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Abstract — A facile method for the construction of 2-thiazolin-4-one or
thiazolidin-4-one structure is described. Condensation reactions of thiourea (1a)
and maleimides (2) under solvent-free conditions gave 2-amino-2-thiazolin-
4-ones (3) via Michael-type reaction, while similar reactions of N-substituted
thioureas (1b-d) with 2 afforded 2-iminothiazolidin-4-ones (4). Since the
solvent-free reactions of 1 with 2a afforded 3 in good yields, the synthetic

method was found to be effective from the viewpoint of green chemistry.

2-Thiazoline and thiazolidine derivatives have been reported to exibit pharmacological and biological

activities, respectively. For example some 2-thiazoline derivatives present interesting anti-HIV' and
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anti-canser® activities, while thiazolidine derivatives show insecticidal® and fungisidal® activities. The
classical synthesis of these compounds has been carried out in solution reactions between thioureas and
maleimides or maleic anhydride, and so on® except microwave-assisted solvent-free synthesis.® In
continuation of our studies related to the development of the solid-state organic synthesis,” we report here
a simple and efficient synthetic method for 2-amino-2-thiazolin-4-ones or 2-iminothiazolidin-4-ones
under solvent-free conditions.

A mixture of crystals of 1a (0.20 mmol) and N-methylmaleimide (2b) (0.20 mmol) in a mortar was
ground for 10 min with a pestle. The powder was kept at 60 °C in the glass-tube oven for 24 h. The
reaction mixture was washed with acetone and filtered to give 3ab in 59% yield (Scheme 1). Similar
reaction of N, N’-diphenylthiourea (1c) (0.20 mmol) with maleimide (2a) (0.20 mmol) afforded 4ca in

77% yield. The results of the similar reactions of la-d with 2a-c were summerized in Table 1. Since

RIHNN A 3= o R 0
c=s + | N-RZ —>= 2/ \s N Q
RIHN HzN/Qé NHRZ  pig=
0 . RINT ™ NHR?2
la: R1=H 2a: R2=H 3aa: R%=H 4ba: R'=Et, R2=H
1b: R1=Et 2b: R2=Me 3ab: RZ=Me 4bb: R1=Et, R2=Me
1c: R1=Ph 2¢: R?=Ph 3ac: R?=Ph 4ca: R'=Ph, R2=H

Scheme 1

products 3ab and 4ca were recrystallized from ethanol to give single crystals, the structures of 3ab
(Figure 1)® and 4ca (Figure 2)° were established by X-Ray crystallographic analyses as 2-amino-2-
thiazolin-4-one-5-N-methylacetamide and (Z)-2-(N-phenylimino)-3-phenylthiazolidin-4-on-5-acetamide,
respectively. It was found that the pairs of 3ab were linked together to form planar tricyclic dimers by
pairs of intermolecular hydrogen bonds between amino proton and nitrogen in the 2-thiazoline ring with
H---N distance of 2.12 A (Figure 3). The assignment of the same structures (3 and 4) to other
2-thiazolin-4-ones and thiazolidin-4-ones were based on their 'H NMR, IR and MS spectra that were

analogous to those of 3ab and 4ca.'® Since intermolecular hydrogen bonds were found in 3ab as
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mentioned above the chemical shifts of the amino protons at the 2-thiazoline ring were observed at
lower-field (6 8.69 and 8.90), whose chemical shifts also appeared to 3aa and 3ac. On the other hand, the
amino protons of amido group for 4ca were observed at higher-field (5 7.46 and 7.54). Similar chemical
shifts were also observed to 4ba and 4bb.

Table 1 Reactions of Thioureas (1) with Maleimides (2) in the Solid State® and in Solution.”

yield(%)° in the solid state yield(%)° in solution
thiourea  maleimide 3or4 recovered 2 3or4 recovered 2

la 2a 95 (3aa) 5 96 (3aa) 2
15 (3aa)” 851 100 (3aa)® 0°

2b 59 (3ab) 41 98 (3ab) 2
o¢ 100¢ 100 (3ab)® 0°

2C 26 (3ac) 74 97 (3ac) 1
o¢ 100¢ 99 (3ac)® 1°

1b 2a 95 (4ba) 5 94 (4ba) 6
30 (4ba)" 701 86 (4ba)° 14°

2b 51 (4bb) 49 98 (4bb)

o¢ 100¢ 93 (4bb)® 7°

1c 2a 77 (4ca) 23 98 (4ca) 2
o¢ 100¢ 35 (4ca)° 65°

*Equimolar mixture of 1 and 2 was heated at 60 °C for 24 h. Eqmmolar ethanol solution (0.1 M)
of 1 and 2 was heated atd60 °C for 24 h. “Estimated from NMR analyses based on total integral
between 2 and 3 (or 4). "Equimolar mixture of 1 and 2 was left at room temperature for 7d.

®Equimolar ethanol solution (0.1 M) of 1 and 2 was left at room temperature for 7d.

Since the solvent-free reactions of la-c with 2a
(60 °C, 24h) afforded 3aa, 3ab, and 3ac in good
yields (Table 1), the synthetic method was found

to be effective from the viewpoint of green

Figure 1 ORTEP drawing of 3ab. Figure 2 ORTEP drawing of 4ca.
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chemistry. It was inferred that the molecular packings between la-c and 2a were similar structures to 1:1
complex crystals between 2-pyrones and maleimide using non-covalent interactions which had given
highly selective [2+2] cycloadducts quantitatively by photoirradiation in the solid state.” The decrease in
reactivity of 1a with 2b or 2c compared to that of 1a with 2a in the solid state was estimated to be caused
by the lack of additional intermolecular hydrogen bond like N-H (2a)---O=C observed in the 1:1 complex
crystals between 2-pyrones and 2a. The reaction mechanism was considered to proceed via Michael
addition of the sulfur of 1 to 2 to afford 4 which tautomerized to give 3 in the case of 1a (R'= H) (Scheme

2). It was estimated that the activation H
I O 0

energies of the reactions between 1a and 2a-c S\\(N\H\‘N NHCH,4
|
O s
H;CNH
OO 3

were relatively lower than the similar Michael H"\l

addition containing hetero atom because the ab

Figure 3 Intermolecular hydrogen bonds in 3ab.
reactions in ethanol proceeded to give 3aa,
3ab, and 3ac quantitatively at 60 °C and even

at room temperature.

Rl
\
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daN —— ey
1 SuimH (> 0 RIN 7 N — R?
, H - @)
R\ o)
1, 3-H shift N 0]
= NHR? - / f\/k
A Ri=H HNT Ng NHR?2
3
Scheme 2
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