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Abstract

Novel tetrahydrobenzo[b]thienopyrole derivatives are synthesized from 2-amino-3-cyano-4,5,6,7-
tetrahydrobenzo[b]thiophene (1) through its reaction with a-chloroacetone to give the corresponding
N-alkyl derivative 3. Compound 3 undergoes ready cyclization in sodium ethoxide solution to give
the tetrahydrobenzo[b]thienopyrrole 4. The latter compound 4 is used as the key starting material
for the synthesis of thiophene, thieno[2,3-b]pyridine and pyran derivatives. The cytotoxicity of the
synthesized products towards the human cancer cell lines namely gastric cancer (NUGC), colon
cancer (DLD-1), liver cancer (HA22T and HEPG-2), breast cancer (MCF-7), nasopharyngeal
carcinoma (HONE-1) and normal fibroblast (W1-38) cell lines are measured. Compounds 4, 7a, 7D,
8a, 8b, 10c, 10d, 10f, 12a, 12b, 14b and 15b exhibit the optimal cytotoxic effect against cancer cell
lines. Compounds 7b and 14b show the maximum inhibitory effect and these are much higher than
the reference CHS-828 (pyridyl cyanoguanidine). On the other hand, the anti-proliferative
evaluations of these compounds with high potency against the cancer cell lines L1210, Molt4/C8,
CEM, K562, K562/4 and HCT116 show that compounds 7b and 8b give ICso’s against Molt4/C8
and CEM cell lines higher than that of the reference, doxorubicin.

Keywords: tetrahydrobenzo[b]thiophene, pyran, thiophene, cytotoxicity, anti-proliferative activity

1. Introduction

Sulfur containing heterocycles paved way for the active research in the pharmaceutical
Chemistry. Nowadays benzothiophene derivatives in combination with other ring systems have been
used extensively in pharmaceutical applications.)® A large number of compounds containing
thiophene system have been investigated because of their broad spectrum of biological activities
which include analgesic,* antibacterial,® antifungal,® antiparasitic,” antiviral,® anti-inflammatory,®

anticonvulsant,'® anti-nociceptive,’* DNA cleavage,'? herbicidal,*® antitubercular,* protein kinase
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inhibition,'® respiratory syndrome protease inactivation,'® an active ester in the peptide synthesis
and agonists of peroxisome proliferator activated receptors.!” In addition to these considerable
biological applications, tetrahydrobenzo[b]thiophenes are important intermediates, protecting
groups and final products in organic synthesis. Recently, our research group was involved through
comprehensive program aiming for the synthesis of 4,5,6,7-tetrahydrobenzo[b]thiophene derivatives
followed by their antitumor evaluations.'®® Moreover, we reported the multi-component reactions
with 3-(a-bromoacetyl)coumarin to give pyan and pyrididine derivatives.?’ In continuation of this
program we are demonstrating the use of 2-amino-3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophene for
the synthesis of tetrahydrobenzo[b]thienopyrrole derivatives followed by their cytotoxic and the

anti-proliferative evaluations.?:?2
2. Results and discussion

The reaction of the 2-amino-3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophene (1) with «-
chloroacetone in the presence potassium carbonate afforded the 2-((2-oxopropyl)amino)-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carbonitrile (3). Compound 3 was characterized by *H-NMR and
13C-NMR. Thus, the H-NMR spectrum display the presence of beside the expected
tetrahydrobenzene moiety, a singlet at 6 5.20 ppm indicating the presence of the N-CH> group, a
singlet at & 2.88 ppm assigned to the CHz group and a broad singlet at 6 8.30 ppm due to the NH
group. Moreover, the 3C-NMR spectrum showed &: 19.6 (CH3), 20.3, 22.0, 25.7 and 34.6 (4 CH>),
55.6 (CHy), 116.8 (CN), 124.1, 124.9, 128.7 and 139.5 (thiophene C), 164.8 (C=0). Compound 3
underwent ready cyclization when heated in sodium ethoxide solution in a boiling water bath to
yield the 1-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)ethanone  (4)
(Scheme 1).
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Scheme 1. Synthesis of compounds 3 and 4.

Compound 4 showed interesting reactivity towards different reagents, thus, it reacted with
either malononitrile (5a) or ethyl cyanoacetate (5b) in the presence of ammonium acetate in an oil
bath at 120 °C afforded the Knoevenagel condensated products 6a and 6b, respectively. The latter
products underwent ready cyclization in sodium ethoxide solution to give the annulated products 7a
and 7b, respectively (Scheme 2). The structures of the latter products were established on the basis
of the analytical and spectral data. Thus, the *H-NMR spectrum of 7a showed the presence of § 2.89
ppm assigned to the CH3z group, a singlet at & 4.89 ppm indicating the NH2 group and a singlet at 6
8.33 ppm confirming the presence of the NH group. Moreover, the *C-NMR spectrum showed &
19.8 (CHs), 20.1, 22.7, 25.2 and 34.6 (4 CH>), 116.8 (CN), 120.1, 122.6, 123.8, 124.2, 125.3, 127.2,
135.6, 142.3 (thiophene, pyrrole, pyridine C) and 168.2 (C=N).
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Scheme 2. Synthesis of compounds 6a,b and 7a,b.,

Compound 4 was studied to produce thiophene derivatives through the Gewald’s reaction®®
26 as many thiophenes were used as anticancer drugs. Thus, the reaction of compound 4 with either
of malononitrile or ethyl cyanoacetate and elemental sulphur gave the thiophene derivatives 8a and
8b, respectively. On the other hand, the one pot reaction of compound 4 with either malononitrile
or ethyl cyanoacetate and any of benzaldehyde, 4-chlorobenzaldehyde or 4-methoxybenzaldehyde
gave the pyran derivatives 10a-f, respectively. The 'H-NMR and *C-NMR spectra 10a-f were
consistent with their respective structures. Further confirmations for the structure of compounds
10a-f were obtained through their synthesis via another synthetic root. Thus, the reaction of

compound 4 with the cinnamonitrile derivatives 11a-f in the presence of a catalytic amount of



triethylamine gave the same products 10a-f, respectively (m.p., mixed m.p. and fingerprint IR)
(Scheme 3).
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Scheme 3. Synthesis of compounds 8a,b and 10a-f.

Moreover, the reaction of either of compound 8a or 8b with ethyl cyanoacetate in refluxing
dimethylformamide afforded the 2-amido derivatives 12a and 12b, respectively. Formation of the

latter products was explained on the condensation of ethyl cyanoacetate with the 2-aminothiophene
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moiety not to the 3-aminopyrrol moiety on the basis of the *H-NMR spectra of such products. Thus,
the *H-NMR spectrum of either 12a or 12b displayed the missing of the NH, group that attached to
thiophene ring which is expected to appear within the range & 5.10-5.24 ppm while that of the 3-
aminopyrrole moiety existing at 5 4.81-4.83 ppm. Similar acylation of the 2-aminothiophene was
reported before in literature.?’ The high yield of compound 12a, encouraged us to make further work.
Thus, the reaction of 12a with either of the aryl diazonium salts 13a-d gave the aryl hydrazo
derivatives 14a-d, respectively. Moreover, compounds 12a,b underwent ready cyclization in sodium
ethoxide to produce the thieno[2,3-b]pyridine derivatives 15a and 15b, respectively (Scheme 4).
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Scheme 4. Synthesis of compounds 12a,b-15a,b.

2.2.Anti-tumor cell activity
2.2.1. Chemicals and Cell cultures

Fetal bovine serum (FBS) and L-glutamine, were purchased from Gibco Invitrogen Co.
(Scotland, UK). RPMI-1640 medium was purchased from Cambrex (New Jersey, USA). Dimethyl
sulfoxide (DMSOQO), doxorubicin, CHS-828, penicillin, streptomycin and sulfornodamine B (SRB)
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were purchased from Sigma Chemical Co. (Saint Louis, USA). The cell cultures was obtained from
the European Collection of cell Cultures (ECACC, Salisbury, UK) and human gastric cancer
(NUGC), human colon cancer (DLD-1), human liver cancer (HA22T and HEPG-2), human breast
cancer (MCF-7), nasopharyngeal carcinoma (HONE-1) and normal fibroblast cells (W1I-38) were
kindly provided by the National Cancer Institute (NCI, Cairo, Egypt). They grow as monolayer and
routinely maintained in RPMI-1640 medium supplemented with 5% heat inactivated FBS, 2 mM
glutamine and antibiotics (penicillin 100 U/mL, streptomycin 100 Ig/mL), at 37 °C in a humidified
atmosphere containing 5% CO.. Exponentially growing cells were obtained by plating 1.5 x 10°
cells/mL for the six human cancer cell lines including cells derived from 0.75 x 10* cells/mL
followed by 24 h of incubation. The effect of the vehicle solvent (DMSO) on the growth of these
cell lines was evaluated in all the experiments by exposing untreated control cells to the maximum

concentration (0.5%) of DMSO used in each assay.

2.2.2. Invitro cytotoxicity assay

The heterocyclic compounds, prepared in this study, were evaluated according to standard
protocols?®2® for their in vitro cytotoxicity against the six human cancer cell lines including cells
derived from human gastric cancer (NUGC), human colon cancer (DLD-1), human liver cancer
(HA22T and HEPG-2), human breast cancer (MCF-7), nasopharyngeal carcinoma (HONE-1) and a
normal fibroblast cells (WI-38). All of ICso values were listed in Table 1. Some heterocyclic
compounds were observed with significant cytotoxicity against most of the cancer cell lines tested
(IC50=10-1000 nM). Normal fibroblasts cells (WI1-38) were affected to a much lesser extent
(IC50>10,000 nM). The reference compound used was the CHS-828 which is the pyridyl
cyanoguanidine anti-tumor agent.*° It is a new chemotherapeutic drug in addition it has low toxicity

and lacks known patterns of multidrug resistance.
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Table 1: Cytotoxicity of the newly synthesized products against a variety of cancer cell lines [ICso?

(nM)]
Compound
No. Cytotoxicity (ICso in nM)
NUGC®  DLD-1° HA22T®  HEPG-2® HONE-1° MCF-7°  WI-38
3 2142 1222 1340 1028 1828 2246 NA
4 86 45 313 128 212 310 NA
6a 2101 2380 3258 2266 2380 3330 NA
6b 1335 1140 1072 1154 1064 1258 NA
7a 218 146 220 337 241 380 NA
7b 48 92 260 46 74 32 NA
8a 320 240 230 165 128 1265 NA
8b 48 35 53 170 49 78 NA
10a 1220 1033 2250 1275 2126 2372 NA
10b 1165 1322 2350 2221 2152 1322 NA
10c 330 532 822 442 1529 1224 NA
10d 30 62 74 39 1330 88 NA
10e 1135 2160 2160 814 780 296 NA
10f 149 2220 3210 550 2451 1286 120
12a 69 74 190 448 2871 2690 NA
12b 26 65 38 220 440 57 NA
1l4a 1350 1160 2290 2120 1126 2230 NA
14b 83 59 80 64 87 48 1330
14c 1480 1156 1346 1226 1275 1240 NA
14d 1245 2160 2180 2220 1869 1765 NA
15a 1845 1210 1218 1076 1270 436 Na
15b 1220 2063 377 740 253 2210 NA
CHS-828 25 2315 2067 1245 15 18 NA

O 00 N O

aDrug concentration required to inhibit tumor cell proliferation by 50% after continuous exposure of 48 h.
PNUGC, gastric cancer; DLD-1, colon cancer; HA22T, liver cancer; HEPG-2, liver cancer; HONE-
1, nasopharyngeal carcinoma;, MCF-7, breast cancer; WI-38, normal fibroblast cells. NA: Not
Active.
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2.2.3. Structure-activity relationship

From Table 1 it is clear that the thiophene moiety was found to be crucial for the cytotoxic effect
of the cyclic compounds 3 -15a,b. Compounds 4, 7a, 7b, 8a, 8b, 10c, 10d, 10f, 12a, 12b, 14b and
15b exhibited optimal cytotoxic effect against cancer cell lines, with 1Cso’s in the nM range.
Comparing the cytotoxicity of the tetrahydrobenzothiophene 3 and the cyclized product 4, it is
obvious that the cytotoxicity of compound 4 is higher than that of compound 3. The presence of the
pyrrol ring through the tetrahydrobenzo[b]thiophene in compound 4 is responsible for its high
potency. The condensation reaction of compound 4 with either malononitrile or ethyl cyanoacetate
to produce compounds 5a and 5b, respectively showed a decrease of cytotoxicity. On the other hand,
the cyclization of compounds 6a and 6b to the benzo[4’,5 Jthieno[3’,2”:4,5]pyrrolo[3,2-b]pyridine
derivatives 7a and 7b showed remarkable increase of the cytotoxicity. Moreover, it is clear that
compound 7b showed more cytotoxicity than 7a, this is attributed to the presence of the oxygen rich
COOEt group. The introduction of the second thiophene moiety to compound 4 that gives both of
compounds 8a and 8b showed high potency—especially—in case of compounds 8b which was
attributed due to the presence of the COOEt. Considering the pyran derivatives 10a-f, the
cytotoxicity of compounds 10c and 10d showed the highest values among the six compounds.
However, compound 10c showed high cytotoxicity against the four cancer cell lines HUGC, DLD-
1, HA22T and HEPG-2, but it is of great value to notice that compound 10d showed high
cytotoxicity against five cancer cell lines and such cytotoxicity is higher than that of compound 10c.
The high cytotoxicity of compound 10d is attributed to the presence of the OH and the CI group as

well.

The thiophene derivatives 12a and 12b showed high cytotoxicity similarl to that of
compounds 8a,b. Moreover, compound 12b with the COOEt showed high potency than that of
compound 12a. The coupling of the diazonium salts 13a-d with compound 12a afforded the
arylnydrazone derivatives 14a-d. Compound 14b with the CI group showed the maximum
cytotoxicity among the arylhydrazone derivatives 14a-d. Finally, considering the thieno[2,3-
b]pyridine derivatives 15a,b where the presence of the OH in compound 15b conserved an
interesting cytotoxicity against the cancer cell lines HA22T, HEPG-2 and HONE-1 with the ICso’s
377, 740, 253 nM, respectively. It is of great value to notice that compounds 7b, 8b and 12b showed

the maximum cytotoxicity among the tested compounds.

2.2.4. Anti-proliferative cell activity against cancer cell lines

10
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We used a panel of tumor cell lines to test the cytotoxicity of the new compounds, especially
those showed high potency against the six cancer cell lines through Table 2. Importantly, this panel
included the cell lines and their isogenic sub-lines with the determinants of drug resistance: murine
leukemia L1210, T-lymphocyte cell lines Molt4/C8 and CEM, human leukemia R562 and its MDR
subline K562/4 that over expressed P-glycoprotein, and the colon carcinoma HCT116. The above
determinants alter the response of cells to many anticancer drugs including doxorubicin. Data on
cytotoxic (anti-proliferative) activity are presented in Table 2 in which ICso values represent the
concentrations that inhibit cell proliferation by 50%. It is clear from Table 2 that tested compounds
4, 7a, 7b, 8a, 8b, 10c, 10d, 10f, 12a, 12b, 14b and 15b showed high potency against the cell lines.
The benzo[4’,5’]thieno[3°,2:4,5]pyrrolo[3,2-b]pyridine derivative 7b and the benzo[4,5]thieno-
[2,3-b]pyrrol-2-yl)-thiophene derivative 8b showed high potency against Molt4/C8 and CEM cell
lines and their ICso’s are higher than that of the reference doxorubicin. It is clear from Table 2 that

the twelve tested compounds showed high 1Cs against K562/4 cell line than doxorubicin.

Table 2: Anti-proliferative activity (ICso) of selected compounds against variety of cell lines

Compound
No. Cytotoxicity (ICsg in nM)
L1210 Molt4/C8  CEM K562 K562/4 HCT116

4 1.5+0.5 1.1+0.03 0.3+0.01  0.4+0.08  0.9+0.02  0.8+0.05
7a 0.4+0.1 0.8+0.04 2.0+0.4 1.8+0.03  0.9+0.06  1.3+0.02
7b 0.3+0.08 0.4+0.04 0.9+0.05  1.30%0.08 1.1+0.07  2.4+0.09
8a 1.2+0.09 0.8+0.02 0.6£0.01  0.2+0.01  0.9+0.08  1.4+0.2
8b 1.1+0.06 0.02+0.002 0.7+0.03  0.9+0.06  1.6%0.07  0.8+0.02

10c 0.8+0.05 0.4+0.02 1.3+0.05 0.6+0.02 0.02+0.01 1.2+0.08
10d 0.6+0.02 1.5+0.07 2.5£0.05 1.7+0.02 2.5%0.02 2.8+0.07
10f 1.4+0.05 0.8+0.03 2.6+0.09 0.02+0.01 2.8+0.06 0.4+0.08
12a 2.1+0.05 0.6+0.02 0.5+0.01 0.3+0.01 0.4+0.06 2.4+0.07
12b 1.8+0.09 0.9+0.04 1.8+0.6 0.7+0.06 0.8+0.06 0.9+0.08
14b 0.5+0.03 0.3+0.05 2.6+0.06 0.5+0.07 0.6+0.02 0.1+0.01
15b 0.9+0.02 0.3+0.01 0.6+0.05 2.1+0.07 2.7+1.03 0.3+0.04
Dox. 0.37+0.07 0.20+0.02  0.06+0.02 0.14+0.03 7.2+0.9 1.4+0.1

Doxorubicin (Dox.) was used as the reference drug

3. Experimental

11
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3.1. General

All melting points were determined on an electrothermal apparatus (Buichi 535, Switzerland) in
an open capillary tube and are uncorrected. **C-NMR and *H-NMR spectra were recorded on Bruker
DPX200 instrument in DMSO with TMS as internal standard for protons and solvent signals as
internal standard for carbon spectra. Chemical shift values are mentioned in & (ppm). Mass spectra
were recorded on EIMS (Shimadzu) and ESI-esquire 3000 Bruker Daltonics instrument. Elemental
analyses were carried out by the Microanalytical Data Unit Ludwig-Maximilians-Universitat-
Munchen, Germany. The progress of all reactions was monitored by TLC on 2 x 5 cm pre-coated
silica gel 60 F254 plates of thickness of 0.25 mm (Merck).

3.1.1. Synthesis of 2-((2-Oxopropyl)amino)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-
carbonitrile (3)

To a solution of compound 1 (1.78 g, 0.01 mol) in 1,4-dioxane (40 mL) containing sodium
carbonate (1.00 g) a-chloroacetone (0.94 g, 0.01 mol) was added. The reaction mixture was heated
under reflux for 2 h then poured onto ice/water and the formed solid product was collected by

filtration and crystallized from ethanol.

White crystals; yield: 2.01 g (86%); mp: 182-183°C; IR (KBr, cm™): 3465-3328 (NH), 2220 (CN),
1705 (C=0), 1615 (C=C); 'H-NMR (dimethyl sulfoxide (DMSO)-ds) &:1.80-1.85 (m, 4H, 2CH>),
2.22-2.26 (m, 4H, 2CH>), 2.88 (s, 3H, CH3), 5.20 (s, 2H, CH>), 8.30 (s, 1H, NH, D20 exchangeable);
13C-NMR (DMSO-ds) §:19.6, 20.3, 22.0, 25.7, 34.6, 55.6, 116.8, 124.1, 124.9, 128.7, 139.5, 164.8;
MS electron impact (El): m/z (%) 234 (M*). Anal. Calcd for C12H14N20S: C, 61.51; H, 6.02; N,
11.96; S, 13.68. Found: C, 61.82; H, 6.22; N, 11.77; S, 13.73.

Synthesis  of  1-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-
yl)ethanone (4)
A suspension of compound 3 (2.34 g, 0.01 mol) in sodium ethoxide (0.02 mol) [prepared by
dissolving metallic sodium (0.46 g, 0.02 g) in absolute ethanol (20 mL] was heated in a boiling water
bath for 6 h then poured onto ice/water containing few drops of hydrochloric acid. The formed solid

product was collected by filtration and crystallized from 1,4-dioxane.

White crystals; yield: 1.80 g (77%); mp: >300°C; IR (KBr, cm™): 3479-3348 (NH, NHy), 1715
(C=0), 1618 (C=C); 'H-NMR (DMSO-ds) ¢: 1.78-1.83 (m, 4H, 2CH,), 2.20-2.27 (m, 4H, 2CH>),

12
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2.91 (s, 3H, CHs), 4.83 (s, 2H, NH2, D20 exchangeable), 8.27 (s, 1H, NH, D20 exchangeable); *C-
NMR (DMSO-dg) 6. 19.8, 20.2, 22.0, 25.6, 34.8, 124.0, 124.9, 128.5, 139.6, 165.6; MS (EI): m/z
(%) 234 (M™). Anal. Calcd for C12H14N20S: C, 61.51; H, 6.02; N, 11.96; S, 13.68. Found: C, 61.68;
H, 5.89; N, 12.20; S, 13.83.

3.1.2. General procedure for the synthesis of thieno[2,3-b]pyrrol derivatives 6a and 6b

To the dry solid of compound 4 (2.34 g, 0.01 mol) either malononitrile (0.66 g, 0.01mol) or ethyl
cyanoacetate (1.13 g, 0.01 mol) was added followed by ammonium acetate (0.50 g, 0.01 mol).The
whole reaction mixture was heated in an oil bath at 120 °C for 1h then left to cool. The solidified
product was boiled with ethanol then left to cool. The formed solid product was collected by

filtration and crystallized from acetic acid.

2-(1-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)ethylidene)-
malononitrile (6a)

Yellow crystals; yield: 1.92 g (68%); mp: 167-168°C; IR (KBr, cm™): 3488-3334 (NH, NH.), 3054
(CH aromatic), 2227, 2222 (2CN), 1620 (C=C); *H-NMR (DMSO-ds) &: 1.79-1.86 (m, 4H, 2CH,),
(m, 4H, 2CH>), 2.69 (s, 3H, CHs3), 4.86 (s, 2H, NH2, D-O exchangeable), 8.29 (s, 1H, NH, D20
exchangeable); *C-NMR (DMSO-dg) &: 19.4, 20.3, 22.2, 25.6, 34.5, 116.3, 116.9, 122.3, 123.8,
124.0, 124.9, 127.2, 135.2; MS (El): m/z (%) 282 (M*). Anal. Calcd for C15H14N4S: C, 63.80; H,
5.00; N, 19.84; S, 11.36. Found: C, 63.72; H, 4.93; N, 20.05; S, 11.59.

Ethyl  3-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-2-cyanobut-2-
enoate (6b)

Yellow crystals; yield: 2.46 g (75%); mp: 121-122°C; IR (KBr, cm™): 3473-3330 (NH, NH,), 3054
(CH aromatic), 2222 (CN), 1640 (C=C): 'H-NMR (DMSO-ds) & 1.13 (t, 3H, J = 7.26 Hz, CHs),
1.80-1.86 (M, 4H, 2CH,), 2.22-2.27 (m, 4H, 2CH3), 2.66 (s, 3H, CHa), 4.22 (q, 2H, J = 7.26 Hz,
CHy), 4.88 (s, 2H, NHz, D20 exchangeable), 8.27 (s, 1H, NH, D2O exchangeable); *C-NMR
(DMSO-dg) &: 16.3, 19.6, 20.2, 22.5, 25.6, 34.8, 116.6, 122.0, 123.5, 124.6, 124.7, 127.2, 134.8,
166.1; MS (EI): m/z (%) 329 (M*). Anal. Calcd for C17H19N30,S: C, 61.98; H, 5.81: N, 12.76: S,
9.73. Found: C, 62.08; H, 6.07; N, 12.59; S, 9.88.

3.1.3. General procedure for the synthesis of the benzo[4’,5’]thieno[3°,2°:4,5]-pyrrolo[3,2-
b]pyridine derivatives 7a and 7b

13



v b W N

O 00 N O

10

11
12

13
14
15
16
17
18

19
20

21
22
23
24
25
26
27

28
29

Method (A): A suspension of either compound 6a (2.28 g, 0.01 mol) or 6b (3.29 g, 0.01 mol) in
sodium ethoxide (0.02 mol) [prepared by dissolving metallic sodium (0.46 g, 0.02 mol) in absolute
ethanol (20 mL) was heated in a boiling water bath for 8 h then poured onto ice/water containing
few drops of hydrochloric acid. The formed solid product was collected by filtration and crystallized

from acetic acid.

Method (B): To a solution of compound 4 (2.34 g, 0.01 mol) in 1,4-dioxane (40 mL) containing
triethylamine (0.50 mL) either malononitrile (0.66 g, 0.01 mol) or ethyl cyanoacetate (1.13 g, 0.01
mol) was added. The whole reaction mixture, in each case, was heated under reflux for 4 h then
poured onto ice/water containing few drops of hydrochloric acid. The formed solid product was

collected by filtration and crystallized from acetic acid.

2-Amino-4-methyl-7,8,9,10-tetrahydro-5H-benzo[4',5']thieno[3',2":4,5]pyrrolo[3,2-
b]pyridine-3-carbonitrile (7a)

Yellow crystals; yield: 2.27 g (80%); mp: 232-233°C; IR (KBr, cm™): 3474-3314 (NH, NH,), 3056
(CH aromatic), 2220 (CN), 1626 (C=C); *H-NMR (DMSO-dg) & 1.76-1.84 (m, 4H, 2CH>), 2.21-
2.26 (m, 4H, 2CHy), 2.89 (s, 3H, CH3), 4.89 (s, 2H, NH3, D20 exchangeable), 8.33 (s, 1H, NH, D.O
exchangeable); *C-NMR (DMSO-ds) & 19.8, 20.1, 22.7, 25.2, 34.6, 116.8, 120.1, 122.6, 123.8,
124.2, 125.3, 127.2, 135.6, 142.3, 168.2; MS (EIl): m/z (%) 282 (M"). Anal. Calcd for C15H14N4S:
C, 63.80; H, 5.00; N, 19.84; S, 11.36. Found: C, 63.66; H, 4.83; N, 20.25; S, 11.37.

Ethyl 2-amino-4-methyl-7,8,9,10-tetrahydro-5H-benzo[4',5"]thieno[3’,2":4,5]pyrrolo[3,2-
b]pyridine-3-carboxylate (7b)

Yellow crystals; yield: 2.24 g (68%), mp: 195-196°C; IR (KBr, cm™): 3466-3327 (NH, NH_), 3056
(CH aromatic), 1640 (C=C); *H-NMR (DMSO-dg) & 1.14 (t, 3H, J = 7.07 Hz, CH3), 1.82-1.86 (m,
4H, 2CH>), 2.20-2.27 (m, 4H, 2CH>), 2.88 (s, 3H, CH3), 4.24 (q, 2H, J =7.07 Hz, CH>), 4.84 (s, 2H,
NH., D20 exchangeable), 8.32 (s, 1H, NH, D20 exchangeable); **C-NMR (DMSO-ds) &: 16.2, 19.8,
20.3,22.5, 25.6, 34.5,55.6, 120.3, 122.4, 123.8, 124.6, 124.7, 127.6, 133.9, 143.2, 164.4, 168.9; MS
(El): m/z (%) 329 (M™). Anal. Calcd for C17H10N302S: C, 61.98; H, 5.81; N, 12.76; S, 9.73. Found:
C, 61.68; H, 5.94; N, 12.63; S, 9.90.

3.1.4. General procedure for the synthesis of [4,5]thieno[2,3-b]pyrrol-2-yl)thiophene
derivatives 8a and 8b
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To asolution of compound 4 (2.34 g, 0.01 mol) in 1,4-dioxane (40 mL) containing triethylamine
(0.50 mL) and elemental sulfur (0.32 g,0.01 mol) either malononitrile (0.66 g, 0.01 mol) or ethyl
cyanoacetate (1.13 g, 0.01 mol) was added. The reaction mixture, in each case was heated under
reflux for 2 h then was left to cool and the formed solid product, in each case, was collected by

filtration and crystallized from ethanol.

2-Amino-4-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)thiophene-3-

carbonitrile (8a)

Orange crystals; yield: 2.42 g (77%), mp: 141-142°C; IR (KBr, cm™): 3462-3354 (NH, NH,), 3053
(CH aromatic), 2221 (CN), 1628 (C=C); *H-NMR (DMSO-d¢) &: 1.78-1.84 (m, 4H, 2CH), 2.23-
2.28 (m, 4H, 2CH>), 4.80, 5.25 (2s, 4H, 2NH2, D.O exchangeable), 6.11 (s, 1H, thiophene H-5),
8.26 (s, 1H, NH, D20 exchangeable); $3C-NMR (DMSO--ds) & 20.4, 22.9, 25.0, 34.6, 116.6, 120.3,
123.1, 123.8, 124.2, 125.3, 127.2, 139.3, 140.6, 142.3; MS (El): m/z (%) 314 (M*). Anal. Calcd for
C15H14N4S2: C, 57.30; H, 4.49; N, 17.82; S, 20.40. Found: C, 57.44; H, 4.39; N, 18.04; S, 20.28.

Ethyl 2-amino-4-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-
thiophene-3-carboxylate (8b)

Orange crystals; yield: 2.60 g (74%), mp: 131-132°C. IR (KBr, cm™): 3479-3331 (NH), 3053 (CH
aromatic), 1690 (C=0), 1632 (C=C); 'H-NMR (DMSO-d¢) & 1.13 (t, 3H, J = 6.83 Hz, CH3), 1.81-
1.87 (m, 4H, 2CHy), 2.22-2.25 (m, 4H, 2CHy), 4.23 (g, 2H, J = 6.83 Hz, CHy), 4.81, 5.03 (2s, 4H,
2NH;, D20 exchangeable), 6.13 (s, 1H, thiophene H-5), 8.30 (s, 1H, D20 exchangeable); *C-NMR
(DMSO-dg) ¢: 16.0, 20.0, 22.7, 25.6, 34.5, 55.6, 120.8, 122.7, 123.8, 124.6, 124.9, 127.6, 133.9,
1435, 164.2; MS (EI): m/z (%) 361 (M*). Anal. Calcd for C17H10N30,S2: C, 56.48; H, 5.30; N,
11.62; S, 17.74. Found: C, 56.71; H, 5.55; N, 11.42; S, 17.49.

3.1.5. General procedure for the synthesis of pyran derivatives 10a-f

Method (A): General procedure: To a solution of compound 4 (2.34 g, 0.01 mol) in 1,4-dioxane (40
mL) containing triethylamine (0.5 mL), either of malononitrile (0.66 g, 0.01 mol) or ethyl
cyanoacetate (1.13 g, 0.01 mol) and either of benzaldehyde (1.06 g, 0.1 mol), 4-chlorobenzaldehyde
(2.40 g, 0.01 mol) or 4-methoxybenzaldehyde (1.36 g, 0.01 mol) were added. The reaction mixture

was heated under reflux for 1 h and the formed solid product produced from the hot solution was
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collected by filtration and crystallized from ethanol. Thin layer chromatography revealed just a

single spot which proved the presence of a single product.

Method (B): To a solution of compound 4 (2.34 g, 0.01 mol) in 1,4-dioxane (40 mL) containing
triethylamine (0.5 mL), either of the cinnamonitrile derivatives 11a-f (0.01 mol) were added. The
reaction mixture was heated under reflux for 2 h and the formed solid product produced from the
hot solution was collected by filtration and crystallized from ethanol. Thin layer chromatography

revealed just a single spot which proved the presence of a single product.

2-Amino-6-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-4-
phenyl-4H-pyran-3-carbonitrile (10a)

Pale yellow crystals; yield: 3.10 g (80%); mp: 167-168°C; IR (KBr, cm™): 3489-3321 (NH, NH>),
3056 (CH aromatic), 2220 (CN), 1630 (C=C); *H-NMR (DMSO-ds) &: 1.76-1.85 (m, 4H, 2CH,),
2.21-2.27 (m, 4H, 2CHy), 4.83, 5.41 (2s, 4H, 2NH>, D20 exchangeable), 5.66-5.90 (2d, 2H, pyran
H-4, H-5), 7.28-7.38 (m, 5H, CsHs), 8.24 (s, 1H, NH, D20 exchangeable); *C-NMR (DMSO-ds) &
20.6, 22.9, 25.3, 34.8, 39.3, 116.9, 120.6, 122.8, 123.8, 123.9, 125.3, 126.9, 127.2, 129.4, 130.8,
139.3, 140.6, 141.8, 142.3; MS (EI): m/z (%) 388 (M*). Anal. Calcd for C22H20N4OS: C, 68.02; H,
5.19; N, 14.42; S, 8.25. Found: C, 67.93; H, 5.32; N, 14.60; S, 8.44.

6-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-2-hydroxy-4-phenyl-
4H-pyran-3-carbonitrile (10b)

Pale yellow crystals; yield: 2.57 g (66%), mp: 264-265°C; IR (KBr, cm™): 3520-3341 (NH, NH,
OH), 3055 (CH aromatic), 2222 (CN), 1632 (C=C); 'H-NMR (DMSO-dg) & 1.77-1.86 (m, 4H,
2CHy), 2.20-2.27 (m, 4H, 2CHy), 4.86 (s, 2H, NH2, D.O exchangeable), 5.68-5.87 (2d, 2H, pyran
H-4, H-5), 7.30-7.41 (m, 5H, CeHs), 8.22 (s, 1H, NH, DO exchangeable), 10.30 (s, 1H, OH, DO
exchangeable); *C-NMR (DMSO-ds) & 20.4, 22.7, 25.4, 34.8, 39.9, 116.7, 120.8, 122.8, 123.3,
123.9, 125.7, 126.9, 127.0, 130.4, 133.6, 139.3, 140.8, 142.0, 142.7; MS (EI): m/z (%) 389 (M").
Anal. Calcd for C2H19N30S: C, 67.84; H, 4.92; N, 10.79; S, 8.23. Found: C, 67.60; H, 4.69; N,
10.99; S, 8.40.

2-Amino-6-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-4-(4-

chlorophenyl-4H-pyran-3-carbonitrile (10c)
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Pale yellow crystals; yield: 2.87 g (68%); mp: 274-275°C; IR (KBr, cm™): 3474-3330 (NH, NH>),
3055 (CH aromatic), 2220 (CN), 1633 (C=C); 'H-NMR (DMSO-ds) &: 1.78-1.85 (m, 4H, 2CH,),
2.18-2.25 (m, 4H, 2CHy>), 4.86, 5.40 (2s, 4H, 2NH,, D,O exchangeable), 5.68-5.73 (2d, 2H, pyran
H-4, H-5), 7.30-7.38 (m, 4H, CsHa), 8.26 (s, 1H, NH, D0 exchangeable); *C-NMR (DMSO-ds) &
20.3, 22.8, 25.5, 34.8, 39.7, 116.7, 120.4, 122.6, 123.9, 124.3, 125.3, 126.9, 128.8, 130.6, 139.0,
140.9, 142.8, 144.3; MS (EI): m/z (%) 423 (M"). Anal. Calcd for C22H19CIN4OS: C, 62.48; H, 4.53;
N, 13.25; S, 7.58. Found: C, 62.22; H, 4.72; N, 13.51; S, 7.28.
6-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-4-(4-chlorophenyl)-2-
hydroxy-4H-pyran-3-carbonitrile (10d)

Yellow crystals; yield: 3.21 g (76%), mp: 222-223°C; IR (KBr, cm™): 3541-3333 (NH, NH>), 3055
(CH aromatic), 2220 (CN), 1626 (C=C); *H-NMR (DMSO-dg) & 1.78-1.87 (m, 4H, 2CH>), 2.21-
2.28 (m, 4H, 2CHy>), 4.83 (s, 2H, NH2, D20 exchangeable), 5.65-5.72 (2d, 2H, pyran H-4, H-5),
7.30-7.41 (m, 4H, CeHa), 8.24 (s, 1H, NH, D20 exchangeable), 10.28 (s, 1H, OH, D.O
exchangeable); *C-NMR (DMSO-ds) &: 20.2, 22.6, 25.8, 34.3, 39.8, 116.5, 120.2, 122.6, 123.7,
123.9,125.7, 126.9, 127.4, 130.2, 139.3, 141.3, 142.0, 142.8; MS (EI): m/z (%) 424 (M"). Anal.
Calcd for C22H18CIN30O,S: C, 62.33; H, 4.28; N, 9.91; S, 7.56. Found: C, 62.09; H, 4.46; N, 9.75;
S, 7.39.

2-Amino-6-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-4-(4-
methoxyphenyl-4H-pyran-3-carbonitrile (10e)

Orange crystals; yield: 3.01 g (72%), mp: 167-168°C; IR (KBr, cm™): 3531-3312 (NH, NH,), 3058
(CH aromatic), 2223 (CN), 1628 (C=C); *H-NMR (DMSO-ds) & 1.74-1.86 (m, 4H, 2CHy), 2.20-
2.28 (m, 4H, 2CH>), 3.01 (s, 3H, OCHs), 4.86, 5.22 (2s, 4H, 2NH2, D20 exchangeable), 5.67-5,74
(2d, 2H, pyran H-4, H-5), 7.32-7.38 (m, 4H, CgHa), 8.25 (s, 1H, NH, D20 exchangeable); *C-NMR
(DMSO-dg) ¢: 20.0, 22.8, 25.8, 34.8, 30.8, 39.6, 116.9, 120.6, 122.6, 123.4, 123.9, 125.7, 126.9,
127.6, 130.4, 139.4, 141.7, 142.3, 143.6; MS (EI): m/z (%) 418 (M*). Anal. Calcd for C23H22N402S:
C, 66.01; H, 5.30; N, 13.39; S, 7.66. Found: C, 66.24; H, 5.48; N, 13.19; S, 7.80.

6-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-2-hydroxy-4-(4-
methoxyphenyl)-4H-pyran-3-carbonitrile (10f)

Orange crystals; yield: 3.01 g (70%), mp: 229-230°C; IR (KBr, cm™): 3566-3332 (NH, NH2, OH),
3056 (CH aromatic), 2220 (CN), 1626 (C=C); 'H-NMR (DMSO-dg) &: 1.74-1.86 (m, 4H, 2CH>),
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2.22-2.29 (m, 4H, 2CHy>), 3.08 (s, 3H, OCHj3), 4.83 (s, 2H, NH2, D.O exchangeable), 5.64, 5.71 (2d,
2H, pyran H-4, H-5), 7.30-7.44 (m, 4H, CsHa4), 8.23 (s, 1H, NH, D20 exchangeable), 10.32 (s, 1H,
D20 exchangeable, OH); *C-NMR (DMSO-ds) ¢: 20.5, 22.8, 25.3, 34.5, 30.8, 39.1, 116.9, 120.6,
122.6, 123.4, 123.9, 125.7, 126.9, 127.6, 130.6, 139.4, 141.7, 142.3, 143.9; MS (EIl): m/z (%) 419
(M™). Anal. Calcd for C23H21N303S: C, 65.85; H, 5.05; N, 10.02; S, 7.64. Found: C, 66.19; H, 5.17;
N, 10.22; S, 7.59.

3.1.7. General procedure for the synthesis of benzo[4,5]thieno-[2,3-b]pyrrol-2-yl)-2-(2-
cyanoacetamido)thiophene derivatives 12a and 12b

To a solution of either compound 8a (3.14 g, 0.01 mol) or 8b (3.61 g, 0.01 mol) in
dimethylformamide (40 mL) ethyl cyanoacetate was added. The reaction mixture was heated under

reflux for 2 h then poured onto ice/water. The formed solid product was collected by filtration and

crystallized from ethanol.
N-(4-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-3-cyano-
thiophen-2-yl)-1-cyanoacetamide (12a)

Yellow crystals; yield: 3.43 g (90%), mp: 184-185°C; IR (KBr, cm™): 3482-3323 (NH, NH,), 3055
(CH aromatic), 2225, 2220 (2CN), 1705 (C=0), 1630 (C=C); *H-NMR (DMSO-ds) &: 1.79-1.83 (m,
4H, 2CHy), 2.25-2.26 (m, 4H, 2CHy), 4.83 (s, 2H, NH3, D20 exchangeable), 5.20 (s, 2H, CH>), 6.20
(s, 1H, thiophene H-5), 8.28, 8.32 (2s, 2H, NH, D20 exchangeable); *C-NMR (DMSO-dg) &: 20.3,
229,254, 34.7,52.7, 116.9, 117.2, 120.3, 123.1, 124.1, 124.6, 125.3, 127.2, 138.8, 141.2, 142.6,
168.2; MS (El): m/z (%) 381 (M™). Anal. Calcd for C1sH1sNsOS»: C, 56.67; H, 3.96; N, 18.36; S,
16.81. Found: C, 56.88; H, 3.58; N, 18.56; S, 16.93.

Ethyl 4-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno-[2,3-b]pyrrol-2-yl)-2-(2-cyano-
acetamido)thiophene-3-carboxylate (12b)

Orange crystals; yield: 2.99 g (70%); mp: 194-195°C; IR (KBr, cm™): 3453-3320 (NH, NH,), 3056
(CH aromatic), 2223, 1702, 1688 (2C=0), 1632 (C=C); 'H-NMR (DMSO-ds) & 1.13 (t, 3H, J =
6.83 Hz, CH3), 1.81-1.87 (m, 4H, 2CHy), 2.22-2.25 (m, 4H, 2CH>), 4.23 (q, 2H, J = 6.83 Hz, CH>),
4.81 (s, 2H, NHa, D.O exchangeable), 5.23 (s, 2H, CH>), 6.23 (s, 1H, thiophene H-5), 8.30, 8.34 (s,
2H, 2NH, D0 exchangeable); *C-NMR (DMSO-ds) & 16.0, 20.3, 22.2, 25.6, 34.8, 47.1, 51.4,
116.5, 120.4, 122.7, 123.8, 124.3, 124.9, 127.6, 133.9, 143.8, 164.3, 170.2; MS (El): m/z (%) 428
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(M™). Anal. Calcd for C2H20N403S2: C, 56.06; H, 4.70; N, 13.07; S, 14.97. Found: C, 56.22; H,
4.53; N, 13.31; S, 15.07.

3.1.8. General procedure for the synthesis of hydrazoacetamide derivatives 14a-d

To a cold solution (0-5 °C) of compound 12a (3.81 g, 0.01 mol) in ethanol (50 mL) containing
sodium acetate (3.50 g, 0.50 mol) either benzenediazonium chloride (0.01 mol), 4-chlorobenzene-
diazonium chloride (0.01 mol), 4-methoxybenzenediazonium chloride (0.01 mol) or 4-methylaniline
(0.01 mol) [prepared by adding a cold solution of sodium nitrite (0.70 g, in water (10 mL)) to a cold
solution (0-5 °C) of either aniline oil (0.93 g, 0.01 mol), 4-chloroaniline (1.27 g, 0.01 mol) 4-
methoxybenzenediazonium chloride (1.24 g, 0.01 mol) or 4-methylaniline (1.07 g, 0.01 mol) in
concentrated hydrochloric acid (12 mL) with continuous stirring] was added with continuous
stirring. The whole reaction mixture was left at room temperature for 1 h then the formed solid

product was collected by filtration and crystallized from acetic acid.

2-((4-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-3-cyanothiophen-2-
yl)amino)-2-oxo-N'-phenylacetohydrazonoyl cyanide (14a)

Red crystals; yield: 3.78 g (78%), mp: 223-224°C; IR (KBr, cm™): 3475-3320 (NH), 3053 (CH
aromatic), 2223, 2220 (2CN), 1708 (C=0), 1630 (C=C); *H-NMR (DMSO-ds) & 1.77-1.85 (m, 4H,
2CHy), 2.25-2.28 (m, 4H, 2CHy), 4.80 (s, 2H, NH>, D,O exchangeable), 6.15 (s, 1H, thiophene H-
5), 7.25-7.41 (m, 5H, CsHs), 8.25, 8.30, 8.56 (3s, 3H, 3NH, D20 exchangeable); *C-NMR (DMSO-
ds) : 20.5, 22.9, 25.8, 34.7, 116.7, 117.0, 120.2, 121.7, 123.1, 124.0, 124.1, 124.6, 125.3, 126.9,
127.2,129.3, 133.1, 138.8, 141.2, 142.8, 164.2, 168.7; MS (El): m/z (%) 485 (M™). Anal. Calcd for
C22H19N70S2: C, 59.36; H, 3.94; N, 20.19; S, 13.21. Found: C, 59.42; H, 3.72; N, 20.53; S, 13.08.

2-((4-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-3-cyanothiophen-
2-yl)amino)-N’-(4-chlorophenyl)-2-oxoacetohydrazonoyl cyanide (14b)

Red crystals; yield: 4.41 g (85%), mp: 194-195°C; IR (KBr, cm™): 3488-3315 (NH, NH), 3056 (CH
aromatic), 2225, 2220 (2CN), 1710 (C=0), 1628 (C=C); *H-NMR (DMSO-ds) & 1.79-1.85 (m, 4H,
2CHy), 2.23-2.27 (m, 4H, 2CHy), 4.83 (s, 2H, NH>, D>O exchangeable), 6.12 (s, 1H, thiophene H-
5), 7.28-7.39 (M, 4H, CsHa), 8.23, 8.32, 8.42 (3s, 3H, 3NH, D20 exchangeable); *C-NMR (DMSO-
de) o: 20.6, 22.4, 25.8, 34.9, 116.8, 117.3, 120.0, 121.4, 123.1, 124.0, 124.1, 124.8, 125.3, 127.2,
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138.8, 140.4, 1412, 143.4, 164.8, 168.6; MS (EI): m/z (%) 520 (M*). Anal. Calcd for
CasH1sCIN7OS2: C, 55.43; H, 3.49; N, 18.85: S, 12.33. Found: C, 55.70; H, 3.62; N, 18.59; S, 12.48.

2-((4-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-3-cyanothiophen-
2-yl)amino)-N'-(4-methoxyphenyl)-2-oxoacetohydrazonoyl cyanide (14c)

Reddish brown crystals; yield: 4.63 g (90%); mp: 168-169°C; IR (KBr, cm™): 3462-3335 (NH, NH>),
3053 (CH aromatic), 2227, 2221 (2CN), 1720 (C=0), 1638 (C=C); *H-NMR (DMSO-ds) &: 1.74-
1.82 (m, 4H, 2CHy), 2.21-2.28 (m, 4H, 2CHy), 3.38 (s, 3H, OCHs), 4.88 (s, 2H, NHz, D20
exchangeable), 6.13 (s, 1H, thiophene H-5), 7.31-7.42 (m, 4H, C¢H4), 8.21, 8.32, 8.45 (3s, 3H, 3NH,
D,O exchangeable); *C-NMR (DMSO-ds) &: 20.8, 22.7, 25.8, 34.3, 55.3, 116.3, 117.0, 120.3,
121.4,123.8, 124.0, 124.0, 124.8, 125.9, 127.0, 133.2, 138.2, 140.8, 141.9, 164.9, 168.6; MS (EI):
m/z (%) 516 (M™). Anal. Calcd for CosH21N702S,: C, 58.24; H, 4.11; N, 19.02; S, 12.44. Found: C,
58.40; H, 4.26; N, 19.11; S, 12.29.

2-((4-(3-Amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-3-cyanothiophen-
2-yl)amino)-2-oxo-N'-(p-tolyl)acetohydrazonoyl cyanide (14d)

Reddish brown crystals; yield: 3.44 g (69%); mp: 129-130°C; IR (KBr, cm™): 3482-3318 (NH, NHy),
3057 (CH aromatic), 2227, 2220 (2CN), 1712 (C=0), 1630 (C=C); *H-NMR (DMSO-ds) &: 1.76-
1.83 (m, 4H, 2CHy), 2.23-2.28 (m, 4H, 2CH), 2.65 (s, 3H, CHzs), 4.86 (s, 2H, NHz, D20
exchangeable), 6.11 (s, 1H, thiophene H-5), 7.30-7.39 (m, 4H, CsH4), 8.23, 8.30, 8.48 (3s, 3H, 3NH,
D20 exchangeable); *C-NMR (DMSO-ds) &: 20.4, 22.9, 23.3, 25.8, 34.6, 116.4, 117.3, 120.6,
122.8, 123.8, 124.0, 124.3, 124.8, 125.2, 126.4, 138.8, 140.6, 141.7, 143.9, 164.6, 168.7; MS (EI):
m/z (%) 500 (M*). Anal. Calcd for C2sH21N70S,: C, 60.10; H, 4.24; N, 19.62; S, 12.84. Found: C,
60.32; H, 4.52; N, 19.48; S, 12.64.

3.1.9. General procedure for the synthesis of thieno[2,3-b]pyridine derivatives 15a and 15b

A suspension of either compound 12a (3.81 g, 0.01 mol) or 12b (4.28 ¢,0.01 mol) in sodium
ethoxide (0.02 mol) [prepared by dissolving metallic sodium (0.46 g, 0.02 mol) in absolute ethanol
(20 mL] was heated in a boiling water bath for 12 h then poured onto ice/water containing few drops
of hydrochloric acid. The formed solid product was collected by filtration and crystallized from 1,4-

dioxane.

20



10
11

12
13
14
15
16
17
18

%0

21
22
23
24
25
26
27
28

29

4-Amino-3-(3-amino-4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-2-yl)-6-hydroxy-
thieno[2,3-b]pyridine-5-carbonitrile (15a)

Yellow crystals; yield: 2.29 g (60%); mp: > 300 °C; IR (KBr, cm™): 3593-3355 (NH, NH2, OH),
3056 (CH aromatic), 2224 (CN), 1635 (C=C); 'H-NMR (DMSO-ds) &: 1.75-1.85 (m, 4H, 2CH>),
2.23-2.27 (m, 4H, 2CH>), 4.68, 5.09 (2s, 4H, 2NH2, D20 exchangeable), 6.16 (s, 1H, thiophene H-
5), 8.28 (s, 1H, NH, D0 exchangeable), 9.90 (s, 1H, OH, D0 exchangeable); *C-NMR (DMSO-
de) 0. 20.8, 22.9, 25.8, 34.7, 116.7, 120.2, 121.7, 123.1, 124.1, 124.6, 125.3, 126.5, 127.0, 129.6,
138.8, 142.8, 144.5, 162.8; MS (El): m/z (%) 381 (M™). Anal. Calcd for C1gH1sNsOS>: C, 56.67; H,
3.96; N, 18.36; S, 16.81. Found: C, 56.93; H, 3.65; N, 18.48; S, 17.09.

3-(3-Amino-4,5,6,7-tetrahydro-1H-benzo-4,5]thieno[2,3-b]pyrrol-2-yl)-4,6-dihydroxy-
thieno[2,3-b]pyridine-5-carbonitrile (15b)

Yellow crystals; yield: 2.79 g (73%) g); mp: 289-290°C; IR (KBr, cm™): 3578-3345 (NH, NH, OH),
3056 (CH aromatic), 2222 (CN), 1628 (C=C); 'H-NMR (DMSO-ds) &: 1.79-1.85 (m, 4H, 2CH>),
2.23-2.27 (m, 4H, 2CHy), 4.86 (s, 2H, NH2, D2O exchangeable), 6.17 (s, 1H, thiophene H-5), 8.26
(s, 1H, NH, D20 exchangeable), 10.29, 10.34 (2s, 2H, D,0 exchangeable, 20H); 3 C-NMR (DMSO-
de) 0. 20.3, 22.8, 25.8, 34.7, 116.6, 120.2, 121.6, 123.1, 124.7, 124.1, 124.8, 125.3, 126.8, 127.5,
133.2, 140.8, 143.8, 144.2, 162.9; MS (El): m/z (%) 382 (M*). Anal. Calcd for C1sH14aN40,S;: C,
56.53; H, 3.69; N, 14.65; S, 16.77. Found: C, 56.72; H, 3.46; N, 14.80; S, 16.37.

4. Conclusions

Novel 4,5,6,7-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrol-derivatives were synthesized in
good yields. Some compounds were used to produce annulated products. The cytotoxicity of the
newly synthesized compounds indicate that compounds 4, 7a, 7b, 8a, 8b, 10c, 10d, 10f, 12a, 12b,
14b and 15b showed the highest potency among the tested compounds. In addition, the anti-
proliferative  evaluations of  these  twelve  compounds indicated that the
benzo[4’,5’]thieno[3’,2”:4,5]pyrrolo[3,2-b]pyridine derivative 7b and the benzo[4,5]thieno-[2,3-
b]pyrrol-2-yl)-thiophene derivative 8b showed high potency against Molt4/C8 and CEM cell lines

and their ICso’s are higher than the reference drug “doxorubicin”.
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