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Abstract: A facile and convenient synthesis of a series of bisheterocycles 7a,b 10, 12 and
13a,b containing a thieno[2,3-b]thiophene base unit via the versatile, hitherto unreported 3-
[3,4-dimethyl-5-(3-nitrilopropanoyl)thieno[2,3-b]thiophen-2-yl]-3-oxopropanenitrile (4) is
described.

Keywords:  DMF-DMA;  bis-thieno[2,3-b]thiophene;  bis-aminopyrazole;  bis-
pyrazolopyrimidine

Introduction

Thiophene derivatives represent a class of important and well-studied heterocycles [1,2]. The
interest in this kind of heterocycles has spread from the early dye chemistry to modern drug design,
biodiagnostics, electronic and optoelectronic devices, conductivity-based sensors, and self-assembled
superstructures [3-8]. Recently, some conjugated thieno-thiophenes, structurally related to several
current applications have been reported [9-15].

Thienothiophene derivatives have been developed for different purposes in the pharmaceutical field
and have been tested as potential antitumor, antiviral, antibiotic, and antiglaucoma drugs, or as
inhibitors of platelet aggregation [16-20]. Recently Mashraqui [10] described the first application of
thieno[2,3-b]thiophene in the design of a novel NLO system by incorporating this nucleus within an
unsymmetrically functionalized cyclophane. On the other hand, pyrazolopyrimidine compounds have
been found to be useful as pharmaceutically interesting compounds [21,22].

However, little is known in the literature about thienothiene derivatives with different features and
applications, and there is no report of a generally useful synthesis of thienothiene derivatives,



Molecules 2009, 14 1905

compounds which are of considerable interest as potential biological active compounds or
pharmaceuticals. In light of these findings we report here the synthesis of some novel bis-heterocycles
containing thieno[2,3-b]thiophene as a base unit.

Results and Discussion

The synthetic procedures adopted to obtain the target compounds are depicted in Schemes 1, 2 and
3. Treatment of 3,4-dimethylthieno[2,3-b]thiophene-2,5-dicarboxylate (1) with acetonitrile in the
presence of sodium hydride in refluxing benzene afforded the novel 3-[3,4-dimethyl-5-(3-
nitrilopropanoyl)thieno[2,3-b]thiophen-2-yl]-3-oxopropanenitrile (4) (Scheme 1).

Scheme 1. Synthesis of bis-aminopyrazoles derivatives 7a-b.
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The latter could alternatively be obtained by reaction of bis-2-bromoacetylthieno[2,3-b]thiophene
derivative 3 with ethanolic potassium cyanide solution. Compound 3 in turn can be obtained from
1-(5-acetyl-3,4-dimethythieno[2,3-b]thiophene-2-yl)ethanone (2) upon treatment of Br, in AcOH. The
structure of compound 4 was established on the basis of its elemental analyses and spectral data. Its
'"H- NMR spectrum displayed a singlet signal at & 4.03 ppm, characteristic of active methylene protons,
whereas its IR spectrum revealed two absorption bands at 2,214 and 1,709 cm™ due to nitrile and
carbonyl functions, respectively.
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Treatment of compound 4 with dimethylformamide-dimethylacetal (DMF-DMA) in refluxing
xylene afforded 2-({5-[-2-cyano-3-(dimethylamino)-2-propenoyl]-3,4-dimethylthieno[2,3-b]thiophen-
2-yl}carbonyl)-3-(dimethylamino)-2-propenenitrile (5) (Scheme 1). The 'H-NMR spectrum of
compound 5 displayed a singlet signal at 6 2.23 due to methyl protons, a singlet signal at & 2.47 due to
N,N-dimethyl protons and a singlet signal at & 7.51 due to ethylenic proton. The mass spectrum
revealed a molecular ion peak at m/z 412, corresponding to C,0H20N4O,S;. In a similar manner, when
4 was treated with excess triethylorthoformate, the corresponding bis-ethoxypropenenitrile 6 was
obtained in high yield. When compounds 5 and 6 were treated with hydrazine hydrate and with phenyl
hydrazine in refluxing ethanol/DMF, the novel bis(aminopyrazoles) 7a,b, were obtained, respectively
(Scheme 1). The structures of the latter products were deduced from their elemental analyses and
spectral data. The "H-NMR spectrum of compound 7a, for example, revealed a singlet signal at § 7.52,
characteristic of a pyrazole CH proton.

Prompted by the aforementioned results, we have also investigated the reactivity of 5 and 6 towards
5-amino-3-phenyl-1H-pyrazole (8a). Thus, reaction of 5 and 6 with this compound in refluxing
ethanol/DMF, in the presence of piperidine gave 6-[5-(7-cyanopyrazolo[1,5-a]pyrimidin-6-yl)-3,4-
dimethylthieno[2,3-b]thiophen-2-yl]-2-phenylpyrazolo[ 1,5-a]pyrimidine-7-carbonitrile (10) (Scheme
2). The structure of the obtained product was assigned as 10 and not the other expected derivative 9
based on spectral data. The IR spectrum of the reaction product revealed, in each case, no bands due to
amino or carbonyl functions. Moreover, the '"H NMR spectrum of compound 10, revealed two singlet
signals at 6 7.79 and 8.9 due to pyrazole and pyrimidine CH protons, respectively. The formation of
product 10 is assumed to take place via the addition of the exocyclic amino group in 5-amino-3-
phenyl-1H-pyrazole (8a) to the activated double bond in compounds 5 or 6 which then undergo
intramolecular cyclization and subsequent aromatization via the loss of dimethylamine and water
molecules under the reaction conditions to give 10 as depicted in Scheme 2.

Scheme 2. Synthesis of bis-pyrazolo[1,5-a]pyrimidine derivative 10.
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Further evidence for the proposed structure 10 was obtained by treatment of 5-(N,N
dimethylaminomethylene)imino-3-phenyl-1H-pyrazole (8b) [23] with 4 in ethanol/DMF in the
presence of a catalytic amount of piperidine to afford a product indentical in all respects with that
obtained from the reaction of 5 or 6 with 5-amino-3-phenyl-1H-pyrazole (Scheme 2).

Reactions of 4 with aromatic diazonium salts were also investigated. Thus, treatment of bis-3-
oxopropanenitrile 4 with diazotized aromatic amines (aniline and p-chloroaniline) in cold
ethanol/DMF, in the presence of sodium acetate trihydrate afforded the corresponding hydrazone
derivatives 11a,b (Scheme 3).

Scheme 3. Synthesis of bis-amino pyrazole derivatives 13a,b.
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The 'H-NMR spectrum of 1la, for example, displayed besides an aromatic multiplet at
0 6.40-7.1 ppm, singlet signals at 6 2.22 and 9.20 ppm corresponding to methyl and hydrazone NH
protons, respectively. Also, the IR spectra showed, in each case, absorption bands at 3200, 2220 and
1716 cm™ due to NH, CN and CO groups, respectively. The latter hydrazones 11a,b underwent
intramolecular cyclization upon treatment with hydrazine hydrate to give products identified as the
3-aminopyrazole derivatives 13a,b. The IR spectrum of 11a,b showed, in each case, the absence of
nitrile and carbonyl bands and revealed the appearance of three bands in the 3340-3100 cm™ region
due to NH; and NH groups as depicted in Scheme 3.

The “C-NMR spectrum of 13a, for example, revealed twelve carbon types. Its "H-NMR spectrum
displayed singlets at & 4.21 and 12.7 ppm attributable to the NH, and NH protons, respectively.
Compounds 13a,b were alternatively obtained by reaction of treatment of bis(aminopyrazole)
derivative 12 with diazotized aromatic amines (aniline and p-chloroaniline) in cold ethanol/DMF, in
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the presence of sodium acetate trihydrate. Compound 12 was prepared by the reaction of 4 with
hydrazine hydrate in refluxing ethanol (Scheme 3).

Experimental
General

All melting points were measured on a Gallenkamp melting point apparatus. IR spectra were
measured as KBr pellets on a Pye-Unicam SP 3-300 spectrophotometer. The NMR spectra were
recorded on a Varian Mercury VX-300 NMR spectrometer. 'H-NMR (300 MHz) and *C-NMR
(75.46 MHz) were run in dimethylsulphoxide (DMSO-ds). Chemical shifts were related to that of the
solvent. Mass spectra were recorded on a Shimadzu GCMS-QP 1000 EX mass spectrometer at 70 eV.
Elemental analysis was carried out on an Elementar Vario EL analyzer. Thieno[2,3-b]thiophene
derivatives 1,2 were prepared following literature procedures [24,25].

2-Bromo-1-[5-(2-bromoacetyl)-3,4-dimethylthieno[2,3-b]thiophen-2-yl]-ethanone (3)

A solution of 2 (25.2 g, 100 mmol) in glacial acetic acid (100 mL) was heated to 80—90 °C with
vigorous stirring. To this hot solution, bromine (16 g, 100 mmol) in glacial acetic acid (20 mL) was
added dropwise over a period of 30 min. After complete addition of bromine, the reaction mixture was
stirred vigorously at room temperature for further 1 h till the evolution of hydrogen bromide gas
ceased, then it was poured onto crushed ice. The solid that formed was collected, washed with water,
dried well and recrystallized from ethanol to give colorless crystals of 3; yield 87%, mp. 180 —182 °C;
IR (KBI) Vinax 1690 (C=0) cm™'; "H-NMR: & 2.23 (s, 6H, CHj), 4.82 (s, 4H, CH,); >C-NMR: & 9.3
(CHs, aliphatic), 28.50 (CH,), 132.3, 136.1, 140.2, 148.4 (ArC’s), 186.2 (C=0). MS m/z (%): 407 (M",
100) , 286 (15), 249 (28), 116 (74); Anal. Calcd. for C;2H;oBr,0,S; (407.85): C, 35.14; H, 2.46; Br,
38.96; S,15.64. Found: C, 35.03; H, 2.52; Br, 38.85; S, 15.54.

3-[3,4-Dimethyl-5-(3-nitrilopropanoyl)thieno[2,3-b]thiophen-2-yl]-3-oxopropanenitrile (4)

Route A: To a mixture of 3,4-dimethylthieno[2,3-b]thiophene-2,5-dicarboxylate (1, 31.24 g,
100 mmol) in dry benzene (200 mL) and dimethylformamide (10 mL) was added sodium hydride
(2.5 g, 60%). The reaction mixture was refluxed for 4h, then allowed to cool. The solid that
precipitated was collected, washed with ether and dried. The product was dissolved in water and the
resulting solution was treated with concentrated hydrochloric acid until it becomes neutral. The
precipitated product was collected, washed with water, dried and finally recrystallized from
DMEF/EtOH as colorless crystals; yield 75%, mp. 254 —256 °C; IR (KBr) v 1709 (C=0), 2214 (CN)
cm™; 'H-NMR: & 2.23 (s, 6H, CHs), 4.03 (s, 4H, CH); “C-NMR: & 9.3 (2CHs, aliphatic), 28.50
(2CH,), 116.3 (2CN), 131.7, 134.5, 143.4, 160.5 (ArC’s), 193.2 (2 C=0); MS m/z (%): 303 (M" +1,
100), 302 (M", 85), 286 (17), 249 (19), 160 (34); Anal. for C14HoN,0,S, (302.37) calcd.: C, 55.61; H,
3.33; N, 9.26; S, 21.21. Found: C, 55.47; H, 3.22 ; N, 9.30 ; S, 21.20.

Route B: Compound 3 (41.01 g, 100 mmol) in ethanol (15 ml) was treated with a solution of KCN
(6.7 g, 100mmole) under reflux for 1h. The resulting mixture was poured onto cold water. The solid
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precipitate was filtered, dried and recrystallized from DMF/EtOH as colorless crystals, yield 85%. This
compound was identical in all respects (mp., mixed mp and spectral data) with compound 3 obtained
by route A above.

2-({5-[2-Cyano-3-(dimethylamino)-2-propenoyl]-3,4-dimethylthieno[ 2,3-b] thiophen-2-yl}carbonyl)-3-
(dimethylamino)-2-propenenitrile (5)

A mixture of bis-3-oxopropanenitrile 4 (20 mmol) and dimethylformamide—dimethylacetal (DMF—
DMA, 20 mmol) in dry xylene (20 mL) was refluxed for 8 h, then left to cool to room temperature.
The reddish-brown precipitated product was filtered off, washed with light petroleum (40—60 °C), and
dried. Recrystallization from DMF/EtOH afforded 5. Reddish-brown crystals; Yield 70%, mp. 290 -
292 °C; IR (KB) Vimay, 1713 (C=0), 2221(CN), 1554 (C=C) cm™'; 'H-NMR: § 2.23 (s, 6H, CH3), 2.47
(s, 12H, CH3), 7.51 (s, 2H, CH); >C-NMR: § 9.2 (2CHj, aliphatic), 42.7 (4CH3), 85.2 (2C=), 115.9
(2CN), 131.2, 136.1, 138.1, 147.4 (ArC’s), 157.9 (2CH=) 193.2 (2C=0); MS m/z (%): 413 (M +1,
76), 412 (M",100), 286 (22), 249 (13); Anal. for CooHyN40,S; (412.53) caled.; C, 58.23; H, 4.89; N,
13.58; S, 15.55. Found: C, 58.12; H, 4.64; N, 13.53; S, 15.49.

2-({5-[2-Cyano-3-ethoxy-2-propenoyl]-3,4-dimethylthieno[2,3-b] thiophen-2-yl}carbonyl)-3-ethoxy-2-
propenenitrile (6)

A mixture of bis-3-oxopropanenitrile 4 (10 mmol), triethylorthoformate (3 mL) and glacial acetic
acid (3 mL) was refluxed for 3 h. The solid precipitate that formed was filtered off, washed with
ethanol, dried and finally recystallized from DMF/EtOH afford 5. Yellow crystals; yield 83%, mp.
282-283 °C; IR (KBr) vmax 1720 (C=0), 2205 (CN), 1552 (C=C) cm™'; "H-NMR: § 1.22 (tr, 6H, CH3 )
2.23 (s, 6H, CH3), 4.02 (q, 4H, CH,),7.93 (s, 2H, CH); "C-NMR: § 9.2 (2CHj3, aliphatic), 15.3 (2CH3),
64.0 (2CH,), 80.1 (2C=), 115.9 (2CN), 132.2, 136.7, 138.9, 147.5, (ArC’s), 155.4 (2CH=), 189.7
(2C=0); MS m/z (%): 415.5 (M" +1, 100), 414 (M", 76), 286 (30), 249 (20); Anal. for CyH;sN,04S;
(414.5) calcd.; C, 57.95 ; H, 4.38; N, 6.76 ; S, 15.47. Found: C, 57.95; H, 4.38; N, 6.76; S, 15.47.

General procedure for the reaction of bis-thieno[2,3-b]thiophene derivatives 5, 6 with hydrazine
derivatives.

Treatment of compounds 5 or 6 (I mmol) with hydrazine hydrate and with phenyl hydrazine (0.1
mL) in dry ethanol (15 mL) under reflux for 5 h afforded the corresponding derivatives 7a,b,
respectively. The solid products so formed was filtered off, washed with ethanol, dried and
recrystallized from DMF/EtOH).

(3-Amino-1H-pyrazol-4-y){5-[(3-amino-1H-pyrazol-4-yl)carbonyl]-3,4-dimethylthieno[2,3-b] thio-
phen-2-yl}methanone (7a): Colorless crystals; Yield (82%); mp >300 °C; IR (KBr) viax 3320, 3275,
3100 (NH,+NH), 1735 (C=0), 1543 (CH=C) cm™'; '"H-NMR: § 2.22 (s, 6H, CHs), 4.92 (s, 4H, NH,),
7.52 (s, 2H, pyrazole), 9.42 (s, 2H, NH); BC-NMR: § 9.3 (2CHs, aliphatic), 94.1, 127.6, 131.2, 136.1,
141.0, 147.5, 161.0 (ArC’s),183.7 (C=0); MS m/z (%): 387 (M" +1,100) 386 (M",20) 285 (30), 251
(20); Anal. for C;sH14NcO,S, (386.45) calcd.; C, 49.73; H, 3.65; N, 21.75; S, 16.59. Found: C, 49.57;
H, 3.41; N, 21.55; S, 16.64.
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(3-Amino-1-phenyl-1H-pyrazol-4-yl){5-[(3-amino-1-phenyl-1H-pyrazol-4-yl)carbonyl]-3,4-dimethyl-
thieno[2,3-b]thiophen-2-yl}methanone (7b): Reddish-brown crystals; Yield (70%); mp >300 °C; IR
(KBr) Vinax 3320, 3275 (NH,), 1720 (C=0), 1538 (CH=C) cm™'; '"H-NMR: § 2.22 (s, 6H, CH3), 4.92 (s,
4H, NH,), 7.52 (s, 2H, CH pyrazole), 7.3 (m, 10H ArH’s); BC-NMR: § 9.3 (2CH3, aliphatic), 94.1,
120.2, 126.3, 127.6, 129.4, 131.2, 136.1, 139.7, 141.0, 147.5, 161.0 (ArC’s), 185.0 (2C=0);
MS m/z (%): 539 (M +1, 55), 538 (M", 100), 284 (30), 117 (20); Anal. for CosH2:N40,S; (538.64)
caled.; C, 62.43; H, 4.12; N, 15.60; S, 11.91. Found: C, 62.39; H, 4.04; N, 15.75; S, 11.78.

6-[5-(7-Cyanopyrazolo[1,5-a]pyrimidin-6-yl)-3,4-dimethylthieno[2,3-b]thiophen-2-yl]-2-phenyl-
pyrazolo[1,5-a]pyrimidine-7-carbonitrile (10)

Method A: To a mixture of the bis-enaminone 5 or bis-ethoxypropenenitrile 6 (10 mmol) and
5-amino-3-phenyl-1H-pyrazole (8a) (10 mmol) in DMF/EtOH (25 mL) was added few drops of
piperidine and the reaction mixture was refluxed for 3 h, then left to cool. The formed solid product
was filtered off and recrystallized from EtOH/DMF to afford the pyrazolo-[1,5-a]pyrimidine
derivatives 10 in 75 % yield; "H-NMR: § 2.22 (s, 6H, CH3), 7.36-7.61 (m, 10H, Ph), 7.79 (s, 2H,
pyrazole), 8.9 (s, 2H, pyrimidine); >*C-NMR: § 9.3 (2CHj, aliphatic), 118.2 (2CN), 92.7, 106.5, 127.6,
125.5, 127.2, 129.1, 130.2, 130.8, 134.5, 138.6, 148.3, 150.3, 154.2 (ArC’s); MS m/z (%): 604
(M',100), 284 (29), 253 (25), 115 (61); Anal. for C34H2NgS; (604.71) caled.; C, 67.53; H, 3.33; N,
18.53; S, 10.61. Found: C, 67.68; H, 3.42; N, 18.81; S, 10.77.

Method B: A solution of 3-[3,4-dimethyl-5-(3-nitrilopropanoyl)thieno[2,3-b]thiophen-2-yl1]-3-
oxopropanenitrile (4, 10 mmol) and an equivalent molar ratio of 5-N-(N,N-dimethylaminomethylene)-
amino-3-methyl-1H-pyrazole (8b) in ethanol (20 mL), in the presence of piperidine (0.3 mL), was
heated under reflux for 6 h. The solvent was removed by distillation under reduced pressure and the
remainder was left to cool. The precipitated solid product was collected by filtration. Recrystallization
from EtOH/DMF afforded a product identical in all respects (mp, mixed mp, TLC, IR, and mass
spectra with 10.

2-Arylhydrazono-3-dimethylthieno[2,3-b]thiophen-3-oxopropanenitriles 11a,b

To a stirred cold solution of bis-3-oxopropanenitrile 4 (6.04 g, 20 mmol) in EtOH/DMF (30 mL)
and sodium acetate trihydrate (2 g), was added the appropriate arene diazonium chloride (20 mmol)
portionwise over a period of 30 min at 0-5°C. After complete addition, the reaction mixture was stirred
for further 3h at 0-5°C. The solid that precipitated was collected, washed with water and dried.
Recrystallization from EtOH/DMF afforded the corresponding hydrazones 11a,b.

3-{5-[5-Amino-4-(2-phenylhydrazino)-1H-pyrazol-3-yl]-3,4-dimethylthieno[2,3-b] thiophen-2-y1}-4-(2-
phenylhydrazino)-1H-pyrazo-5-yl amine (11a): Yellow crystals; Yield (80%); mp. 275°C; IR (KBr)
Vimax 3200 (NH), 2977, 2220 (CN), 1716 (C=0), 1533 (CH=C) cm™'; 'H-NMR: § 2.22 (s, 6H, CHj),
6.40 -7. 10 (m, 10H, ArH’s), 9.20 (s, 2H, NH); *C-NMR: & 9.3 (2CHs, aliphatic), 115.2 (2CN), 117.6,
128.2, 129.8, 132.2, 136.0, 138.2, 142.0, 148.4, (ArC’s), 187.2 (2C=0). MS m/z (%): 511 (M" +1,
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100) 510 (M, 60) 286 (29), 250 (25); Anal. for C26H;sN¢0,S, (510.59) caled.; C, 61.16; H, 3.55; N,
16.46; S, 12.56. Found: C, 60.97; H, 3.64; N, 16.42; S, 12.42.

2-[2-(4-Chlorophenyl)hydrazono]-3-(5-{2-[2-(4-chlorophenyl)hydrazono]-3-nitrilopropanoyl}-3,4-
dimethylthieno[2,3-b]thiophen-2-yl)-3-oxopropanenitrile (11b): Yellow crystals; Yield (85%); mp.
283°C; IR (KBr) Vimax 3225 (NH), 2220 (CN), 1707 (C=0), 1521 (CH=C) cm™; 'H-NMR: & 2.22 (s,
6H, CHs), 6.24 -7. 17 (m, 8H, ArH’s), 8.21 (s, 2H, NH); *C-NMR: & 9.2 (2CHj, aliphatic), 114.9
(2CN), 117.7, 124.3, 129.7, 131.2, 136.1, 138.1, 141.2, 147.5 (ArC’s), 184.0 (2C=0); MS m/z (%):
580 (M" +1, 100), 579 (M, 20), 286 (35), 117 (25); Anal. for CysH;sCLLNsO,S, (579.48) calced.; C,
53.89; H, 2.78; Cl, 12.24; N ,14.50; S, 11.07. Found: C, 53.68; H, 2.69; Cl, 12.52; N, 14.63; S, 10.88.

3-[5-(5-Amino-1H-pyrazol-3-yl)-3,4-dimethylthieno[2,3-b]thiophen-2-yl]-1H-pyrazol-5-yl amine (12)

A mixture of the bis-3-oxopropanenitrile 4 (6.04 g, 20 mmol) and hydrazine hydrate (1 mL, 80%) in
absolute ethanol (20 ml) was refluxed for 2-4 h. The reaction mixture was allowed to cool and then
diluted with water. The precipitated solid was collected, washed with water and dried.
Recrystallization from EtOH/DMF afforded the pyrazole derivative 12. Colorless crystals; Yield
(73%); mp.285 °C; IR (KBr) Vimax 3320, 3250, 3120 (NH,+NH), 1543 (CH=C) cm™; 'H-NMR: § 2.21
(s, 6H, CH3), 4.02 (br, 4H, NH,), 6.03 (s, 2H, pyrazole), 12.98 (s, 2H, NH); C-NMR: § 9.3 (2CHj3,
aliphatic), 88.8, 125.7, 130.2, 133.4, 135.9.0, 138.1.5, 153.0 (ArC’s). MS m/z (%): 331 (M" +1,90),
330 (M", 76) 286 (100), 249 (45); Anal. for C14H14NgS; (330.43) caled.; C, 50.89; H, 4.27; N, 25.43 ;
S, 19.41. Found: C, 50.76; H, 4.26; N, 25.43; S, 19.46.

5-Amino-4-arylazo-3-(thieno[2,3-b]thiophen-2-yl)pyrazoles 13a,b

Route A: To a solution of the appropriate hydrazone 11a,b (5 mmol) in ethanol (20 mL) was added
hydrazine hydrate (5 mmol). The reaction mixture was refluxed for 1 h, then cooled. The solid formed
was collected, washed with ethanol, dried and finally recrystallized from EtOH /DMF to afford the
corresponding 4-arylazopyrazole derivatives 13a,b, respec -tively.

Route B: To a stirred cold solution of bis-pyrazole derivative 12 (6.60 g, 20 mmol) in EtOH/DMF
(30 mL) and sodium acetate trihydrate (2 g), was added the appropriate arene diazonium chloride
(20 mmol) portionwise over a period of 30 min at 0-5°C. After complete addition, the reaction mixture
was stirred for further 3 h at 0-5°C. The solid that precipitated was collected, washed with water and
dried. Recrystallization from EtOH/DMF afforded the corresponding hydrazones 13a,b.

4-(2-Phenyl)diazenyl)-3-(2-(4-(2-phenyl)diazenyl)-5-amino-1H-pyrazol-3-yl)-3,4-dimethylthieno[ 2,3-
b]thiophen-2-yl) )-1H-pyrazol-5-amine (13a): Colorless crystals; Yield (45%); mp. >300 °C; IR (KBr)
Vinax 3306, 3244, 3100 (NH,+NH) cm™; "TH-NMR: & 2.22 (s, 6H, CH;), 4.21 (br, 4H, NH,), 6.54-7.17
(m, 10H, ArH’s), 12.7 (s, 2H, NH); C-NMR: & 9.3 (2CHj3, aliphatic), 92.1, 117.2, 121.6, 125.7,
128.5, 128.9, 132.1, 133.8, 138.4, 143.4, 154.0 (ArC’s); MS m/z (%): 539 (M" +1,65), 538 (M",100),
283 (29), 251 (25); Anal. for CysH2oN oS, (538.65) caled.; C, 57.97; H, 4.12; N, 26.00; S, 11.91.
Found: C, 57.70; H, 4.18; N, 26.15; S, 11.69.
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4-(2-(4-Chlorophenyl)diazenyl)-3-(2-(4-(2-(4-chlorophenyl)diazenyl)-5-amino-1H-pyrazol-3-yl)-3,4-
dimethylthieno[2,3-b]thiophen-2-yl) )-1H-pyrazol-5-amine (13b): Colorless crystals; Yield (60%); mp.
>300 °C; IR (KBr) vmax 3333, 3221, 3150 (NH,+NH) cm™; '"H-NMR: & 2.22 (s, 6H, CH3), 4.00 (br,
4H, NH,), 7. 20-7.32 (m, 8H, ArH’s), 13.7 (s, 2H, NH); *C-NMR: § 9.3 (2CHj, aliphatic), 92.1, 125.8,
126.6, 125.7, 128.5, 130.2, 130.3, 133.7, 134.3, 138.4, 154.0, (ArC’s); MS m/z (%): 608 (M"+1, 100),
607 (M",54), 286 (29), 115 (25); Anal. for CyH2C1oN oS, (607.54) caled.; C, 51.40; H, 3.32; CI,
11.67; N, 23.05; S, 10.56. Found: C, 51.78; H, 3.26; Cl, 11.84; N, 23.17; S, 10.55.

Conclusions

Synthesis and identification of some bis-heterocycles 7a,b, 10, 12 and 13a,b containing thieno[2,3-
b]thiophene as a base unit via the versatile, hitherto unreported 3-[3,4-dimethyl-5-(3-
nitrilopropanoyl)thieno[2,3-b]thiophen-2-yl]-3-oxopropanenitrile(4) was reported.
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