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Heterocyclic Ketenethioacetal Derivatives. VI.D ~Synthesis and Reaction of
2-Bis(methylthio)methylenebenzothiophen-3(2H)-one

Yosuinorl TomiNaca, Yuko Morita, YosHiro Matsupa, and Goro KoBAyAsHI
Faculty of Pharmaceutical Sciences, Nagasaki University®

(Received April 2, 1975)

2-Bis(methylthio)methylenebenzothiophen-3(2H)-one, which was prepared by the
reaction of benzothiophen-3(2H)-one with carbon disulfide in the presence of sodium
hydroxide in dimethyl sulfoxide, reacted with nucleophilic reagents such as amines or
active methylenes to give the corresponding the replacement products of one or two
methylthio groups in good yields.

In our previous paper, we have reported the synthesis and the reaction of 3-bis(methyl-
thio)methyleneoxindole,® 9-methyl-4-bis(methylthio)methylene-1,3-dioxo-1,2,3,4-tetrahydro-
p-carboline,® 4-bis(methylthio)methylene-1,3-dioxo-1,2,3,4-tetrahydroisoquinolines,” and 3-
bis(methylthio)methylene-1,4-dioxo-1,2,3,4-tetrahydroisoquinolines.® It was found that the
methylthio group of these bis(methylthio)methylene derivatives occurred out easily substitution
with strong nucleophilic reagents such as amines, active methylenes, and cyano anion to give
the corresponding substituted products.” We could easily obtained many indole and iso-
quinoline derivatives by application of these reaction and could find a few interesting reactions.
The bis(methylthio)methylene derivatives as electrophiles would be very substantial inter-
mediate compounds.

In the present paper, we report that the synthesis and the reaction of 2-bis(methylthio)-
methylenebenzothiophen-8(2H)-one (IV). It is well known that active methylene compounds
react with carbon disulfide in the presence some base.® In a similar, it was found that carbon
disulfide react also with active methylene of heterocyclic compounds.®

The reaction of benzothiophen-3(2H)-one (I) with carbon disulfide in the presence of
sodium hydride gave two products of mp 300° (II) in 10%, yield and mp 121° (III) in 85%
yield. This compound (III) was methyl 3-ox0-2,3-dihydrobenzothiophene-2-dithiocarbox-
ylate. This compound was soluble in 109, sodium hydroxide but the compound II was in-
soluble in 109, sodium hydroxide. Elemental analysis of II was corresponded to C;sH;30,5,=
384.48. The molecular weight of this compound was also supported by mass spectrum (M+=
384). The infrared (IR) spectrum of this compound showed the absorption at 1650 cm~!
due to carbonyl band at -position of benzothiophene. From these spectral data and elemental
analysis, this compound was found to be a desaurin type compound, 2,4-bis(3-0x0-2,3-dihydro-
benzothiophen-2-ylidene)-1,3-dithiacetane (II). We have reported in the previous paper
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syntheses of the desaurin derivative with heterocyclic system, 1,3-dioxoisoquinoline.» It is
well known that the reaction of the active methylene with the ketone group with carbon
disulfide give corresponding desaurin derivatives.’!® In the general method, the alkylation
of IIT with dimethyl sulfate in the presence of sodium hydroxide gave a ketenethioacetal
derivative, 2-bis(methylthio)methylenebenzothiophen-3(2H)-one (IV) in 509, yield.

The treatment of IV with phosphorus pentasulfide afforded 1,2-dithiolo[4,3-b]benzothio-
phen-3-thione (V) in good yield. This compound V was also obtained from III in a similar
manner. This type compound was well known trithione derivatives which react with dipolaro-
philic reagent to form 1,3-dipole adducts. The compound V reacted with dimethyl acetyl-
enedicarboxylate (DMAD) to give the corresponding 1,3-dipole adduct (VI). This compound
VI have the possibility of 1,4-cycloaddition because of diene system having the thioketone
group. It has reported the Diels-Alder reaction of the diene containing the thiocarbonyl
group with DMAD to afford 1,4-cycloaddition adducts.® The reaction of VI with DMAD
gave a 1,4-cycloaddition product (VII) of yellow needles of mp 141° in good yield. This
compound was also obtained by the reaction of V with excess DMAD in good yield.
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The reaction of IV with amines (benzylamine, hydrazine hydrate, morpholine, piperidine)
afforded amine derivatives, VIII a—d, which were the replaced products of two methylthio
groups of compound IV. The IR of VIIIc showed at 1580 cm~! and that of VIIId indicated
at 1590 cm~! due to the carbonyl groups on the ﬂ-posmon of thiophene ring for the betain
form, VIIIc and d. When the reaction of IV with ammonia afforded («-amino-a-methylthio)-
methylenebenzothiophen-3(2H)-one (IX) which was substituted with only one methylthio
group. In the case of the reaction of IV with amines of diamine type (ethylenediamine,
o-phenylenediamine) gave amine derivatives (Xa, b) which had benzoimidazole ring in good

yield.

In a similar the reaction of IV with ethanolamine and o-aminophenol afforded oxazoline

(Xc) and benzoxazole (Xd), respectively. Gompper and the authors®12 have reported the
substituted reaction of ketenethioacetals with ethylenediamines and ethanolamines to give
imidazoline and oxazoline derivatives. Our results were ascribed to belong to the same category

with their experiment.
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The reaction of IV with methyl cyanoacetate as active methylene in the presence of potas-
sium carbonate in dimethyl sulfoxide gave crystalline powders (XIa), mp 258°, in 809, yield.
Elemental analysis of this product corresponded to C,;sH,0,NS,. Its IR spectrum indicated
absorption band due to a cyano group at 2200 cm~! and a carbonyl group of pyrone ring at
1615 cm~1. From these spectroscopic data and elemental analysis, this compound of XIa
was found to be a cyclized product, 3-cyano-4-methylthiopyrano[3,2-b]benzothiophen-2-one.
Similary, the compound IV reacted with dimethyl malonate to afford 3-methoxycarbonyl-4-
methylthiopyrano[3,2-b]benzothiophen-2-one (XIb) of mp 153° in 859, yield. The reaction
of IV with acetophenone in the presence of sodium hydroxide instead of potassium carbonate
in dimethyl sulfoxide afforded a crystalline powder of mp 173° in 309, yield. Elemental
analysis of this product supported a molecular formula of C,;H,,0,S. Its IR spectrum
exhibited an absorption of the carbonyl group at 1650 cm~! and the NMR spectrum of this
compound showed on signal due to methyl protons of methylthio group. From these spectral
data and elemental analysis, this compound was found to be a cyclized hydrolysis product
of methylthio group, 2-phenylpyrano[3,2-b]benzothiophen-4-one (XIIa). The reaction of IV
with acetylacetone gave also 2-acetyl-3-methylpyrano[3,2-b]benzothiophen-4-one (XIIb) of
mp 159° in 359, yield. The reaction of IV with nitromethane gave 2-(1-methylthio-2-nitro-
ethylidene)benzothiophen-3(2H)-one (XIII) in good yield.

These substituted products of methylthio group with active methylenes were also obtained
by the application of the reaction between I and ketenethioacetal [methyl 2-cyano-8,3-bis-
(methylthio)acrylate, methyl 2-methoxycarbonyl-3,3-bis (methylthio)acylate, 1-nitro-2,2-
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bis(methylthio)ethylene], but these reactions were worse than that of IV with active
methylenes.

Since XIa, b, and XIII have active methylthio group for nucleophilic reagents, these
compounds are useful synthetic intermediate of benzothiophene derivatives. For example,
the reaction of XTa and XIb with amines (benzylamine, cyclohexylamine, ethylenediamine)
afforded the amine derivatives, XIVa, b, ¢, which were the replaced products of methylthio
group of compound XIa and XIb in good yield.

The reaction of XIII with ethylenediamine afforded yellow crystal of mp 290° in good
yield. The IR and UV spectra agreed with these of VIIIa obtained by the reaction of IV
with ethylenediamine. '
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Experimental

All melting points were determined in a capillary and are uncorrected. The IR spectra were recorded
in KBr pellets on a Nippon-bunko IRA-2 spectrometer. The UV absorption spectra were determined on
a Hitachi EPS-2 spectrometer in 95% EtOH. The NMR spectra were obtained using a JNM-ps-100 (100
Mcps) spectrometer with tetramethylsilane as an internal standard unless otherwise indicated. Mass spectra
were recorded on a JEOL JMS-01SG duoble focus mass spectrometer using all cases a direct sample insertion
into the ion source.

The Reaction of Benzothiophen-3(2H)-cne (I) with CS, To a solution of 14 g of I in 100 ml of Me,SO,
conc. NaOH aquation (10 g NaOH in 30 ml of H,0) was added under stirring and 7.6 g of CS, was then added
slowly dropwise under stirring over a period of 30 min while the temperature of the mixture was maintained
at 5—10°. The reaction mixture was stirred for 1 hr, 1.7 g of Me,SO, was added dropwise with cooling
over a period of 20 min, and the reaction mixture was stirred for 1 hr. The mixture was potured into ice-
water and the precipitate was collected by filtration, washed with H,O, and recrystallized from benzene to
give a yellow crystal of mp 300° in 8%, yield. This compound was a desaurin derivative (II). This filtrate
was acidified with 109, HCl. The yellow precipitate was collected, washed with H,0, and recrystallized
from MeOH - benzene to afford methyl 3-0x0-2,3-dihydrobenzothiophen-2-dithiocarboxylate (III) of mp
120—121° in 859, yield. II: yellow needles. Amnal. Calced. for C,gH0,S;: C, 56.22; H, 2.10; S, 33.36.
Found: C, 55.96; H, 2.29; S, 33.41. III: yellow needles. Awnal. Calcd. for C,,;H OS;: C, 50.01; X, 3.36;
S, 39.96. Found: C, 49.92; H, 3.23; S, 39.86. IR(KBr): 1644 cm~1 (C=0). UV AZ%¥ nm (log &): 265 (4.03),
3.46 (4.11), 465 (4.00).

Treatment of IXI with Ac,0 A solution of 0.5 g of IIT in 20 ml of Ac,O was refluxed for 4—>5 hr. The
precipitate was appeared, collected by filtration, and recrystallized from pyridine to give yellow crystals
of IT in 659, yield.

2-Bis(methylthic)methylenebenzothiophen-3(2H)-one (IV) a) To a solution of 14 g of I in 100 ml
of Me,SO, conc. NaOH aquation (10 g of NaOH in 30 ml of H,0O) was added under stirring and 7.6 g of CS,
was then added slowly dropwise under stirring over a period of 30 min while the temperature of the mixture
was maintained at 5—10°. The reaction mixture was stirred for 1 hr and 35 g of Me,SO, was added dropwise
with cooling over a period of 20 min. The mixture was stirred for 2 hr and poured into ice-water. The
precipitate was collected by filtration, washed with 5% NaOH and with H,0, and recrystallized from MeOH
to give IV of mp 89—90° in 659, yield. ‘

b) To a solution of 24.1 g of IIT in 100 ml of Me,SO, a solution 8 g of NaOH in 20 ml and then 20 g
of Me,SO, was added slowly dropwise under stirring at the room temperature. The mixture was stirred
for 1 hr at the same temperature and poured into ice-water. The precipitate was collected by filtration,
washed with water, and recrystallized from MeOH to give IV in 87%, yield. Anal. Caled. for C;;H,0S;:
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C, 51.97; H, 3.97; S, 37.77. Found: C, 52:03; H, 3.93; S, 37.47. IR(KBr): 1644 cm—t (C=0).. UV AR
nm (log ¢): 260 (4.11), 346 (4.14), 465 (4.04). NMR (§ in CDCL) ppm 2.57 (3H, singlet, SCH,), 2.62 (3H,
singlet, SCH,). B
1,2-Dithiolo[4,3-b]benzothiophen-3-thione (V) A mixture of 0.5g of III or IV, 0.5 g of P,S,, and
30 ml of xylene was refluxed for 2 hr. The solution was then filtered while hot. = After rémoval of xylene,
the residue was washed with MeOH and recrystallized from benzene to give orange crystals of mp 210° in
30—409% yield. Anal. Calcd. for C,H,S,; C, 45.01; H, 1.68; S, 53.31. Found: C, 45.10; H, 1.69; S, 53.07.
UV 225 nm (log &) : 320, 450 (slightly soluble in EtOH). ' )
1,3-Dipole Addition Reaction of V with Dimethyl Acetylenedicarboxylate——To a solution of 2.4.g of V
in 50 ml of benzene, 1.5 g of dimethyl acetylenedicarboxylate was added. The mixture was heated to re-
flux for 3 hr. The color of the reaction mixture changed dark violet.  Removal of the solvent gave the dark
violet needles which were recrystallized from MeOH to give VI of mp 210—212°." Anal. Caled. for C,;H, o~
0O,8,: C, 47.08; H, 2.68; S, 33.51. Found: C, 47.01; H, 2.56; S, 32.94. IR (KBr): 1710, 1700 cm—1 (C=0):
uv ﬂg‘;’f nm: 288 (slightly soluble in EtOH). NMR (d in CDCl,) ppm: 4.03 (6H, singlet, 20CH,).
1,4-Cycloaddition Reaction of VI with Dimethyl Acetylenedicarboxylate To a solution of 1.91 g of
VI in 50 ml of benzene, 1.4 g of dimethyl acetylenedicarboxylate was added. The mixture was refluxed
for 3 hr, The color of the reaction mixture changed from dark violet to yellow. Removal of the solvent
gave the yellow needles which were recrystallized from MeOH to give VII of mp 139—141° in 939, yield.
Amnal. Calcd, for CyH,40,S,: C, 48.10; H, 3.02; S, 24.60. Found: C, 48.02; H, 3.05; S, 24.11: IR (KBr): .
1740, 1720, 1710 cm~! (C=0). UV AZ%¥ nm (log e) 248 (4.20). NMR ($ in CDCl,) ppm: 3.06 (6H singlet
20CH,), 3.95 (3H, singlet, OCH,), 4.00 (3H, singlet, OCH,).
Reaction of IV with Amines A mixture of 0.01 mole of IV and 0.025 mole of amines (morphohne,
piperidine, benzylamine, hydrazine hydrate) was heated at 150° for 30min. After cooling, the solid was
recrystallized from MeOH or EtOH to give diamine derivatives (the results are shown in Table I).

TaBLE I

Analysis (%)

Yield mp Caled. (Found) UV 808 IR (KBi)
No. R %) () Formula nm (log &) cm-1
C H N
VIIIa NH, 87 233 CH,ON,S  48.65 4.54 25.22 245 ( ® ) wnm
(49.23) (4.57) (25.47) 282 ( ) 3230
, ' 376 () . 3060
Vs 74.17  5.41  7.52 250 (3.95) wnm
VILb  CHs <=> 9B 196 CouMaONS 74711y (5.51) (8.07) 285 (4.16) 3000
385 (3.96)
— 61.43  6.07  8.43 280 (4.15) wco
Ville N O 188 CuHaONoS  (gn'sg) (6.18)  (8.43) 318 (4.09) 1580
425 (4.10)
o 69.49 7.37  8.53 281 (4.12) wceo
viid - N - 73 176 CuHaONoS 6980y (7.40)  (9.16) 310 (4.06) 1590
418 (4.09)

a) Concentration is unknown because of insufficient solubility.

Reaction of IV with Ammonia To a solution of 1 g of IV in 50 ml of MeOH, 10 ml of 289, ammonia
water was added and the mixture was refluxed for 30 min. The solvent was evaporated and the residue
was recrystallized from MeOH to give yellow needles mp 215° in 55%, yield. Awual. Calcd. for C,,H,ONS,:
C, 53.78; H, 4.06; N, 6.27; S, 28.72. Found: C, 53.83; H, 4.12; N, 6.15,; S, 28.65. UV AZ% nm (log &):
263 (4.10), 290 (4.10), 321 (4.19), 425 (4.25).

Reaction of IV with Ethylenediamine or Ethanoleamine To a solution of 2.54 g of IV in 100 ml of
MeOH, 0.02 mole of ethylenediamine or ethanolamine was added and the mixture was refluxed for 1 hr.
The solvent was evaporated and the residue was washed with ether and recrystallized from MeOH to give
oxazoline or imidazoline derivatives (IXa, b) in 80—90% yield. IXa: mp 290°. yellow leaflets. Aunal.
Calcd. for C;;H,(ON,S: C, 60.54; H, 4.62; N, 12.84. Found: C, 60.50; H, 4.63; N, 12.43. UV AZ% nm (log
€): 248 (3.96), 282 (4.35), 376 (4.11). IXb:mp 167°. vellow needles. Anal. Caled. for C,;H,0,NS: C, 60.27;
H, 4.14; N, 6.39. Found: C, 59.92; H, 4.28; N, 6.91. IR (KBr): 3200 cm~! (NH), 1640 cm~! (C-0). UV
25{;’;‘ nm (log ¢): 283 (4.28), 398 (4.04).

Reaction of IV with ¢o-Phenylenediamine or o-Aminophenol A mixture of 0.01 mole of IV and 0.01
mole of amines (o-phenylenediamine, o-aminophenol) was heated at 150° for 1hr. After cooling, the solid
was recrystallized from methylcellosolve to give benzimidazole (Xa) or benzoxazole (Xb) derivatives in 60—
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75% yield. Xa: mp 287°. yellow needles. Anal. Calcd. for C,;H,,ON,S: C, 67.66; H, 3.79; N, 10.52;
S, 12.02. Found: C, 67.72; H, 3.78; N, 10.48; S, 11.82. IR (KBr): 3600—2400 cm~! (broad). UV AZZF
nm (log £): 255 (4.12), 325 (4.36), 343 (4.35), 360 (4.32), 400 (4.12). Xb: mp 250°. brown needles. Aual.
Calcd. for C,sH,0,NS: C, 67.41; H, 3.39; N, 5.24. Found: C, 67.28; H, 3.36; N, 5.26. UV AE¥ nm (log ¢):
240 (4.16), 268 (4.51), 325 (4.51), 347 (4.50). ,

4-Methylthiopyrano[3,2-b]benzothiophen-2-ones (XIa, b) a) To a solution of 0.02 mole of active
methylene (methyl cyanoacetate, dimethyl malonate) and 0.03 mole of K,COjg in 30 ml of Me,SO, 0.01 mole
of IV was added with stirring at room temperature for 3 hr. The color of the reaction mixture turned reddish
brown. The mixture was poured into ice-water and acidified with 109 HCI solution. The precipitate
was collected by filtration, washed with water, and recrystallized from MeOH or acetone to give pyrano-
{3, 2~c]benzoth10phen-2 ones (XIa, b) in a high yield such as 70—809%, yield.

b) To a suspension of 0.96 g (0.01 mole) of NaH in mineral oil in 50 ml of absolute THF, 0 01 mole of I
and ketenethioacetal (methyl 2-cyano-3,3-bis(methylthio)acrylate, methyl 2-methoxycarbonyl-3,3-bis-
(methylthio)acrylate) were added. The mixture was refluxed on the boiling water bath for 2 hr. After
the solvent was evaporated, 200 ml of ice-water was added to its residue and acidified with 10% HCI solution.
The precipitate was collected by filtration, washed with water, and recrystallized from MeOH, or acetone
to give IXa or b in 40—609%, yield. IXa:mp 258°. yellow needles. Anal. Calcd. for C;;H,ONS,: C, 57.15;
H, 2.58; N, 5.13; S, 23.47. Found: C, 57.27; H, 2.69; N, 4.92; S, 23.44. IR (KBr): 1615 cm~* (C=0).
UV 22" nm: 267, 336, 390, (concentration is unknown because of insufficient solubility). XIb: mp 153°.
Yellow leaflets. Aunal. Calcd. for C,,H,,0,S,: C, 57.15; H, 2.58; N, 5.13; S, 23.47. Found: C, 57.27; H,
2.69; N, 4.92; S, 23.44. IR (KBr): 1730 cm~? (C=0 of ester group), 1685 cm~* (C=0 of pyrone ring). UV
AEE nm (log ¢): 266 (4.19), 330 (4.16).

2-Phenylpyrano[3,2-b]benzothiophen-4-one (XIIa) To a solution of 0.5 g of IV in 30 ml of dimethyl
formamide, 0.5 g of acetophenone and 0.04 g of powder NaOH were added with stirring at room temperature.
The mixture was stirred at room temperature for 3 hr, poured into ice-water, and acidified with 10% HCl
solution. The precipitate was collected by filtration, washed with water, and recrystallized from MeOH
to give a brown needles of mp 173° in 359, yield. Anal. Calcd. for C,,H,,0,S: C, 73.30; H, 3.62; S, 11.50.
Found: C, 72.81; H, 3.65; S, 11.42. IR (KBr): 1650 cm~1 (C=0). UV AZ% nm (log ¢): 236 (4.30), 273 (4.39),
302 (4.37).

2-Acetyl-3-methylpyrano[3,2-b1benzothiophen-4-one (XIIb) To a solution of 0.3 g of IV in 30 ml
of dimethyl formamide, 0.08 g of powder NaOH and 0.2 g of acetylacetone were added. The mixture was
heated on the boiling water bath for 2 hr. After cooling, the mixture was poured into 150 ml of ice-water
and acidified with 109, HCl solution. The precipitate was collected by filtration, washed with water, and
recrystallized from MeOH to give brown needles of mp 159° in 25%, yield. Awnal. Caled. for C;,H,,0,S: C,
65.12; H, 3.90; S, 12.39. Found: C, 64.42; H, 3.86; S, 12.42. IR (KBr): 1630 cm~}(C=0).

2-(1-Methylthio-2-nitroethylidene)benzothiophen-3(2H)-one (XIII)——a) To a solution of 2.5 g of IV
and 0.8 g of nitromethane in 50 ml Me,SO, 1.65 g of K,CO, was added with stirring at room temperature.
The mixture was stirred at room temperature for 3 hr when the mixture turned reddish brown. The mixture
was poured into ice-water and acidified with 109 HCI solution. The precipitate was collected by filtration
and recrystallized from MeOH to give a yellow needles of mp 142° in 859, yield.

b) To a solution of 1.5 g of I in 50 ml of Me,SO, 1 g of powder NaOH and 1.6 g of 1-nitro-2,2-bis(methyl-
thio)ethylene were added. The mixture was stirred at room temperature, poured into ice-water, and acidi-
fied with 109, HCI solution. The resulting precipitate was collected by filtration and recrystallized from
MeOH to give yellow needles of mp 142° in 63%, vield. Anal. Calcd. for C;;H,O;NS,: C, 49.44; H, 3.40;
N, 5.24. Found: C, 50.00; H, 3.40; N, 5.06. IR (KBr): 1650 cm~! (C=0). UV AZ% nm (log &): 258 (4.18),
342 (4.16), 443 (3.94). NMR (8 in CDCl,) ppm: 6.08 (2H, singlet, CH,-NO,), 2.64 (3H, singlet, SCH,).

Reaction of XIa, b with Amines To a solution of 0.01 mole of XIa or XIb in 50 ml of MeOH, 0.015
mole of amines (benzylamine, cyclohexylamine, ethylenediamine) was added. The mixture was refluxed
on the boiling water for 1 hr. After the solvent was evaporated, 50 ml of ice-water was added to the residue
and the mixture was acidified with 109, HCI solution to remove excess amines. Resulting precipitate was
collected and recrystallized from MeOH or methylcellosolve to give amine derivatives in 70—80% yield.
XIVa: colorless needles. mp 272°. Anal. Caled. for C,H,;O,NS: C, 65.75; H, 4.14; N, 3.85. Found: C,
65.77; H, 4.08; N, 3.68. IR (KBr): 3040 cm~! (NH). UV 2% nm 234, 308, 338 (concentration is unknown
because of insufficient solubility). XIVb: colorless needles. mp 218°. A#nal. Caled. for C;yH,,O,NS: C, 63.86;
H, 5.36; N, 3.92. Found: C, 63.31; H, 5.12; N, 3.64. IR (KBr): 3040 cm~* (NH), 1720 cm~* (C=0). UV
B8 nm (log &) : 233 (4.62), 304 (4.34), 333 (4.39). XIVc: yellow needles, mp 204°. Anal. Caled. for C, H, ;-
‘Q,N,S: C, 58.94; H, 3.89; N, 14.73. Found: C, 58.52; H, 4.02; N, 14.43. IR (KBr): 3280, 3340 cm~* (NH),
2200 cm~! (CN), 1770 cm~? (C=0). UV A29% nm (log ¢): 230 (4.54), 260 (4.29), 300 (4.31), 326 (4.30).
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