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ABSTRACT: A one-pot three-component reaction for the
regioselective synthesis of thioarylated imidazoheterocycles
from aryl halides and elemental sulfur using copper(I) iodide as
a catalyst has been developed. Reactions proceed with high
efficiency and afford thioarylated imidazoheterocycles in good
yields with broad functional group tolerance.

mong bioactive azaheterocycles, pyridine derivatives play

a particularly significant role in medicinal chemistry.'
Over the past decade, drastic developments in the synthesis
of imidazopyridines have been achieved; special attention
has been paid to imidazo[1,2-a]pyridines as these make up an
important class of natural products® and have substantial
applications in pharmaceutical and biological activities such as
antiviral, cytotoxic, antibacterial, fungicidal, and anti-inflamma-
tory activities,” including GABA inhibitors.” Imidazo[1,2-a]-
pyridine derivatives represent a significant class of organic
molecules with core entities in many commercially available
drugs, including alpidem, zolpidem, olprinone, minodronic
acid, zolimidine, necopidem, saripidem, and the optically active
GSK812397 candidate (HIV infection).>™”

These heterocyclic moieties also have excited states with
intramolecular proton transfer properties;® N-heterocyclic car-
benes (NHC) in organometallic chemistry” have also received
considerable attention as core ligands in the field of electro-
nic devices (Figure Sl).10 Hence, numerous synthetic meth-
ods for accessing these molecules'' have been developed
with functionalization'” and through multicomponent reac-
tions."”

Copper-promoted Ullmann type condensations are funda-
mental reactions for the formation of carbon—heteroatom
(C—N, C-0O, etc.) and carbon—carbon (C—C) bonds in
organic synthesis. These are the predominant building blocks
for many privileged and biologically active structural moieties in
organic synthesis and in biochemistry.'* Synthesis of function-
alized azaheterocycles is the common approach of biologically
active N-heterocycles.'” The C—S bond is one of the most
abundant chemical bonds in many organic molecules and bio-
macromolecules.'® Hence, a number of methods for accessing
sulfenylated heterocycles mainly using disulfides, thiols, sulfenyl
chlorides, or sulfonyl hydrazines have been developed.'”~"’
Although many organic sulfenylating reagents are known, use of
elemental sulfur as a source of C—S bond formation is of signif-
icant interest in organic synthesis.”” Todobenzene and elemental
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sulfur are not being reported for sulfenylation of heterocycles.
However, haloarenes are known for arylations using transition
metal catalysis.”' As a continuation of our work on the synthe-
sis and functionalization of azaheterocycles,22 we report herein
the selective sulfenylation of imidazo[1,2-a]pyridines through a
one-pot three-component system using elemental sulfur and
haloarenes as a thioarylation source with a copper catalyst
(Scheme 1).

Scheme 1. Three-Component Sulfenylation
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Aryl iodides and elemental sulfur with mild bases such as
metal carbonates/acetates yield diaryl disulfides;”** however,
strong bases such as metal hydroxides initially generate diaryl
disulfides, which in the presence of copper generate diary-
Isulfane.”** To validate our present approach to sulfenylation of
imidazo[1,2-a]pyridines via a three-component system, we
initially performed a reaction of 2-phenylimidazo[1,2-a]-
pyridine (0.25 mmol) 1a, elemental sulfur (0.75 mmol) S,
and 4-methyliodobenzene 3a (0.7S mmol) in the presence of
Cul (20 mol %) as a catalyst and Cs,CO; as a base under an
inert atmosphere (argon balloon) in toluene at 100 °C. Under
these conditions, traces of the desired product were observed
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(Table 1, entry 1). The desired product was isolated in 23%
yield when DMF used as a solvent instead of toluene (Table 1,

reaction system for the sulfenylation of imidazo[ 1,2-a]pyridines
1 with aryl iodides 3 and elemental sulfur (Scheme 2). Initially,

Table 1. Screening of Reaction Conditions”

N @4'\‘ Ph
Z N | V4
CN(\/%PM Sg + \©\ h Nx

catalyst (mol%)

solvent, temp S
time \©\
1a 2a 3a 4a
base catalyst solvent tem,

entry (1 mmol) (mol %) (mL) (°C yield (%)
1 Cs,CO, Cul (20) toluene 100 trace
2 Cs,CO;  Cul (20) DMF 100 23
3 N3,CO,  Cul (20) DMF 100 57
4 Na,CO,  CuBr (20) DMF 100 48
S Na,CO, CuClI (20) DMF 100 41
6 Na,CO;  Cu(OTf), (20) DMF 100 49
7 Na,CO;  Ag(OTf) (20) DMF 100 no reaction
8 Na,CO; Zn(OTf), (20) DMF 100 no reaction
9 Na,CO;  Fe(OTf), (20)  DMF 100 25
10 Na,CO, FeCl, (20) DMF 100 trace
11 Na,CO;  FeCl, (20) DMF 100 7
12 Na,CO,  Cul (20) DMF 130 91
13 N3,CO,  Cul (10) DMEF 130 75
14°  Na,CO;  Cul (20) DMF 130 76
15 Na,CO, Cul (20) toulene 130 no reaction
16 Na,CO, Cul (20) NMP 130 trace
17 Na,CO; Cul (20) DMSO 130 82
18° Na,CO; Cul (20) DMF 130 no reaction
19 Na,CO; - DMEF 130 21
20 - Cul (20) DMF 130 32
219 Na,CO,  Cul (20) DMF 130 71

“Reaction conditions: 0.25 mmol of 1a, 0.75 mmol of 2a, 0.75 mmol
of 3a, Cul (20 mol %), DMF (1 mL), 24 h, 130 °C, argon balloon,
isolated yields. “In 12 h. “Without sulfur. ?O, balloon.

entry 2). Surprisingly, the yield was increased to $7% when
Na,CO; was used as a base (Table 1, entry 3). Then, the
reaction was performed using different catalysts like CuBr,
CuCl, Cu(OTf),, Ag(OTf), Zn(OTf),, Fe(OTf),, FeCl,, and
FeCl,, but the yield did not improve (Table 1, entries 4—11,
respectively). When the reaction temperature was increased to
130 °C, gratifyingly, the yield was increased to 91% (Table 1,
entry 12). With a decrease in catalyst loading (10 mol %) and
reaction time (12 h), the yield was also decreased (Table 1,
entries 13 and 14). No reaction was observed with toluene and
NMP as solvents (Table 1, entries 15 and 16). The better
reaction was observed only in DMF; it may be due to the
coordination of DMF with an in situ-formed thiol derivative.”**
A considerable yield was obtained in DMSO, however,
inefficiently (Table 1, entry 17). When the reaction was con-
ducted without sulfur, catalyst, or base or under an oxygen
atmosphere (instead of argon) under these conditions, no reac-
tion and low yields were observed (Table 1, entries 18—21).
On the basis of the results obtained, the optimized conditions
were set as 0.25 mmol of 1a, 0.75 mmol of Sg, and 0.75 mmol
of 3a, in 2.0 mL, at 130 °C for 24 h for the transformation
presented here.

With the optimized conditions in hand (Table 1, entry 12),
we investigated the substrate scope of the three-component
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Scheme 2. Scope for Three-Component Coupling
Reactions”
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the reaction of 2-phenylimidazo[1,2-a]pyridine and elemental
sulfur (Sg) was examined with iodoarenes. The presence of
electron rich and electron deficient groups at p- iodoarenes led
to a smooth reaction under the optimized conditions and gave
good to excellent yields (76—98%) of selective C-3 sulfenylated
products 4a—e. Unfortunately, no reaction was observed in the
case of hydroxyl- and aldehyde-substituted iodoarenes 4f and
4g, and traces of the desired product were observed with
4-iodobenzamide 4h. Also, m/o-iodoarenes reacted well and
gave excellent yields of products 4i—k. Similarly, different
functional groups like electron-releasing and electron-with-
drawing groups on the phenyl ring of imidazo[1,2-a]pyridines
also reacted smoothly with iodoarenes and gave desired pro-
ducts 41—q in 57—87% yields, and one of the products, 4n, was
further confirmed by single-crystal X-ray diffraction (Figure 1).
It was found that electronic effects were associated with
electron-donating or -withdrawing substituents on the imidazo-
[1,2-a]pyridines. Under the same conditions, the reaction of
(E)-2-styrylimidazo[1,2-a]pyridine and 2-[4-(methylsulfonyl)-
phenyl]imidazo[1,2-a]pyridine with 4-methyliodobenzene and
elemental sulfur gave the corresponding C-3 sulfenylated
products 4r and 4s in 18 and 56% yields, respectively.
However, only traces of product 4t were observed with
2-(thiophen-2-yl)imidazo[1,2-a]pyridine under these condi-
tions. Then the strategy was extended to 2-phenylimidazo[2,1-
alisoquinoline derivatives. The electron-donating and -withdrawing

DOI: 10.1021/acs.joc.6b01715
J. Org. Chem. 2016, 81, 9964—9972


http://dx.doi.org/10.1021/acs.joc.6b01715

The Journal of Organic Chemistry

Figure 1. Crystal structure of 4n.

substituents (methyl, chloro, bromo, and nitro) on the 2-
phenylimidazo[2,1-a)isoquinoline unit reacted smoothly and
gave desired products 4u—w in 45—87% yields. The strategy
was extended to iodoheteroarenes like 2-iodopyridine; in this
case, desired product 4z was isolated in 77% yield.

In addition, we verified the reactivity of other haloarenes
such as fluorobenzene Sa, chlorobenzene Sb, bromobenzene Sc,
diphenyliodonium chloride 5d, and (diacetoxyiodo)benzene Se
under the reaction conditions described here (Scheme 3, eq 1).

Scheme 3. Various Halogens, Heterocyclic Sources, and
Gram Scale Synthesis

standard

condltlons
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Br ;67%
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Under the optimized conditions, no reaction of la was
observed with Sa or Sb. The reaction of 1a with Sc, 5d, and
Se gave desired sulfenylated product 6a in 67, 87, and 64%
yields, respectively. Compared to 5c¢ and 5d, 5a and Sb are less
reactive toward diphenyl disulfide intermediate formation via
the oxidative addition with metal. Also, these reaction con-
ditions were extended to various heterocycles like indole and
imidazole; unfortunately, no desired product was observed
(Scheme 3, eq 2). To confirm the feasibility of the process for
scale-up studies, we synthesized one of the molecules at a gram
scale under the same optimized conditions. The reaction of 1
(1.067 g, 5.5 mmol), Sg (0.528 g, 16.5 mmol), and 3 (3.597 g,
16.5 mmol) was conducted, and desired product 4i was
obtained in 73% yield [1.263 g (Scheme 3, eq 3)].

Then with these haloarenes (Scheme 3), three-component
coupling reactions were extended to different imidazohetero-
cycles to ascertain the scope of our methodology (Scheme 4).
The reaction of 2-(p-tolyl)imidazo[1,2-a]pyridine and 2-(4-
ethylphenyl)imidazo[ 1,2-a]pyridine with haloarenes Sc—e gave
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Scheme 4. Reactivity of Haloarenes”
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the corresponding sulfenylated products 6b and 6c¢ with yields
ranging from 40 to 84%. Further, the representative imidazo-
pyridines with different substituent groups (CH,;, SCH,,
SO,CHj, Br, and CN) on the phenyl ring were subjected to
these conditions with haloarenes Sc—e, and the corresponding
sulfenylated products 6d—h were obtained in moderate to good
yields. Under these optimized conditions, the reaction of la
with 4-bromobenzonitrile gave desired sulfenylated product 6i
in 72% yield.

To understand the reaction mechanism, some selective and
control experiments were performed (Scheme §). Principally,

Scheme S. Control Experiments

standard N =N
S
Cr\ng + Sg condmons S N\/( (@
o 0O
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Z =N conditions =N
N7 + 8+ 3 — KN/ (b)

TEMPO 2e:
1a H q S
4e;87%

standard
s conditions
+ @’ ‘s " 4e;70% ©
9
standard
conditions
1 + @.SH 4e; 16% ()

10

the reaction of 3-methylimidazo[1,2-a]pyridine 7 containing a
methyl group at the C-3 position and vacant at the C-2 position
was conducted with iodobenzene 3a and elemental sulfur (Sg),
but the reaction does not yield the desired product, 3-methyl-
2-(phenylthio)imidazo[1,2-a]pyridine 8 (Scheme S, eq a).
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This reaction indicates that the regioselective sulfenylation
takes place only at the C-3 position of the imidazopyridine unit.
Further study of the reaction was conducted by the addition
of radical scavenger TEMPO under optimized conditions to
determine whether the reaction proceeds via a radical pathway
or an ionic path; under these conditions, desired sulfenylated
product 4e was isolated in 87% yield, and that indicates the
reaction is not going through the radical pathway (Scheme S,
eq b). When the reaction of la was conducted with only
diphenyl disulfide 9, under the optimized conditions, 70%
of desired product 4e was obtained (Scheme 5, eq c). This
indicates 9 may be generated in situ under these conditions,
which triggers the reaction. In addition, the same reaction was
performed with thiophenol 10, instead of 9, but only 16% of
the desired product was isolated; this finding supports the idea
that B and C are the intermediates in the particular reaction
mechanism (Scheme $, eq d).

On the basis of the literature reports™® and our observations
described above (Scheme S), a plausible reaction mechanism
has been proposed (Scheme 6). Initially, sulfur powder reacts

Scheme 6. Plausible Reaction Mechanism

M
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with the base (Na,CO;) and generates metal sulfide A, and its
reaction with haloarenes in the presence of copper by oxidative
addition generates another intermediate, B. Intermediates B
and C may exist in equilibrium with each other. Intermediate B
reacts with 1a and generates imidazolium intermediate D.>*"~
Finally, reductive elimination gives desired sulfenylated product
4a through the elimination of thiophenol, and it will be further
converted into dimethyl su[Phide (di-m-tolylsulfane 13) after
reaction with iodobenzene.”"

B CONCLUSION

We have revealed a copper-catalyzed, expeditious one-pot
three-component procedure for the synthesis of sulfenylated
imidazo[1,2-a]pyridine and phenylimidazo[2,1-a]isoquinoline
using commercially available starting substrates. The method
has a broad substrate scope, with a variety of substituent groups
on haloarenes as well as an imidazopyridine moiety, and
produced good to excellent yields of sulfenylated products.”

B EXPERIMENTAL SECTION

General. All commercially available chemicals and reagents were
used without any further purification unless otherwise indicated.
'"H and C NMR spectra were recorded at 500 and 125 MHz,
respectively. The spectra were recorded in CDCl; as the solvent.
Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet),
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m (multiplet), dd (doublet of doublets), etc. Coupling constants (J)
are given in hertz. Chemical shifts are reported in parts per million
relative to TMS as an internal standard. The peaks around & values of
'"H NMR (7.2) and '*C NMR (77.0) correspond to deuterated solvent
chloroform. Mass spectra were recorded using the electron impact
(EI) HRMS (ESI-TOF) ionization method. Progress of the reactions
was monitored by thin layer chromatography (TLC). All products
were purified via column chromatography using silica gel 100—200
mesh size using a hexane/ethyl acetate eluent unless otherwise
indicated.

General Procedure for 4a. A clean washed boiling tube equipped
with a magnetic stir bar was charged with imidazo[1,2-a]pyridine la
(0.0485 g, 0.25 mmol), elemental sulfur (Sg) (0.024 g, 0.7S mmol),
iodobenzene 3a (0.165 g, 0.7S mmol), copper(I) iodide (0.0095 g,
0.050 mmol), sodium carbonate (0.106 g, 1 mmol), and DMF (2 mL),
and this mixture was stirred for 24 h at 130 °C in an argon balloon
atmosphere. After completion of the reaction, the mixture was poured
into 10 mL of a sodium bicarbonate solution. The product was
extracted with ethyl acetate (3 X 10 mL) and dried with anhydrous
Na,SO,. Via removal of the solvent under reduced pressure, the
omitted residue was purified via column chromatography using silica
gel (20% EtOAc/hexane) to produce 4a in 91% yield (0.0721 g).

Characterization Data. 2-Phenyl-3-(p-tolylthio)imidazo[1,2-a]-

pyridine (4a).?
_N
N&

S

o

Eluent, 20% EtOAc/hexane; white solid; 91% yield (72.1 mg);
Ry =031 (8:2 n-hexane/ethyl acetate); mp 98—100 °C; 'H NMR
(500 MHz, CDCl,) 6 8.18 (d, ] = 7.0 Hz, 1H), 8.14 (d, ] = 7.5 Hz,
2H), 7.63 (d, ] = 9.5 Hz, 1H), 7.34 (t, ] = 7.5 Hz, 2H), 7.27 (4,
J=7.5Hz, 1H), 7.21 (t, ] = 8.0 Hz, 1H), 6.92 (d, ] = 8.0 Hz, 2H), 6.82
(d, J = 8.5 Hz, 2H), 6.74 (t, ] = 7.0 Hz, 1H), 2.15 (s, 3H); *C NMR
(125 MHz, CDCl;) § 151.1, 1469, 135.9, 133.3, 131.4, 130.1, 128.4,
128.3, 126.4, 125.7, 124.4, 117.5, 112.9, 106.7, 20.8.
3-[(4-Methoxyphenyl)thio]-2-phenylimidazo[1,2-alpyridine (4b).”

=N
7O

S

2

(o}

\
Eluent, 20% EtOAc/hexane; white solid; 97% yield (80.7 mg);
Ry = 0.20 (8:2 n-hexane/ethyl acetate); mp 115—118 °C; 'H NMR
(500 MHz, CDCL;) 6 8.29 (q, J = 6.5 Hz, 3H), 7.70 (d, ] = 9.0 Hg,
1H), 7.44 (t, J = 7.5 Hz, 2H), 7.36 (t, ] = 7.5 Hz, 1H), 7.27 (t,
J=7.5Hz, 1H), 6.98 (d, ] = 9.0 Hz, 2H), 6.81 (t, ] = 7.5 Hz, 1H), 6.74
(d, J = 9.0 Hz, 2H), 3.67 (s, 3H); *C NMR (125 MHz, CDCl,)
158.4, 150.6, 146.7, 133.3, 128.4, 1282, 127.8, 126.3, 125.3, 124.3,
117.4, 115.0, 112.8, 107.6, 55.1.

3-[(4-Fluorophenyl)thio]-2-phenylimidazo[1,2-a]pyridine (4c).

AN
%

S

=

F

Eluent, 20% EtOAc/hexane; white solid; 98% yield (78.0 mg);
R; = 0.28 (8:2 n-hexane/ethyl acetate); mp 130—132 °C; 'H NMR
(500 MHz, CDCl;) & 8.24 (q, ] = 6.4 Hz, 3H), 7.71 (d, ] = 9.0 Hg,
1H), 745 (t, ] = 7.5 Hz, 2H), 7.36 (t, ] = 7.0 Hz, 1H), 7.29 (t,
] =7.0 Hz, 1H), 6.98—6.95 (m, 2H), 6.88 (t, ] = 8.5 Hz, 2H), 6.83 (t,
J = 7.0 Hz, 1H); C NMR (125 MHz, CDCL;) 6 162.3 (d, Jo_r =
244.6 Hz), 1512, 1469, 133.1, 129.9, 128.5, 128.3, 1282, 127.5

=
A

S

S
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(d, Jo_r = 7.6 Hz), 126.6, 124.1, 117.6, 116.5 (d, Jc_p = 22.1 Hz),

113.0, 106.4; HRMS (ESI-TOF) m/z caled for C;oH,,N,FS 321.0862,

found 321.0851.
4-[(2-Phenylimidazo[1,2-a]pyridin-3-yl)thio]benzonitrile (4d).

=N
5O

N
S

o

NC
Eluent, 20% EtOAc/hexane; white solid; 76% yield (61.5 mg);
R; = 0.14 (8:2 n-hexane/ethyl acetate); mp 192195 °C; '"H NMR
(500 MHz, CDCL,) & 8.18 (d, J = 7.0 Hz, 1H), 8.11 (4, J = 7.5 Hz,
2H), 7.76 (d, ] = 9.0 Hz, 1H), 7.46—7.40 (m, 4H), 7.36 (t, ] = 7.0 Hz,
2H), 7.02 (d, J = 8.5 Hz, 2H), 6.90 (t, ] = 7.0 Hz, 1H); 3C NMR
(125 MHz, CDCL,) & 152.1, 147.4, 142.4, 132.8, 128.8, 128.4, 128.1,
127.1, 1253, 124.0, 118.3, 117.8, 113.4, 109.3,103.5; HRMS
(ESI-TOF) m/z caled for C,;H,N3S 328.0908, found 328.0921.
2-Phenyl-3-(phenyithio)imidazo[1,2-a]pyridine (4e).’

=N
O

S
S

C

Eluent, 20% EtOAc/hexane; white solid; 90% yield (68.0 mg);
Ry = 031 (8:2 n-hexane/ethyl acetate); mp 95-98 °C; 'H NMR
(500 MHz, CDCl,) 6 8.26 (d, ] = 7.0 Hz, 1H), 8.21 (d, ] = 7.5 Hz,
2H), 7.73 (d, ] = 9 Hz, 1H), 7.44 (t, ] = 7.5 Hz, 2H), 7.36 (4,
J=7.0Hz, 1H), 7.31 (t, ] = 7.0 Hz, 1H), 7.19 (t, ] = 7.5 Hz, 2H), 7.11
(t, J = 7.0 Hz, 1H), 7.00 (d, ] = 7.5 Hz, 2H), 6.84 (t, ] = 6.5 Hz, 1H);
BC NMR (125 MHz, CDCLy) 6 151.3, 147.0, 135.1, 133.2, 129.3,
128.5, 128.35, 128.30 126.5, 125.9, 125.4, 124.4, 117.6, 113.0, 106.2.
2-Phenyl-3-(m-tolylthio)imidazo[1,2-a]pyridine (4i).

=N
N\%_Q

S

A

Eluent, 20% EtOAc/hexane; white solid; 97% yield (77.0 mg);
Ry = 031 (8:2 n-hexane/ethyl acetate); mp 83—85 °C; 'H NMR
(500 MHz, CDCl,) 6 8.12 (d, ] = 7.5 Hz, 3H), 7.60 (d, ] = 9.0 Hz,
1H), 7.31 (t, J = 8.0 Hz, 2H), 7.23 (t, ] = 7.5 Hz, 1H), 7.16 (,
J=7.0Hz, 1H), 6.94 (t, ] = 8.0 Hz, 1H), 6.80 (d, ] = 8.5 Hz, 1H), 6.73
(s, IH), 6.68 (t, ] = 7.0 Hz, 1H), 6.64 (d, ] = 8.0 Hz, 1H), 2.08
(s, 3H); *C NMR (125 MHz, CDCl,) § 151.1, 146.9, 139.2, 134.7,
133.2, 129.1, 128.4, 12826, 128.21, 126.8, 126.4, 125.8, 124.3, 117.4,
112.8, 1062, 21.2; HRMS (ESI-TOF) m/z caled for C,H;,N,S
317.1112, found 317.1115.
2-Phenyl-3-(o-tolylthio)imidazo[1,2-a]pyridine (4j).

/ /N
5O

S
S

C-

Eluent, 20% EtOAc/hexane; white solid; 97% yield (77.7 mg);
Ry = 028 (8:2 n-hexane/ethyl acetate); mp 130—132 °C; '"H NMR
(500 MHz, CDCl,) 6 8.17 (q, J = 8.0 Hz, 3H), 7.72 (d, ] = 9.0 Hz,
1H), 740 (t, J = 7.0 Hz, 2H), 7.33 (t, ] = 7.0 Hz, 1H), 7.27 (t,
J=7.5Hz, 1H),7.17 (d, ] = 7.5 Hz, 1H), 7.01 (t, ] = 7.5 Hz, 1H), 6.87
(t, J=7.5 Hz, 1H), 6.80 (q, J = 7.0 Hz, 1H), 6.41 (d, ] = 8.0 Hz, 1H),
2.49 (s, 3H); ®C NMR (125 MHz, CDCl;) § 151.5, 147.1, 134.7,
133.9, 133.2, 130.5, 128.4, 128.26, 128.23, 126.8, 126.4, 125.5, 124.3,
123.9, 117.5, 112.9, 105.4, 19.6; HRMS (ESI-TOF) m/z calcd for
CyoH,;N,S 317.1112, found 317.1098.

9968

3-[(3-Bromophenyl)thio]-2-phenylimidazo[1,2-a]pyridine (4k).

=N
-0

N
S

¢

Br
Eluent, 20% EtOAc/hexane; white solid; 95% yield (90.2 mg);
Ry = 025 (8:2 n-hexane/ethyl acetate); mp 128—132 °C; 'H NMR
(500 MHz, CDCl,) 6 8.23 (d, ] = 6.5 Hz, 1H), 8.17 (d, J = 9.0 Hz,
2H), 7.74 (d, ] = 9.0 Hz, 1H), 743 (t, ] = 7.5 Hz, 2H), 7.39-7.32
(m, 2H), 7.25 (d, ] = 8.0 Hz, 1H), 7.18 (s, 1H), 6.88—6.83 (m, 3H);
BC NMR (125 MHz, CDCl;) § 151.7, 147.2, 137.6, 133.0, 130.6,
129.1, 128.7, 128.4, 1282, 127.9, 126.8, 124.2, 123.7, 123.3, 117.6,
1132, 104.9; HRMS (ESI-TOF) m/z caled for C,oH,,N,SBr
381.0061, found 381.0061.
2-(p-Tolyl)-3-(p-tolylthio)imidazo[1,2-a]pyridine (41)."

=N
N\%_Qi

A
S

o

Eluent, 20% EtOAc/hexane; white solid; 87% yield (71.6 mg);
Ry = 0.31 (8:2 n-hexane/ethyl acetate); mp 138—141 °C; 'H NMR
(500 MHz, CDCl,) 6 8.23 (d, ] = 6.5 Hz, 1H), 8.13 (d, J = 8.0 Hz,
2H), 7.69 (d, ] = 7.0 Hz, 1H), 7.27 (d, ] = 7.5 Hz, 2H), 7.23 (4,
J = 7.0 Hz, 2H), 6.99 (d, ] = 8.5 Hz, 2H), 6.89 (d, J = 8.0 Hz, 2H),
6.79 (t, ] = 6.5 Hz, 1H), 2.36 (s, 3H), 2.22 (s, 3H); *C NMR (125
MHz, CDCl,) 6 151.1, 146.8, 138.3, 135.8, 131.5, 130.4, 130.0, 129.0,
128.1, 126,3, 125.6, 124.3, 117.3, 112.7, 106.3, 21.2, 20.7.
2-(4-Bromophenyl)-3-(p-tolylthio)imidazo[1,2-alpyridine (4m).?
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S
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Eluent, 20% EtOAc/hexane; white solid; 85% yield (83.4 mg);
Ry =033 (8:2 n-hexane/ethyl acetate); mp 148—150 °C; '"H NMR
(500 MHz, CDCl,) 6 8.24 (d, ] = 7.0 Hz, 1H), 8.13 (d, ] = 8.5 Hz,
2H), 7.68 (d, ] = 9.0 Hz, 1H), 7.53 (d, ] = 8.5 Hz, 2H), 7.27 (4,
J = 7.5 Hz, 1H), 6.99 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.0 Hz, 2H),
6.81 (t, ] = 6.5 Hz, 1H), 2.21 (s, 3H); '*C NMR (125 MHz, CDCl;) §
149.7, 146.8, 136.0, 132.2, 131.4, 130.9, 130.1, 129.6, 126.6, 125.7,
124.3, 122.7, 117.4, 113.0, 106.9, 20.7.
2-(4-Chlorophenyl)-3-(p-tolylthio)imidazo[1,2-a]pyridine (4n).

=N

S
S

o

Eluent, 20% EtOAc/hexane; white solid; 80% yield (69.9 mg);
Ry = 0.36 (8:2 n-hexane/ethyl acetate); mp 135—138 °C; 'H NMR
(500 MHz, CDCl,) 6 8.25 (d, ] = 7.0 Hz, 1H), 8.19 (d, J = 8.5 Hz,
2H), 7.69 (d, J = 9.0 Hz, 1H), 7.38 (d, ] = 8.5 Hz, 2H), 7.28 (4,
J = 7.0 Hz, 1H), 7.00 (d, ] = 8.0 Hz, 2H), 6.88 (d, ] = 8.5 Hz, 2H),
6.82 (t, ] = 7.0 Hz, 1H), 2.22 (s, 3H); *C NMR (125 MHz, CDCL,) §
149.7, 146.8, 136.0, 134.3, 131.8, 131.0, 130.1, 129.4, 128.4, 126.6,
125.7, 124.3, 117.4, 113.0, 106.9, 20.7.
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7-Methyl-2-(p-tolyl)-3-(p-tolylthio)imidazo[1,2-a]pyridine (40).

S

|9

Eluent, 20% EtOAc/hexane; white solid; $7% yield (48.9 mg);
R; = 0.30 (8:2 n-hexane/ethyl acetate); mp 132—135 °C; 'H NMR
(500 MHz, CDCl,) & 8.11 (d, ] = 8.0 Hz, 2H), 8.06 (s, 1H), 7.62 (d,
J =9.0 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.16 (d, ] = 10.5 Hz, 1H),
7.02 (d, J = 8.5 Hz, 2H), 6.92 (d, ] = 8.5 Hz, 2H), 2.37 (s, 3H), 2.29
(s, 3H), 225 (s, 3H); *C NMR (125 MHz, CDCl;) § 151.1, 145.9,
1382, 135.7, 131.9, 130.6, 130.0, 129.5, 129.0, 128.0, 125.5, 122.6,
122.1, 116.7, 105.7, 21.2, 20.8, 18.3; HRMS (ESI-TOF) m/z calcd for
Cy,H, N,S 345.1425, found 345.1421.
2-(4-Chlorophenyl)-7-methyl-3-(p-tolylthio)imidazo[1,2-a]-

pyridine (4p).*
/ /N
Q/H:}c.

S
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Eluent, 20% EtOAc/hexane; white solid; 70% yield (63.8 mg);
Ry = 0.40 (8:2 n-hexane/ethyl acetate); mp 135—138 °C; 'H NMR
(500 MHz, CDCl,) 6 8.12 (d, ] = 7.0 Hz, 1H), 8.08 (d, ] = 8.0 Hz,
2H), 7.47 (s, 1H), 7.23 (t, ] = 8.0 Hz, 2H), 7.19 (t, ] = 7.5 Hz, 2H),
7.11 (t, ] = 7.5 Hz, 1H), 6.99 (d, ] = 8.0 Hz, 2H), 6.67 (d, ] = 7.0 Hz,
1H), 242 (s, 3H), 2.37 (s, 3H); *C NMR (125 MHz, CDCl;) §
151.3, 147.4, 138.3, 137.7, 135.5, 130.5, 129.3, 129.0, 128.1, 125.8,
125.4, 123.5, 116.0, 115.5, 105.0, 21.36, 21.31.
4-[7-Methyl-3-(p-tolylthio)imidazo[1,2-a]pyridin-2-yllbenzonitrile

(49)°
/ /N
U%C}CN
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Eluent, 20% EtOAc/hexane; white solid; 69% yield (59.2 mg);
R; = 043 (8:2 n-hexane/ethyl acetate); mp 168—170 °C; '"H NMR
(500 MHz, CDCl;) 6 8.39 (d, ] = 6.5 Hz, 2H), 8.15 (d, ] = 6.5 Hz,
1H), 7.68 (d, ] = 6.5 Hz, 2H), 7.13 (d, ] = 7.0 Hz, 1H), 7.01 (d,
J = 8.0 Hz, 2H), 6.87 (d, ] = 8.0 Hz, 2H), 6.79 (t, ] = 7.0 Hz, 1H), 2.68
(s, 3H), 2.24 (s, 3H); °C NMR (125 MHz, CDCL;) § 148.0, 147.3,
138.1, 136.2, 132.0, 130.8, 130.2, 128.6, 127.9, 125.7, 122.2, 119.0,
113.4, 111.3, 108.4, 20.7, 16.6.
(E)-2-Styryl-3-(p-tolylthio)imidazo[1,2-a]pyridine (4r).

&

Eluent, 20% EtOAc/hexane; white solid; 18% yield (13.3 mg);
Ry = 0.20 (8:2 n-hexane/ethyl acetate); mp 114—116 °C; 'H NMR
(500 MHz, CDCl;) 6 8.20 (d, J = 7.0 Hz, 1H), 7.81 (d, ] = 16.0 Hz,
1H), 7.66 (d, ] = 8.0 Hz, 1H), 7.62 (d, ] = 7.5 Hz, 2H), 7.49 (d,
J=16.5 Hz, 1H), 7.37 (t, ] = 7.5 Hz, 2H), 7.32—7.27 (m, 2H), 7.02 (d,
] =8.0 Hz, 2H), 6.95 (d, ] = 8.0 Hz, 2H), 6.82 (t, ] = 7.0 Hz, 1H), 2.25
(s, 3H); *C NMR (125 MHz, CDCl,) 6 149.9, 147.4, 137.0, 136.3,
132.6, 131.3, 130.1, 128.6, 128.0, 126.9, 126.5, 124.3, 118.2, 117.2,
112.6, 109.6, 20.8.

9969

2-[4-(Methylsulfonyl)phenyl]-3-(p-tolylthio)imidazo[1,2-a]-
pyridine (4s).

Eluent, 20% EtOAc/hexane; white solid; 56% yield (54.7 mg);
= 0.26 (5:5 n-hexane/ethyl acetate); mp 174—176 °C; 'H NMR
(500 MHz, CDCl,) 6 8.48 (d, ] = 8.5 Hz, 2H), 8.32 (d, J = 7.0 Hz,
1H), 8.00 (d, J = 8.0 Hz, 2H), 7.73 (d, ] = 9.0 Hz, 1H), 7.37 (,
] = 7.5 Hz, 1H), 7.03 (d, ] = 8.0 Hz, 2H), 6.92 (q, ] = 6.5 Hz, 3H),
3.07 (s, 3H), 2.25 (s, 3H); 3C NMR (125 MHz, CDCL,;) § 148.5,
147.0, 139.7, 138.8, 136.4, 130.5, 130.2, 128.8, 127.3, 127.1, 125.8,
124.5, 117.8, 113.5, 108.5, 44.4, 20.7; HRMS (ESI-TOF) m/z calcd for
C,HyN,0,S, 395.0888, found 395.0877.
2-(p-Tolyl)-3-(p-tolylthio)imidazo[2, 1-aJisoquinoline (4u).

_N
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S
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Eluent, 10% EtOAc/hexane; white solid; 78% yield (73.9 mg);
Ry =0.53 (9:1 n-hexane/ethyl acetate); mp 205—208 °C; '"H NMR
(500 MHz, CDCl,) 6 8.80 (d, ] = 8.0 Hz, 1H), 8.16 (d, J = 8.0 Hz,
2H), 8.10 (d, J = 7.5 Hz, 1H), 7.72 (d, ] = 8.0 Hz, 1H), 7.68 (t,
J=7.5Hz, 1H), 7.60 (t, ] = 8.0 Hz, 1H), 7.25 (d, ] = 7.5 Hz, 2H), 7.08
(d, J = 8.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 2H), 6.93 (d, ] = 8.0 Hz, 2H),
2.38 (s, 3H), 2.23 (s, 3H); *C NMR (125 MHz, CDCl;) § 149.6,
144.8, 138.0, 135.8, 132.1, 130.7, 130.2, 130.1, 129.1, 128.8, 128.1,
128.0, 1269, 125.7, 123.6, 121.2, 113.3, 108.4, 29.6, 21.3; HRMS (ESI-
TOF) m/z calcd for CpsH, N,S 381.1425, found 381.1423.

2-(4-Chlorophenyl)-3-(p-tolylthio)imidazo[2,1-aJisoquinoline
(4v).

S

Eluent, 10% EtOAc/hexane; white solid; 87% yield (86.6 mg);
Ry = 0.60 (9:1 n-hexane/ethyl acetate); mp 209-212 °C; 'H NMR
(500 MHz, CDCl,) 6 8.78 (d, ] = 8.0 Hz, 1H), 8.25 (d, ] = 8.0 Hz,
2H), 8.11 (d, J = 7.5 Hz, 1H), 7.74 (d, ] = 7.5 Hz, 1H), 7.69 (4,
J=7.0Hz, 1H), 7.63 (t, ] = 7.5 Hz, 1H), 7.42 (d, ] = 8.5 Hz, 2H), 7.12
(d,J = 7.5 Hz, 1H), 7.02 (d, ] = 8.0 Hz, 2H), 6.93 (d, ] = 8.5 Hz, 2H),
225 (s, 3H); ®C NMR (125 MHz, CDCl;) § 1482, 144.9, 136.1,
134.1, 132.1, 131.6, 130.2, 129.3, 129.0, 128.5, 128.2, 126.9, 125.8,
123.5, 123.4, 121.1, 113.6, 109.1, 20.8; HRMS (ESI-TOF) m/z calcd
for C,,H,sN,SCI 401.0879, found 401.0868.
2-(3-Chlorophenyl)-3-(p-tolylthio)imidazo[2,1-aJisoquinoline

(4w).
_N
wle,
S cl

Eluent, 10% EtOAc/hexane; white solid; 62% yield (62.3 mg); Ry=0.56
(9:1 n-hexane/ethyl acetate); mp 180—183 °C; 'H NMR (500 MHz,
CDCl,) & 8.80 (d, J = 8.0 Hz, 1H), 8.33 (s, 1H), 8.19 (d, ] = 8.0 Hg,
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1H), 8.12 (d, ] = 7.5 Hz, 1H), 7.75 (d, ] = 7.0 Hz, 1H), 7.69 (t,
] = 7.5 Hz, 1H), 7.63 (t, ] = 7.0 Hz, 1H), 7.38—7.32 (m, 2H), 7.13 (d,
] =7.5Hz, 1H), 7.02 (d, ] = 8.0 Hz, 2H), 6.94 (d, ] = 8.0 Hz, 2H), 2.25
(s, 3H); °C NMR (125 MHz, CDCl;) 6 147.8, 136.2, 1354, 134.3,
131.5, 130.3, 130.2, 129.6, 129.0, 128.9, 128.8, 128.7, 128.6, 128.3, 128.1,
127.0, 126.1, 126.0, 123.6, 123.5, 121.1, 113.7, 109.6, 20.8; HRMS
(ESI-TOF) m/z calcd for C,,H,4N,SCI 401.0879, found 401.0868.

2-(3-Bromophenyl)-3-(p-tolylthio)imidazo[2,1-aJisoquinoline
(4x).

S

Eluent, 10% EtOAc/hexane; white solid; 63% yield (69.9 mg);
R; = 0.56 (9:1 n-hexane/ethyl acetate); mp 172—175 °C; '"H NMR
(500 MHz, CDCL;) & 8.78 (d, ] = 8.0 Hz, 1H), 8.48 (s, 1H), 8.23 (d,
J=7.5Hz, 1H), 8.12 (d, ] = 7.5 Hz, 1H), 7.75-7.68 (m, 2H), 7.65 (t,
J=7.0Hz, 1H), 7.49 (d,] = 7.0 Hz, 1H), 7.29 (t, ] = 8.0 Hz, 1H), 7.13
(d, J=7.0 Hz, 1H), 7.02 (d, ] = 8.0 Hz, 2H), 6.94 (d, ] = 7.5 Hz, 2H),
2.25 (s, 3H); 3C NMR (125 MHz, CDCl;) § 147.6, 144.9, 136.2,
135.6, 131.5, 131.0, 130.9, 130.3, 130.2, 129.8, 129.0, 128.8, 128.3,
127.0, 126.5, 126.0, 123.6, 122.6, 121.1, 113.7, 109.7, 20.8; HRMS
(ESI-TOF) m/z caled for C,,H;{N,SBr 445.0374, found 445.0394.
2-(3-Nitrophenyl)-3-(p-tolylthio)imidazo[2, 1-aJisoquinoline (4y).
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Eluent, 10% EtOAc/hexane; yellow solid; 45% yield (46.1 mg);
Ry = 040 (9:1 n-hexane/ethyl acetate); mp 215-220 °C; '"H NMR
(500 MHz, CDCl,) 6 9.15 (s, 1H), 8.73 (d, ] = 8.0 Hz, 1H), 8.59 (d,
J = 8.0 Hz, 1H), 8.12 (d, J = 8.0 Hz, 1H), 8.09 (d, J = 7.0 Hz, 1H),
7.69 (d, ] = 8.0 Hz, 1H), 7.66 (t, ] = 7.0 Hz, 1H), 7.58 (t, ] = 7.0 Hz,
1H), 7.52 (t, ] = 7.0 Hz, 1H), 7.09 (d, ] = 7.5 Hz, 1H), 6.96 (d,
J = 8.5 Hz, 2H), 6.88 (d, ] = 7.0 Hz, 2H), 2.17 (s, 3H); 3C NMR
(125 MHz, CDCL,) & 148.5, 146.4, 145.0, 136.5, 135.4, 133.7, 131.1,
130.3, 1292, 128.5, 127.0, 126.1, 123.6, 123.5, 123.0, 122.6, 121.0,
114.1, 110.5, 20.8; HRMS (ESI-TOF) m/z calcd for C,,H;sN;0,S
412.1120, found 412.1125.
2-Phenyl-3-(pyridin-2-ylthio)imidazo[1,2-a]pyridine (4z).
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Eluent, 50% EtOAc/hexane; white solid; 77% yield (56.5 mg);
R; = 036 (6:4 n-hexane/ethyl acetate); mp 120—122 °C; '"H NMR
(500 MHz, CDCl,) 6 842 (d, ] = 4.0 Hz, 1H), 8.31 (d, J = 7.0 Hz,
1H), 8.19 (d, ] = 7.5 Hz, 2H), 7.75 (d, ] = 9.0 Hz, 1H), 7.43—7.39 (m,
3H), 7.36—7.27 (m, 2H), 7.03 (q, ] = 5.0 Hz, 1H), 6.88 (t, ] = 7.0 Hz,
1H), 6.63 (d, ] = 8.0 Hz, 1H); *C NMR (125 MHz, CDCl;) § 158.4,
151.3, 150.1, 147.2, 137.2, 136.9, 133.1, 128.5, 128.3, 126.7, 125.8,
124.4, 120.5, 119.3, 117.6, 113.0, 105.2; HRMS (ESI-TOF) m/z calcd
for C1gH,,N,S 304.0908, found 304.0907.

9970

3-(Phenylthio)-2-(p-tolyl)imidazo[1,2-a]pyridine (6b).’
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Eluent, 20% EtOAc/hexane; white solid; 84% yield (66.2 mg);
Ry = 020 (8:2 n-hexane/ethyl acetate); mp 118—120 °C; 'H NMR
(500 MHz, CDCl,) 6 8.26 (d, ] = 7.0 Hz, 1H), 8.12 (d, J = 8.0 Hz,
2H), 7.73 (d, ] = 6.0 Hz, 1H), 7.30 (t, ] = 7.5 Hz, 1H), 7.25 (d,
J=8.0Hz, 2H), 7.19 (t, ] = 7.5 Hz, 2H), 7.13 (t, ] = 7.0 Hz, 1H), 7.10
(d, ] = 7.5 Hz, 2H), 6.83 (t, ] = 7.0 Hz, 1H), 2.38 (s, 3H); *C NMR
(125 MHz, CDCl;) & 151.4, 147.0, 138.4, 135.2, 130.4, 129.3, 129.0,
128.1, 126.4, 125.9, 125.4, 124.3, 117.4, 112.8, 105.8, 21.2.
2-(4-Ethylphenyl)-3-(phenylthio)imidazo[1,2-a]pyridine (6c).’
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Eluent, 20% EtOAc/hexane; white solid; 58% yield (47.4 mg);
Ry = 026 (8:2 n-hexane/ethyl acetate); mp 98—100 °C; '"H NMR
(500 MHz, CDCL,) 6 8.26 (d, ] = 6.0 Hz, 1H), 8.14 (d, ] = 7.5 Hg,
2H), 7.72 (d, ] = 9.0 Hz, 1H), 7.31 (t, ] = 8.0 Hz, 1H), 7.27 (d,
J=8.0Hz, 2H), 7.19 (t, ] = 7.5 Hz, 2H), 7.12 (t, ] = 7.0 Hz, 1H), 7.00
(d, J = 8.0 Hz, 2H), 6.84 (t, ] = 7.0 Hz, 1H), 2.70 (q, ] = 7.5 Hz, 2H),
1.25 (t, ] = 8.0 Hz, 3H); *C NMR (125 MHz, CDCl;) § 151.5, 147.0,
144.7, 135.2, 130.6, 129.3, 128.2, 127.9, 126.5, 125.9, 125.4, 124.4,
117.5, 112.9, 105.8, 28.6, 15.3.
6-Methyl-2-phenyl-3-(phenylthio)imidazo[1,2-a]pyridine (6d).’
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Eluent, 20% EtOAc/hexane; yellow solid; 47% yield (37.2 mg);
Ry = 0.23 (8:2 n-hexane/ethyl acetate); mp 116—118 °C; 'H NMR
(500 MHz, CDCl,) & 8.17 (d, ] = 7.5 Hz, 2H), 8.06 (s, 1H), 7.64 (d,
J = 9.0 Hz, 1H), 741 (t, ] = 7.5 Hz, 2H), 7.36 (d, ] = 7.5 Hz, 1H),
7.23—7.17 (m, 3H), 7.13 (t, ] = 7.5 Hz, 1H), 7.00 (d, ] = 7.0 Hz, 2H),
2.31 (s, 3H); C NMR (125 MHz, CDCl;) § 151.2, 146.1, 135.5,
1334, 129.7, 129.4, 128.4, 128.3, 128.2, 125.8, 125.3, 122.9, 122.1,
116.9, 18.3.
2-[4-(Methylthio)phenyl]-3-(phenylthio)imidazo[1,2-a]pyridine

(6e).
N_/ S
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Eluent, 20% EtOAc/hexane; yellow solid; 59% yield (51.4 mg);
R; = 0.13 (8:2 n-hexane/ethyl acetate); mp 106—108 °C; '"H NMR
(500 MHz, CDCl;) & 827 (d, ] = 7.0 Hz, 1H), 8.17 (d, ] = 8.5 Hg,
2H), 7.72 (d, ] = 9.0 Hz, 1H), 7.34 (q, ] = 7.0 Hz, 3H), 7.21 (4
J=7.5Hz,2H), 7.13 (t,] = 7.5 Hz, 1H), 7.00 (d, ] = 8.0 Hz, 2H), 6.86
(t, J = 6.5 Hz, 1H), 2.50 (s, 3H); 3C NMR (125 MHz, CDCl;) §
150.8, 147.0, 139.2, 135.0, 129.9, 129.4, 128.5, 127.6, 126.6, 126.0,
125.5, 124.4, 117.5, 113.0, 105.9, 154.
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2-(4-Bromophenyl)-3-(phenylthio)imidazo[1,2-alpyridine (6f).’
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Eluent, 20% EtOAc/hexane; white solid; 80% yield (75.8 mg);
Ry = 0.33 (8:2 n-hexane/ethyl acetate); mp 148—150 °C; 'H NMR
(500 MHz, CDCL,) & 826 (d, ] = 6.5 Hz, 1H), 8.11 (d, J = 8.5 Hg,
2H), 7.71 (d, ] = 9.0 Hz, 1H), 7.55 (d, ] = 8.5 Hz, 2H), 7.33 (4,
J=7.0Hz, 1H), 7.20 (t, ] = 7.5 Hz, 2H), 7.13 (t, ] = 7.0 Hz, 1H), 6.98
(d, J = 7.5 Hz, 2H), 6.86 (t, ] = 7.0 Hz, 1H); *C NMR (125 MHz,
CDCl,) 8 150.1, 147.0, 134.7, 132.2, 131.5, 129.7, 129.4, 126.8, 126.1,
125.5, 124.4, 122.8, 117.6, 113.1, 106.4.
2-[4-(Methylsulfonyl)phenyl]—i’-(phenylthio)imidazo[I,Z-a]-

pyridine (6g).
/?_< }3—
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S
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Eluent, 40% EtOAc/hexane; white solid; 35% yield (33.6 mg);
= 0.26 (5:5 n-hexane/ethyl acetate); mp 188—190 °C; 'H NMR
(500 MHz, CDCl,) 6 8.46 (d, ] = 6.5 Hz, 2H), 8.32 (d, ] = 7.0 Hz,
1H), 8.00 (d, J = 8.5 Hz, 2H), 7.76 (d, ] = 9.0 Hz, 1H), 7.39 (4,
J=8.0Hz, 1H), 7.23 (t, ] = 7.0 Hz, 2H), 7.16 (t, ] = 7.5 Hz, 1H), 6.99
(d, ] = 7.5 Hz, 2H), 6.93 (t, ] = 6.5 Hz, 1H), 3.07 (s, 3H); *C NMR
(125 MHz, CDCl;) 6 148.8, 147.2, 139.8, 138.7, 134.3, 129.5, 128.9,
127.4, 127.3, 126.4, 125.6, 124.5, 117.9, 113.6, 107.9, 44.5.
4-[8-Methyl-3-(phenylthio)imidazo[1,2-a]pyridin-2-yl)benzo-

nitrile (6h).
= /N: <:>
<N / CN

S

O

Eluent, 30% EtOAc/hexane; white solid; 93% yield (79.6 mg);
R; = 023 (8:2 n-hexane/ethyl acetate); mp 168—171 °C; 'H NMR
(500 MHz, CDCL,) & 8.56 (s, 1H), 8.48 (d, ] = 7.5 Hz, 1H), 8.16 (d,
J=7.0 Hz, 1H), 7.63 (d, ] = 7.5 Hz, 1H), 7.52 (t, ] = 7.5 Hz, 1H), 7.21
(t, ] =7.5 Hz, 2H), 7.17 (q, ] = 5.0 Hz, 2H), 6.97 (d, ] = 8.0 Hz, 2H),
6.84 (t, ] = 7.0 Hz, 1H), 2.71 (s, 3H); '*C NMR (125 MHz, CDCl;) §
148.3, 147.5, 135.0, 134.6, 132.4, 131.9, 131.6, 129.5, 129.3, 129.1,
1280, 126.3, 1259, 125.6, 122.3, 1189, 113.5, 112.6, 107.5, 16.6;
HRMS (ESI-TOF) m/z caled for C,H;(N53S 342.1065, found
342.1057.
Di-m-tolylsulfane (13).

o
Eluent, hexane; liquid; Ry = 0.43 (n-hexane); 'H NMR (500 MHz,
CDCly) 6 7.29 (d, ] = 7.5 Hz, 4H), 7.17 (t, ] = 7.5 Hz, 2H), 7.02 (d,

J = 7.5 Hz, 2H), 2.30 (s, 6H); *C NMR (125 MHz, CDCl;) § 138.8,
136.8, 128.8, 127.9, 124.5, 21.3.

=
A
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