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SYNTHESIS OF ACENAPHTHO[1,2-bIBENZO[dJTHIOPHENE T

Gandhi K. Kar, Basanta G. Chatterjee and Jayanta K. Ray*

Department of Chemistry
Indian Institute of Technology, Kharagpur 721 302, INDIA

The widely studiedl isosteric relationship between
benzene and thiophene has helped medicinal chemists to devise
newer thiadrugs. The presence of polycyclic thiophene
derivatives in polyaromatic hydrocarbons in coal-derived

2 and shale 01153 has elicited interest in this type

products
of heterocycles. Although some data about the carcinogenic
and mutagenic properties of some polycyclic thiophene
derivatives is ava11ab1e4, very 1ittle is known about the
biological properties of natural thiophene derivatives,
mainly because of the lack of materials isolated in pure
condition. This has prompted many chemists to undertake the
syntheses of various polycyclic thiophene derivativess. We
now describe an improved synthesis of the known®
acenaphtho[1l,2-b]thiophene (5) and its conversion to the
hitherto unknown acenaphtho[l,2-blbenzo[d]thiophene (13) in
nine steps. Thus acenaphthenone (1) was converted via a
Vilsmeir-Haack reaction to the chloro aldehyde’ (2) and then

to 2-carboxy acenaphtho[1,2-b]thiophene (4) by  the
©1988 by Organic Preparations and Procedures Inc.
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condensation$ of the chloro aldehyde with methy]
thioglycollate in presence of Et3N followed by saponification
in 90% overall yield; this two-step reaction was preferable
to the direct condensation of thioglycollic acid with chloro
aldehyde (2). Decarboxylation of 4 in boiling quinoline with
copper-chromite, afforded the acenaphtho[l,2-blthiophene (5)
in excellent _yield.6 Friedel-Crafts acylation of 5 with
succinic anhydride in nitrobenzene at 0-5° afforded the

ketocarboxylic acid 6 in 70% yield. Wolff-Kishner reduction®
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of 6 followed by Friedel-Crafts cyclisation via the acid
chloride gave 9. Acenaphtho[l,2-blbenzold]thiophene (13) was
then obtained from ketone 9 by reduction to alcohol 10
followed by dehydration and finally aromatization to 13 in
presence of DDQ in 90% yield. Alternatively, reduction of 9
to the tetrahydro derivative 12 with triethylsilane and
trifluoroacetic acid!® followed by aromatisation with
dichlorodicyanoquinone(DDQ) gave the title compound in nearly

quantitative yield.

EXPERIMENTAL SECTION

IR spectra were recorded on a Perkin-Elmer model 237B
spectrometer. NMR spectra were recorded at 90 MHz on Varian
EM 390 spectrometer using TMS as an internal standard.

2-Carbomethoxy Acenaphtho[l,2-bJthiophene (3).- To a stirred

solution of the chloro aldehyde’ 2 (1.1 g, 4.1 mmol) and
methyl thioglycollate (0.7 g, 6.6 mmol) in 20 ml pyridine at
0%, was added dropwise triethylamine (0.8 g, 7.9 mmol). The
reaction mixture was stirred for 45 min. at 50-60° and for 30
min. at room temperaure. An aqueous solution of KOH (2 m1,
48%) was added to the mixture and was stirred for 10
additional minutes. The reaction mixture was poured into ice
water and extracted with chloroform. The organic layer was
washed successively with dil. HC1 and water, dried (Na,S0,4)

and the solvent was removed to yield 1.2g (91%) of 3 as
yellow solid, mp. 141% (EtOH). IR (CHC13) : 1700 cm~!
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(-CO,CH3); nmr (CDC13) : & 4.0 (s, 3H, CO,CH3), 7.6-8.0 (m, 6H,
Hg_g), 8.1 (s, 1H, H3); MS (m/e) : 266 (M%), 235 (M-31,
OCH3), 207 (M-59, CO,CH3), 163 (M-103, CO,CH3, CS).
Anal. Calcd for CygHy0,S : C, 72.18; H, 3.76

Found : C, 72.00; H, 3.65

2-Carboxyacenaphthol[l,2-b]thiophene (4).- To a solution of 3

(0.9 g, 3.6 mmol) in 50 ml of ethanol was added a solution of
0.7 g (12.5 mmol) of KOH in 25 m1 of water. The mixture was
refluxed for 5 hrs. After the removal of alcohol, the residue
was diluted with water (100 ml), acidified (6N HC1). The
precipitated acid was collected, washed (water) and dried to
yield 0.9 g (100%) of 4, mp. 282° (benzene-methanol). IR
(nujol) : 1675 cm™! (-CO,H); nmr (DMSO-dg) : & 7.6-8.0 (m,
6H, Hy_g), 8.1 (s, 1H, H3); MS (m/e) : 252 (M%), 235 (M-17,
OH), 207 (M-45, COpH), 163 (M-89, COpH, CS).

Alternate Route to 4.- A mixture of 2 (0.6 g, 2.9 mmol),

mercaptoacetic acid (0.4 g, 4.5 mmol) and sodium bicarbonate
(0.7 g, 9 mmol) in ethanol (20 m1) was heated under reflux
for 14 hrs. After removal of the solvent, the residue was
dissolved in cold water and the neutral portion was separated
out by extraction with ether. The organic layer was washed
three times with water. The aqueous ltayer and washings of the
organic layer were combined and acidified with conc. HC1. The
solid was dissolved in ether, and the solution was washed
with water, dried (Na2504) and evaporated. The residue was
heated with aqueous solution of KOH (30%, 5 m1) on a water

bath for 30 min and the mixture was diluted by 15-20 ml of
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water and acidified {conc. HC1), The precipitated solid was
collected and dried in air. Several crystallizations from
benzene-methanol gave 4 as a yellow solid (0.4 g, 53%), mp.

and mixed with previous sample mp. 281-2829.

Acenaphthol[l,2-bJthiophene (5).- A 0.2 g (0.79 mmol) sample

of 4 was heated at reflux for 8 hrs. with freshly distilled
quinoline (5 ml), and copper chromite (10-15 mg). After
cooling, the catalyst was removed by filtration and the
filtrate was poured on ice-cold conc. HC1 and was extracted
with ether. Removal of solvent after washing (HZO) and drying
(Na2504) furnished brownish yellow o0il, which was passed
through a short column of silica gel; elution with pet-ether
{60°-80°) afforded 0.16 g (99%) of the title compound. mp.
73-74° (pet-ether 60°-80°), 1it.% mp. 67°. IR (CHC13) : 1608
cm'l; nmr (CDC13) : § 7.3-7.9 (m, 8H aromatic).
Anal. Calcd. for CiqHgS ¢ C, 80.77; H, 3.85

Found : C, 80.62; H, 3.69

@ -(2-Acenaphtholl,2-bJtheonyl)propionic acid (6).- To a

stirred mixture of acenaphtho[l,2-blthiophene 5, (1.1 g, 5.3
mmol) succinic anhydride {0.5 g, 5 mmol), in dry nitrobenzene
(15 m1) at 0°, was added anhydrous A1C13 (1.6 g, 12 mmol) in
three batches. Stirring was continued at 0-5° for 1.5 hr. and
then at room temperature overnight. The mixture was then
decomposed by addition to ice-water and nitrobenzene was
removed by steam distillation. The yellow solid obtained was

dissolved in hot conc. KC03 aqueous and was decolorized by
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activated charcoal. Filtration of the mixture followed by
acidification (6N HC1) afforded 6 as a yellow solid (1.1 g,
71%), mp. 222-223°% IR (Nujo1):1658 (C=0), 1700 (COpH) em~1;
nmr (DMSO-dg) : & 2.85 (t, 2H, CH,CO0,H), 3.45 (t, 2H, CH,CO),
7.70-8.15 (m, 6H, Hy_g), 8.30 (s, 1H, H3).
Anal. Calcd. for CygHyp035 = C, 70.18; H, 3.90

Found : C, 69.95; H, 3.82
The nmr spectrum of the corresponding methyl ester of 6 was
as follows: (CDC13): & 3.05 (t, 2H, CH,CO,CH3), 3.55 (t, 2H,
CH,CO0), 4.0 (s, 3H, COpCH3), 7.8-8.2 (m, 6H, Hy_gq), 8.3 (s,
1H, H3); MS (m/e) : 308 (M%), 263 (M-45, CO,H), 235 (M-73,
CHpCH,CO,H), 221, 207 (235-C0, 163 (207-CS).

\(-(Z-Acenaphthofl,2-b]thienz})butyric acid (7).- A mixture
of the ketoacid 6 (0.5 g, 1.6 mmol1), hydrazine hydrate 90% (1
m1), KOH (0.5 g, 8.9 mmol) and diethyleneglycol {6-8 m1) was
refluxed for 4 hrs. Then part of hydrazine hydrated was
removed by distillation til)l the temperature reached 180°-
190° The residue was then refluxed for 3 hrs, cooled,
diluted with water (50-60 m1) and acidified with conc. HCI1.
The solid which separated was collected, washed well with
water and dried, recrystallization from carbon tetrchloride
afforded 7 as a yellowish brown solid (0.43 g, 90%), mp. 135-
1369 IR (Nujol): 1675 (CO,H), 3180 (OH) cm™}; nmr (CDCI3)

6 1.90-2.25 (m, 2H, CH,CH,COpH), 2.47 (t, 2H, CHoAr), 3.02

(t, 2H, CHyCH,CO,H), 7.2-7.9 (m 7H, aromatic).

Anal. Calcd. for CygHy40,S = C, 73.47; H, 4.76

Found :C,73.22; H, 4.52

218



10: 54 27 January 2011

Downl oaded At:

SYNTHESTS OF ACENAPHTHO{ l,2-b|BENZO[d ]THIOPHENE

The nmr spectrum of the corresponding methyl ester of 7
(CbC13) : 5 1.82 (m, 2H,CH,CHpCO0,CH3), 2.20 (t, 2H, CHoAF),
2.8 (t,2H,CH,CO0,CH3), 3.5 (s, 3H, CO,CH3), 7.0-7.7 (m, 7H,
aromatic); MS (m/e) : 294 (M%), 221 (M-73, CH,CH,CO,H).

Acenaphtho[1l,2-b]-11-0x0-8,9,10,11-tetrahydrobenzo[dlthio-

refluxed with PClg (0.2 g, 1 mmol) in 20 m] of dry CCl4 for 3
hrs. Removal of solvent in vacuo afforded the acid chloride 8
as a yellowish brown viscous oil. The crude acid chloride was
immediately dissolved in 24-30 m) of dry CSp, and 0.5 ml of
anhydrous SnCl, was added. The mixture was stirred at room
temperature for 30 min. followed by reflux for 2.5 hrs. After
decomposing the complex by ice-water, the organic material
was extrcted into 50 ml CHpCl,, washed with water, dried
(Na,S04). Removal of solvent gave a brownish yellow solid
which was purified by passing through a column of silica gel
and eluted with benzene. Removal of solvent furnished 225 mg
(80%) of 9 as yellow solid, mp. 153-154% (ether). IR (CHCI3)
1670 (C=0) cm~1; nmr (CDC13) : 6 2.05-2.30 (m, 2H, CH,),
2.60 (t, 2H, COCH,), 3.05 (t, 2H, CH,Ar), 7.45-7.90 (m, 5H,
Hyp_g)s 8.67 (d, 1H, Hy); MS (m/e) : 276 (M*), 220 (M-56,
CHpCH,CO), 176.
Anal. Calcd. for CygH;p0S : C,78.26;H, 4.35
Found : C, 78.12; H, 4.26

Acenaphtho[1,2-b]-11-hydroxy-8,9,10,11-tetrahydrobenzo[d]thi-
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ophene (10).- To a solution of ketone 9 (100 mg, 0.36 mmol)
in 5 ml THF and 2 m] methanol, was added NaBH, (120 mg)
portion-wise, and the mixture was stirred at rt for 12 hrs.
The solvent was removed in vacuo, and the residue was diluted
with water and extracted with dichloromethane. After the
usual work-up, 100 mg (99%) of the alcohol 10 was obtained as
yellow solid, mp. 141° (ether-pet ether). IR (CHC13) : 3570
(-0H) em™}; nmr (CDC13) : & 1.7-2.0 (m, 5H, CH, and CH), 2.7-
2.9 (m, 2H, CHoAr), 4.9-5.2 (br, s, 1H, OH), 7.4-8.0 (m, 6H,
aromatic).

Anal. Calcd. for C18H14OS :C, 77.70, H, 5.04
Found : C, 77.62; H, 5.01

Acenaphtho[l1,2-b]-8,9-dihydrobenzo[d]thiophene (11).- The

alcohol 10 (230 mg, 0.83 mmol) in 100 ml dry benzene was
refluxed with p-toluenesulfonic acid (10 mg) for 1 hr.,
cooled and washed with water. The benzene layer was dried
(Na2304) and solvent was removed at reduced pressure.The
residue obtained was purified by chromatography (silica gel,
hexane) and yielded 175 mg (81%) of 11, mp. 102-103° IR
(CHC13) : 1600 (C=C) cm™%; nmr (CDC13) : & 1.2-3.0 (br, m,
4H, 2CHp), 5.6-6.0 (m, 1H, vinylic Hyg), 6.5-6.8 (m, 1H,
vinylic Hyq), 7.0-8.2 (m, 6H, aromatic).
Anal. Calcd. for CigHyaS :C,83.08;H, 4.62

Found : C, 82.95; H, 4.50

Acenaphtholl,2-b]-8,9,10,11-tetrahydrobenzold]thiophene (12), -

A mixture of 100 mg (0.36 mmol) of ketone 9, trifluoroacetic

acid (5 m1), triethylsilane (4 ml) was stirred at room

o
(]
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temperature for 3 hrs. It was then poured in water and
extracted with ether; the ethereal layer was washed with
water, dried (NayS04) and the solvent was removed.The crude
product obtained on passing through a column of silica gel
using hexane as eluent afforded 80 mg (84%) of 12 as an of f-
white solid, mp. 96-979.
Anal. Calcd. for CygHy4S : C, 82.44; H, 5.34

Found : C, 82.19; H, 5.28

Acenaphtho[l,2-blbenzo[d]lthiophene (13).- A 50 mg (0.19 mmol)

sample of 11 was refluxed under N, with 100 mg (0.44 mmol) of
DDQ in 20 ml dry benzene overnight. The mixture was then
filtered through a column of florisil. Removal of solvent
afforded 13 as a yellow solid was further purified by column
chromatography (neutral alumina, 4:1 pet. ether-benzene) to
yield 45 mg (90%) of 13 as a colorless solid, mp. 124-125°.
nmr (CDC13) : & 7.1-8.0 (m, 10H, aromatic); MS (m/e) : 260
{M+2)), 259 (M+1), 258 (M%), 129,
Anal. Calcd. for CygH; oS :C,83.72;H,3.88

Found : C, 83.49; H, 3.69
Acenaphtho[l,2-blbenzo[dIthiophene (13).- A 40 mg (0.15 mmo1l)

sample of 12 was aromatized with 200 mg of DDQ in 25 m
benzene as described above and gave the desired product 13
in quantitative yield, mp. and mixed mp. 125°.
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