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A NOVEL SYNTHESIS OF BENZOFURAN AND RELATED COMPOUNDS. IV.
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Abstrect - A novel synthesis of 2-substituted 4,6-dimethoxybenzo-
thiophenes by the Vilsmeier reaction of 3,5-dimethoxyphenylthiomethyl

derivatives is described.

In the previous pepers, we have reported a novel synthesis of benzofuran by
the Vilsmeier reaction of phenoxymethyl derivatives, that is, phenoxyaceto-

2, and phenoxyacetaldehyde diethyl acetalsa.

nitriiesl, phenoxyacetophenones
In the course of our work, we were interested in an attempt to use this novel
synthetic method of benzofuran skeleton for phenylthiomethyl compounds to obtain

benzothiophene derivatives.

OMe OMe

X—CHZ—R

MeO SH Ifa-e MeO s R
1 Illa-e
Ifa: X = Cl, R = CN
b: X = Br, R = CH(OEt),
¢c: X =¢C1, R = CO#<:>
d: X = C1, R = CO,H

e: X = Br, R = COzEt
Scheme 1

As shown in Scheme 1, phenylthiomethyl derivatives (IIIa-e) were prepared by

the condensation of 3,5-dimethoxythiophencl (I)4 with chloroacetonitrile (ITa),
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bromoacetaldehyde diethy! acetal (I1Ib), a -chloroacetophenone {Ilc), chiocre-
acetic acid (IId), or ethyl bromoacetate (Ile) by a similar method for the

preparation of phenoxyacetonitrile previously reportedl.
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Table 1 Heaction Times, Eluting Solvents, Appearances,
Melting Points, and Yields of IIIa-e

Compd. React. Time gy 4400 5olvent®) Appearance Mp (*C) Yield (%)
(h) (Recryst. Solv.)
IIIa 1.5 b) colorless oil R — 94
IIIb 2 benzene colorless oil —_— 83
IIXc 0.5 benzene colorless prisms 39-42 76
(cyclohexane)
IIId 0.5 b) white powder 82-84 79
{not recrystallized)
Ille 0.5 CH2012 colorless oil — 77

a) Solvent for elution on silica gel column chromatography.
b} Not chromatographed; See in the text.

As shown in Scheme 2, The Vilsmeier reaction of the resulting phenylthiomethyl
derivatives with dimethylformamide (DMF) and 90013 afforded desired
benzothiophens (IV, V, VI, VIII, IX, and X1}, dimethylaminoacrylaldehyde
derivative (VII), and formylated compounds (X1I) of the starting material.
Physicel data of these producta (III - XII) are liasted in Tables I - IV.

In nmr spectra of benzothiophenea, the coupling constants (0.84 + 0.01 Hz)
between protons of C-3 and C-7 and that (0.05 + 0.01 Hz) between protons of C-3
and C-5 were reporteds. In the compound VIIIa, proton of C-3 coupled with that
of C~7 by ca. 1.0 Hz. Accordingly, the position of formyl group of VIIIa was
determined at C-5. On the other hand, nearly sharp singlet proton of C-3 of
conmpounds IVb, Vf,'VIIIb, IX, X and XIb supported that the position of formyl
group was at C-7. Furthermore, obvious difference was recognized in the
chemical shifts of protons of €-5 and C-7 between VIIIa and other benzothiophene
derivatives. That is, proton of C-7 of VIlla was observed at 7.18 ppm in CD013,
while proton of C-5 of compounds IVb, VI, VIIIb, and XIb appeared at 6.42 - 6.47
ppm. Accordingly, it seemed that the position of formyl group was also able to
be detected by considering the chemical shifts of protons of C-5 and C-7. In
the case of IX, the nmr spectrum was measured in DMSO-dg owing to its unsolubii-

ity for CDCla and benzene ring proton was observed at 6.86 ppm. In order to
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Table

II Reaction Conditions, Eluting Solvents, Appearances,

Melting Points, and Yields of IV - XII

React..

Conpd. Condition Eluting Solvent®) Appearance Mp Yield
Temp.(*C) Time(h) {Ratio, v/v) (Recryst. Solv.) {(°C) (%)
ive BO 2 benzene colorless needles 172-174 12
{only) (benzene)
Ivb benzene—CHCla white powder 199-201 3
(1L : 1) {benzene)
v benzene-CHCla white powder 245(dec.) 22
(1 1) {acetone)
VI 50 2 benzene—CHCl3 pale yellow plates 224-227 18
(1 1) {acetone)
VII CHCla—ecetone vyellow needles 126-128 12
(1 1} (benzene-cyclohexane)
. VIIIa B8O 2 benzene-CHClgq white powder 189-192 2
(9 1) {eyclohexane)
VIIIb benzene—CHCl3 yellow powder 225-227 52
(4 1) (benzene)
1X B0 1.5 b) colorless needles 260 56
{acetone) (sublim.)
X b} colorlese needles 234-236 c)
) (ether) i
XIa 70 1 benzeneﬂCHzclz ‘colorless powder 104-105 ﬂ
(9 1} (ethanol)
XIb benzene-CHchZ colorless powder 198-201 16
(9 1) (acetone-ether)
XIla benzene—CHzclz colorless needles 22p-221 35
' (9 1) " {acetone-ether)
XITb acetone colorless needles 95-98 25
(only) (diluted ethanol)

a) Solvent for elution on silica gel column éhrnmatography. b) Not chromato-—

graphed; See’in the text. c¢) Almost quantitatively.

avoid the solvent effect, IX was esterified to X with diazomethane tec increase

the solubility for CDCla and the nmr spectrum of resulting X was measured in

CD013. Benzene ring proton of X was observed as sharp one proton singlet at

6.44 ppm and coupling with proton of C-3 could not be detected. Accordingly,

the position of formyl group of X (and IX) was recognized to be at C-7.

In nmr spectra of compounds VII and XIIb, phenyl protons appeered at 6.35 ppm
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and 6.56 ppm as each two proton singlet, respectively. Therefore, the positien
of formyl group was determined to be at C-4 in both compounds.

In the case of the reaction of IIIe, formylated compounds (XIIa,b} could be
isolated in company with cyclized products (XIa,b). In éhe course of this
reaction, it was observed on TLC that the spot of 2-formylated compound (XIIa)
decreased with the progress of the reaction and, on the other hand, that of
benzothiophene (XIa) increased, Furthermore, XIIa could be converted to Xla
with cho3 in refluxing acetone. Therefore, XIIa was considered as en inter-

mediate of cyclization of IITe to benzothiophene, XIa.

Table 1III Elemental Analyses and Ms and Ir Spectral Data of IIT - XII
Compd. Formula Analysis (%); Calcd (Found) Ms (m/z)%) Ir‘I’)
¢ " N Mt {cm )
IIIa CIOHIINOZS 57.39 5.29 6.69 209 2250
(57.28 5.41 6.73)
IIIb 014822048 58.71 T.74 286 —
(58.586 7.82)
IlIc C1gHy5038 66.64 5.59 288 1680
{66.85 5.69)
I11d ClpH 048 52.61 5.29 228 3070,1700
(52.42 5.48)
Ille Clelsoqs 56.23 6.29 256 1725
(56.15 6.47)
IVa 011H9N023 60.25 4.13 6.38 219 2220
(69.99 4.07 6.39)
IVb 012H9N03S 58.28 3.66 5.66 247 2220,1640
{58.31 3.72 5.62)
v CIIHIIN03S 55.68 4.67 5.90 237 3430,3350,1650
{565.48 4,69 5.82)
VI 012H1004S 57.58 4.02 250 1660, 1650
(57.68 3.94)
VII 014H17N04$ . 58.93 5.80 4,74 295 1667, 1658
(56.85 5.77 4.64)
VIIla ClBH1404S 66.24 4.32 326 1685,1630
(66.48 4.31) ’
VIIIb C1gH14%45 66,24 4.32 326 1660,1640
(65.98 4.20)
IX C10Hy 058 54.12 3.78 266 3420,1700
(54.23 3.96)
X C13H 9968 | 55.70 4.31 280 1690, 1650

(55.862 4.43)
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Table III (continued)

v

Compd. Formula _Analysis (%); Celcd (Found)  Ms (m/z)%) 1r?)
c H N, M (en™!)
XIa CygH 4045 58.63  5.29 | 266 1705
(58.86  5.22)
XIb G4, 4058 57.13  4.79 | 294 1690, 1650
(57.11 4.65)
RIla  CyqH (048 54.91  5.67 | 284 1728, 1660
(54.86  5.75)
XIIb G 3H) 048 54.91  5.67 284 1730, 1665

{54.82 5.75)

a)} The base peak is the malecular ion peak except for IIIb (m/z 195) and XIIa
(m/z 197). b) Absorption bands due to N-H, O-H, C=N, and/or €¢=0; Measured in
KBr disks except for IIIa, IIIb, and IIle (CHUIS).

EXPERIMENTAL

Mps were determined on a Yanagimoto micro melting point apparatus and are
uncorrected. FElemental analyses were performed on a Yanagimoto MT-2 CHN Corder
elemental analyzer. The ir spectra were obtained with a Japan Spectroscopic
A-102 diffraction grating infrared spectrophotometer. The nmr spectra were
measured on a Hitachi R-22FTS FT-NMR spectrometer (90 MHz). The chemical
shifts {4 ) in ppm were measured relative to tetramethylsilane as an internal
standard. The ma spectra were taken with a Shimadzu LKB-9000 instrument at

70 eV.

General Procedure for Preparation of Phenylthiomethyl Derivatives

To a suspension of 828 rg (6 mM) of dry pulverized K,CO05 and 20 mg of KI in 7 ml
of dry dimethylsulfoxide {DMSO), was added 55% mg (3 mM) of 3,5-dimethoxythio-
phenol (I) and the mixture was stirred at room temperature for 30 min under N2
stream. To the resulting mixture, was added 4.5 mM of bromo or chloro deriva-
tives (Ila-e) and the mixture was sti}red at room tempereture for appropriate
period (Taeble I). After filtration of the mixture, 70 ml of Ho0 was added to
the filtrate and the mixture was extracted w%th benzene., The orgamic layer waas

washed with diluted NaOH, Kzo. and saturated brine, successively, dried over

anhydrous Nazso4, and evaeporated. Unless otherwise stated, the residue was
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Table 1V Nmr Spectral Datea of III - XII
Compd.®’ Nor & (J in Hz)P)

IlIa 3.69%) (), 3.77%), 6.35%) (¢, 7 = 2.3), 6.57%) (4, J = 2.3)

I1Ib 1.19 (6H, t, J = 7.2, 2 x OCHyMe), 2.95%) (d, J = 5.5), 3.60 (4H, q,
J =17.2, 2 x 0CH,), 3.81%), a.86 (18, t, J = 5.5, ocH), 6.31%) (t,
J=2.0), 6.739) (4, 7= 2.0)

Illc 3.769, 4.30°) (s), 6.31°) (v, 7 = 2.3), 6.54F) (a4, J = 2.3), 7.47
and 7.92 (3H, 2H, each m, benzoyl-H)

I11d 3.69°%) (s), 3.77%, 6.35%) (¢, 3 = 2.3), 6.57) (4, J = 2.3)

IIle 1.24 (3R, t, J = 7.3, CHyMe), 3.66%) (s), 3.799), 4.20 (2m, q,

J = 7.3, OCH,), 6.32%) (t, J = 2.3), 6.56T) (4, 7 = 2.3)

IVa 3.90 and 3.95%), g.a5%) (4, 7 = 2.5), 6.851) (br 4, J = 2.5), 7.934)
{br 8)

IVh 4.109), s5.47M) (s), 7.9823) (a), 10.45%)

v 3.83 and 3.90%), 6.53") (4, 5 = 2.5), 7.0 - 7.5 (2H, br, D,0
exchangeable, NH,), 7.10%) (dd, J = 2.5, 0.8), 8.054) (4, 7 = 0.8)

VI 4.09 and 4.12%), 6.47h) (s), 8.094) (s), 10.05 and 10.51 (each 1mH,
each a, 2 x CHO)

vII 3.32 (6H, br s, NMe,), 3.86%), 6.357) (e), 7.67 (IH, br s, N-cH=),

9.21 (1H, s, 5-C-CHO), 10.38 (1H, 8, 4-CHO)
VIIla  4.04 end 4.07%), 7.181) (4, J = 1.0), 7.57 and 7.90 (3H, 24, each n,
benzoyl-H), 7.964) (4, 7 = 1.0), 10.56K’
VIIIb 4.079, 6.44%) (a), 7.56 and 7.89 (3H, 2H, each m, bemzoyl-H), 7.929)

{(s), 10,60%)
1x 4.12 and 4.148), 6.86") (s), 7.949) (s), 10.38%), 13.10 (1, br, D,0
exchangeable, COZH)
X 3.93 (3H, s, COyMe), 4.06 and 4.08%) (ring-oMe), 6.4a%) (a), B.159)
(s), 10.49%)
1ia 1.39 (3H, t, J = 7.3, CH,Me), 3.89 and 3.94%), 4,39 (2H, q, J = 7.3,
OCH,), 6.40%) (4, J = 2.0), 6.861) (aa, 7 = 2.0, 0.8), 8.114) (a,
J=0.8)
XIb 1.40 (3H, t, J = 7.3, CH,Me), 4.05 and 4.078%), 4.39 (20, q, J = 7.3,
ocHy), 6.42M) (s), 8.1397 (4), 10.48K)
XIla 1.26 (34, ¢, J = 7.3, CH,Me), 3.66%) (a), 3.92%), 4.23 (2n, q, 3 =
7.3, 0CHp), 6.27%) (d, 7 = 2.0), 6.60 (1R, d, J = 2.0, 6-H), 10.41%)
XIIb 1.26 (38, t, J = 7.3, CH,Me), 3.73%) (s), 3.929), 4,23 (28, q, J =

7.3, ocHy), 6.567) (s), 10.37K)

a) Measured in Cl)Cl3 except for V and IX (DMSO—'ds). b} Abbreviations: br s,
broad singlet; br d, broad doublet; d, doublet; dd, double doublet; m,
multiplet; q, quartet; s, singlet; t, triplet. c¢) 2K, SCH2. d} 6H, 8, 2 x OMe.
e) 1H, 4-H. £} 2H, 2 and 6-H. g) each 3H, each s, 2 x OMe. h) 1H, 6-H.

i) 1H, 7-H. j) 1H, 3-H. k) 1M, s, CHO.
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chromatographed on silica gel to afford desired product (Table I).

3,5-Dimethoxyphenylthioacetonitrile (IIIa)

After extraction with benzene, cobtained residue was dissolved in hot p-hexane
and soluble fraction gave desired product. '

3,5-Dinethoxyphenylthiocacetic Acid {II1Id)

After stirring of the reaction mixture, 70 ml of H20 was added to the mixture.
The resulting mixture was acidified with diluted HCl and extracted with AcCEt.
The organic layer was washed with H20 to remove chloroacetic acid (IId) and was
extracted with saturated NaHCO4. The latter équeoua layer was acidified with
diluted HCl and extracted with GHZCIZ.' The organic layer was worked up usually
to afford the desired product.

General Procedure of Vilsmeier Heaction

The Vilsmeier reagent was prepared by stirring of 0.15 M of DMF and 0.45 M of
Pocl3 under cooling in an ice bath for 0.5 h. To the reagent, was added 0.1 M
of 3,5-dimethoxyphenylthiomethy]l derivative (IIIa-e) and the mixture was stirred
in an appropriate condition (Table II) until disappearance of the starting
material en TLC, Unleas otherwise stated, the reactiop mixture was cooled and
hydrolized with ca. 50 m1 of Hy0, The resulting suspension was extracted with
CHGl,. The organic layer waa worked up usually and the resulting residue was
purified with column chromatography on silica gel followed by the recrystal-
ligation (Table II).

7-Formyl-4,6-dimethoxy-2-benzothiophenecarboxylic Acid (1IX)

After addition of HoO to the reaction mixture, the resulting mixture was allowed
to atand overnight at room temperature. The precipitated solid was collected

on a filter and washed with acetone and CHClg,‘successiVely. The obtained

solid was submitted as an analytical sample after recrystallization from
acetone.

Methyl 7~Formyl-4,6-dimethoxy-2-benzothiophenecarboxylate {(X)

To a suspension of IX in MeOH was added a solution of diazomethane in ether.
The resulting suspension changed tc a clear solution and then the solid

precipitated. The solvent was evaporated in_vacug and the resulting residue
was recrystallized from ether to give titled‘compound elmost quantitetively.

Ethyl 4,S-Dimethoxy—Z-benzothiOphenecarboxyléte (XIa) from Ethyl 2-Formyl-3,5-

dimethoxyphenylihioacetate (XIla)

A mixture of 115 mg (0.40 mM) of XIXa, 170 mg (1.2 wM) of dry pulverized choa,
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and 5 m}l of dry acetone was refluxed for 1.5 h.

mixture,

The combined filtrate and washing was evaporated to dryness.

10, 1987
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After cooling of the reaction

the suspenrsion was filtered and the solid was washed with acetone.

The obtained

residue was purified with short column chromatography on silica gel to give 82

mg (78%) of Xla.
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