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ABSTRACT

The regiocontrolled synthesis of 2,5-disubstituted and 2,4,5-trisubstituted thiazoles from ethyl 2-bromo-5-chloro-4-thiazolecarboxylate 1 using
sequential palladium-catalyzed coupling reactions is described.

Thiazoles occupy a prominent position among heterocycles.
In nature, the thiazolium ring is the chemically active center
in the coenzyme derived from vitamin B (thiamin). A large
number of thiazoles obtained from microbial and marine
origins exhibit important biological effects such as antitumor,
antifungal, antibiotic, and antiviral activities.1 Synthetic
thiazoles have also been shown to exhibit a wide variety of
biological activity,2 while others have found application as
liquid crystals3 and cosmetic sunscreens.4

The classical method for the synthesis of thiazoles is the
Hantzsch process, in which anR-haloketone is condensed
with a thioamide.5 This method gives excellent yields for
simple thiazoles; however, for some substituted examples
low yields have been reported as a result of dehalogenation
of the R-haloketone during the reaction.4,6 Notwithstanding
the Hantzsch process and other methods,7 we required a
flexible route that would give high yielding and rapid access
to a series of alkyl-, alkenyl-, alkynyl-, and aryl-substituted

thiazoles. A method involving a sequence of regioselective
palladium-catalyzed coupling reactions based upon a thiazole
scaffold was identified as an attractive possibility.8 The
previously unreported ethyl 2-bromo-5-chloro-4-thiazole-
carboxylate1 was identified as a potential precursor. It was
anticipated that a palladium-catalyzed coupling reaction9

would be selective for the more electron-deficient 2-position
and that the C-2 substituent could be introduced first. A
second cross-coupling reaction could then be utilized for the
installation of the second substituent at C-5. The carboxylic
functionality could finally be exploited by a range of
synthetic maneuvers leading to the installation of a variety
of C-4 substituents (Figure 1).

The synthesis of ethyl 2-bromo-5-chloro-4-thiazole-
carboxylate 1 is shown in Scheme 1. The commercially
available thiazole310 was chlorinated at the 5-position by
treatment with N-chlorosuccinimide in refluxing aceto-
nitrile.11 The 2-amino substituent was then converted, under
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modified Sandmeyer conditions, to the 2-bromothiazole1
in 82% yield. The synthesis of1 was performed on a
multigram scale and required no chromatography.

The regioselectivity of palladium-catalyzed cross-coupling
reactions of1 with a variety of organometallic reagents was
examined. Under standard Suzuki conditions12 and 1 equiv
of phenylboronic acid, exclusive coupling at the more
electron-deficient 2-position was observed, affording the
major product4a in 81% isolated yield (entry 1, Table 1).

No coupling at the 5-position was observed. Two minor
byproducts (<5% yield) were formed during the reaction:
debromination of the starting material1 and dechlorination
of the product4a.13 Under the same conditions 2-methoxy-
phenylboronic acid gave exclusive coupling at the 2-position
although the reaction time for this hindered example was

considerably longer (entry 2). The less hindered 4-methoxy-
phenylboronic acid proved significantly more reactive and
gave a much shorter reaction time (entry 3). Indeed, this
coupling could be accomplished in 16 h at room temperature
(entry 4). The Stille coupling reaction was investigated next.14

Using standard conditions and 1 equiv of vinyltributyltin,
exclusive coupling at the 2-position was observed, affording
4d in 91% isolated yield (entry 5). The Negishi coupling
reaction of1 with 2-pyridylzinc bromide in THF at reflux
also gave exclusive coupling at C-2, producing4e in 74%
yield (entry 6).15 Sonogashira reaction of1 with phenyl-
acteylene gave4f as the major-coupled product; however,
the yield was low and a large amount of resinous material
was formed during the reaction (entry 7).16 Low yields for
the Sonogashira and Heck reaction of 2-bromothiazoles have
previously been reported, and this was attributed to ring
cleavage of the thiazole following palladation at the 2-posi-
tion.17 In summary, the Suzuki, Stille, and Negishi reactions
were all regioselective for the electron-deficient 2-position,
and any byproducts (<5% yield) were due to dehalogenation
of the starting material1 and product4.

Under controlled conditions and 1 equiv of the organo-
metallic, there was no coupling at the 5-position during the
palladium-catalyzed coupling reaction. The next step, how-
ever, was to study the reactivity of the 5-chlorothiazole4a
in a variety of coupling reactions (Scheme 2).

As expected, longer reaction times and an excess of the
organometallic proved necessary to drive the reaction to
completion. In the Suzuki coupling,4a required 2 equiv of
phenylboronic acid and a 16 h reaction time for complete
conversion at 80°C, affording5a in 87% yield. The Stille
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Scheme 1a

a Reaction conditions: (i) NCS, CH3CN, reflux, (91%); (ii)
tBuONO, CuBr2, CH3CN, 80 °C, (82%).

Table 1. Palladium-Catalyzed Coupling Reactions of1

entry R conditionsa time (h) product yield (%)

1 Ph i 4 4a 81
2 2-MeOPh i 16 4b 76
3 4-MeOPh i 1 4c 92
4 4-MeOPh ii 16 4c 88
5 vinyl iii 12 4d 91
6 2-Pyridyl iv 12 4e 74
7 CCPh v 4 4f 19
a Reaction conditions: (i) Pd(Ph3P)4, RB(OH)2, aq. K2CO3, PhMe, 80

°C; (ii) Pd(Ph3P)4, RB(OH)2, aq. K2CO3, PhMe, 20°C; (iii) Pd(Ph3P)2Cl2,
CH2CHSnBu3, dioxane, 100°C; (iv) Pd(Ph3P)4, 2-pyridylzinc bromide, THF,
65 °C; (v) Pd(Ph3P)2Cl2, CuI, phenyl acteylene, Et3N, 80 °C.

Scheme 2a

a Reaction conditions: (i) Pd(Ph3P)4, PhB(OH)2, aq. K2CO3,
PhMe, 80°C, 16 h; (ii) Pd(Ph3P)2Cl2, CH2CHSnBu3, dioxane, 100
°C, 24 h; (iii) Pd(Ph3P)4, 2-pyridylzinc bromide, THF, 65°C, 24
h; (iv) Pd(Ph3P)2Cl2, CuI, phenyl acteylene, Et3N, 80 °C, 24 h.
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consumption of the starting material, affording5b and5c in
72% and 70% yield, respectively. The Sonogashira reaction,
which was problematic with the 2-bromothiazole1, gave a
cleaner reaction, affording5d in 56% yield. In general, the
palladium-catalyzed coupling reactions of the 5-chloro-
thiazole4a gave good yields of the expected 5-substituted
thiazole, although 2-3 equiv of the organometallic and
longer reaction times were required for complete conversion.

Sequential regioselective palladium coupling reactions
facilitated the installation of a variety of substituents at first
the C-2 and then the C-5 position of the thiazole. To extend
the usefulness of this process, a one-pot Suzuki coupling
procedure was investigated (Scheme 3). Using standard

Suzuki conditions the thiazole1 was treated with 1 equiv of
4-methoxyphenylboronic acid at 80°C. After 1 h no starting
material remained by TLC, and a further 5 mol % of
Pd(Ph3P)4 and 2 equiv of phenylboronic acid were added.
The reaction was reheated to 80°C for a further 16 h and
following flash chromatography thiazole6 was isolated in
72% yield. The structure of6 was confirmed by treating the
5-chlorothiazole4c with phenylboronic acid, which gave a
compound with spectral and physical properties identical to
those of6. It was necessary to add the second 5 mol % of
Pd(Ph3P)4 to the reaction; failure to do so resulted in no
coupling at the 5-position and the intermediate4c was
isolated as the major product.

The synthetic utility of the carboxylic functionality at C-4
could now be exploited by a variety of transformations. For
example, hydrolysis of the ester5a with sodium hydroxide
in ethanol gave the acid7 in 92% yield. Heating of the acid
6 in aqueous DMF at 150°C for 18 h resulted in clean
decarboxylation and gave the 2,5-diphenyl thiazole8 in 74%
yield (Scheme 4), thereby providing a route to 2,5-disubsti-
tuted thiazoles.

Alternatively, a Hunsdiecker reaction18 was used to intro-
duce a halogen at the C-4 position that proved suitable for
further functionalization via palladium-catalyzed processes.
The acid7 was converted to the corresponding silver salt
by treatment with silver nitrate and potassium hydroxide in
water. Heating the silver salt in the presence of 1 equiv of
bromine gave the 4-bromothiazole9 in 71% yield.18 Under
standard Suzuki conditions and with 1 equiv of phenyl-

boronic acid, the 4-bromothiazole proved to be reactive,
affording after 2 h 10a in 94% yield. Standard Stille
conditions and 2 equiv of vinyltributyltin gave10b in 81%
yield. Negishi coupling with 2-pyridylzinc bromide gave10c
in 75% yield, and Sonogashira reaction with phenylacteylene
gave10d in 61% yield (Scheme 5).

The readily available ethyl 2-bromo-5-chloro-4-thiazole-
carboxylate1 proved to be a versatile template for the
synthesis of 2,5-disubstituted and 2,4,5-trisubstituted thi-
azoles. Regioselective Suzuki, Stille, and Negishi coupling
reactions were used to install substituents at the C-2 thiazole
position. A second palladium-catalyzed coupling reaction was
then used to install substituents at the C-5 position. It was
also possible to combine two successive Suzuki coupling
reactions into a one-pot procedure. The carboxylic function-
ality at C-4 was decarboxylated and gave a 2,5-disubstituted
thiazole or was converted to the corresponding bromide. The
bromide was then exploited in a third palladium-catalyzed
coupling reaction to introduce substituents at C-4. The wide
range of compatible organometallic reagents offers consider-
able flexibility for the synthesis of substituted thiazoles.
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Scheme 3a

a Reaction conditions: (i) Pd(Ph3P)4 (5 mol %), 1 equiv of
4-MeOPhB(OH)2, aq. K2CO3, toluene, 80°C, 1 h; (ii) Pd(Ph3P)4
(5 mol %), 2 equiv of PhB(OH)2, 80 °C, 16 h (72%).

Scheme 4a

a Reaction conditions: (i) NaOH, EtOH, rt, (92%); (ii) DMF-
H2O (1:1), 150°C, (74%).

Scheme 5a

a Reaction conditions: (i) KOH, AgNO3, H2O; (ii) Br2, CCl4,
75 °C, (71%); (iii) Pd(Ph3P)4, PhB(OH)2, aq. K2CO3, PhMe, 80
°C, 2 h; (iv) Pd(Ph3P)2Cl2, CH2CHSnBu3, dioxane, 100°C, 8 h;
(v) Pd(Ph3P)4, 2-pyridylzinc bromide 0.5 M, THF, 65°C, 8 h; (vi)
Pd(Ph3P)2Cl2, CuI, phenyl acteylene, Et3N, 80 °C, 4 h.
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