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Lithiation of S{2-methylphenyl) N,N,N’,N’-tetramethylphosphorodiamidothioate with sec-BuLi at -105°
gave the corresponding benzylic anion which was acylated with various aromatic esters to give various deoxy-
benzoin derivatives in moderate to high yields. Acidic treatment of these products in refluxing formic acid
gave 2-arylbenzo[b]thiophene derivatives. 2-Methylbenzo[b]thiophene and benzo[b]thiophen-2(3H)-one were

also prepared using the similar procedure.

J. Heterocyclic Chem., 28, 173 (1991).

There are many synthetic methods for the preparation
of benzo[b]thiophene derivatives [1]. Although the cyclode-
hydration of phenylthiomethyl ketones under strong
acidic conditions were widely used for their construction,
the presence of acid labile groups on the molecule may
present difficulties [1,2].

Recently, we developed a convenient method for the
synthesis of 2-arylbenzo[b]furan derivatives using regio-
selective lithiation of ortho-cresol derivatives bearing
O-bis(dimethylamino)phosphoryl group as a directing
group followed by condensation with aromatic esters and
subsequent acidic treatment [3]. To extend the directed
lithiation for the synthesis of heterocyclic compounds us-
ing bis(dimethylamino)phosphoryl group [4], we report
here an efficient synthesis of benzo[b]thiophene
derivatives starting from ortho-thiocresol. Although the
directed lithiations of aromatic thiols [5] and thicethers [6]
have recently been reported, lithiation of 2-<(alkylthio)
toluenes could not generate the corresponding benzylic
anions in regioselective manner and subsequent reaction
with electrophiles gave a mixture of regioisomers [6].

The required S{2-methylphenyl) N,N,N’,N'-tetramethyl-
phosphorodiamidothioate (2) [7] were easily prepared in
high yield by the reaction of ortho-thiocresol (1) with
bis(dimethylamino)phosphoryl chloride in the presence of
sodium hydride in tetrahydrofuran (THF). Lithiation of 2
with 1.2 equivalents of sec-BuLi in THF at -105° for 1
hour resulted in the formation of the corresponding ben-
zylic anion, which upon treatment with methyl benzoate
(3a) and quenching with saturated ammonium chloride at
-90° gave deoxybenzoin derivative 4a in 59% yield (Chart
1). When methyl 3,4-dimethoxybenzoate (3b), 3,5-di-
methoxybenzoate (3¢) or isonicotinate (3d) were
employed, the corresponding condensation products
4b,c,d were obtained in 64, 50 or 80% yields. Phenyl-
acetone derivative 4e was obtained in 74% yield by the
reaction of 2 with N-methoxy N-methylacetamide (3e)

o 1) seoBuLi/-105°C QCHzCOOH

under the similar conditions described above. Acidic treat-
ment of 4a in refluxing 90% formic acid for 1 hour [3]
gave 2-phenylbenzo[blthiophene (3a) [8] in 63% yield.
Similarly, 2-+(3',4’-dimethoxyphenyl)benzo[b]thiophene
(5b), 243',5"-dimethoxyphenyl)benzo[blthiophene (5¢), and
24(4"-pyridyl)benzo[b]thiophene (5d) were obtained in 70,
90, and 90% yields starting from 4b, 4¢, and 4d, respec-
tively, Similar treatment of 4e gave 2-methylbenzo[b]thio-
phene (5€) [9] in 54% yield. When the benzylic anion of 2a
was quenched with carbon dioxide, phenylacetic acid
derivative 6 was obtained in 96% yield. Acidic treatment
of 6 gave benzo[bjthiophen-2(3H)-one (7) [10] in high yield
(Chart 1).
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An attempt for the synthesis of S{2-methylphenyl)
N,N,N’,N’-tetramethylphosphorodiamidothioate deriva-
tives 2 via ortho-lithiation of the corresponding S-phenyl
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Chart 2

R R
\©\ 1)NaH / THF O\
SH 2 CIPO(NMey), SPO(NMe,),
8 . % g

8a H 9a H
8b OMe 9b OMe

phosphorodiamidothioates 9a,b with methyl iodide unfor-
tunately failed. Namely, S-phenyl or S{4-methoxyphenyl)
N,N,N’,N'.tetramethylphosphorodiamidothioates 9a,b,
prepared starting from 8a,b, were lithiated by the action
of sec-Buli at -105° and the reaction mixture was im-
mediately reacted with methyl iodide at the same
temperature to give exclusively S— C 1,3-tetramethylphos-
phoryl migration products 10 [4], and none of the desired
2 was detected (Chart 2). However, the preparations of
ortho-thiocresol derivatives have been well established
[11], the above method provided a new and efficient syn-
thesis of various benzo[b]thiophene derivatives.

EXPERIMENTAL

All melting points are uncorrected. The IR specira were ob-
tained in KBr disk using a JASCO 810 spectrophotometer. The
UV spectra were recorded in 95% ethanol on a Hitachi 323
spectrophotometer. The 'H-nmr spectra were obtained with
JEOL JNM-PMX 60 and Hitachi R-600 spectrometer using
deuteriochloroform as a solvent and tetramethylsilane as an in-
ternal reference. The ms were determined on a JEOL JMX-DX
303 mass spectrometer. Elemental analyses were performed at
the Microanalytical Laboratory of the Center for Instrumental
Analysis in Nagasaki University. All solvents used for lithiation
reaction were freshly distilled from benzophenone ketyl before
use. Conventional column or flash column chromatography was
carried out on Merck Kieselgel 60 (230-400 mesh).

General Procedure for the Syntheses of S-Aryl Tetramethylphos-
phorodiamidothioates 2 and 9a,b.

The following procedure for the synthesis of S{2-methyl-
phenyl) N,N,N’,N’-tetramethylphosphorodiamidothioate (2) is
representative; the other amidothioates 9a,b were obtained
similarly.

S{2-Methylphenyl) N,N,N’,N’-Tetramethylphosphorodiamido-
thioate (2).

ortho-Thiocresol (1, 12.4 g, 100 mmoles) in THF (100 ml) was
added to a stirred suspension of sodium hydride (60% NaH, 5.2
g, 130 mmoles) in THF (50 ml) at 0°. The reaction mixture was
stirred at room temperature for 30 minutes and was then cooled
in an ice bath and bis(dimethylamino)phosphoryl chloride (25.6
g, 150 mmoles) in THF (50 ml) was added dropwise. The reaction

R. : :Me
SPO(NMe,),

2
1) sec-Buli /-105°C
m R C[ PO(NMe,),
SMe

1
0 R

10a H
10b OMe

mixture was stirred at room temperature for 12 hours. After the
solvent was removed, saturated ammonium chloride solution and
methylene chloride were added to the residue. The organic layer
was separated, dried over sodium sulfate and then the solvent
was removed to yield crude 2 as an oil. Purification by distillation
gave pure 2 (21.4 g, 83%), bp 136°/0.5 mm Hg; ms: m/z: 258 (M*);
ir (neat): 3460, 2930, 2900, 1475, 1300, 1210, 995 cm"!; uv: nm
(log €) 270 (sh) (3.52), 277.5 (sh) (3.42). "H-nmr: é 2.51 (3H, s), 2.65
(12H, d, J = 10.8), 7.05-7.28 (3H, m), 7.51-7.73 (1H, m).

Anal. Caled. for C;,H;,N,OPS: C, 51.11; H, 7.41; N, 10.89.
Found: C, 50.83; H, 7.39; N, 10.97.

S-Phenyl N,N,N’,N’-Tetramethylphosphorodiamidothioate (9a).

This compound was obtained in 88% yield, bp 140°/1 mm Hg;
ms: m/z 244 (M*); ir (neat): 3500, 3450, 2920, 2870, 1570, 1470,
1290, 1200, 980 cm™*; uv: nm (log €) 218 (s) (3.92), 240 (s) (3.66),
272 (s) (2.64); *H-nmr: 6 2.62 (12H, d, ] = 12), 7.20-7.51 (5H, m).

Anal. Caled. for C,0H,,N,OPS: C, 49.16; H, 7.01; N, 11.47.
Found: C, 48.89; H, 6.93; N, 11.57.

S{4-Methoxyphenyl) N,N,N°,N’-Tetramethylphosphorodiamido-
thioate (9b).

This compound was obtained in 85% yield, bp 160°/0.8 mm
Hg; ms: m/z: 274 (M*); ir (neat): 3450, 2930, 2900, 1590, 1495,
1460, 1290, 1250, 1210, 1180, 1100, 1060, 1020, 980 ¢cm""; uv: nm
(log €) 229 (s) (4.01), 244 (4.10), 279 (s) (3.14), 285.5 (s) (3.05);
'H-nmr: 6 2.65 (12H, d, J = 11.3), 3.77 (3H, s), 6.84 2H, d, ] =
8.8), 1.51 (2H, dd, ] = 8.8, 1.5).

Anal. Caled. for C;,H,,N,0,PS: C, 48.16; H, 6.98; N, 10.21.
Found: C, 48.18; H, 6.86; N, 10.27.

General Procedure for the
Derivatives 4.

Synthesis of Deoxybenzoin

The following procedure for the synthesis of S-2{phenacyl)
phenyl N,N,N’,N’-tetramethylphosphorodiamidothioate (4a) is
representative; the other deoxybenzoins 4b-d were obtained
similarly.

S-2{Phenacyljphenyl N,N,NV',N-Tetramethylphosphorodiamido-
thioate (4a).

A solution of sec-BuLi (1.00 M in cyclohexane, 7.20 ml, 7.20
mmoles) was injected into a stirred solution of S{2-methylphenyl)
N,N,N’ N'-tetramethylphosphorodiamidothioate (2, 1.55 g, 6.00
mmoles) in THF (50 ml) at -105° (liquid nitrogen-ethanol bath)
under a nitrogen atmosphere. After stirring at -105° for 1 hour, a
solution of methyl benzoate (3a, 1.22 g, 9.00 mmoles) in THF (10
ml) was injected into the lithiated solution at -105°. The stirring
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was continued for additional 1 hour at -105°. The reaction mix-
ture was quenched with saturated ammonium chloride solution at
-90° and the solution was allowed to warm to room temperature.
THF was removed under reduced pressure. The residue was ex-
tracted with dichloromethane and the organic layer was
separated, dried over sodium sulfate, and then evaporated to give

crude 4a. Chromatographic purification using dichloromethane
as an eluent gave pure 4a (1.23 g, 59%), mp 97° (recrystallization
from ether/dichloromethane); ms: m/z 362 (M*); ir (potassium
bromide): 2940, 2900, 2850, 2810, 1695, 1595, 1580, 1480, 1460,
1445, 1345, 1290, 1220, 1180, 1165, 990, 975, 670, 560 cm™*; uv:
nm (log €) 243 (3.78); *H-nmr: § 2.64 (12H, d, J = 11.4), 4.76 (2H,
s), 7.22-7.33 3H, m), 747 (1H,d,J = 7.3), 749 (1H, d, J = 7.7),
7.57(2H,td,J = 7.3,1.8), 7.63 (2H, dd, J = 7.7, 1.8), 8.11 (2H,
dd, J = 7.7, 2.2).

Anal. Caled. for C,sH,;N,0,PS: C, 59.62; H, 6.39; N, 7.77.
Found: C, 59.39; H, 6.36; N, 7.70.

S-2-(3’,4"-Dimethoxyphenacyl)phenyl N,N,N’,N’-Tetramethyl-
phosphorodiamidothioate (4b).

This compound was obtained in 64% yield, mp 92°
(ether/dichloromethane); ms: m/z 422 (M*); ir (potassium
bromide): 2975, 2850, 1675, 1585, 1520, 1470, 1420, 1270, 1205,
1160, 1150, 1030, 995, 970, 670, 550 cm"*; uv: nm (log €) 229
(4.43), 276 (4.08), 306.5 (3.82); *H-nmr: § 2.62 (12H, d, J] = 12.0),
3.89 (6H, s), 4.68 (2H, s), 6.88 (1H, d, ] = 8.2), 7.18-7.30 (3H, m),
7.51-7.66 (2H, m), 7.77 (1H, dd, J] = 8.2, 2.0).

Anal. Caled. for C,0H;,N,0,PS: C, 56.84; H, 6.44; N, 6.66.
Found: C, 56.90; H, 6.69; N, 6.60.

$-2-(3°,5°-Dimethoxyphenacyl)phenyl N,N,N’,N’-Tetramethyl-
phosphorodiamidothioate (4c).

This compound was obtained in 50% yield, mp 115-116°
(ether/dichloromethane); ms: m/z 422 (M*); ir (potassium
bromide): 3000, 2940, 2900, 2850, 1680, 1600, 1460, 1420, 1340,
1300, 1295, 1210, 1200, 1160, 1050, 980 cm™*; uv: nm (log €) 265
(3.93), 321 (3.63); 'H-nmr: 6 2.61 (12H, d, J = 10.8), 3.80 (6H, s),
4.66 (2H, s), 6.63 (1H, t, ] = 2.4), 7.20-7.72 (6H, m).

Anal. Caled. for C,H.,N,0,PS: C, 56.86; H, 6.44; N, 6.63.
Found: C, 56.72; H, 6.32; N, 6.69.

S-2-(Isonicotinoylmethyl)phenyl N,N,N’,N’-Tetramethylphos-
phorodiamidothioate (4d).

This compound was obtained in 80% yield, mp 128°
(ether/dichloromethane); ms: m/z 363 (M), ir (potassium
bromide): 2920, 2850, 1700, 1460, 1410, 1380, 1355, 1300, 1280,
1225, 1220, 1205, 1180, 1060, 1015, 995, 965, 810, 775, 740, 675,
590, 560 cm"*; uv: nm (log €) 268 (s) (3.54). 'H-nmr: 6 2.60 (12H, d,
J = 12.0), 4.76 (2H, s), 7.20-7.36 (3H, m), 7.47-7.71 (1H, m), 7.89
(2H, dd, J = 6.0, 2.0), 8.83 (2H, dd, J = 6.0, 2.0).

Anal. Caled. for C;;H2,N;0,PS: C, 56.15; H, 6.10; N, 11.62.
Found: C, 56.09; H, 6.02; N, 11.47.

Synthesis of S-2{Acetylmethyl)phenyl N,N,¥ ,N’-Tetramethyl-
phosphorodiamidothioate (4e).

A solution of N-methoxy N-methylacetamide (3e, 0.52 g, 5
mmoles) in THF (10 ml) was injected into a solution of the ben-
zylic anion of 2, which was prepared from sec-BuLi (0.66 M in
cyclohexane, 7.6 ml, 5 mmoles) and 2 (0.98 g, 4 mmoles), at -105°
under a nitrogen atmosphere. Standard workup and chromato-
graphic purification (dichloromethane/acetone = 9/1 as an
eluent) gave 4e (bp 145°/0.2 mm Hg, 0.89 g, 74%); ms: m/z 300
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(M*); ir (neat): 3450, 2930, 2900, 1720, 1470, 1460, 1360, 1290,
1210, 1160, 1060, 980 cm-*; uv: nm (log €) 230.5 (s)(3.91), 249.5 (s)
(3.58); *H-nmr: 6 2.17 (3H, s), 2.63 (12H, d, J = 10.8), 4.09 (2H, s),
7.26-1.70 (4H, m).

Anal. Caled. for C,,H;,N,0,PS: C, 51.98; H, 7.05; N, 9.33.
Found: C, 51.72; H, 6.99; N, 9.32.

General Procedure for the Synthesis of 2-Arylbenzo[b]thiophenes
o).
The following procedure for the synthesis of 2-phenylbenzo-

[blthiophene (3a) is representative; the other benzo[blthiophenes
Sb-d were obtained similarly.

2-Phenylbenzo[blthiophene (5a).

A solution of 4a (0.41 g, 1.13 mmoles) in 90% formic acid (3 ml)
was refluxed for 1 hour. After removal of formic acid under
reduced pressure, 5% sodium bicarbonate solution was added to
the residue and the mixture was extracted with dichloromethane.
The organic layer was separated, dried over sodium sulfate,
evaporated to give a residue, which was chromatographed using
benzene as an eluent to give 2-phenylbenzo[blthiophene (5a).
Further purification by recrystallization from ether/n-hexane
gave pure 5a (mp 171°,0.15 g, 63%) (lit [8] mp 175.5-176°); ms:
mfz 210 (M*); dichloromethane 2960, 2930, 2860, 1445, 825, 755
cm™; uv: nm (log €) 232 (4.28), 256 (4.04), 265 (s) (3.98), 298 (4.33),
305 (s) (4.31), 319 (s) (4.06); 'H nmr: § 6.92-7.83 (10H, m).

Anal. Caled. for C,,H,,S: C, 79.96; H, 4.79; S, 15.25. Found: C,
79.69; H, 5.09; S, 15.16.

243',4"-Dimethoxyphenyl)benzo{b}thiophene (Sb).

This compound was obtained 70% yield, mp 109° (ether/n-
pentane); ms: m/z 270 (M*); ir (potassium bromide): 2960, 2920,
2850, 1585, 1520, 1480, 1450, 1380, 1260, 1150, 1030, 850, 810,
750 cm™'; uv: nm (log €) 239 (s) (4.12), 278.5 (s) (3.76); 'H-nmr: &
3.67 (3H, s), 3.80 (3H, s), 6.53-7.28 (8H, m).

Anal. Calcd. for C,¢H,,0,S: C, 71.08; H, 5.22; S, 11.86. Found:
C, 70.90; H, 5.43; S, 11.78.

2{3’,5’-Dimethoxyphenyl)benzo[b]thiophene (5¢).

This compound was obtained in 90% yield, mp 35-38° (ether/n-
hexane); ms: m/z 270 (M*); ir (potassium bromide): 2950, 2830,
1595, 1520, 1460, 1460, 1430, 1340, 1320, 1300, 1200, 1160, 1080,
980, 940 cm™*; uv: nm (log €) 232.6 (4.51), 251 (3.99), 301.8 (4.39),
325.8 (s) (4.00); *H-nmr: 6 3.86 (6H, s), 6.47 (1H, t, ] = 1.8), 6.87
(2H, d, ] = 1.8), 7.26-7.91 (5H, m).

Anal. Caled. for C,sH,,0.S: C, 71.08; H, 5.22; S, 11.86. Found:
C, 70.96; H, 5.50; S, 11.60.

2{(4’-Pyridyl)benzo[b]thiophene (5¢).

This compound was obtained in 90% yield, mp 193°
(methanol); ms: m/z 211 (M*); ir (potassium bromide): 2960, 2930,
2850, 1590, 1460, 1380, 815, 745, 730, 720 cm™*; uv: nm (log €)
230 (4.28), 255.5 (3.99), 310 (4.34). 'H-nmr: § 7.25-7.61 (4H, m),
7.73-7.92 (3H, m), 8.59-8.70 (2H, m).

Anal. Caled. for C3HgNS: C, 73.87; H, 4.29; N, 6.66; S, 15.17.
Found: C, 74.10; H, 4.39; N, 6.47; S, 15.12.

Synthesis of 2-Methylbenzo[b}thiophene (5e).

A solution of 4e (0.6 g, 2 mmoles) in 90% formic acid (5 ml) was
refluxed for 1 hour. Standard workup and chromatographic
purification (dichloromethane as an eluent) gave Se (0.16 g,
54%), mp 46° (ether) (lit [9] mp 51-52°); ms: m/z 148 (M*); '"H-nmr:
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2,58 (3H, d, J = 1.0), 6.95 (1H, t, J = 1.0), 7.23-7.30 (2H, m),
7.68-7.78 (2H, m).

Synthesis of 2{S{N,N,N’,N'-Tetramethylphosphoryl)thio]phenyl-
acetic Acid (6).

Carbon dioxide gas was passed through into the solution of the
benzylic anion of 2 (1 g, 3.88 mmoles) generated with sec-BuLi
(1.00 M in cyclohexane, 4.2 ml, 4.2 mmoles) at -105°. Standard
workup and chromatographic purification (dichloro-
methane/acetone = 7/3 as an eluent) gave 6 (1.14 g, 97%), mp
120-121° (n-hexane/dichloromethane); ms: m/z 302 (M+1)*; ir
(potassium bromide): 2950, 2690, 1755, 1440, 1380, 1300, 1180,
1160, 1060, 980; uv: nm (log € 227 (s) (3.93), 250 (s), (3.61);
"H-nmr: 8 2.65 (12H, d, J] = 10.9), 4.07 (2H, s), 7.17-7.67 (4H, m).

Anal. Caled. for C,,H,,N,0,PS: C, 47.67; H, 6.33; N, 9.27.
Found: C, 47.70; H, 6.14; N, 9.19.

Synthesis of Benzo[b]thiophen-2(3H)-one (7).

A solution of 6 (0.78 g, 2.58 mmoles) in 90% formic acid (5 ml)
was refluxed for 1 hour. Standard workup and chromatographic
purification (dichloromethane as an eluent) gave 7 (0.37 g, 95%),
mp 30-32° (petroleum ether) (lit [10a] mp 32-34°, lit [10b]. mp
44-45°); ms: m/z 150 (M*); 'H-nmr: § 3.89 (2H, s), 7.24 (4H, s).

Lithiation of 9a and b. Synthesis of Arylphosphonic Tetramethyl-
diamidates 10a,b.

The following procedure for the synthesis of 2{methylthio}
phenylphosphonic N,N,NV’,N’-tetramethyldiamidate (10a) is
representative; the other diamidate 10b was obtained similarly.

2{(Methylthio)phenylphosphonic N,N,V',N’-Tetramethyldiamid-
ate (10a).

A solution of sec-BuLi (0.66 M in cyclohexane, 7.6 ml, 5
mmoles) was injected into a stirred solution of 9a (0.91 g, 4
mmoles) in THF (50 ml) at -105° under a nitrogen atmosphere.
After stirring at -105° for 5 minutes a solution of methyl iodide
(0.85 g, 6 mmoles) in THF (10 ml) was injected into the lithiated
solution at -105°. The stirring was continued for additional 30
minutes at -105°. The reaction mixture was quenched with
saturated ammonium chloride solution at -80° and the solution
was allowed to warm to room temperature. Standard workup and
chromatographic purification (dichloromethane/acetone = 9/1)
gave 10a (0.73 g, 76%), bp 130°/0.3 mm Hg; ms: m/z 259 (M*); ir
(neat): 3400, 2900, 1630, 1570, 1480, 1440, 1420, 1290, 1190,

Vol. 28

1100, 1050, 980 cm™*; uv: nm (log €) 262 (3.90), 304 (3.39); *H-nmr:
6 2.42 (3H, s), 2.66 (12H, d, J = 9.6), 7.15-7.78 (4H, m).

Anal. Caled. for C,,;H,;,N,OPS: C, 50.96; H, 7.78; N, 10.80.
Found: C, 50.56; H, 7.55; N, 10.56.

5-Methoxy-2-(methylthio)phenylphosphonic N,N,N’,N’-Tetra-
methyldiamidate (10b).

This compound was obtained in 56% yield, bp 130°/0.2 mm
Hg; ms: m/z: 288 (M*); ir (neat): 3450, 2920, 2850, 1590, 1560,
1460, 1430, 1390, 1280, 1260, 1220, 1200, 1100, 1020, 990 cm™*;
uv: nm (log €) 270 (3.98), 321 (3.45); 'H-nmr: & 2.44 (3H, s), 2.68
(12H, d, J = 9.6), 3.80 (3H, s), 7.03-7.38 (3H, m).

Anal. Caled. for C,,H,N,0,PS: C, 49.98; H, 7.34; N, 9.72.
Found: C, 49.73; H, 7.25; N, 9.68.
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