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A facile and environment-benign oxidation by molecular oxygen was applied for the conversion of 4-car-
boxylate thiazolines to 4-carboxylate thiazoles. The substituent effect on thiazoline ring was investigated.
It was found that electron-poor group on the thiazoline ring could facilitate the oxidation.
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Thiazoles are important building blocks for preparing various
pharmaceuticals. Recently, many natural products containing thia-
zole moiety were isolated and most of them exhibit considerable
cytotoxicities and anti-tumor potentials.! It is presumed that, in
organism, thiazole could be synthesized through a condensation
between amino acid and cysteine, followed by an oxidation by oxi-
dase.? A variety of protocols have been reported for the oxidation
of thiazoline to thiazole.3"® For example, activated manganese
dioxide (MnO,),? nickel oxide (NiO,)* and CBrCl;/DBU? can oxidize
thiazoline to thiazole in excellent yields (Scheme 1, Eqs. 1 and 2).
Although these reagents are quite effective for this conversion,
excessive amount of activated MnO, or NiO, are needed, and
CBrCl; is harmful to the environment. Up to date, few
environment-benign methods and further investigations for this
conversion have been explored.” Herein, we report an oxidation
of 4-carboxylate thiazolines to 4-carboxylate thiazoles using
molecular oxygen as an oxidant (Scheme 1, Eq. 3).

We screened the reaction conditions for this conversion using
3a as the substrate. Choosing potassium carbonate as the base
and anhydrous DMF as the solvent, very low conversion was ob-
served and low yield of the desired product 4a was obtained at
room temperature (Table 1, entry 1). It was found that the reaction
was stepwise and the intermediate alcohol 6, which was fully char-
acterized,® could be isolated. The low yield was due to the incom-
plete consumption of 3a and the incomplete dehydration of 6.
When the reaction temperature was increased to 60 °C (entry 2),
4a was acquired in 52% yield. Although 3a was fully consumed at
this temperature, 6 was not fully dehydrated to furnish 4a. When
the reaction was performed at 80 °C or 100 °C, 6 disappeared after
2 h and the desired product 4a was obtained in 67% and 66% yields,
respectively (entries 3 and 4). At higher temperatures (entries 3
and 4), 4a was found to be partially hydrolyzed, which could be ac-
counted for by the fact that tiny amount of water was generated
during the reaction. In order to suppress the hydrolysis of the ester
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Scheme 1. Synthesis of thiazole from thiazoline.

Table 1
The screening of reaction conditions® 7

S
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Entry Conditions T (°C) Time (h) Yield®
1 DMEF, K,CO; rt 24 12
2 DMEF, K,CO; 60 6 52
3 DMF, K,COs3 80 2 67
4 DMF, K,CO; 100 2 66
5 DMEF, K,CO3, 4 A MS 80 2 77
6 DMF, K,CO3, 4 A MS 100 2 76
7 DMF, K»COs, 4 A MS 80 2 79¢
8 DMEF, NaHCOs, 4 A MS 80 6 75
9 EtOH, NaHCOs, 4 A MS 78 24 37
10 EtOH, K,CO3, 4 A MS 78 8 66

? Reactions were performed on a 0.5 mmol scale with inorganic bases (3 equiv)
and open to air.

b Isolated yields after flash column chromatography.

¢ The reaction was performed with O, (balloon).
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Table 2
Oxidation of 4-carboxylate thiazolines to 4-carboxylate thiazoles by molecualr oxygen
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2 Reactions were performed in DMF on a 0.5 mmol scale with K,CO5(3 equiv) and molecular sieves (4 A, 200 wt %).°
b A: the reaction was open to air; B: the reaction was performed with O, (balloon).
¢ Isolated yields after flash column chromatography.
d

The starting material was not completely consumed after 24 h.
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group in 4a, we added molecular sieves (4 A, 200 wt %) to absorb
the water generated during the reaction. Gratifyingly, under the
new condition the yield of 4a was increased significantly (entries
5 and 6). When molecular oxygen, in lieu of air, was used as the
oxidant, 4a was obtained in 79% yield, which is close to that
obtained with air (entry 7). The reactions were rather slow when
NaHCO; was used as the base or anhydrous EtOH was used as
the solvent (entries 8-10).

With the optimized condition in hand, we then examined the oxi-
dation of a variety of 2-substituted thiazolines and the results are
summarized in Table 2. We found that various thiazole derivatives
with aryl groups could be obtained using this protocol (entries 1-
11). The substrates with aryl groups generally afforded the desired
products in moderate to good yields, although prolonged reaction
time was required for substrates bearing electron-rich aryl groups
(entries 10 and 11). However, for the substrates with alkyl substitu-
ent at 2-position, the reaction proceeded sluggish and most of the
substrates were not consumed even after 24 h (entry 12). Gratify-
ingly, higher yields could be achieved for substrates with alkyl group
when molecular oxygen was used instead of air (entries 12-14).
These results shown in Table 2 indicated that electron-deficient
group at 2-postion of the thiazoline ring could facilitate the
oxidation.

In conclusion, we have developed a clean and facile oxidation of
4-carboxylate thiazolines to 4-carboxylate thiazoles by molecular
oxygen in moderate to good yields. This process is mild and envi-
ronment-benign. Moreover, this work could provide a useful meth-
od for the preparation of thiazole-containing building blocks.
Further investigations of this methodology for synthesis of thia-
zole-containing natural products are in progress and will be re-
ported in due course.
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