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3,4-Diamino-2-carbethoxy-5-cyanothieno(2,3-b)thiophene (1) was
treated with ethylenediamine to afford 3,4-diamino-2,5-bi[2-(4,5-
dihydro-1H-imidazole-2-yl]-thieno(2,3-b)thiophene 2, which in turn
was treated with chloroacety chloride to give bis[imidazolothieno
diazepine] derivative 3 and with each of p-chlorobenzaldehyde,
triethyl orthoformate, and Lawesson’s reagent (LR) to yield
bis[imidazolothienopyrimidine] derivatives 4-6. Compound 1 was
subjected to Mannich reaction to afford Mannich bases 7 and 8a,b.
The later products (8a,b) were treated with malononitrile yielding
9a and 9b. Treatment of compound 1 with CSy;, NaOH and CHsl
produced compounds 10 and 11. The reaction of compound 10 with
each of o-aminothiphenal, o-phenylenediamen, hydrazine hydrate,
and phenylhydrazine afforded compounds 12a,b, 13a,b. Compound
1 was allowed to react with CSs, phenyl (benzoyl)isothiocyanate and
phenylisocyanate to get the described products 14-19, respectively.
On reacting compound 1 with ethylcyanoacetate thieno(2,3-b)pyridine
derivative 21 was obtained through the intermediate 20. Finally,
compound 1 was treated with malononitrile to yield compound 22.

Keywords: Thieno(2,3-b)thiophene; thienoimidazolino(1,4)diazepine;
thienoimidazolinopyrimidine; thienopyridine; PTC

Reviewing literature showed that thiophenes are of interest for medic-
inal chemistry. Many thiophenes and polyfused thiophene derivatives
have biological and farmacological activities.!"® Since 1950 several syn-
thetic methods for thieno[2,3-d]thiophenes have been investigated and
developed.” ! These compounds have been studied for different pur-
poses in the pharmaceutical field and tested as potential antiviral,'?
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antibiotic,!3 antiglaucoma,!* analgesic, and antipyretic drugs.!® Re-
garding with the growing interest of thieno[2,3-b] thiophenes, so this
work aims to prepare a new series of these compounds starting with
3,4-dimino-2-carbethoxy-5-cyano(2,3-b) thiophene.’

RESULTS AND DISCUSSION

The target compound 3,4-diamino-2-carbethoxy-5-cyanothieno(2,3-
b)thiophene® (1) was treated with ethylene diamine!®17 in 1:5
molar ratio of CSy/DMF mixtuer to yield 3,4-diamino-2,5-bi[2-(4,5-
dihydro-1H-imidazole-2-yl]thieno-(2,3-b)thiophene (2). The reaction
mechanism was postutaled to proceed through a nucleophilic attack of
the ethylene diamene’s NH, groups at each of the olefinic CN group!61”
with the elimination of NH3 molecule and at the carbethoxy carbonyl
group with elimination of HoO and EtOH molecules to form compound
2. Treatment of this compound with chloroacetyl chloride yielded
bi[4,5-dihydroimidazolo(2,3-d)1,4-diazepino]thieno(2,3-b)thiophene
derivative 3. Bis-[4,5-dihydroimidazolo-(2,3-¢c)pyrimidino]thieno(2,3-
b)thiophene derivatives 4 and 5 were obtained by cyclizing compound 2
either with p-chlorobenzaldehyde in refluxing DMF through the elimi-
nation of HoO molecules or with triethylorthoformate in boiling acetic
acid via the elimination of EtOH molecules, respectively (Scheme 1,
Table I).

According to our previous work in (LR) ring closure reactions
with substrates containing different functional groups'® as well as

FIGURE 1
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SCHEME 1

others!®, compound 2 was cyclized with lewesson’s reagent (LR) in
refluxing DMF through the elimination of HyS molecules to afford
bi[4,5-dihydro-imidazolo(1,2-c)(1,3,2)diazaphosphinino]thieno(2,3-
b)thiophene (6) (Scheme 1, Table I). The suggested mechanism for this
reaction is a nucleophilic attack by the NHy group at LR to give the
intermediate M, which underwent interamolecular cyclization via the
elimination of HyS molecules to give compound 6 Figure 1.

When compound 1 was subjected to the Mannich reaction by using
p-nitroaniline, morpholine, or piperidine in presence of formaline, the
corresponding Mannich bases 7-8a,b were obtained. Each of the two
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SCHEME 2

compounds 8a,b was allowed to react with double molarity of malono-
nitrile in refluxing DMF to give bi[thieno(3,2-b)pyridine] derivatives
9a,b, in excellent yield (Scheme 2, Table I). The reaction mechanism
was postulated to proceed through a nucleophilic attack of Mannich
bases NH groups at the cyano group of malononitrile followed by a
nucleophilic attack of the active CHg group at the ethoxycarbonyl group,
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FIGURE 2

with elimination of EtOH molecule as well as at the olefinic cyano group
forming NHy (Figure 2). The proposed structures of these compounds
were established on the basis of their elemental and spectral analyses
(Scheme 2, Table I).

Treatment of compound 1 with CSy, NaOH in 1:1:2 molar ratio, and
double molarty of CH3I at room temperature afforded the correspond-
ing dimethyl dithiacarbamate derivative 10 in 70% yield and the cor-
responding acid derivatives 11 in 20% yield (Scheme 2, Table I).

On treating compound 10 with selected o-substituted aromatic
amines such as o-aminothiophenol or o-phenylenediamine afforded
the corresponding spiro compounds 12a,b with the elimination of
CH3SH molecules, whereas the treatment of compound 10 with
hydrazine hydrate or phenyl hydraziene yielded the corresponding
methylthiothienopyrimidine derivatives 13a,b in a good yield.

Compound 1 was treated with CSg, phenyl (benzoyl) isothiocyanate,
or phenyl isocyanate in 1:2 molar ratio under solid-liquid phase-
transfer catalysis (PTC) conditions [DMF/K;COg/tetrabutyl ammo-
nium bromide (TBAB)] to give compounds 14-17a,b. Compounds
17a,b underwent intramolecular cyclization on treating with EtONa
in boiling DMF affording the corresponding thieno[3,2-d]1,3-thiazine or
thieno[3,2-d]1,3-oxazine derivatives 18 and 19 respectively. The reac-
tion pathway was postulated to proceed through a nucleophilic attack of
NH groups at each of the ethoxy carbonyl group with the elimination of
EtOH molecules, and at the olefinic CN group forming =NH (Scheme 3,
Table I). Also, compound 1 was treated with ethyl cyanoacetate in 1:2
molar ratio under the same PTC experimental conditions to give com-
pound 20, which in turn underwent interamolecular cyclization in re-
fluxing DMF and catalytic amount of EtONa yielding the polyfused
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product 21 (Scheme 3, Table I). Although the isomeric cyclization prod-
ucts 21 or 21 were predicted, only the single product 21 was ob-
served. The suggested mechanism for this compound formation is the
intramolecular nucleophilic attack of the active CHoCN at the carbonyl
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ester group with the elimination of EtOH molecule to give thieno(2,3-
b)pyridine derivative 21 (Scheme 3, Table I).

Another derivative of thieno(2,3-b)pyridine, derivative 22, was ob-
tained by the reaction of compound 1 with malononitrile in 1:2 molar
ratio under the same solid-liquid (PTC) experimental condition at 70°.
The H-NMR spectral data of compound 22 showed the presence of a
signal corresponding to CH group (Scheme 3, Table I).

The elemental and spectral analyses were in agreement with the
proposed structures.

EXPERIMENTAL

Synthesis of Compound 2

To a solution of compound 1 (0.02 mol, 5.34 g) in DMF (5 ml) was added
CSs (25 ml) and ethylenediamine (0.04 mol, 4.4 g). The reaction mixture
was stirred for 20 h at room temperature. The reaction mixture was
poured into ice cold water (200 ml) in presence of few drops of HC1. The
resulting solid was filtered washed with water, dried, and recrystallized
from dioxane (Table I).

Synthesis of Compound 3

To a solution of compound 2 (0.01 mol, 3.06 g) and triethylamine
(0.04 mmol, 4.05 g) in DMF (20 ml) chloroacetyl chloride (0.02 mol,
2.26 g) was added dropwise. The solution was stirred for 6 h. The reac-
tion mixture was poured into cold water. The resulting solid mass was
filtered off and crystallized from DMF/H50 (Table I).

Synthesis of Compound 4

A solution of compound 2 (0.01 mol, 3.06 g) and p-chlorobenzaldehyde
(0.02 mol, 2.81 g) in DMF (20 ml) was refluxed for 5 h. After cooling the
mixture was poured into ice cold water (100 ml). The separated solid
was filtered off and crystallized from DMF/H2O (Table I).

Synthesis of Compound 5

To a solution of compound 2 (0.01 mol, 3.06 g) in acetic anhydride
(10 ml) triethylorthoformate (0.03 mol, 4.44 g) was added. The reaction
mixture was refluxed for 5 h and evaporated in vacuo. The residual
solid was washed with water and crystallized from acetic acid (Table I).
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Synthesis of Compound 6

A mixture of compound 2 (0.01 mol, 3.06 g) and LR (0.02 mol,
4.04 g) was refluxed in DMF (20 ml) till HoS was ceased (>~ 20 h). The re-
action mixture was concentrated and cooled to room temperature. The

separated solid was filtered, washed with water, dried, and crystallized
from DMF/H5O (Table I).

Synthesis of Compounds 7 and 8a,b: General Procedure

A solution of compound 1 (0.005 mol, 1.34 g) and formaldehyde
(10 ml) in dioxane (20 ml) was refluxed for 1 h. The proper amine (p-
nitroaniline, morpholine, piperidine) (0.01 mol) was added to the reac-
tion mixture and the reflux was continued for 4 h. The reaction mixture
was concentrated and cooled. The precipitate was filtered off and crys-
tallized from the suitable solvent (Table I).

Synthesis of Compounds 9a,b: General Procedure

To a solution of compound 8a or 8b (0.005 mol) in DMF (20 ml) malonon-
itrile (0.01 mol, 0.66 g) was added. The reaction mixture was refluxed
for 2 h and cooled. The precipitate was filtered off and crystallized from
the proper solvent (Table I).

Synthesis of Compounds 10 and 11: General Procedure

A mixture of compound 1 (0.01 mol, 2.67 g), CSy (0.02 mol, 1.52 g),
NaOH (0.04 mol, 1.60 g in 10 ml water), and DMF (30 ml) was stirred
for 4 h and CH3I (0.04 mol, 5.68 g) was added. The reaction mixture was
stirred for an additional 5 h and poured into ice cold water (200 ml).
The resulting solid mass was filtered and dried. The solid product was
dissolved in NaHCO3 solution and filtered off. The precipitate was crys-
tallized from DMF where compound 10 was obtained. The filtrate was
acidified with dil. HCI; where compound 11 was separated, filtered off,
and crystallized from DMF/H20 (Table I).

Synthesis of Compounds 12a,b and 13a,b:
General Procedure

To a solution of compound 10 (0.002 mol, 0.95 g) in DMF (20 ml) o-
aminothiophenol, o-phenylenediamen, hydrazine hydrate, or phenyl
hydrazine, (0.004 mol) was added. The reaction mixture was refluxed till
the evaluation of MeSH was ceased. The reaction mixture was poured
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into ice-cold water (100 ml). The separated solid was collected by filter-
ation and crystallized from the suitable solvent (Table I).

Synthesis of Compound 14-17a,b, 20 and 22:
General Procedure

A mixture of 4 g anhydrous potassium carbonate, compound 1 (0.004
mol, 1.07 g), DMSO (20 ml), and catalytic amount of TBAB was treated
with 0.008 mol of CSg, phenylisothiocyanate, benzoyliso-thiocyanate,
phenylisocyanate, ethylcyanoacetate, or malononitrile and stirred for
5 h at 70°C. The reaction mixture was filtered off and the filtrate was
added to ice-cold water. The separated solid was filtered off and crystal-
lized from the proper solvent to give compounds 14, 16, 17a,b, and 20.
The residual solid potassium carbonate was dissolved in distilled water
(50 ml). The separated solid was collected by filteration and crystallized
from dioxane where compound 22 was obtained (Table I).

Synthesis of Compounds 18, 19, and 21:
General Procedure

A solution of compound 17a,b or 20 (0.002 mol) in DMF (20 ml) was
treated with catalytic amount of EtONa. The reaction mixture was re-
fluxed for 5 h and poured into ice-cold water (100 ml). The solid product
was filtered off and crystallized from the proper solvent (Table I).
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