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Herein, we describe the synthesis of 4,5-disubstituted-3-trihalomethylisothiazoles from trihaloacetonitr-
iles and 2-cyanothioacetamides or 2-ethoxycarbonylthioacetamides. The reactivity of the necessary tri-
haloacetonitriles has a significant impact on the observed reaction pathways. Reactions with CF3CN
require an oxidant to mediate cyclization, while CCI;CN functions as both the reactant and oxidant.

© 2009 Elsevier Ltd. All rights reserved.

Substituted isothiazoles such as 1 are important building blocks
for the preparation of a wide range of compounds with industrial
and pharmaceutical importance.! Towards our efforts to identify
short acting calcium-sensing receptor (CaR) antagonists® we
sought intermediate 3-trifluoromethylisothiazoles like 1c or 1d
to synthesize CF3-substituted isothiazolopyrimidinone CaR antago-
nists.> While several isothiazoles with a CF5 group in the 3-position
were known,* none contained the substitution at the 4- and 5-
positions that we required. Isothiazoles 1a®> or 1b® were readily
available from the corresponding R!-orthoester, however, attempts
to prepare 1c or 1d by this route proved unsuccessful.

la R'=CHs R?=CN
7. 1b R'=Ph,RZ=CN

’ 1c R'=CF3, R2=CN
1d R!=CFg R%=CO,Et

Herein we wish to report a route to readily prepare CFs;-substi-
tuted isothiazoles 1c and 1d. We reasoned that 2-cyanothioaceta-
mide (2) would react with electron-deficient CF;CN (3) under basic
conditions to directly form vinylogous thiourea intermediate 4
(Scheme 1). Subsequent oxidative cyclization would then give
the desired isothiazole. In practice, triethylamine was added to a
mixture of 2 and 3 in EtOH at —78 °C. After the mixture was
warmed to room temperature, H,O, was added to mediate oxida-
tive cyclization to give isothiazole 1c in 48% yield. A range of oxi-
dants including N-bromosuccinimide, N-chlorosuccinimide, N-
iodosuccinimide (NIS), Br,, I, and SO,Cl, effected the cyclization
as judged by thin-layer chromatography (TLC).”

With a successful synthesis of 1c in hand, we sought to further
examine the scope of the transformation. Attempts to couple 2
with acetonitrile or benzonitrile to give 1a and 1b, respectively,
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proved unsuccessful, likely due to the relatively lower electrophi-
licity of the nitrile carbons. However, another electron-deficient ni-
trile, CCI3CN (5), proved interesting. Nitrile 5 participates as both
reactant and oxidant® (Scheme 2) during its reaction with 2. The
reaction occurred at or above room temperature to directly give
the desired cyclized product 1e without need for an added oxidant,
such as H,0,.

We next examined the range of N-substituted isothiazoles that
would react to form trihalomethylisothiazoles. We were pleased to
find that N-alkyl thioamides could be employed to give moderate
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Scheme 1. Synthesis of isothiazole 1c.
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Scheme 2. Proposed mechanism for the formation of 1e.
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Table 1
Synthesis of isothiazoles 9a-d and 10a-d

EtsN, EtOH
s -78 §|tso r.t.;X3C CN
NC A qr* CXeCN — > o NeonHR

3X=F Et.N, EtOH,

ga-d SX=Cl ttos0°C 9adx=F
10a-d X =Cl
R Product % Yield 9 Product % Yield 10
CH; 9a 44 10a 25
Benzyl 9b 36 10b 36
Cyclohexyl 9c 46 10c 49
Phenyl 9d 65 10d 56
Table 2

Synthesis of isothiazoles 1d and 1f

o
S O X3C OEt
i Pogr + CXaCN N

NH
" 3X=F S R
5X=Cl 1d X=F
1f X=Cl
Entry Nitrile Conditions Product % Yield
1
1 3 (1) EtsN, —78 °C to room temperature; 1d 0
(2) H20,
2 5 Et3N, —78 °C to room temperature 1f 14
3 3 (1) EtsN, =78 °C, 1 h; (2) H,0, 1d 30

yields of the desired isothiazoles (Table 1). The highest yields were
obtained using the N-phenyl thioamide.

Towards the synthesis of isothiazole ester 1d, we examined iso-
thiazole formation with ester 11 in place of nitrile 2. However, in
the reaction of 11 with CF3CN (3) using the conditions described
above (Et3N, —78 °C to room temperature; H,0,), none of the de-
sired isothiazole (1d) was formed (Table 2, entry 1). In contrast,
the reaction of 11 with CCI3CN (5) provided isothiazole 1f (Table 2,
entry 2), albeit in modest yield (14%).

To better understand the different outcomes upon reaction of
CF5CN (3) with nitrile 2 and ester 11, we sought to characterize
the intermediates prior to oxidation. The reaction of nitrile 2 with
CF3;CN (3) gave two products (Table 3, entry 4). The major product
was the expected vinylogous thiourea 12a, (35% isolated yield after
purification), and the minor component was dinitrile 14a which
was likely formed by the mechanism shown in Table 3. When oxi-
dant was added to purified 12a, it proceeded to give the desired
isothiazole 1c.

In contrast, the reaction of ester 11 with CF3CN (3) provided the
desired intermediate 12b as the minor product, while nitrile side-
product 14b was the predominant product (Table 3, entry 5). Fur-
thermore, when the reaction was warmed or allowed to proceed
for several hours, only 14b was isolated. We therefore sought to
generate intermediate 12b and then oxidize it to 1d before it could
react with excess CF;CN (3):9 addition of H,0, at —78 °C 1 h after
the addition of Et3N gave 1d (Table 2, entry 3) in 30% yield.

In conclusion, we have developed a novel synthesis of 4,5-
disubstituted-3-trihalomethylisothiazoles. This methodology is
tolerant of N-substituted thioamides, but appears to require aceto-
nitriles containing strongly electron-withdrawing groups. The
reactivity of the necessary trihaloacetonitriles has a significant im-
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Table 3
Proposed mechanism for the formation of 14a and 14b
EtsN, EtOH, R
-78 °C tor.t.
sorqy Jr8Ctort F3CWZ\WNH24>
HN S oF
Il
N
12a R=CN
12b R = CO,Et
R -
FsC NH R S
- — F3Cjz\\ + X
NH2S £CF3 Syy  H2N CF3
S NH
NH 2
13aR=CN 14a R=CN
13b R = COEt 14b R = COzEt
Entry Thioamide % Yield 12 % Yield 14
4 2 35 4
5 11 6 68

pact on the observed reaction pathways. Reactions with CF3CN (3)
require an oxidant to mediate cyclization, while CCI3CN (5) func-
tions as both the reactant and oxidant. CF3CN (3) is more reactive
with ester intermediate 12b than with nitrile intermediate 12a,
thereby requiring oxidation at low temperature after a short time
period to obtain ester 1d.
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