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Abstract Gewald reaction of 2-(2,3-dihydro-5,6-dime-

thoxy-1H-inden-1-ylidene)malononitrile, elemental sulfur,

and a catalytic amount of triethylamine furnished the new

synthon 2-aminoindenothiophene-3-carbonitrile. Its reaction

with conc. H2SO4 furnished the expected 2-amino-3-carbox-

amide derivative instead of the corresponding carboxylic acid.

The key intermediates 2-aminoindenothiophene-3-carboni-

trile and -3-carboxamide were used for the synthesis of

tetracyclic indenothienopyrimidine derivatives by cyclocon-

densation reaction with acid chlorides, amides, formic acid, or

hydrazine hydrate. Neat reactions of the carbonitrile with

cyclic and aliphatic ketones in the presence of anhydrous

ZnCl2 furnished pentacyclic and tetracyclic indenothieno-

pyridine derivatives, respectively, in good yields. All new

compounds were characterized by spectroscopic and analyt-

ical data.

Keywords Indenothiophenes � Indenothienopyrimidines �
Indenothienopyridines � 2-Aminoindenothiophene-3-

carbonitrile � 2-Aminoindenothiophene-3-carboxamide �
Gewald reaction

Introduction

Significant attention has been given to the synthesis of

thieno[2,3-b]pyridines owing to their broad range of

biological activities. Thieno[2,3-b]pyridine and thieno[2,3-

b]pyrimidine derivatives are lead molecules in drug design

owing to their interesting biological activities displayed

over a broad range of therapeutic classes. For example

thieno[2,3-b]pyrimidines are inhibitors of cancer cell pro-

liferation [1–3], antimicrobial agents [4–6], and anti-

inflammatory agents particularly for treatment of arthritis

and as bone resorption inhibiting agents [7–9]. They are

also used as antihypertensive, vasodilator agents [10],

anxiolytics [11], and selective cytotoxic agents for p21-

deficient cells [12]. Thieno[2,3-b]pyridines are useful

antagonists [13–23]. On the other hand, indenone deriva-

tives are pharmaceutically useful compounds having a

broad range of activities [24–27]. These properties of thi-

enopyrimidines, thienopyridines, and indenones inspired us

to develop the synthesis of new fused polycyclic hetero-

cyclic molecules like indeno[2,1-b]thienopyridine and

indeno[2,1-b]thienopyrimidine derivatives by cyclocon-

denstaion of 2-aminoindenothiophene-3-carbonitrile 3 and

-3-carboxamide 4.

Results and discussion

Indenomalononitrile 2 was obtained in excellent yield by

reaction of indanone 1 and malononitrile in basic medium.

Gewald reaction [28] of compound 2 with elemental sulfur

and a catalytic amount of triethylamine gave 2-aminoinde-

nothiophene-3-carbonitrile 3 in 75% yield (Scheme 1). The

carbonitrile 3 on reaction with conc. H2SO4 [29, 30] fur-

nished the expected 3-carboxamide 4 in excellent yield

(Scheme 2). The reactive o-aminocarbonitrile group of

compound 3 can react with an electrophilic-nucleophilic

reagent to furnish new polycyclic pyridine derivatives.

Compound 4, having an o-aminocarboxamide functional
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group, can also react with electrophilic reagents to give new

polycyclic pyrimidine derivatives.

Structures of compounds 2–4 were assigned by spec-

troscopic and analytical characterizations as shown in the

‘‘Experimental’’ section.

Acid-catalyzed bis-nucleophilic cyclocondensation of

o-aminocarboxamide 4 with acid chloride in acetic acid

furnished pyrimidone derivatives 6a–6d in 70–80% yields

(Scheme 2). Acid chlorides having an electron-withdraw-

ing group a to the carbonyl reacted slowly and gave low

yields, whereas those with an electron-donating group at

the same position reacted faster and furnished high yields

of pure product. Compounds 6a–6d were purified by col-

umn chromatography eluting with chloroform–methanol

(8:2) and were characterized by analytical and spectral

data. Reaction of 2-amino-3-carbonitrile 3 with cyclic

ketones in the presence of anhydrous ZnCl2 at 120–130 �C

yielded pentacyclic amines 7–9, and with ethyl methyl

ketone it furnished tetracyclic 6,7-dimethoxy-2,3-dimethyl-

9H-indeno[10,20:4,5]thieno[3,2-e]pyridin-4-amine (10) in

good yield. Anhydrous ZnCl2 as a Lewis acid catalyst

activates the C=O group and the high temperature
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(120–130 �C) facilitates carbanion formation a to the car-

bonyl group. Unsymmetrical ketones react via the more

acidic a-methylene group yielding compounds 9 and 10 as

sole products (Scheme 3). It was observed that cyclohex-

anone gave a clean reaction product with higher yield

compared with other ketones.

Compounds 7–10 were purified by column chromatog-

raphy using chloroform–methanol (9:1) as an eluent to

afford 50–60% yields. A facile reaction occurred when

o-aminocarbonitrile 3 was heated with neat aromatic/

aliphatic amides to afford aminothienopyrimidine deriva-

tives 12a–12e in good yields. Here steric hindrance of the

group a to the carbonyl affects the yield, e.g., formamide

gave 60% yield, whereas the yield decreases with the

introduction of a bulky group. Cyanoacetamide gave a low

yield and required a longer reaction time.

In order to build a fused tricyclic pyrimidine ring,

compound 3 was reacted with triethyl orthoformate to

introduce a replaceable ethoxy group, which underwent a

nucleophilic substitution reaction in the presence of acetic

anhydride furnishing intermediate 15 in excellent yield.

Compound 15 on Knoevenagel reaction with hydrazine

hydrate in ethanol yielded novel 4,9-dihydro-4-imino-6,7-

dimethoxy-3H-indeno[10,20:4,5]thieno[2,3-d]pyrimidin-3-

amine (16) in 75% yield. Similarly, compound 3 on

refluxing in formic acid furnished compound 13 in 65%

yield, which on further refluxing in POCl3 gave chloro-

pyrimidine derivative 14 in 78% yield (Scheme 4).

The formation of compound 13 was rationalized by acid

hydrolysis of the nitrile moiety of 3 to an amide in formic

acid followed by condensation of the amine and amide with

the carbonyl group of formic acid, i.e., here formic acid

acts as reagent, catalyst, and solvent.

Conclusion

2-Aminoindenothiophene-3-carbonitrile and -3-carboxam-

ide are new synthons for bis-electrophilic and bis-

nucleophilic reactions to yield novel fused polycyclic

indenothienopyridine and indenothienopyrimidine deriva-

tives. The new compounds may have biological activity.

All reactions reported here are clean with simple workup,

yield single products, and require inexpensive chemicals

and reagents.

Experimental

Melting points were determined on a Gallenkamp melting

point apparatus. The 1H (300 MHz) and 13C (75 MHz)

NMR spectra were recorded on a Varian XL-300 spec-

trometer. Chemical shifts are reported in ppm relative to

tetramethylsilane (TMS) and multiplicities are given as s

(singlet), br s (broad singlet), d (doublet), t (triplet), q

(quartet), or m (multiplet). The solvents for NMR spectra

were dimethyl sulfoxide (DMSO)-d6 and CDCl3 unless

otherwise stated. Infrared spectra were recorded as KBr

disks on a Shimadzu FTIR-408 spectrophotometer. Mass

spectra were recorded on a Shimadzu GC–MS QP 2010A

mass spectrometer with an ionization potential of 70 eV.

Elemental analyses were performed on a Thermo Quest

Flash 1112 Series EA analyzer. The reactions were moni-

tored by thin-layer chromatography (TLC), carried out on

0.2-mm silica gel 60 F254 (Merck) plates using UV light

(254 and 366 nm) for detection. Common reagent-grade

chemicals are either commercially available and were used

without further purification or were prepared by standard

literature procedures.

2-(2,3-Dihydro-5,6-dimethoxy-1H-inden-1-ylidene)-

malononitrile (2, C14H12N2O2)

The reaction mixture of 19.20 g 5,6-dimethoxyindan-1-one

(0.1 mol), 6.6 g malononitrile (0.1 mol), and 2 cm3 piper-

idine in 100 cm3 ethanol was stirred at room temperature

for 2 h (TLC monitoring, chloroform–methanol 9:1). The

solvent was distilled off under vacuum and the residue was

stirred in cold ethanol. The product was filtered, washed

with cold ethanol, dried, and recrystallized from N,N-

dimethylformamide (DMF)–ethanol 1:4 to afford a yellow
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amorphous solid 2. Yield 19.22 g (80%); m.p.: 215–

217 �C; Rf = 0.57 (chloroform–methanol 9:1); IR (KBr):

�m = 2,240, 1,620, 1,595, 1,160 cm-1; 1H NMR (CDCl3): d
= 3.47 (t, J = 6.5 Hz, 2H, CH2), 3.54 (t, J = 6.5 Hz, 2H,

CH2), 3.61 (s, 3H, OCH3), 3.58 (s, 3H, OCH3), 7.14 (s, 1H,

ArH), 7.17 (s, 1H, ArH) ppm; 13C NMR (75 MHz, CDCl3):

d = 32.4, 38.6, 62.2, 80.9, 111.2, 120.3, 121.8, 142.3,

146.7, 149.0, 152.1, 172.5 ppm; MS (ESI): m/z = 240

(M?).

2-Amino-5,6-dimethoxy-8H-indeno[2,1-b]thiophene-3-

carbonitrile (3, C14H12N2O2S)

To the stirred solution of 24.02 g 2-(2,3-dihydro-5,6-

dimethoxy-1H-inden-1-ylidene)malononitrile 2 (0.1 mol)

and 3.2 g elemental sulfur (0.1 mol) in 50 cm3 DMF 5 cm3

triethylamine was added dropwise over a period of 5 min

and the resulting reaction mixture was stirred for 3 h at

room temperature (TLC monitoring, chloroform–methanol

9:1). The solvent was removed under reduce pressure and

the residue was stirred in 500 cm3 ice-cold water. The

separated solid was filtered, washed with water, dried, and

recrystallized from 1,4-dioxane to afford a faint brown

amorphous solid. Yield 20.4 g (75%); m.p.: 231–233 �C;

Rf = 0.51 (chloroform–methanol 9:1); IR (KBr): �m = 3,400,

3,325, 2,880, 2,210, 1,595, 1,095 cm-1; 1H NMR (DMSO-

d6): d = 3.61 (s, 2H, CH2), 3.77 (s, 3H, OCH3), 3.78 (s, 3H,

OCH3), 7.06 (s, 1H, ArH), 7.20 (s, 1H, ArH), 7.30 (br s,

2H, NH2) ppm; 13C NMR (DMSO-d6): d = 32.6, 55.5, 55.6,

101.6, 108.5, 109.7, 116.1, 122.7, 127.7, 130.6, 138.1,

140.4, 146.7, 147.8 ppm; MS (ESI): m/z = 272 (M?).

2-Amino-5,6-dimethoxy-8H-indeno[2,1-b]thiophene-3-

carboxamide (4, C14H14N2O3S)

2-Amino-5,6-dimethoxy-8H-indeno[2,1-b]thiophene-3-car-

bonitrile 3 (27.23 g, 0.1 mol) was stirred in 50 cm3 conc.

H2SO4 for 8 h at room temperature (TLC monitoring,

chloroform–methanol 9:1). The reaction mixture was

poured over 500 cm3 crushed ice and neutralized with

saturated aqueous Na2CO3 solution. The solid product was

filtered, dried, and recrystallized from DMF–methanol 1:4

to afford a colorless solid. Yield 24.6 g (85%); m.p.: 243–

245 �C; Rf = 0.49 (chloroform–methanol 9:1); IR (KBr):

�m = 3,440, 3,310, 3,210, 1,666, 1,612, 1,110 cm-1; 1H

NMR (DMSO-d6): d = 3.40 (s, 2H, CH2), 3.69 (s, 3H,

OCH3), 3.72 (s, 3H, OCH3), 5.90 (br s, 2H, CONH2), 6.86

(s, 1H, ArH), 7.00 (s, 1H, ArH), 7.30 (br s, 2H, NH2) ppm;
13C NMR (DMSO-d6): d = 32.5, 55.4, 55.5, 109.1, 116.4,

122.4, 127.6, 138.1, 139.8, 141.4, 146.9, 147.7, 156.3,

169.9 ppm; MS (ESI): m/z = 290 (M?).

General procedure for the synthesis of 6a–6d

A mixture of 2.72 g compound 4 (0.01 mol) and acid

chlorides 5a–5d (0.01 mol) was refluxed in 10 cm3 acetic

acid for 2 h (TLC monitoring, chloroform–methanol 9:1).

After cooling the reaction mixture was poured into

100 cm3 ice-cold water. The separated solid was filtered,

washed with water, dried, and recrystallized from a suitable

solvent. The product was purified by column chromato-

graphy eluting with chloroform.

3,9-Dihydro-6,7-dimethoxy-2-methyl-4H-indeno-

[10,20:4,5]thieno[2,3-d]pyrimidin-4-one

(6a, C16H14N2O3S)

Recrystallized from DMF–methanol 1:4; brown amorphous

solid. Yield 2.51 g (80%); m.p.: 298–300 �C; Rf = 0.54

(chloroform–methanol 9:1); IR (KBr): �m = 3,350, 1,670,

1,620, 1,120 cm-1; 1H NMR (DMSO-d6): d = 2.23 (s, 3H,

CH3), 3.78 (s, 2H, CH2), 3.80 (s, 3H, OCH3), 3.81 (s, 3H,

OCH3), 7.18 (s, 1H, ArH), 7.26 (s, 1H, ArH), 11.80 (br s,

1H, NH) ppm; 13C NMR (DMSO-d6): d = 22.4, 34.5, 55.6,

55.7, 83.7, 102.0, 109.8, 114.3, 129.4, 134.0, 138.5, 139.7,

147.4, 148.0, 152.2, 168.3 ppm; MS (ESI): m/z = 314

(M?).

3,9-Dihydro-6,7-dimethoxy-2-phenyl-4H-indeno-

[10,20:4,5]thieno[2,3-d]pyrimidin-4-one

(6b, C21H16N2O3S)

Recrystallized from DMF–methanol 1:4; brown amorphous

solid. Yield 3.01 g (80%); m.p.: 308–310 �C; Rf = 0.52

(chloroform–methanol 9:1); IR (KBr): �m = 3,355, 1,672,

1,618, 1,595, 1,118 cm-1; 1H NMR (DMSO-d6): d = 3.70

(s, 2H, CH2), 3.77 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 7.20

(s, 1H, ArH), 7.25 (s,1H, ArH), 7.30–7.52 (m, 5H, ArH),

11.70 (br s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6):

d = 34.5, 64.3, 116.2, 118.1, 122.3, 125.9, 126.1, 127.4,

127.6, 132.6, 135.4, 137.0, 139.2, 139.4, 141.6, 152.1,

160.4, 172.4 ppm; MS (ESI): m/z = 376 (M?).

2-(Chloromethyl)-3,9-dihydro-6,7-dimethoxy-4H-indeno-

[10,20:4,5]thieno[2,3-d]pyrimidin-4-one

(6c, C16H13ClN2O3S)

Purified by column chromatography (silica gel) eluting

with chloroform; faint brown amorphous solid. Yield

2.64 g (76%); m.p.: 256–260 �C; Rf = 0.57 (chloroform–

methanol 9:1); IR (KBr): �m = 3,345, 1,665, 1,621,

1,126 cm-1; 1H NMR (DMSO-d6): d = 3.71 (s, 2H,

CH2), 3.76 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 3.87 (s, 2H,

CH2), 7.17 (s, 1H, ArH), 7.24 (s, 1H, ArH), 11.78 (br s, 1H,

NH) ppm; 13C NMR (75 MHz, DMSO-d6): d = 33.7, 52.1,

63.5, 115.8, 117.4, 126.1, 131.6, 137.4, 137.7, 142.5,

149.9, 148.2, 155.3, 165.2, 171.9 ppm; MS (ESI): m/z =

348 (M?), 350 ([M ? 2]?).

2-(3-Chloropropyl)-3,9-dihydro-6,7-dimethoxy-4H-indeno-

[10,20:4,5]thieno[2,3-d]pyrimidin-4-one

(6d, C18H17ClN2O3S)

Faint brown amorphous solid; purified by column chroma-

tography (silica gel) eluting with chloroform–methanol 9:1.
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Yield 2.63 g (70%); m.p.: 243–245 �C; Rf = 0.55 (chloro-

form–methanol 9:1); IR (KBr): �m = 3,320, 1,666, 1,618,

1,120 cm-1; 1H NMR (DMSO-d6): d = 2.01 (m, 2H, CH2),

2.48 (t, 2H, J = 6.5 Hz, CH2), 3.62 (t, 2H, J = 6.9 Hz,

CH2), 3.71 (s, 2H, CH2), 3.78 (s, 3H, OCH3), 3.79 (s, 3H,

OCH3), 7.21 (s, 1H, ArH), 7.23 (s,1H, ArH), 11.42 (br s,

1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): d = 22.8,

24.1, 33.4, 49.5, 63.2, 112.8, 116.7, 126.1, 132.4, 137.4,

138.1, 138.5, 141.2, 148.3, 148.7, 154.2, 162.3, 169.9 ppm;

MS (ESI): m/z = 376 (M?), 378 ([M ? 2]?).

General procedure for the synthesis of 7–10

A mixture of 2.72 g 3 (0.01 mol), cyclic/alicyclic ketone

(0.01 mol), and anhydrous ZnCl2 (0.005 mol) was heated

at 120–130 �C for 2–3 h (TLC monitoring, chloroform–

methanol 9:1). After cooling, the reaction mixture was

stirred in 100 cm3 ice-cold water and neutralized with

aqueous NaOH solution. The separated solid was collected

by filtration, washed with water, and recrystallized from a

suitable solvent.

1,2,3,6-Tetrahydro-8,9-dimethoxy-cyclopenta[b]indeno-

[10,20:4,5]thieno[3,2-e]pyridin-11-amine

(7, C19H18N2O2S)

Purified by column chromatography (silica gel) eluting

from chloroform–methanol 9:1; brown amorphous solid.

Yield 2.18 g (58%); m.p.: 227–229 �C; Rf = 0.34 (chloro-

form–methanol 9:1); IR (KBr): �m = 3,345, 3,305, 1,616,

1,110 cm-1; 1H NMR (DMSO-d6): d = 2.25 (t, J = 7.5 Hz,

2H, CH2), 2.88 (t, J = 7.5 Hz, 2H, CH2), 3.09 (t, J =

7.5 Hz, 2H, CH2), 3.82 (s, 2H, CH2), 3.95 (s, 3H, OCH3),

3.97 (s, 3H, OCH3), 4.58 (br s, 2H, NH2), 7.51 (s, 1H,

ArH), 7.00 (s, 1H, ArH) ppm; 13C NMR (DMSO-d6): d =

22.4, 27.1, 33.6, 35.1, 55.4, 55.8, 106.3, 109.5, 114.4,

117.8, 131.9, 137.1, 137.3, 137.9, 146.3, 146.4, 147.4,

162.1, 164.7 ppm; MS (ESI): m/z = 338 (M?).

2,3,4,7-Tetrahydro-9,10-dimethoxy-1H-indeno-

[10,20:4,5]thieno[2,3-b]quinolin-12-amine

(8, C20H20N2O2S)

Purified by column chromatography (silica gel) eluting

from chloroform–methanol 9:1; faint brown solid. Yield

2.11 g (60%); m.p.: 240–243 �C; Rf = 0.31 (chloroform–

methanol 9:1); IR (KBr): �m = 3,315, 3,285, 1,666,

1,110 cm-1; 1H NMR (DMSO-d6): d = 1.94 (t, J =

6.5 Hz, 4H, 2 9 CH2), 2.63 (t, J = 6.5 Hz, 2H, CH2), 2.97

(t, J = 6.5 Hz, 2H, CH2), 3.82 (s, 2H, CH2), 3.92 (s, 3H,

OCH3), 3.95 (s, 3H, OCH3), 4.62 (br s, 2H, NH2), 7.13 (s,

1H, ArH), 7.49 (s, 1H, ArH) ppm; 13C NMR (75 MHz,

DMSO-d6): d = 23.4, 23.9, 24.1, 32.4, 61.5, 114.8, 116.4,

120.5, 122.1, 126.2, 131.1, 132.6, 136.8, 147.3, 148.4,

150.4, 154.3, 157.4 ppm; MS (ESI): m/z = 352 (M?).

2,3,4,7-Tetrahydro-9,10-dimethoxy-4-methyl-1H-indeno-

[10,20:4,5]thieno[2,3-b]quinolin-12-amine

(9, C21H22N2O2S)

Purified by colomn chromatography (silica gel) eluting

from chloroform–methanol 9:1); brown amorphous solid.

Yield 1.83 g (50%); m.p. 197–199 �C; IR (KBr): �m = 3,335,

3,295, 1,610, 1,105 cm-1; Rf = 0.27 (chloroform–methanol

9:1); 1H NMR (DMSO-d6): d = 1.30 (d, J = 6.9 Hz, 3H,

CH3), 1.70–1.80 (m, 2H, CH2), 1.92–195 (m, 2H, CH2),

2.54 (t, J = 5.4 Hz, 2H, CH2), 2.86–2.92 (m, 1H, CH), 3.80

(s, 3H, OCH3), 3.85 (s, 3H, OCH3), 3.88 (s, 2H, CH2), 5.77

(br s, 2H, NH2), 7.25 (s, 1H, ArH), 7.60 (s,1H, ArH) ppm;
13C NMR (75 MHz, DMSO-d6): d = 20.7, 22.7, 22.9, 25.4,

31.8, 62.5, 114.4, 116.2, 121.0, 121.8, 126.7, 130.4, 133.4,

134.7, 146.3, 149.0, 151.2, 153.1, 158.2 ppm; MS (ESI):

m/z = 366 (M?).

6,7-Dimethoxy-2,3-dimethyl-9H-indeno[10,20:4,5]-

thieno[3,2-e]pyridin-4-amine (10, C18H18N2O2S)

Purified by column chromatography (silica gel) eluting

from chloroform–methanol 9:1; brown amorphous solid.

Yield 1.66 g (51%); m.p.: 298–300 �C; Rf = 0.29 (chlo-

roform–methanol 9:1); IR (KBr): �m = 3,360, 3,305, 1,618,

1,122 cm-1; 1H NMR (DMSO-d6): d = 1.24 (s, 3H, CH3),

1.97 (s, 3H, CH3), 3.68 (s, 3H, OCH3), 3.70 (s, 3H, OCH3),

3.82 (s, 2H, CH2), 5.20 (br s, 2H, NH2), 7.21 (s, 1H, ArH),

7.33 (s, 1H, ArH) ppm; 13C NMR (75 MHz, DMSO-d6): d
= 17.1, 22.9, 30.1, 60.7, 115.4, 117.4, 120.8, 122.0, 127.4,

132.4, 133.8, 135.1, 145.3, 147.0, 150.4, 157.1 ppm; MS

(ESI): m/z = 326 (M?).

General procedure for the synthesis of 12a–12d

A mixture of 2.72 g compound 3 (0.01 mol) and

formamide (11a)/acetamide (11b)/benzamide (11c)/cya-

noacetamide (11d) (0.01 mol) was heated in an oil bath for

8–10 h at 170–180 �C with constant stirring (TLC check,

toluene–acetone 9:1). After cooling, the reaction mixture

was poured into 10 cm3 ice-cold methanol and stirred at

room temperature for 30 min. The precipitated solid was

collected by suction filtration, washed with cold ethanol,

and dried to afford analytical grade 12a–12d in good

yields. These compounds did not require purification.

6,7-Dimethoxy-9H-indeno[10,20:4,5]thieno[2,3-d]-

pyrimidin-4-amine (12a, C15H13N3O2S)

Brown amorphous solid; yield 1.79 g (60%). M.p.: 188–

190 �C; Rf = 0.40 (chloroform–methanol 9:1); IR (KBr):

�m = 3,340, 3,310, 1,610, 1,105 cm-1; 1H NMR (DMSO-d6):

d = 3.81 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 3.94 (s, 2H,

CH2), 7.02 (br s, 2H, NH2), 7.26 (s, 1H, ArH), 7.48 (s, 1H,

ArH), 8.32 (s, 1H, Ar–H) ppm; 13C NMR (DMSO-d6): d =

34.6, 55.6, 55.7, 102.1, 109.3, 110.8, 130.5, 131.8, 136.3,
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138.2, 146.5, 147.7, 151.1, 157.4, 159.2 ppm; MS (ESI):

m/z = 299 (M?).

6,7-Dimethoxy-2-methyl-9H-indeno[10,20:4,5]thieno-

[2,3-d]pyrimidin-4-amine (12b, C16H15N3O2S)

Brown amorphous solid; yield 1.75 g (56%). M.p.: 280–

282 �C; Rf = 0.37 (chloroform–methanol 9:1); IR (KBr): �m
= 3,325, 3,290, 1,610, 1,110 cm-1; 1H NMR (DMSO-d6):

d = 3.93 (s, 3H, OCH3), 3.95 (s, 3H, OCH3), 3.99 (s, 2H,

CH2), 4.80 (br s, 2H, NH2), 3.22 (s, 3H, CH3), 7.28 (s, 1H,

ArH), 7.36 (s, 1H, ArH) ppm; 13C NMR (75 MHz, DMSO-

d6): d = 25.4, 30.6, 62.6, 115.0, 117.4, 120.9, 127.7, 132.4,

133.8, 138.1, 146.8, 148.1, 149.1, 159.3, 164.0 ppm; MS

(ESI): m/z = 313 (M?).

6,7-Dimethoxy-2-phenyl-9H-indeno[10,20:4,5]thieno-

[2,3-d]pyrimidin-4-amine (12c, C21H17N3O2S)

Brown amorphous solid; yield 2.06 g (55%). M.p.: 250 �C;

Rf = 0.43 (chloroform–methanol 9:1); IR (KBr): �m = 3,320,

3,200, 1,618, 1,122 cm-1; 1H NMR (DMSO-d6): d = 3.86

(s, 3H, OCH3), 3.90 (s, 3H, OCH3), 4.02 (s, 2H, CH2), 4.65

(br s, 2H, NH2), 7.01–7.30 (m, 5H, ArH), 7.36 (s, 1H,

ArH), 7.40 (s, 1H, ArH) ppm; 13C NMR (75 MHz, DMSO-

d6): d = 30.2, 60.2, 113.5, 116.8, 122.9, 127.9, 128.4,

129.4, 130.1, 132.9, 134.7, 139.1, 141.5, 147.2, 148.5,

149.7, 160.0, 162.3 ppm; MS (ESI): m/z = 375 (M?).

4-Amino-6,7-dimethoxy-9H-indeno[10,20:4,5]thieno-

[2,3-d]pyrimidin-2-acetonitrile (12d, C17H14N4O2S)

Brown amorphous solid; yield 1.52 g (45%). M.p.: 277–

279 �C; Rf = 0.37 (chloroform–methanol 9:1); IR (KBr): �m
= 3,320, 3,200, 2,255, 1,610, 1,120 cm-1; 1H NMR

(DMSO-d6): d = 3.71 (s, 2H, CH2), 3.80 (s, 3H, OCH3),

3.84 (s, 3H, OCH3), 3.98 (s, 2H, CH2), 4.60 (br s, 2H,

NH2), 7.32 (s, 1H, ArH), 7.36 (s, 1H, ArH) ppm; 13C NMR

(75 MHz, DMSO-d6): d = 26.1, 30.2, 63.1, 110.2, 114.1,

116.2, 123.8, 129.9, 131.5, 135.9, 141.2, 146.2, 147.7,

149.3, 157.2, 164.2 ppm; MS (ESI): m/z = 338 (M?).

1,9-Dihydro-6,7-dimethoxy-4H-indeno[10,20:4,5]-

thieno[2,3-d]pyrimidin-4-one (13, C15H12N2O3S)

A mixture of 2.72 g 3 (0.1 mol) and 10 cm3 formic acid

was refluxed for 8 h. The solvent was removed under

reduced pressure and the separated solid was filtered and

recrystallized from ethanol to give 13 as a brown crystal-

line solid. Yield 2.05 g (65%); m.p.: 284–286 �C; Rf = 0.44

(chloroform–methanol 9:1); IR (KBr): �m = 3,338, 1,671,

1,616, 1,110 cm-1; 1H NMR (DMSO-d6): d = 3.77 (s, 3H,

OCH3), 3.78 (s, 2H, OCH3), 3.79 (s, 2H, CH2), 7.15 (s, 1H,

ArH), 7.25 (s, 1H, ArH), 8.42 (s, 1H, ArH), 12.15 (br s, 1H,

NH) ppm; 13C NMR (DMSO-d6): d = 35.1, 55.6, 55.7,

106.1, 109.4, 110.8, 130.6, 136.8, 138.2, 138.4, 146.8,

147.5, 152.8, 158.8, 171.2 ppm; MS (ESI): m/z = 300

(M?).

4-Chloro-6,7-dimethoxy-9H-indeno[10,20:4,5]thieno-

[2,3-d]pyrimidine (14, C15H11ClN2O2S)

Compound 13 (3.00 g, 0.01 mol) was refluxed in 10 cm3

POCl3 for 4 h. The excess solvent was removed under

reduced pressure and the reaction mixture was stirred in

1 kg crushed ice. The separated solid was filtered, washed

with water, dried, and recrystallized from ethanol–DMF to

give compound 14 as brown crystalline solid. Yield 2.48 g

(78%); m.p.: 290–293 �C; Rf = 0.56 (chloroform–methanol

9:1); IR (KBr): �m = 1,620, 1,590, 1,120 cm-1; 1H NMR

(DMSO-d6): d = 3.80 (s, 3H, OCH3), 3.81 (s, 3H, OCH3),

3.90 (s, 2H, CH2), 7.12 (s, 1H, ArH), 7.28 (s, 1H, ArH),

8.60 (s, 1H, ArH) ppm; 13C NMR (75 MHz, DMSO-d6): d
= 31.2, 60.4, 113.4, 115.5, 124.8, 130.2, 134.3, 136.6,

141.2, 147.9, 148.6, 149.5, 151.5, 160.2 ppm; MS (ESI):

m/z = 318 (M?), 320 ([M ? 2]?).

2-(Ethoxymethyleneamino)-5,6-dimethoxy-8H-indeno-

[2,1-b]thiophene-3-carbonitrile (15, C17H16N2O3S)

A mixture of 2.72 g compound 3 (0.01 mol) and 1.64 cm3

triethyl orthoformate (0.01 mol) was refluxed in 15 cm3

acetic anhydride for 3 h. After cooling the reaction mixture

was poured into 200 cm3 cold water. The precipitated solid

was collected by filtration, washed with water, dried, and

recrystallized from methanol to afford a brown crystalline

solid. Yield 2.52 g (80%); m.p.: 175–177 �C; Rf = 0.58

(chloroform–methanol 9:1); IR (KBr): �m = 2,245, 1,610,

1,630, 1,115 cm-1; 1H NMR (DMSO-d6): d = 1.40 (t, J =

7.2 Hz, CH3), 3.87 (s, 3H, OCH3), 3.91 (s, 3H, OCH3),

4.92 (s, 2H, CH2), 4.37 (q, J = 7.2 Hz, 2H, OCH2), 7.28 (s,

1H, ArH), 7.30 (s, 1H, ArH) ppm; 13C NMR (75 MHz,

DMSO-d6): d = 20.4, 30.4, 58.4, 60.4, 113.5, 117.5, 119.3,

129.9, 136.5, 140.2, 144.3, 146.1, 149.6, 157.1, 165.2 ppm;

MS (ESI): m/z = 328 (M?).

4,9-Dihydro-4-imino-6,7-dimethoxy-3H-indeno-

[10,20:4,5]thieno[2,3-d]pyrimidin-3-amine

(16, C15H14N4O2S)

Hydrazine hydrate (0.98 cm3, 0.01 mol) was added to a

stirred solution of 3.16 g 15 (0.01 mol) in 12 cm3 ethanol.

The reaction was refluxed for 3 h. After cooling the

reaction mixture was poured into 100 cm3 ice-cold water

under stirring. The precipitated solid was filtered, dried,

and recrystallized from benzene to yield compound 16 as

an off-white amorphous solid. Yield 2.35 g (75%); m.p.:

195–197 �C; Rf = 0.47 (chloroform–methanol 9:1); IR

(KBr): �m = 3,350, 3,325, 3,240, 1,616, 1,112 cm-1; 1H

NMR (DMSO-d6): d = 3.79 (s, 3H, OCH3), 3.81 (s, 3H,

OCH3), 3.86 (s, 2H, CH2), 5.69 (br s, 2H, NH2), 7.19 (s,

1H, ArH), 7.26 (s, 1H, ArH), 7.97 (s, 1H, ArH), 8.84 (br s,

1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): d = 33.4,

57.2, 57.4, 110.1, 114.4, 129.6, 134.3, 138.1, 138.8,

139.1, 144.6, 146.7, 150.8, 154.9, 165.7 ppm; MS (ESI):

m/z = 314 (M?).
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