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Abstract—The synthesis of 3,4-diethoxybenzthioamide, the key intermediate for OPC-6535, is achieved by employing Friedel–
Crafts reaction of 1,2-diethoxybenzene with potassium thiocyanate in methanesulfonic acid at ambient temperature. # 2002
Elsevier Science Ltd. All rights reserved.

6-[2-(3,4-Diethoxyphenyl)thiazol-4-yl]pyridine-2-carbox-
ylic acid (OPC-6535; 1)1 is a thiazole derivative, which
has an inhibitory activity of superoxide production by
human neutrophils, and is now under clinical trials. We
realized the construction of the thiazole moiety by a
condensation reaction1,2 of 3,4-diethoxybenzthioamide
(2a)1,3 and a-haloketone derivative (3).1,4 One of the
several challenges we faced was to produce a large
amount of 2a required for pharmacological and tox-
icological evaluation of 1 by using transthioamidation
reaction of 3,4-diethoxybenzonitrile with thioacetamide,
which was our initially proposed synthesis of 2a.1 Evi-
dently unsatisfactory yield and the complicated workup
of the transthioamidation reaction in a large-scale
process prompted us to search for an alternative syn-
thetic method for benzthioamide. Moreover, it seemed
useful to investigate the practical synthetic method of
benzthioamide derivatives, possessing alkoxy groups
such as 2a, since these derivatives have been used as
important intermediates for the preparation of several
biologically active compounds.5 Namely, 4-methoxy-
benzthioamide (2c), which was mostly derived by
transthioamidation reaction or thionation reaction to
benzamides with thionating reagents such as Lawesson’s
reagent,6 is a useful compound in the field of medicinal
chemistry.5c�e Herein, we disclose the results of our
study on one step practical synthesis of 2a from 1,2-

diethoxybenzene and potassium thiocyanate by using
Friedel–Crafts type reaction (Fig. 1).

A variety of synthetic methods for the benzthioamide
derivatives, other than transthioamidation methods,
have been reported in the literature, ranging from Friedel–
Crafts reaction of aromatic compounds with potassium
thiocyanate or ethoxycarbonyl isothiocyanate,7 addition
reaction of benzonitriles bearing hydrogen sulfide, and
thioamidation reaction of benzyl chlorides bearing
sulfur, ammonia, and sodium methoxide.8 Among these
reactions, we have selected the Friedel–Crafts strategy
for the synthesis of 2a, since this method seemed to be
most straightforward approach to directly introduce
thioamide group to the aromatic ring. Reported Friedel–
Crafts conditions are summarized as follows. (1) The
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Figure 1. Synthesis of OPC-6535.
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benzene derivatives are treated with potassium thiocya-
nate in aqueous 80% sulfuric acid,7a polyphosphoric
acid,7a or liquid hydrofluoric acid.7b (2) The benzene
derivatives are treated with ethoxycarbonyl iso-
thiocyanate in the presence of aluminum chloride to
yield N-ethoxycarbonylbenzthioamide derivatives,
which are subsequently hydrolyzed.7c As with any other
case, each reaction condition has advantages and dis-
advantages. The latter method (2) seemed more gen-
eralized, since it can be applied to the benzene
derivatives having not only the electron-donating sub-
stituents but also the electron-withdrawing substituents.
Additionally, the methods (1) reacting in either 80%
sulfuric acid or polyphosphoric acid are not satisfactory
in yields (in 50–60% yield:9 indeed, the reaction in
polyphosphoric acid at 60 �C gave our compound 2a in
only 11% yield, and in 80% sulfuric acid at room tem-
perature gave it in 6% yield), and the harsh cryogenic
condition is required for storing hydrofluoric acid as a
liquid phase. However, the method (1) seemed to be
economically promising for the large-scale production
of 2a in view of the cost (availability and inexpensive
thioamidation regent). Thus, we focused on the method
(1) using potassium thiocyanate.

We searched for a superior acid to reported aqueous
80% sulfuric acid, polyphosphoric acid, or hydrofluoric
acid for the improvement. After several trials, methane-
sulfonic acid was the best acid to meet our purpose.

The desired 2a was given in good yield after an easy
workup (the reaction mixture was poured into cold
water and the precipitates were purified by recrystalliz-
ing from ethyl acetate), when excess methanesulfonic
acid was used (Table 1, entry 1). The efficiency of this
improved method was conveyed to a scale-up trial. 4a
(2.53 kg) resulted to give the desired 2a (2.90 kg) with
high purity10 in 85% yield. Reducing the amount of
methanesulfonic acid lowered the yields (Table 1, entries
2 and 4). Trifluoroacetic acid was not available for this
reaction (Table 1, entry 5).

We next tried to extend the reaction to other aromatic
compounds, and the results are summarized in Table 2.
From Table 2, it is found that methanesulfonic acid
mediated Friedel–Crafts thioamidation reactions of
aromatic compounds with potassium thiocyanate have
following characteristics: (1) Activated aromatic com-
pounds such as anisole derivatives underwent thio-
amidation reaction smoothly in satisfactory yields
(Table 2, entries 1–3). (2) Neither weakly activated nor
nonactivated aromatic compounds gave the desired
corresponding thioamide derivatives (Table 2, entries
5 and 6). (3) p-Electron-excessive heteroaromatic com-
pounds, except for furan that decomposed in acidic

Table 1. Friedel–Crafts thioamidation reaction of 1,2-diethoxy-

benzene with potassium thiocyanate

Entry Reagent and solvent Temp. (�C) Time (h) Yielda (%)

1 MeSO3H (23 equiv) 30 4.3 85 (93)b

2 MeSO3H (10 equiv) 30 17.0 60
3 MeSO3H (10 equiv),

AcOH (1.2M) 30 2.5, 0
4 MeSO3H (2 equiv), 30 4.0

CH2Cl2 (0.6M) then reflux then 1.5 13
5 CF3CO2H (19 equiv) 30 2.0 0

aIsolated yield after recrystallization of crude product from ethyl
acetate.
bIsolated yield after the purification by column chromatography.

Table 2. Methanesulfonic acid mediated Friedel–Crafts thioamida-

tion reaction of aromatic compounds with potassium thiocyanate

Entry Ar–H Time (h) Yield (%)a

1 4.3 85 (93)b (2a)c

2 5.3 68d (83)b (2b)e

3 5.0 65f (72)b (2c)g

4 28.5 0

5 5 days 0

6 — 0h

7 5.5 (75)b (2g)i

8 4.5 (35)b (2h)j

9 5.3 (42)b (2i)k

10 39l (77)b (2i)

aIsolated yield after recrystallization of crude product from ethyl
acetate.
bIsolated yield after the purification by column chromatography.
cSee ref 11.
dIsolated yield after recrystallization of crude product from acetone.
eSee ref 12.
fIsolated yield of the p-isomer. The o-isomer was obtained in 2% yield.
gSee ref 13.
hFuran decomposed under the conditions.
iThiophene-2-thiocarboxamide was obtained; see ref 14.
jPyrrole-2-thiocarboxamide was obtained; see ref 15.
k1-Methyl-1H-indole-3-thiocarboxamide was obtained; see ref 16.
lAfter stirring for 29 h, further 1.15 equiv of KSCN was added.
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media, underwent thioamidation reaction in satisfactory
yields (Table 2, entries 7–10).

In conclusion, we have developed a facile and practical
method in good yield for preparing the benzthioamide
derivative 2a, which is the key intermediate for the
synthesis of OPC-6535, by taking advantage of Friedel–
Crafts reaction using potassium thiocyanate in meth-
anesulfonic acid at ambient temperature. This method
could be done by using inexpensive starting materials
and reagents in ordinary reaction vessels and could be
extended to other activated aromatic compounds having
alkoxy groups, especially toward the important com-
pounds such as 2c, in the field of medicinal chemistry.

Typical experimental procedure for the preparation of
2a is as follows: Potassium thiocyanate (33.60 g, 345.8
mmol) was added to a solution of 4a (50.00 g, 300.8
mmol) in methanesulfonic acid (371 mL) with ice-cool-
ing bath. After stirring at room temperature (about
30 �C) for 4.3 h, the reaction mixture was poured into
cold water (1.0 L). The precipitates were filtered and
dried to give crude 2a (65.62 g). The crude 2a was
recrystallized from ethyl acetate (522 mL) to give 57.53
g of 2a (85% yield).11 The aqueous filtrate was extracted
with dichloromethane. The combined dichloromethane
extract and mother liquid of the recrystallization was
purified by SiO2 column chromatography (methanol/
dichloromethane=1/20; Rf=0.56, methanol/dichloro-
methane=1/9) to give further 5.39 g of 2a (total 62.92 g,
93% yield).

Caution: Concerning the use of potassium thiocyanate,
it is reported that cyanic acid is discharged from thio-
cyanic acid when the solution is either hot or in high
concentration.17 During our production campaign, no
cyanic acid was detected; however, it is recommended to
prepare an alkaline trap.
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