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We have for the first time developed two ligand-assisted Cu(l)-catalyzed sequential intra- and intermolecular S-arylations leading to the direct
synthesis of arylthiobenzothiazoles in one pot without an inert atmosphere. Low catalyst loading, inexpensive metal catalyst and ligand, lower
reaction temperature, and shorter reaction times make this method superior to all reported methods for the synthesis of arylthiobenzothiazole.

In recent years, there has been an ever-increasing interest in
the field of metal-catalyzed multistep processes such as
tandem, domino, cascade, sequential, and/or concurrent
catalysis in which one or more catalysts are employed for
two or more transformations in one pot.* Great efforts and
progress have been made in the devel opment of Pd- and Cu-
catalyzed inter- and intramolecular domino reactions involv-
ing carbon—heteroatom bond formations for the synthesis
of awide variety of heterocycles.? However, the Cu-catalyzed
heteroarylation has proved to be much more advantageous
over Pd and other metal catalysts in terms of efficiency,
selectivity, low costs, and high functional group tolerance.®
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Although the chemistry of Cu-catalyzed C—C, C—N, and
C—0 bond formations is well explored,* methods available
for the C—S bond formation® are rather fewer because of
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the propensity of thiols toward oxidative dimerization and
their affinity for metals, causing reduced catalytic efficiency.
Despite the plethora of C-heteroatom bond formation re-
ported, involving Pd, Cu-catalyzed multicatalytic processes,
thereis no report on the tandem, domino, cascade, sequential,
and/or concurrent catalytic methods involving intramolecular
and intermolecular S-arylations. As a part of our ongoing
research in developing methods for the synthesis of hetero-
cycles® we were further interested in developing newer
protocols for the synthesis of heterocycles viatwo sequential
intra- and intermolecular C—S bond formations using asingle
catalyst (Cu) in one pot.

2-Arylthiobenzothiazoles or 2-arylsulfanylbenzothiazole or
substituted 2-mercaptobenzothiazoles (MBTS) are an impor-
tant class of heterocycles that are found in a broad spectrum
of biologically active compounds. Some therapeutic agents
containing this core structure include potent heat shock
protein-90 inhibitors (A)"® and an inhibitor of Cathepsin-D
(B)™(Figure 1). They aso act as antimicrobial agents
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Cl NH;
A: Heat shock protein (HSP) - 90 inhibitor B: Cathepsin - D inhibitor

Figure 1. Structures of some biologically important molecules
containing the 2-arylthiobenzothiazole moiety.

especially against Piricularia oryzae and Xanthomonas
oryzae.’

Classica methods for the synthesis of substituted MBTs
involve mainly two types of nucleophilic substitution reac-
tions. One by the nucleophilic attack of arylthiols with a
preformed 2-halobenzothiazoles and the second by the
nucleophilic attack of mercaptobenzothiazole with haloarenes
containing strongly deactivating substituents under a strongly

basic condition.® Alternatively, several cross-coupling reac-
tions were developed with similar coupling partners to
include a wide range of substrates.® Pd-catalyzed synthesis
of thioethers from aryl iodides and arylthiols®*® as well as
the Cu-catalyzed reaction of boronic acids with aryl, hetero
aryl, and alkyl N-thioimides to yield thioethers has been
reported.”® Recently, Bolm et al. reported the Fe-catalyzed
S-arylation protocol of aromatic and heteroaromatic thiols™
but uncertanities exist about the exact catalytic role of Fe.*
A Pd-catalyzed, Cu-mediated coupling of heteroaromatic
thioethers with aryl, hetero aryl, and alkenyl stannanes has
been described.®® Alternatively, Wang et al. developed a
method for the synthesis of 2-arylthiobenzothiazoles by the
S-arylation of benzothiazol-2-thiol with diaryliodonium salts
in an ioinic liquid [bmim]BF,.*° In addition, methods exist
for the syntheses of arylthiobenzothiazoles.** However, the
preparation of arylthiobenzothiazoles with these methods
depends largely on the availability of the requisites, suitably
substituted 2-halo benzothiazole or mercapto benzothiazoles.

Previoudly, Batey and others have devel oped methods for
the synthesis of 2-substituted benzothiazoles from the cor-
responding 2-halothioanilides and 2-halothioureas via Pd-
and Cu-catalyzed intramolecular S-arylation.>®*? In continu-
ation of our efforts in the synthesis of substituted 2-mer-
captobenzimidazole via Cu-catalyzed intramolecular C—N
bond formation®® we envisioned that it would be possible to
combine both the intra- and the intermolecular S-arylations
using a single catalytic system (Cu) in one pot for the
synthesis of 2-arylthiobenzothiazoles. Herein, we report our
efforts toward this target, resulting in the first direct access
to 2-arylthiobenzothiazoles (Scheme 1). In this single

Scheme 1. The Design of Direct Synthesis of
Arylthiobenzothiazoles via Two Sequential C—S Bond
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catalytic one-pot double arylation strategy, intramolecular
S-arylation of dithiocarbamate salt would yield benzothiazol-
2-thiol or MBT, which is then followed by an intermolecular
C—S coupling giving directly 2-arylthiobenzothiazoles as
shown in Scheme 1.
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The dithiocarbamate salt of 2-iodoaniline 1 was prepared
by treating it with CS, and triethylamine following the
literature procedure,*® which was then used as a model
substrate for reaction optimization. Initially, the coupling of
dithiocarbamate 1 and iodobenzene (a) was selected to
optimize the reaction conditions taking Cul as the precatalyst
and K,CO; as the base. In the absence of suitable ligand,
the first step (intramolecular) of the reaction was slow and
the second step (intermolecular) was not at all effective, while
phenanthroline ligand (L1) (Figure 2) was found to be most
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NH,
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Figure 2. Effects of ligands on the Cu(l)-catalyzed reaction.

effective (81%), an observation consistent with our previous
report on intramolecular C—N bond formation.®® Surpris-
ingly, the less expensive cyclohexyl-1,2-diamine ligand (L5)
was found to be even better in terms of superior yield (86%)
in a short reaction time (4 h) for this sequential reaction.

Thus from a series of experiments (Figure 2) the optimum
ratios of dithiocarbamate:aryl iodide:Cul:ligand (L5):base
were found to be 1:1:0.05:0.1:3. Further experimentation
revealed the significance of the solvent dependence for both
steps. Among the various solvents (DMF, 1,4-dioxane,
DMSO, DMA, and toluene) tested, the reaction was found
to be fastest in DM SO, and K,CO; was found to be the ideal
base. Although the reaction works faster at higher temper-
ature we maintained a uniform temperature of 90 °C for both
steps for al the reactions. Further, the reactions are much
faster (4—8 h) compared to several similar intermolecular
C—S bond forming reactions reported to be taking place
above 100 °C for several hours.®

It is reasonable to assume that the initial reaction proceeds
by an intramolecular S-arylation to give 2-mercaptoben-
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G.; Tgima, H.; Ohtani, T. J. Org. Chem. 1997, 62, 4539. (c) Emami, S,;
Foroumadi, A. Chin. J. Chem. 2006, 24, 791. (d) Sattigeri, V. J.; Soni, A.;
Singhal, S.; Khan, S;; Pandya, M.; Bhteja, P.; Mathur, T.; Rattan, A.;
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zothiazole (MBT), the intermediacy of which has been
confirmed by its isolation. Since MBTSs have found a wide
range of applications in different fields and their synthesis
involves arduous reaction conditions, in the absence of
iodoarenes the reaction can be stopped to isolate MBT in
quantitative yields.** In the absence of any ligand or with
less efficient ligands (Figure 2), 2-mercaptobenzothiazole
(MBT) was obtained as the magjor product confirming the
faster intramolecular over the intermolecular S-arylation
(Scheme 2). For aryldithiocarbamates having o-halo (I or

Scheme 2. Synthesis of 2-Arylthiobenzothiazoles via Sequential
Cu-Catalyzed Intra- and Intermolecular S-Arylations
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Br) substituents, no initial intermolecular S-arylation was
observed. In the absence of 2-halo substituents Cu—
nanoparticle catalyzed intermolecular S-arylation has been
reported.> The intramolecular S-arylation is then followed by
an intermolecular S-arylation giving the arylthiobenzothiazole
in excellent yield as shown in Scheme 2 and Table 1.

Even though the reaction is carried out in an air atmo-
sphere, no disulfide formation of any kind was observed,
thus ruling out the possibility of an oxidative path involving
dithiocarbamate disulfide as intermediate (Scheme 2), an
observation consistent with recent Fe-catalyzed C—S bond
formation.™

Next, the scope of the reaction with various dithiocar-
bamates of 2-halo anilines and substituted anilines such as
2-iodoaniline 1, 2-bromoaniline 1’, 2-iodo-4-methylaniline
2, 2-bromo-4-methylaniline 2’, 4-chloro-2-iodoaniline 3,
4-bromo-2-iodoaniline 4, 2,4-dibromoaniline 4’, 2-bromo-
4-methoxyaniline 5, 2-iodo-4,5-dimethylaniline 6, 2-bromo-
4,5-dimethylaniline 6, and 2-bromo-4-(2-methyl[1,3]dithiolan-
2-yl-aniline 7 was evaluated with various iodoarenes (a—h)
as their intermolecular coupling partners. In general, al the
reactions were very clean, and the 2-arylthiobenzothiazole
derivatives were obtained in high yields under the optimized
reaction conditions (Table 1). In these reactions, the most
crucial aspect is the formation of dithiocarbamate salts,*®
and once the dithiocarbamate salts are obtained, the intramo-
lecular S-arylation is very effective. So far as the intramo-
lecular S-arylation is concerned both dithiocarbamate salts
of subgtituted 2-iodoanilines 1, 2, 3, 4, and 6 and 2-bromoa-
nilines1’, 2, 4,5, 6, and 7" are equally effective (Table 1).
The current catalytic system for double S-arylation is
effective for aryl iodide and substituted aryl iodides contain-
ing activating and deactivating substituents (a—h) (Table 1).
Although iodoarenes works efficiently, bromo- and chloro-
arenes were found not to be effective as the intermolecular
coupling partners.

Org. Lett, Vol. 11, No. 19, 2009



Downloaded by UNIV MAASTRICHT on September 29, 2009 | http://pubs.acs.org
Publication Date (Web): September 8, 2009 | doi: 10.1021/019017535

Table 1. Synthesis of 2-Arylthiobenzothiazoles via Sequential
Cu-Catalyzed Intra- and Intermolecular S-Arylations®

H
Z:C[NTSZ*NHEIS
.
s
Y X

Q-G
S
Q0

dithiocarbamate iodoarene product® yields®
X=l, Y=H, Z=H (1) Z'=H (a) (1a)® 86
X=Br, Y=H, Z=H (1Y) Z'=H (a)} { (1a)® 82
X=l, Y=H, Z=H (1) Z'=p-Me (b) { (1b)f 85
X=Br, Y=H, Z=H (1) Z'=p-Me (b)} (1b)f 79
X=l, Y=H, Z=H (1) Z'=p-OMe (c) (1c)f 74
X=l, Y=H, Z=H (1) Z'=p-NO, (d (1dyd 92
X=Br, Y=H, Z=H (1) Z'=p-NO, (d;} {(w)e‘ 87
X=l, Y=H, Z=H (1) Z'= 0-NO;, (e) (1e)d 90
X=l, Y=H, Z=H (1) Z'=p-NHAc (f) (1f)° 72
X=l, Y=H, Z=H (1) Z'=m-Cl (g) (1g)° 86
X=l, Y=H, Z=H (1) Z'=0-COOMe (h)  (1h) 89
X=I, Y=Me, Z=H (2) Z'=H (a) (2a)° 84
X=l, Y=Me, Z=H (2) Z'=p-Me (b)) (2b)f 79
X=Br, Y=Me, Z=H (2") Z'=p-Me (b)} {(zm)T 76
X=l, Y=Me, Z=H (2) Z'=p-OMe (c) (2c)f 72
X=l, Y=Me, Z=H (2) Z'=0-NO, (d) (2d)d 85
X=l, Y=CI, Z=H (3) Z'=H (a) (3a)® 66
X=l, Y=CI, Z=H (3) Z'=p-OMe (c) (3c)® 72
X=l, Y=Br, Z=H (4) Z'=H (ay (4a)? 76
X=Br, Y=Br, Z=H (4 Z'=H (a)} {(4:3)e 68
X=Br, Y=0Me, Z=H (")  Z'=H (a) (5a)¢ 56
X=l, Y=Me, Z=Me (6) Z'=NO;, (e) (6e)° 87
X=Br, Y=Me, Z=Me (6') 7'=NO, (e} {(Be)f 73
X=Br, Y= [z ,Z=H (7)) Z'=H(a) (7a) 65

@ Reactions were monitored by TLC. Conf|rmed by IR, *H NMR, and
8C NM R spectroscopy. © Isolated yields. ¢ Reactions were carried out for
4 h. ® Reactions were carried out for 6 h. " Reactions were carried out for
8 h.

The reactions are equally effective irrespective of the
nature of the substituents (Y and Z) present in the dithio-
carbamate salts. However, an interesting trend in reactivity
was observed in its intermolecular coupling partners aryl
iodides. The presence of electron withdrawing substituents

Org. Lett, Vol. 11, No. 19, 2009

p-NO; (d), 0-NO; (), 0-COOMe (h) accelerate the rate of
the reaction giving products in shorter reaction times, whereas
electron donating substituents p-OMe (c), p-Me (b) retards
the reaction. This fact has been further verified with a
substrate containing strongly activating group (—NHy), where
no desired product was observed. However when NH, group
was converted to moderatively activating group NHAC (f),
good conversion was observed giving product (1f) in 72%
yield. Thus, from the present study we found the following
order of reactivity in aryl iodides p-NO, > 0-NO, >
0-COOMe > mCl > H > p-Me > p-OMe.

The success of this strategies was finally applied to the
synthesis of Cathespin-D inhibitor analogues (2i) as shown
in Figure 3 demonstrating its potential utility.

%{}Jl?r

2i: Cathepsin-D inhibitor analogue (7 h, 76%)

Figure 3. Synthesis of cathespin-D analogues.

In summary, we have for the first time developed asingle
catalytic system for two sequential intra- and intermolecular
S-arylations leading to a direct synthesis of 2-arylthioben-
zothiazoles from dithiocarbamates. Low catalyst loading,
inexpensive metal catalyst and ligand, lower reaction tem-
perature, and shorter reaction times make this method
superior to all methods reported so far, thus of potential
industrial significance.
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