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ABSTRACT

Here, we report the protocol for the preparation of new poly(ethylene glycol)-supported 1,2-diaza-1,3-butadiene. In addition, we discuss an
application of this supported reagent in an efficient and environmentally friendly one-pot synthesis of 2-thiazol-4-one derivatives by reaction
with thioamides.

Solid-phase organic synthesis has become increasingly
important in the last 10 to 15 years, largely because of the
emergence of combinatorial chemistry, which has enabled
the parallel synthesis of libraries of compounds.1 When
designing a synthesis on solid support, one key consideration
is selecting the linker through which the substrate is attached
to the support, as well as the type of support. In consideration
of their great interest, 1,2-diaza-1,3-butadienes have been
intensively investigated by several authors.2 We previously
reported the protocol for preparing these compounds in the
solid phase using poly(styrene) resins. The coupling sites were
the ester group at position four3 or the azo group4 of the
azo-ene system. The heterogeneous nature of these syntheses
might result in some problems, such as difficulty in
characterizing the insoluble polymer-supported compounds.

In recent years, however, polymer-supported liquid-phase
synthesis has been studied intensely.5 In fact, the advantages
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of both homogeneous solution chemistry (high reactivity, lack
of diffusion phenomena, ease of analysis) and solid-phase
methods (use of excess reagents and easy isolation and
purification of products) coexist in this technique. Moreover,
the soluble polymer-bound species permit the use of1H NMR
spectroscopy to monitor the reaction process and to determine
directly the structures of products attached to the polymer
support. Among the various soluble polymers, poly(ethylene
glycol) (PEG) is the most useful and promising.6 Therefore,
we decided to synthesize 1-aminocarbonyl 1,2-diaza-1,3-
butadiene bound to PEG support and to perform preliminary
tests of the preparation of some 2-thiazolin-4-ones previously
obtained in solution.7

The polymer support (PEG methyl ether, MW 5000) was
esterified by treatment withtert-butyl acetoacetate in toluene
under reflux, in accordance with Witzeman’s procedure.8 The
reaction progress was monitored by1H NMR analysis using
CDCl3 as the solvent. When the transesterification reaction
was completed (3 h), the PEG-supportedâ-ketoester2 was
obtained by precipitation in diethyl ether (91% yield).9,10The
separated solid was dissolved in methanol, and the reaction
with semicarbazide hydrochloride in the presence of sodium
carbonate led to PEG-supported hydrazone3 (89% yield).9,11

This latter compound was converted to the corresponding
brominated hydrazone4 by adding portionwise 1 equiv of
phenyltrimethylammonium tribromide (PTAB) in dichlo-
romethane (DCM) at room temperature.12 The mixture was

then treated directly with an aqueous saturated solution of
sodium carbonate, which induces a conjugate elimination of
hydrobromic acid with consequent formation of a new PEG-
supported 1-aminocarbonyl 1,2-diaza-1,3-butadiene5, which
was separated as solid (82% yield)9,13 by addition of diethyl
ether to the crude (Scheme 1).14

As shown in Scheme 2, the PEG-supported 1,2-diaza-1,3-
butadiene5 was treated with 4 equiv of variously substituted
thioamides6a-j. The one-pot reactions were carried out at
room temperature in a solution of dichloromethane/methanol
(1:5) within 1.0-4.5 h to afford 2-thiazolin-4-ones8a-j that,
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Scheme 1. Preparation of PEG-Supported 1-Aminocarbonyl
1,2-Diaza-1,3-butadiene

Scheme 2. Synthesis of 2-Thiazolin-4-ones8a-j
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with the exception of8a,g,7a were synthesized for the first
time. These latter compounds were released into the reaction
medium from which they directly precipitated as pure
products (for yields, purity, and reaction times, see Table
1).15,16 The mechanism implicates the first SH nucleophilic

attack of the thioloimido function to the terminal carbon atom
of the azo-ene system. The subsequent intramolecular NH
nucleophilic attack onto the ester group of the hydrazonic
intermediate7 leads to the thiazolinone ring closure, with
loss of PEG-OH.

In the previous liquid-phase synthesis of the same thia-
zolin-4-ones,7 we observed the formation of both hydrazono
and hydrazino tautomeric forms. Surprisingly, the procedure
with PEG-bound 1,2-diaza-1,3-butadiene described here
permits us to obtain thiazolin-4-ones exclusively in the
hydrazino-isomer withE configuration.

In conclusion, this paper reports an inexpensive strategy
for synthesizing a new PEG-supported 1,2-diaza-1,3-buta-

diene; its use in a simple and environmentally friendly one-
pot reaction with thioamides to obtain 2-thiazol-4-ones is
also described. All the reactions are highly efficient in
yielding the desired compounds at room temperature and
require only simple workup procedures. Crude products are
usually obtained in high purity and high yield by simple
precipitation and washing, without further purification. In
addition, this technique is highly selective, as it allows us to
obtain 2-thiazol-4-ones only in theE-hydrazino isomeric
form.
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(13) For the 1-aminocarbonyl 1,2-diaza-1,3-butadiene5, the diagnostic
signal was the singlet of the methyl group that resonates atδ ) 2.30 ppm.

(14)Procedure for the Synthesis of PEG-Supported 1-Aminocarbonyl
1,2-Diaza-1,3-butadiene 5.Poly(ethylene glycol)methyl ether (average MW
5000)1 (5.00 g) in toluene (40 mL) was refluxed for 3 h in thepresence
of tert-butyl acetoacetate (10 equiv). After completion of the raction, diethyl
ether (60 mL) was added to the mixture to allow the precipitation of the
PEG-boundâ-ketoester2, which was collected by filtration and washed
three times with diethyl ether (20 mL). This latter compund2 was treated
with semicarbazide hydrochloride (5 equiv) and sodium carbonate (5 equiv)
in methanol (50 mL). The reaction mixture was allowed to stand at room
temperature for 5 h toobtain PEG-supported hydrazone3. The reaction
solvent was evaporated under reduced pressure; the crude was dissolved in
dichloromethane (180 mL) and washed with water. The organic layer was
dried on sodium sulfate and PTAB was added portionwise under magnetic
stirring in 1.5 h to obtain polymer-boundR-bromohydrazone4. Then, the
mixture was treated with an aqueous saturated solution of sodium carbonate
(30 mL × 2), and the organic layer was dried on sodium sulfate.
Dichloromethane was evaporated under reduced pressure, and the final
1-aminocarbonyl 1,2-diaza-1,3-butadiene5 was precipitated with diethyl
ether (40 mL), filtered, and washed with diethyl ether (20 mL× 3).

(15)General Procedure for the Synthesis of 2-Thiazolin-4-ones 8a-
j. To a stirred solution of PEG-supported 1-aminocarbonyl 1,2-diaza-1,3-
butadiene (5.00 g) in dichloromethane/methanol (1:4) (8 mL) was added a
solution of thioamides (3 equiv) in methanol (2 mL). After 1.0-4.5 h, the
typical red color of 1,2-diaza-1,3-butadiene disappeared, and a precipitate
appeared. The TLC check revealed the presence of a spot corresponding to
the final 2-thiazolin-4-ones8a-j that were collected by filtration in
satisfactory purity.

(16)Analytical Data of Compound 8d.Yellow solid, mp 200-201°C.
IR (Nujol) νmax 3313, 3147, 1712, 1661 cm-1; 1H NMR (400 MHz, DMSO-
d6) δH 2.27 (s, 3H), 6.22 (brs, 2H), 7.55 (d, 2H,J ) 7.6 Hz), 7.88 (d, 2H,
J ) 7.6 Hz), 9.27 (s, 1H), 11.65 (brs, 1H);13C NMR (100 MHz, DMSO-
d6) δC 15.1 (q), 108.8 (s), 127.9 (d), 130.0 (d), 132.3 (s), 135.8 (s), 143.8
(s), 157.4 (s), 161.2 (s), 162.3 (s). MS (EI)m/z 312 [M+ + 2] (1), 310
[M+] (4), 295 (3), 293 (10), 139 (30), 137 (100).

Table 1. Yields,a Purity, and Reaction Times for the Synthesis
of 2-Thiazolin-4-ones8 a-j

a The yield of the pure isolated products8a-j are based on reagent5
and were determined by weight with the assumption thatMW is 5000 Da
for the PEG fragment. TheMW actually ranged from 4500 to 5500.
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