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Abstract - A metal-free process for the synthesis of benzothiazoles via
PClz-promoted cleavage/acylation/ cyclization of disulfides and carboxylic acids
has been developed. In addition to acting as the acylating reagent which converted
carboxylic acids into acyl chlorides, PCls also converted disulfides to thiols,
which promoted disulfides of 2-aminobenzenethiol reacted with carboxylic acid to
produce benzothiazoles. The developed method is applicable to a wide range of

carboxylic acids containing different functional groups.

INTRODUCTION
Substituted benzothiazoles are an important class of heterocycles that exhibit valuable biological and
therapeutic effects like antitumor, antimicrobial, antidiabetic, anticonvulsant, anti-inflammatory

t.1> For example, zopolrestat' (1) has

activities.! Moreover, they can be used as amyloid imaging agen
been used for the treatment of diabetes, Phortress (2) and PMX610 (3) display excellent antitumor
activity,'? and '8F-labelled 2-(4’-fluorophenyl)-1,3-benzothiazole (4) can be used as amyloid imaging
agent (Figure 1).12 In addition, some benzothiazole-based compounds are useful as ratiometric fluorescent
pH indicators.2 Therefore, efficient methods to synthesize benzothiazoles and their structural analogues
have been explored extensively in recent years.2

Among the many existing methods for the construction of benzothiazoles, the condensations of
2-aminobenzenethiols with aldehydes, carboxylic acids, orthoesters, alkylamines, aryl ketones,
B-diketones or nitriles are the most common procedure (Scheme 1a).22%% However, the starting materials
2-aminobenzenethiols, especially those bearing additional substituents, are readily oxidized to stable
disulfides and not always easily available. An alternative approach is the cyclization of thioformanilides,

which is carried out by the radical cyclization or transition-metal catalyzed carbon-sulfur bond

formation(Scheme 1b).353
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Scheme 1. Strategies for the synthesis of benzothiazoles

However, this method usually exhibits low tolerance for functional groups such as ketone, ester, and

amide, because most of the reactions involve the transformation of the amide into the corresponding
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thioamide by Lawesson’s reagent.> To overcome this drawback, methods using 2-haloanilides reacting
with metal sulfides,2#32 carbon disulfide,?*? sulfur 23% or xanthate salt & are developed to synthesize
2-substituted benzothiazoles through copper-catalyzed cross-coupling reaction (Scheme Ic). Recently,
2-substituted benzothiazoles were prepared by the reaction of stable disulfide and aldehyde through the
cleavage of the S-S bond via radical, copper-catalyzed, reductive or oxidative method (Scheme 1d).2 In
the course of our studies on new methods for the synthesis of benzothiazoles using disulfides as starting
materials,’’ we found that disulfides reacted with carboxylic acids smoothly to afford benzothiazoles in
moderate yields in a one-pot process (Scheme le). To the best of our knowledge, this is the first
successful example of the synthesis of substituted benzothiazoles from stable and readily available

disulfides and carboxylic acids in one-pot tandem reactions.

RESULTS AND DISCUSSION
Table 1. Optimization of the Reaction Conditions®
CO2H
©:S+ OH reagent
solvent
NH, T.6h ;
1a 2a
Entry Reagent Ratio¢  Solvent T (°C) Yield’ (%)

1 — 1: 0 toluene 100 NP
2 SOCL, 1:24 toluene 100 NP
3 POCl; 1:2.4 toluene 100 6
4 PhsP 1:2.4 toluene 100 NP
5 PCI3 1:2.4 toluene 100 74
6 PCl3 1:2.4 DMF 100 NP
7 PCl3 1:2.4 DMSO 100 NP
8 PCl3 1:2.4 1,4-dioxane 100 50
9 PCl; 1:2.4 toluene 90 26
10 PCl3 1:2.4 toluene 110 69
11 PCl3 1:2.0 toluene 100 39
12 PCI3 1:2.2 toluene 100 55
13 PCI3 1:2.6 toluene 100 63
14 PCI3 1:2.8 toluene 100 24
159 PCl; 1:24 toluene 100 55

“ Conditions: 1a (0.5 mmol), 2a (1.0 mmol), reagent (the ratio added according to Table 1), solvent (5.0 mL), 6 h under
an atmosphere of argon unless otherwise noted. “Isolated yield; ¢ The ratio of disulfide to reagent; ¢ The reaction was

carried out under an atmosphere of air.

We began our study by examining the reaction of 2,2'-disulfanediyldianiline (1a) with

2-hydroxy-4-methylbenzoic acid (2a) in organic solvent using different condensing agents under various
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conditions. When 1a reacted with 2.0 equiv. of 2a in the absence of any condensing agents, no desired
product 3a was obtained in common organic solvents such as toluene, DMF and 1,4-dioxane as
determined by LC-MS analysis (Table 1, entry 1). Furthermore, no or little desired product 3a was
obtained in the presence of condensing agents such as SOCl,, POCl; or PhsP (entries 2-4). Much to our
delight, when 2.4 equiv. of PCl; was used as the condensing agent in toluene, the anticipated product 3a
was obtained in 74% isolated yield (entry 5). When the solvent toluene was replaced with other solvents
like DMF or DMSO, no the desired product 3a was found (entries 6-7). The effect of solvent 1,4-dioxane
was also investigated, and the products was obtained in a relatively low yield (entry 8). The reaction
temperature was another important factor affecting the yield. The reaction yield decreased dramatically to
26% when carried out at 90 °C; when carried out at 110 °C, the yield decreased slightly to 69% (entries
9-10). Moreover, the reaction yield would decrease when the ratio of PCl; to disulfide was higher or
lower than 2.4 (entries 11-14), which showed the ratio of PCIl3 to disulfide was also a key factor in
determining the yield of desired product. Moderate yield was obtained when the reaction was carried out
under an atmosphere of air (entry 15).

A variety of carboxylic acids were examined under the optimized reaction conditions to explore the scope
of the substrates. As shown in Table 2, carboxylic acids containing electron-donating groups were
employed to afford the corresponding benzothiazoles in moderate to good yields ranging from 54 to 74%
(entries 1-8). The relative low yield of 3f and 3g showed that halides substituted group decreased the
reactivity of the aromatic carboxylic acids in this one-pot reaction. Additionally, this PCls-mediated
one-pot process exhibited compatibility with several functional groups such as hydroxyl (3a and 3b),
methoxyl (3¢ and 3h), and halides (3f and 3g). However, when carboxylic acids contained
electron-withdrawing groups like nitro or nitrile, the corresponding benzothiazoles were obtained in low
yields (entries 9-10). Phthalic acid and some aliphatic acids such as acetic acid, trifluoroacetic acid,
butyric acid and 2-phenylacetic acid also reacted with disulfide to form the desired products, but the
yields were relatively low (entries 11-15).

To expand the scope of this methodology, several different disulfides were employed to react with
carboxylic acids under the optimized reaction conditions (entries 16-18). Various functional groups
including chloro (3p) and phenoxyl (3q and 3r) were well tolerated under the standard reaction conditions,
and the desired products were obtained in moderate to good yields. In addition, the free amino group
reacted with carboxylic acid to form the amide product (3q and 3r) under the standard reaction

conditions.
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Table 2. Reactions of Substituted Disulfides with Various Carboxylic Acids”

R? s7; _PCl; _
R NH; 1c: R1 = NH2, R? = 3,5 dlmethylphenoxyl

100 °C, 6 h
1 2
Entry 1 2 Product Yield (%)
| 1a % E%COZH @[)—(/ — 74
OH 2a 3a
> 1a e @Ej*@ 66
OH 2b HO 3b
3 1a MeoQCOZH @[S)—Qom 54
MeO 2¢ " OMe 3¢
S
@[N)—@R“
4 1a ()ws g 3d:R‘=H 67
5 1a —{ )oor 5,  3eR‘=Me 59
6 la o< ) 5  3R=C 55
7 la BrOcozH 2 3 R*=Br 56
8 la weo<{ )cos 5y  3h:R*=OMe 65
9 1a wo{ )co# 5  3i:R=CN 46
10 1a OZNOC%H 2 3].R4_N02 21
s
11’ 1a QC‘”H y;@ 34
COH 2k D
@S 3k
S
12 1a MeCOH 2 [L)— q @ 2
S
13 1a CRCOH 2m  [L)on 23
S
14 l1la COH 2n @[N)—ﬁ 3n 34
15 12 Ll oo sﬁ 50
20 C[N/ 30

16 1b 2d O 45

3p

17¢ 1c¢ 2d 0 Nﬁ}_@ 75
H

3q

18 1e 2i Qi QZ@CN 54
NC

3r
@ Reaction conditions: 1 (0.5 mmol), 2 (1.0 mmol), PCl; (1.2 mmol), toluene (5 mL), 100 °C, 6 h. ® 0.5 mmol 2k was

used. ¢ 1¢ (0.2 mmol), 2 (0.8 mmol), PCl; (0.96 mmol) was used. ¢ Isolated yields.
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The methods used to cleave the sulfur-sulfur bond are the key factor for the synthesis of benzothiazoles
from disulfides.** To understand how benzothiazoles can be prepared from disulfides and carboxylic acids
in the presence of PCl3, two possible reaction routes are considered which are illustrated in Scheme 2
using the reaction of 1a with 2d as an example. In route a, intermediate A is formed from disulfide 1a and
benzoic acid 2d mediated by PCl; and then the sulfur-sulfur bond is cleaved and cyclized to form
benzothiazole 3d. In route b, the sulfur-sulfur bond of 1a is cleaved by PCI3 first to form
2-aminobenzenethiol B, which reacts with benzoyl chloride produced in situ to form benzothiazole 3d. To
test the hypothesis, intermediate A prepared by the reaction of 1a with benzoyl chloride was used to
synthesize the benzothiazole 3d under different reaction conditions (Scheme 3). When the intermediate A
was heated at 100 °C in toluene without PCls, no desired product 3d was detected by LC-MS. After
adding PCl; or Ph3P, benzothiazole 3d was obtained in about 27% or 23% yields. These experimental
results indicated the sulfur-sulfur bond of intermediate A could be cleaved by PCl3 or PhsP, but the low

yield of 3d indicated that product 3d was not mainly produced by the reaction route a.

O disulfide cleavage
S. O and cyclization

@
NH, 2 Tod A S
1a N/
’% @SH /:yclization 3d

2d NH;

Scheme 2. The possible routes for the formation of benzothiazole

no reactlon
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Scheme 3. The benzothiazole formation from intermediate A
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Overman, Bach and co-coworkers!! provided some examples that S-S bond could be broken by PhsP to
form thiol, which promoted us to think that PCl; could also break S-S bond under our experimental
conditions. To prove PCls; could break S-S bond, the reaction of 2,2'-disulfanediyldianiline 1a with PCl;
in toluene was analyzed by LC-MS (Figure 2). Most of disulfide 1a was converted into
2-aminobenzenethiol B after 1a reacted with PCl; and minimal water in toluene for one hour (Figure
2a-b), which fully show PCl; could break the S-S bond of the disulfide to form thiol (Scheme 4, Eq. 1).
After adding benzoyl chloride to the reaction, the desired product benzothiazole 3d was isolated in 68%
and another product D in 17% yield was also obtained (Eq. 2), which agreed with the literature report.!2
When 1a and 2d reacted in the presence of PCls, the same product D was obtained in 11% yield in
addition to the desired benzothiazole 3d in 67% yield. Product D was determined to be
S-2-benzamidophenyl benzothioate by NMR, MS and single crystal X-ray diffraction analysis (Eq. 3 and
Figure 3). However, D was not converted to benzothiazole 3d under the same reaction conditions (Eq. 4),
which showed D was a byproduct, not a reaction intermediate. The similar diacylated products like D

were also obtained in the reaction of 1a and other carboxylic acids under the same reaction conditions.

(a) reaction for one hour

(b) reaction for 20 min

(c) toluene j\

(d) 2-aminobenzenethiol B

(e) 2,2'-disulfanediyldianiline 1a i

L B e B B e B B B S B N
.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Figure 2. The reaction process of 2,2'-disulfanediyldianiline and PCl3; detected by LC-MS
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Figure 3. ORTEP molecular diagram of D
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Therefore, we propose a tentative reaction mechanism for the formation of 2-substituted benzothiazoles
from disulfides as shown in Scheme 5. Carboxylic acid reacts with PCl3 to form acyl chloride first.
Through the nucleophilic attack on disulfide 1a by PCIls, 2-aminobenzenethiol B and an intermediate
phosphonium cation-thiolate anion salt C are formed, and subsequently thiolate anion C reacts with water
which produced from the formation of 3d in the last step to form 2-aminobenzenethiol B.!'®!'® At last, the
intermediate B reacts with the in-situ produced acyl chloride to give the desired product 3d and byproduct
D. In the reaction process, PCl3; acts not only as an acylating reagent to convert carboxylic acid into acyl
chloride, but also as a sulfur-sulfur bond reducing reagent to convert disulfide into thiol. Because SOCl»
and POCI; only act as acylating agents and PhsP only as a sulfur-sulfur bond reducing reagent, SOCla,
POCIl; and Ph3P couldn’t efficiently facilitate the reaction of disulfide and carboxylic acid (Table 1,
entries 2-3).

In summary, we have developed a metal-free method for the synthesis of 2-substituted benzothiazoles
from disulfides and carboxylic acids mediated by PCl; through a sulfur-sulfur bond cleavage/acylation/
cyclization tandem reaction. Both the disulfides and carboxylic acids are stable and readily commercially
available. In the reaction process, PCl; acted as an acylating reagent and a disulfide reducing reagent,
which promoted disulfides of 2-aminobenzenethiol reacted with carboxylic acid to produce
benzothiazoles. The new synthetic method offers a convenient alternative approach for the construction of

biologically important compounds containing a benzothiazole structure.

EXPERIMENTAL
All reagents were purchased from different commercial sources and used without further purification.
Solvents were dried over sodium and distilled prior to use. All reactions were performed under a dry

argon atmosphere in oven-dried glassware. Reactions were monitored by analytical thin-layer
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chromatography on silica gel GF254 precoated on glass plates. Column chromatography separations were
carried out on silica gel (200-300 mesh). Melting points were measured with SGC X-4 microscopic
melting point meter and are uncorrected. Molecular weights were determined by a low-resolution mass
spectrometer (ESI) using automatic sampler to inject sample solution. The 'H and '*C NMR spectra were
obtained in CDCIl3 on a 500 MHz spectrometer and referenced to the residual protonic solvent or TMS.
The NMR results were processed by software MestReNova. Elemental analyses were recorded on an
Elementar var IlI-type analyzer. The starting material 1a was purchased from Aladdin Reagent Company.
1b was prepared from 2-amino-4-chlorobenzenethiol®

1,5-difluoro-2,4-dinitrobenzene (DFDNB) by literature method.1%

and 1c¢ was prepared from

General procedure for the synthesis of benzothiazole derivatives 3a-3p, D. 2,2"-Disulfanediyldianiline
la or 6,6'-disulfanediylbis(3-chloroaniline) 1b (0.5 mmol) and carboxylic acid (1.0 mmol, except 0.5
mmol for 2k) were added to a three-neck flask under an atmosphere of Ar, and 5 mL dry toluene was
added, then the mixture was stirred for 2.5 h at 70 °C to allow the solid to dissolve in toluene solvent
completely. After the reaction solution was cooled down to 30 °C, PCl;3 (1.2 mmol, 0.165 g) was added
dropwise. When the PCl; was added completely, the reaction mixture was further stirred for 4 - 6 h at 100
°C until no 2,2'-disulfanediyldianiline or 6,6'-disulfanediylbis(3-chloroaniline) was detected by TLC
analysis. The reaction solution was washed with saturated aqueous sodium bicarbonate solution and
extracted with CH2Cl,. The collected organic layers were dried over anhydrous MgSQOs. After filtered to
remove the MgSO4 and the solvent was removed under reduced pressure. The crude product was purified
by flash chromatography on silica gel using PE / EtOAc.

General procedure for the synthesis of benzothiazole derivatives 3q and 3r.
6,6'-Disulfanediylbis[4-(3,5 -dimethylphenoxy)benzene-1,3-diamine] (1¢) (0.2 mmol) and carboxylic acid
(0.8 mmol) were added to a three-neck flask under an atmosphere of Ar, and 5 mL dry toluene was added,
then the mixture was stirred for 2.5 h at 70 °C to allow the solid to dissolve in toluene solvent completely.
After the reaction solution was cooled down to 30 °C, PCl3 (0.96 mmol, 0.132 g) was added dropwise.
When the PCl; was added completely, the reaction mixture was further stirred for 4-6 h at 100 °C until no
starting material 1¢ was detected by TLC analysis. The reaction solution was washed with saturated
sodium bicarbonate solution and extracted with CH2Clo. The collected organic layers were dried over
anhydrous MgSO4. After filtered to remove the MgSO4 and the solvent was removed under reduced

pressure. The crude product was purified by flash chromatography on silica gel.
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