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Abstract: A reaction of 3-chloroisothiazole-5-carbonitrile with 1-iodo-4-methylbenzene (2 equiv.)
produced 3-chloro-4-(p-tolyl)isothiazole-5-carbonitrile in a 60% yield. The compound was
fully characterized.
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1. Introduction

Isothiazoles are useful compounds owing to their wide biological activity, industrial
applications, and their use as synthetic intermediates [1]. In particular, aryl- and hetaryl-
substituted isothiazoles show rich biological activity, i.e., 5-phenylisothiazole 1 showed
antiviral activity against polio [2], 4,5-diarylisothiazoles 2 were active as multiple target
non-steroidal anti-inflammatory agents [3] and 4-pyridylisothiazole 3 is a possible HIV
inhibitor [4] (Figure 1).
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Figure 1. Biologically active aryl- and hetaryl-substituted isothiazoles. 

Recently, we investigated the synthesis of aryl-substituted isothiazoles by perform-

ing CH arylation of both the 5 [5] and the 4 [6] positions to obtain arylisothiazole products 

(Scheme 1). Interestingly, while the respective 3-bromoisothiazoles were studied well, 

only one example of CH arylation of a 3-chloro derivative was reported in each study 

(Scheme 1). 

As a continuation of this study on the CH arylation of isothiazoles, we investigated 

the reaction of 3-chloroisothiazole-5-carbonitrile (6b) with 1-iodo-4-methylbenzene. 
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Figure 1. Biologically active aryl- and hetaryl-substituted isothiazoles.

Recently, we investigated the synthesis of aryl-substituted isothiazoles by performing
CH arylation of both the 5 [5] and the 4 [6] positions to obtain arylisothiazole products
(Scheme 1). Interestingly, while the respective 3-bromoisothiazoles were studied well, only
one example of CH arylation of a 3-chloro derivative was reported in each study (Scheme 1).
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(2 equiv.), in the presence of AgF (3 equiv.), Pd(Ph3P)2Cl2 (5 mol%) and Ph3P (10 mol%), in 

MeCN at ca. 82 °C led to a complete consumption of the starting isothiazole and isolation 

of the desired 3-chloro-4-(p-tolyl)isothiazole-5-carbonitrile (8) in a 60% yield (Scheme 2), 

while no other products were observed by TLC. 

 

Scheme 2. Synthesis of 3-chloro-4-(p-tolyl)isothiazole-5-carbonitrile (8). 

Product 8 was isolated as colorless plates, mp 108–109 °C (from n-pentane/−20 °C). 

UV-vis spectroscopy in dichloromethane supported an intact isothiazole ring (λmax 309 

nm, log ε 4.02), while FTIR spectroscopy supported the presence of a C≡N resonance at 

2228 cm−1. Mass spectrometry revealed a molecular ion (M+) peak of m/z 234 (100%) along 

with a M++2 isotope peak at 236 (22%) that supported the presence of a chlorine atom. 13C 

NMR spectroscopy showed the presence of one CH3, two CH resonance and six quater-

nary carbon resonances, with the resonance at 110.5 ppm corresponding to the nitrile 

group (see Supplementary Materials for the NMR spectra). Moreover, a correct elemental 

analysis (CHN) was obtained for the molecular formula C11H7ClN2S. The multifunctional 

nature of isothiazole 8 makes it a potentially useful scaffold. 

3. Materials and Methods 

The reaction mixture was monitored by TLC using commercial glass-backed thin 

layer chromatography (TLC) plates (Merck Kieselgel 60 F254). The plates were observed 

under UV light at 254 and 365 nm. Acetonitrile (MeCN) was distilled over CaH2 before 

use. The melting point was determined using a PolyTherm-A, Wagner & Munz, 

Kofler-Hotstage Microscope apparatus (Wagner & Munz, Munich, Germany). The solvent 

used for recrystallization is indicated after the melting point. The UV-vis spectrum was 

obtained using a Perkin-Elmer Lambda-25 UV-vis spectrophotometer (Perkin-Elmer, 

Waltham, MA, USA) and inflections are identified by the abbreviation “inf”. The IR spec-

trum was recorded on a Shimadzu FTIR-NIR Prestige-21 spectrometer (Shimadzu, Kyoto, 

Scheme 1. CH arylation of isothiazole-5-carbonitriles 4 and 6.

As a continuation of this study on the CH arylation of isothiazoles, we investigated
the reaction of 3-chloroisothiazole-5-carbonitrile (6b) with 1-iodo-4-methylbenzene.

2. Results and Discussion

The reaction of 3-chloroisothiazole-5-carbonitrile (6b) with 1-iodo-4-methylbenzene
(2 equiv.), in the presence of AgF (3 equiv.), Pd(Ph3P)2Cl2 (5 mol%) and Ph3P (10 mol%), in
MeCN at ca. 82 ◦C led to a complete consumption of the starting isothiazole and isolation
of the desired 3-chloro-4-(p-tolyl)isothiazole-5-carbonitrile (8) in a 60% yield (Scheme 2),
while no other products were observed by TLC.
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Scheme 2. Synthesis of 3-chloro-4-(p-tolyl)isothiazole-5-carbonitrile (8).

Product 8 was isolated as colorless plates, mp 108–109 ◦C (from n-pentane/−20 ◦C).
UV-vis spectroscopy in dichloromethane supported an intact isothiazole ring (λmax 309 nm,
log ε 4.02), while FTIR spectroscopy supported the presence of a C≡N resonance at
2228 cm−1. Mass spectrometry revealed a molecular ion (M+) peak of m/z 234 (100%)
along with a M++2 isotope peak at 236 (22%) that supported the presence of a chlorine
atom. 13C NMR spectroscopy showed the presence of one CH3, two CH resonance and six
quaternary carbon resonances, with the resonance at 110.5 ppm corresponding to the nitrile
group (see Supplementary Materials for the NMR spectra). Moreover, a correct elemental
analysis (CHN) was obtained for the molecular formula C11H7ClN2S. The multifunctional
nature of isothiazole 8 makes it a potentially useful scaffold.
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3. Materials and Methods

The reaction mixture was monitored by TLC using commercial glass-backed thin
layer chromatography (TLC) plates (Merck Kieselgel 60 F254). The plates were observed
under UV light at 254 and 365 nm. Acetonitrile (MeCN) was distilled over CaH2 before
use. The melting point was determined using a PolyTherm-A, Wagner & Munz, Kofler-
Hotstage Microscope apparatus (Wagner & Munz, Munich, Germany). The solvent used
for recrystallization is indicated after the melting point. The UV-vis spectrum was obtained
using a Perkin-Elmer Lambda-25 UV-vis spectrophotometer (Perkin-Elmer, Waltham, MA,
USA) and inflections are identified by the abbreviation “inf”. The IR spectrum was recorded
on a Shimadzu FTIR-NIR Prestige-21 spectrometer (Shimadzu, Kyoto, Japan) with a Pike
Miracle Ge ATR accessory (Pike Miracle, Madison, WI, USA) and strong, medium and
weak peaks are represented by s, m and w, respectively. 1H and 13C NMR spectra were
recorded on a Bruker Avance 500 machine (at 500 and 125 MHz, respectively, (Bruker,
Billerica, MA, USA)). Deuterated solvents were used for homonuclear lock and the signals
reference the deuterated solvent peaks. Attached proton test (APT) NMR studies were
used for the assignment of the 13C peaks as CH3, CH2, CH and Cq (quaternary). MALDI-
TOF mass spectra were recorded with a Bruker Autoflex III Smartbeam instrument. 3-
Chloroisothiazole-5-carbonitrile (6b) [7] was prepared according to the procedure described
in the literature.

3-Chloro-4-(p-tolyl)isothiazole-5-carbonitrile (8)

1-Iodo-4-methylbenzene (109 mg, 0.50 mmol), AgF (95 mg, 0.75 mmol), Pd(Ph3P)2Cl2
(8.8 mg, 5 mol%) and Ph3P (6.6 mg, 10 mol%) were added to a stirred suspension of
3-chloroisothiazole-5-carbonitrile (6b) (36 mg, 0.25 mmol) in MeCN (1 mL) and the re-
action mixture was stirred at ca. 82 ◦C until consumption of the starting material (TLC,
3 h). The mixture was then adsorbed onto silica and chromatographed (n-hexane/DCM
80:20) to produce the title compound 8 (36 mg, 60%) as colorless plates, mp 108–109 ◦C
(from n-pentane/−20 ◦C); Rf 0.23 (n-hexane/DCM 80:20); (found: C, 56.23; H, 2.96; N,
11.81. C11H7ClN2S requires C, 56.29; H, 3.01; N, 11.94%); λmax(DCM)/nm 309 (log ε 4.02);
vmax/cm−1 3048w (aryl C–H), 2920w (alkyl C–H), 2228w (C≡N), 1616w, 1533w, 1493w,
1360m, 1346m, 1314m, 1215m, 1196s, 1184m, 1125w, 1107m, 1037w, 1022w, 959w, 930m,
854m, 826s, 816m, 785m; δH(500 MHz; CDCl3) 7.47 (2H, d, J 8.2, Ar H), 7.35 (2H, d, J 8.2,
Ar H), 2.45 (3H, s, CH3); δC(125 MHz; CDCl3) 149.9 (Cq), 144.0 (Cq), 140.7 (Cq), 130.9 (Cq),
129.8 (CH), 129.1 (CH), 125.6 (Cq), 110.5 (Cq), 21.5 (CH3); and m/z (MALDI-TOF) 236 (M++2,
22%), 234 (M+, 100), 191 (MH+-SN+2, 31), 189 (M+-SN, 30), 165 (M+, 32), 163 (46).

Supplementary Materials: The following supporting information can be downloaded at, mol file,
1H and 13C NMR and IR spectra.
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