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Letters
Traceless solid-phase synthesis of
2-amino-5-alkylidene-thiazol-4-ones
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Abstract—2-Amino-5-alkylidene-thiazol-4-ones bearing two diversity points are prepared by a solid-phase strategy exploiting rho-
danine as the starting material. Rhodanine is first loaded on bromo-Wang resin, subjected to Knovenagel condensation with alde-
hydes, and cleaved off the resin in a traceless manner by means of an amine.
� 2005 Elsevier Ltd. All rights reserved.
O R3
2-Amino-5-alkylidene-thiazol-4-one 1 (Fig. 1) represents
one of the privileged scaffolds in drug discovery: this
heterocyclic core is in fact found in more than 15,000
molecules synthesized so far, the biological activities of
which have been reported in approximately 150 publica-
tions, including 80 patents.1 A survey of the most recent
papers dealing with the pharmacological properties of
such compounds reveals that they may be useful for
the treatment of cystic fibrosis,2 as b-3 agonists (poten-
tially applicable to the treatment of metabolic diseases3),
as antibacterial,4 antiviral,5 cardiotonic,6 and anti-
inflammatory7 agents. Among the latter, it is worth
mentioning the case of Darbufelone mesilate�, reported
to have reached Phase II clinical trials as a dual inhibitor
of cellular prostaglandin and leukotriene production7d.

Given this background, it is not surprising that a num-
ber of routes have been developed in order to target
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Figure 1. 2-Amino-5-alkylidene-thiazol-4-one.
these compounds. The 2-amino-5-alkylidene-thiazol-4-
one nucleus can be assembled directly using acyclic
building blocks (Scheme 1) or can be attained by func-
tionalization of the thiazolone core, in turn prepared
using either acyclic or cyclic precursors (Scheme 2).

In the first case the synthetic process often involves a
substituted thiourea, which can be cyclocondensed with
an a,b-di halo carboxylic acid derivative (Route A)8 or
with an alkyl acetylenedicarboxylate (in this case R3
must be COOR, Route B)9 The targeted compounds
can also be achieved by a bromine-mediated oxidation
of propenoylthioureas (Route C)10 and by means of a
three-component reaction where the thiourea is reacted
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Scheme 1. 2-Amino-5-alkylidene-thiazol-4-ones from acyclic precursors.
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Scheme 2. 2-Amino-5-alkylidene-thiazol-4-ones by functionalization

of thiazolones.
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with an alkyl a-haloacetate and an aldehyde (Route
D).7a

The latter synthesis can be performed also in a step-wise
manner. Thus, the reaction between a thiourea and alkyl
a-haloacetate yields an aminothiazolone (Route E)11

that subsequently undergoes a Knovenagel reac-
tion.3,4d,7b,d–f The aminothiazolone is also accessible
through a reaction between alkyl thiocyanoacetate and
an amine (Route F)12 however, most commonly, it is
synthesized starting from rhodanine, which is reacted di-
rectly with amines (Route G)3,13 or after activation via
alkyl thioether (Route H).3a,7d–f On the other hand, this
sequence can be reversed by first condensing rhodanine
with an aldehyde (Route I)3,14 and then reacting it with
an amine3,13

Despite such a great deal of synthetic routes and of
applications in the field of medicinal chemistry, we are
not aware of solid-phase protocols enabling the high-
throughput synthesis of these compounds. Here we wish
to disclose the development and implementation of a
methodology allowing for the traceless synthesis of par-
allel arrays of two-diversity point aminothiazolones.

Thus rhodanine was reacted with bromo-Wang resin (4-
(bromomethyl)phenoxymethyl polystyrene) to form the
thioether 2b (Scheme 3). The reaction in DMF under
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Scheme 3. Loading of rhodanine on bromo-Wang resin: rhodanine

3.5 equiv, DIEA 5 equiv; DMF, rt, 18 h.
basic conditions proceeded with 83% yield with respect
to the declared initial loading,15 and a TFA-mediated
cleavage (20% in DCM) of an analytical sample led to
the removal of rhodanine only. However, an exhaustive
piperidine-mediated cleavage led to the recovery of only
80% of the expected 2-piperidin-1-yl-thiazol-4-one,16

which suggested the presence of some isomeric benzyl
rhodanine 3b. MAS-1H NMR (CD2Cl2) spectrum of
the resin showed indeed two diagnostic signals at 4.48
and 5.05 ppm (79–21 ratio) corresponding to benzylic
methylenes. These were also in agreement with those
observed for 2a and 3a attained in the 8–2 ratio17 by
performing a model reaction in solution between
rhodanine and benzyl bromide.

The subsequent steps of the synthetic routes comprised a
Knovenagel condensation followed by an amine-medi-
ated cleavage off the resin (Scheme 4); the latter clearly
affects only compounds 5b, while 3b and its derivatives
remain eventually anchored to the solid support.

The Knovenagel condensation required fine-tuning of
the experimental conditions to avoid premature cleavage
from the resin, a problem always met when using nucleo-
philic bases. Permutation of base, solvent, and tempera-
ture led to the following conclusions: alkoxides, even
t-butoxide, does not work well regardless of the solvent
used. The best bases are the organic ones (TEA; DIEA;
DBU) in DCM at room temperature, or also phospha-
zene, in aprotic dipolar solvents. Time affects the out-
come of the reaction, as short reaction times are
associated with incomplete conversions, and, on the
other hand, long reaction times give rise to compounds
7 as side products (Fig. 2).18 The latter may arise from
the nucleophilic displacement of an alkylidene thiazo-
lone group from the resin by means of the anion gener-
ated on a second thiazolone moiety. Interestingly the
amount of this type of side product depended also on
XX
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Scheme 4. Solid-phase synthesis of 2-amino-5-alkylidene-thiazol-4-

ones.
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Figure 2. Structure of possible side products.
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the temperature and on the strength of the bases: in both
cases the higher the greater.

Eventually the optimized conditions for the Knovenagel
condensation comprised the use of DCM as the solvent
and DIEA as the base; the reaction was carried out
using an excess of aldehyde (normally 5–8 equiv) for
about 40 h. These conditions worked well for all
aldehydes but were not effective for ketones. Only
the thermodynamically more stable Z-isomers were
obtained,3a,7f,19 while the supposed E-isomers were
occasionally observed in the HPLC trace (of final prod-
uct 6) but never isolated.

Liberation of products 6 from resin was achieved by
reaction of 5 with an amine. With this strategy the other-
Table 1. Compounds 6: examples with various aldehydesa,b

S

N
O

R3N
R1

R2

R3

a b c

* Br

O

*

O

* B

R1R2N Purity Yield Purity Yield Purity Y

A N 78 64c 100 81c 94 1

B
N

100 48c 95 89c 92

C
O

N
89 34c 92 40c

a Yield is determined on weight of isolated product and calculated on the eff
b Purity is evaluated by HPLC trace using UV detection at 220 nm.
c Purified by (mass triggered) preparative HPLC.
d Purified by filtration through a silica gel plug (DCM–MeOH 99:1).

Table 2. Compounds 6g: examples with various aminesa,b

S

N

O

N
R2

R1

D E F

N
N

N

N

Purity Yield Purity Yield Purity

89 24c 100 24c 97

J K L

NH NH

O

Purity Yield Purity Yield Purity

76 12d 85 34e 93

a Yield is determined on weight of isolated product and calculated on the eff
b Purity is evaluated by HPLC trace using UV detection at 220 nm.
c Purified by (mass triggered) preparative HPLC.
d Purified by filtration through a silica gel plug (DCM–MeOH 99:1).
e Purified by decantation of the crude.
wise stench thiols remain anchored to the solid support,
providing an additional advantage to the present meth-
odology. We typically used excess of reactant (3 equiv)
in DME as a solvent with 10% trifluoroethanol
(TFE) as a co-solvent at 70 �C.20 Expected products
could be isolated using chromatographic methods:
either (mass-triggered) preparative HPLC or filtration
through a silica gel plug worked well. Alternatively, in
several instances products could be obtained with
reasonable purities simply by decantation of the solid
material (taken up with ethyl ether or acetone)
obtained after evaporation of the reaction crude.
Tables 1 and 2 show representative examples of this
methodology.
(from R3CHO)

d e f

r *

OH

O *

OH

*

F

ield Purity Yield Purity Yield Purity Yield

00c 77 70c 82 20c 91 26c

64c 95 41c 98 85c 80 34d

100 5c 100 43d

ective loading of 2b.

R1R2N

G H I

N N

OH OH

NH

Yield Purity Yield Purity Yield Purity Yield

20c 96 20c 86 16c 100 22e

M N O

NH NH

F

N

NH

Yield Purity Yield Purity Yield Purity Yield

27c 85 37e 100 10d 90 34e

ective loading of 2b.
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In conclusion we have developed a mild and practical
protocol allowing for the high-throughput solid-phase
synthesis of parallel arrays of 2-amino-5-alkylidene-
thiazol-4-ones bearing two diversity points.
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