.
FT-IR: 3493, 3339 (NH2), 3137 (NH), 2961, 2849
(CH aliphatic), 1728 (C=O ester), 1646 (C=O
amide). 1H-NMR (CDCl3): 1.29 (t, 3H, J = 6.80 Hz,
CH3 ester), 1.91 (s, 3H, CH3C=N), 2.10 (m, 2H, CH2:
C7 cyclopenteno), 2.88 (m, 2H, CH2: C6 cyclopen-
teno), 3.24 (m, 2H, CH2: C8 cyclopenteno), 3.39 (s,
2H, CH2), 3.49 (m, 4H, 2CH2: (CH2)2N mor-
pholinyl), 3.75 (m, 4H, 2CH2: (CH2)2O morpholinyl),
4.21 (q, 2H, J = 6.80 Hz, CH2 ester), 6.52 (s, 2H,
NH2), 8.70 (s, 1H, CONH). Anal. Calcd. for
C21H27N5O4S (445.54): C, 56.61; H, 6.11; N, 15.72; S,
7.20%. Found: C, 56.56; H, 6.05; N, 15.65; S, 7.14%.

2-(1-Amino-5-(morpholin-4-yl)-7,8-dihydro-6H-
cyclopenta[d]thieno[2,3-b]pyridine-2-carbonyl)-5-
methyl-2,4-dihydro-3H-pyrazol-3-one (XII). A mix-
ture of the butanoate ester (XI) (0.50 g, 1.10 mmol)
and acetic acid (2 mL) was refluxed for 1 h. The solid
precipitate which formed on hot during reflux was fil-
tered off, dried and recrystallized from ethanol as yellow
crystals in 89% (0.40 g) yield, mp 218–220°C. FT-IR:
3473, 3353 (NH2), 2932, 2965 (CH aliphatic), 1644
(C=O). 1H-NMR (DMSO-d6):1.91 (s, 3H, CH3), 2.11
(m, 2H, CH2: C7 cyclopenteno), 2.51 (m, 2H, CH2:
C6 cyclopenteno), 2.90 (s, 2H, CH2 pyrazole), 3.27
(m, 4H, 2CH2: (CH2)2N morpholinyl), 3.45 (m, 2H,
CH2: C8 cyclopenteno), 3.72 (m, 4H, 2CH2: (CH2)2O
morpholinyl), and 6.67 (s, 2H, NH2) ppm. Anal.
Calcd. for C19H21N5O3S (399.47): C, 57.13; H, 5.30;
N, 17.53; S, 8.03%. Found: C, 57.19; H, 5.24; N,
17.59; S, 8.09%.

(1-Amino-5-(morpholin-4-yl)-7,8-dihydro-6H-
cyclopenta[d]thieno[2,3-b]pyridin-2-yl)(3,5-dimethyl-
RUSSIAN JOURNAL OF B
1H-pyrazol-1-yl)methanone (XIII). The carbohydra-
zide (V) (0.40 g, 1.20 mmol) and acetylacetone
(0.70 mL, 7.0 mmol) were fused in absence of solvent
for 10 min., then ethanol was added, and the reaction
mixture was refluxed for 2 h. The solid precipitate
which separated out while hot during reflux was col-
lected and recrystallized from ethanol as yellow crys-
tals in 83% (0.40 g) yield, mp 258–260°C. FT-IR:
3447, 3342 (NH2), 2915, 2848 (CH aliphatic), 1639
(C=O). 1H-NMR (DMSO-d6): 1.85 (s, 3H, CH3: C5
pyrazolyl), 2.02 (m, 3H, CH3: C3 pyrazolyl), 2.02 (m,
2H, CH2: C7 cyclopenteno), 2.84 (m, 4H, 2CH2: C6
and C8 cyclopenteno), 3.26 (m, 4H, 2CH2: (CH2)2N
morpholinyl), 3.70 (m, 4H, 2CH2: (CH2)2O mor-
pholinyl), 6.29 (s, 1H, CH pyrazole), and 7.07 (s, 2H,
NH2). Anal. Calcd. for: C20H23N5O2S (397.50): C,
60.43; H, 5.83; N, 17.62; S, 8.07%. Found: C, 60.47;
H, 5.78; N, 17.56; S, 8.02%.

8-Ethoxymethylene-amino-4-(morpholin-4-yl)-7-
oxo-1,2,3,7-tetrahydro-8H-cyclopenta[4'',5'']pyrido-
[3',2':4,5]thieno[3,2-d]pyrimidin-7(8H)-one (XIV). A
suspension of the carbohydrazide (V) (0.50 g,
1.5 mmol) and triethyl orthoformate (2.00 mL,
13.50 mmol) was fused for 10 min., then few drops of
acetic acid were added. The solid precipitate that pro-
duced on hot during reflux was recrystallized from
ethanol as yellow crystals in 92% (0.55 g) yield, mp
288–290°C. FT-IR: 2986, 2857 (CH aliphatic), 1686
(C=O pyrimidine). 1H-NMR (DMSO-d6): 2.12 (t,
3H, J = 7.00 Hz, CH3 ester), 2.12 (m, 2H, CH2: C2
cyclopenteno), 2.51 (m, 2H, CH2: C3 cyclopenteno),
3.00 (m, 2H, CH2: C1 cyclopenteno) 3.36 (q, J = 7.00
Hz, 2H, CH2 ester), 3.56 (m, 4H, 2CH2: (CH2)2N
morpholinyl), 3.75 (m, 4H, 2CH2: (CH2)2O mor-
pholinyl), 8.44 (s, 1H, CHOEt) and 11.35 (s, 1H, CH
pyrimidine). Anal. Calcd. for C19H21N5O3S (399.47):
C, 57.13; H, 5.30; N, 17.53; S, 8.03%. Found: C, 57.20;
H, 5.36; N, 17.48 S, 8.08%.

N '-Benzylidene-(1-amino-5-(morpholin-4-yl)-
7,8-dihydro-6H-cyclopenta[d]thieno[2,3-b]pyridin-
2-yl)-carbohydrazide (XV). A mixture of the carbohy-
drazide (V) (2.00 g, 6.0 mmol) and benzaldehyde
(1.0 mL, 9.40 mmol) in ethanol (10 mL) was refluxed
for 1 h. The solid product formed on hot during reflux
was collected and recrystallized from dioxane to give
canary yellow crystals in 92% (2.30 g) yield, mp 270–
272°C. FT-IR: 3465, 3313, 3139 (NH, NH2), 1628
(C=O amide), 1570 (C=N). 1H-NMR (DMSO-d6):
2.10 (m, 2H, CH2: C7 cyclopenteno), 2.87 (m, 2H,
CH2: C6 cyclopenteno), 3.29 (m, 2H, CH2: C8 cyclo-
penteno), 3.57 (m, 4H, 2CH2: (CH2)2N morpholinyl),
3.73 (m, 4H, 2CH2: (CH2)2O morpholinyl), 7.18 (s,
2H, NH2), 7.43–7.79 (m, 5H, ArH), 8.08 (s, 1H, CH
benzylidene), 11.22 (s, 1H, CONH). Anal. Calcd. for
IOORGANIC CHEMISTRY  Vol. 48  Suppl. 1  2022
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C22H23N5O2S (421.52): C, 62.69; H, 5.50; N, 16.61; S,
7.61%. Found: C, 62.73; H, 5.54; N, 16.57; S, 7.65%.

8-(Benzylideneamino)-9-methyl-4-(morpholin-4-yl)-
2,3-dihydro-1H-cyclopenta[4'',5'']pyrido[3',2':4,5]-
thieno[3,2-d]pyrimidin-7(8H)-one (XVI). A sample of
benzylidine carbohydrazide (XV) (0.20 g, 0.48 mmol)
and acetic anhydride (1.50 mL, 0.015 mol) was
refluxed for 2 h. The solid product which precipitated
on hot during reflux was filtered off, dried and recrys-
tallized from dioxane as yellow powder in 75% (0.15 g)
yield, mp 208–210°C. FT-IR: 2951, 2917, 2837 (CH
aliphatic), 1666 (CO pyrimidine), 1585 (C=N). 1H-
NMR (DMSO-d6): 1.21 (s, 3H, CH3), 2.13 (m, 2H,
CH2: C2 cyclopenteno), 2.96 (m, 2H, CH2: C3 cyclo-
penteno), 3.28 (m, 2H, CH2: C1 cyclopenteno), 3.52
(m, 4H, 2CH2: (CH2)2N morpholinyl), 3.74 (m, 4H,
2CH2: (CH2)2O morpholinyl), 7.59–7.96 (m, 5H,
ArH), 8.98 (s, 1H, CH benzylidene) ppm. Anal.
Calcd. for C24H23N5O2S (445.54): C, 64.70; H, 5.20;
N, 15.72; S, 7.20%. Found: C, 64.65; H, 5.15; N,
15.68; S, 7.15%.

8-(Benzylideneamino)-4-(morpholin-4-yl)-2,3-
dihydro-1H-cyclopenta[4'',5'']pyrido[3',2':4,5]thieno-
[3,2-d]pyrimidin-7(8H)-one (XVII). A mixture of
benzylidene amino (XV) (0.50 g, 1.19 mmol) and tri-
ethyl orthoformate (2 mL, 0.014 mol) in presence of
few drops of glacial acetic acid (0.3 mL) was refluxed
for 15 min. The solid product which produced on hot
during reflux was filtered off, dried and recrystallized
from dioxane as white crystals in 78% (0.40 g) yield,
mp 288–290°C. FT-IR: 2961, 2895, 2864 (CH ali-
phatic), 1672 (CO pyrimidine), 1578 (C=N).
1H-NMR (DMSO-d6): 2.13 (m, 2H, CH2: C2 cyclo-
penteno), 2.95 (m, 2H, CH2: C3 cyclopenteno), 3.30
(m, 2H, CH2: C1 cyclopenteno), 3.52 (m, 4H, 2CH2:

(CH2)2N morpholinyl), 3.73 (m, 4H, 2CH2: (CH2)2O
morpholinyl), 7.58–7.93 (m, 5H, ArH), 8.62 (s, 1H,
CH benzylidene) and 9.27 (s, 1H, CH pyrimidine).
Anal. Calcd. for C23H21N5O2S (431.51): C, 64.09; H,
4.91; N, 16.23; S, 7.43%. Found: C, 64.15; H, 4.85; N,
16.30; S, 7.47%.

In Vivo Anti-Inflammatory Assay

Anti-inflammatory activity for the newly synthe-
sized compounds (IVa), (VIII), (XIII), (XIV) and
(XV) were measured in vivo using a carrageenan-
induced rat paw edema assay in comparison with
indomethacin as a reference drug [44, 45]. The test is
based on the pedal inflammation in rat paw induced
by sub plantar injection of 100 µL of 1% freshly pre-
pared solution of carrageenan in distilled water into
the right-hind paws of each rat for all the groups; the
tested compounds were dissolved in distilled water
with sonication. Male adult albino rats (150–200 g)
were divided into six groups; each group contains three
animals. The thickness of the rat paw edema was mea-
sured by a Vernier Caliper (SMIEC, China). Animals
of groups A/B/C were treated with a single dose of the
tested compound, and group D was treated with the
Indomethacin drug, respectively. Paw thickness was
measured just before the carrageenan injection, that is,
at “0 h” and then at 30 min 1, 2, 3, 4, and 5 h after car-
rageenan injection. Increasing in paw thickness was
measured as a difference in the paw thickness at “0 h”
and paw thickness at respective hours. The edema was
expressed as a mean reduction in paw volume (mL)
after treatment with tested compounds. The percent
edema inhibition was calculated from the mean effect
in the control and treated animals according to the fol-
lowing equation:

where: Vt, means an increase in paw volume of test; Vc,
means an increase in paw volume of control group of rats.

Statistical Analysis

The results were analyzed by one-way analysis of
variance (ANOVA) followed by Newman-Keuls mul-
tiple comparison test as a post-test. These analyses were
carried out using a computer prism program for win-
dows, version 3.0 (Graph pad software, Inc., San Diego,
CA, US). The significant differences between groups
were accepted at P < 0.05*, 0.01** or 0.001***, and the
data are expressed as a mean ± standard error (SE).

CONCLUSIONS
In the current study, we have provided an easy

access for synthesis of novel 1-amino-2-substituted-5-
morpholin-4-yl-7,8-dihydro-6H-cyclopenta[d]thieno-
[2,3-b]pyridines (IVa–c). Ethyl 1-amino-5-mor-
pholin-4-yl-7,8-dihydro-6H-cyclopenta[d]thieno-
[2,3-b]pyridine-2-carboxylate (IVa) was used as a ver-
satile precursor for synthesis of new heterocyclic ring
systems attached or fused to the cyclopenta-
[d]thieno[2,3-b]pyridine moiety namely: pyrrole, pyr-
azole and pyrimidine. Most of the examined novel
cyclopentathienopyridines exhibited promising anti-
inflammatory activities compared to indomethacin.

Percent edema inhibition = (1 – Vt/Vc) × 100 Equation (1)
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Based on the gained results, we can conclude that
most of the examined compounds can be considered
as potential anti-inflammatory drugs.
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