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A highly efficient synthesis of polysubstituted oxazoles was developed via a copper-catalyzed tandem oxidative cyclization. The desired
products can be obtained from readily available starting materials under mild conditions. This is an attractive alternative method for the

synthesis of oxazole derivatives.

The ubiquitous oxazoles have attracted more and more
attention in both industrial and academic fields for decades.*
This interest arises from the fact that a variety of natura
and synthetic compounds which contain the oxazole sub-
structure exhibit significant biological activities such as
anticancer, antifungal, antitumor, anti-inflammatory, and
antiviral properties.? For instance, Leucamide A and its
analogues, which are very important anticancer reagents,’
are mainly composed of several oxazole moieties. Moreover,
oxazole derivatives can also be employed as organic materi-
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als, such as a corrosion inhibitor.* Owing to their important
applications, various synthetic methodologies of oxazole
derivatives have been developed.® Classical procedures for
the synthesis of oxazoles include a cyclodehydration of
acyclic precursors,®’ the coupling of the prefunctionalized
oxazoles with organometallic reagents,® and the oxidation
of oxazolines.® However, these methods always suffered from
the limitation of harsh conditions and tedious synthetic
procedures. As far as we know, the reports for the direct
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approach to the highly functionalized oxazoles are rare.*
Therefore, developing a milder and more general procedure
to access polysubstituted oxazole derivatives is till highly
desirable.

Copper, among transition metals, is particularly attractive
in organic synthesis because of itslow price, slight toxicity,
and environmentally benign feature.** Collectively, there are
many reports on copper-catalyzed oxidative C—H bond
activation.* For example, the Li group has reported a cross
dehydrogenative coupling (CDC) reaction in the presence
of copper and the corresponding oxidant.** Herein, we
developed a novel and efficient copper-catalyzed oxidative
tandem cyclization from easily available benzylamines and
1,3-dicarbonyl derivatives, providing the polysubstituted
oxazole derivatives with moderate to good yields.

To initiate our study, the reaction of ethyl acetoacetate
with benzylamine was chosen as a model reaction in the
presence of a copper source and t-BuOOH (TBHP) solution
in n-hexane at room temperature.** It was found that the
reaction led to the desired product ethyl 5-methyl-2-phenyl-
oxazole-4-carboxylate with a yield of 9% (Table 1, entry
1). Then we optimized the reaction conditions further to
increase the reaction yield. However, changing the reaction
temperature or modulating the reaction time had no positive
influence on this reaction. The addition of benzylamine in
two portions can increase the yield (Table 1, entry 2) and
avoid the oxidation of benzylamine. After a series of tries,
we introduced different additives to the reaction system to
improve the reaction efficiency. It was noted that the addition
of 1.2 equiv of NBS or iodine could enhance the reaction
yield up to 35% and 56% respectively (Table 1, entries 3
and 4). Following these results, the other oxidants, such as
t-BuOOt-Bu, TBHP, and air, were tested for this reaction in
the presence of molecular iodine. Among them, TBHP
solution in n-hexane gave the best result (Table 1, entries
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Table 1. Optimization of the Reaction Conditions®

o}
OEt
M catalyst, oxidant N/Q
BnNH, + OEt aqditive, solvent, rt )I\
ph” O
1a 2a 3a
entry catalyst oxidant  additive solvent yield (%)°
1° Cul TBHP - CH3;CN 9
2 Cul TBHP - CH3CN 15
3 Cul TBHP NBS CH;CN 35
4 Cul TBHP I, CH;3;CN 56
5 Cul Air I, CH3;CN 17
6 Cul t-BuOO¢-Bu I, CH3;CN 34
74 Cul TBHP I, CH3;CN 29
8 - TBHP I, CH;CN 32
9 CuCl TBHP I, CH;3;CN 53
10 Cu(OAc)»H,O TBHP I, CH;CN 61
11  CuBr TBHP I, CH3;CN 57
12  Cu(OAc)»H,O TBHP I, toluene 0
13 Cu(OAc)»H,O TBHP I, THF 39
14  Cu(OAc)yH,O TBHP I, EtOH 43
15 Cu(OAc)#H,O TBHP I, DMF 93
16  Cu(OAc)#H,O TBHP I, dioxane 0
17 Cu(OAc)#H,O TBHP I, DMF 73

@ Reaction conditions: benzylamine (2 equiv, addition in two portions),
ethyl acetoacetate (1 equiv, 0.5 mmol), catalyst (0.05 mmol, 10 mmol %),
oxidant (2 equiv), additive (1.2 equiv), solvent (3 mL). The reaction was
performed for 6 h. ® Determined by GC-MS with internal standard.
¢ Addition of benzylamine in one portion. ¢ Aqueous TBHP (70%) was used
as oxidant. © The reaction was carried out at 60 °C.

4—6). Aqueous TBHP disfavored this reaction, nevertheless,
resulting in a poor yield of 29% (Table 1, entry 7).
Subsequently, different copper salts were examined in the
reaction. Without copper catalysts, the reaction was carried
out inefficiently, and the desired product was obtained with
apoor yield of 32% (Table 1, entry 8). Normaly, al of these
copper salts can catalyze this reaction and improve the reaction
yields. Among these different copper salts, Cu(OAc)»>H,0 was
the best catalyst for this reaction, and the corresponding yield
was enhanced up to 61% (Table 1, entries 9—11). Afterward,
various solvents were screened for this reaction. When the
reaction solvent was changed from acetonitrile to toluene or
dioxane, no product was observed. When THF or ethanol was
employed as the reaction solvent, the desired oxazole was
obtained in alower yield of 43% and 39%, respectively (Table
1, entries 12—16). Findly, it was found that DMF was the most
suitable solvent for this reaction, with which the highest yield
of 93% was obtained (Table 1, entry 15). The reaction
temperature also had great influence on the reaction. Raising
the reaction temperature incurred alower yield, while reducing
the reaction temperature led to a dower reaction rate (Table 1,
entry 17). In compromise, room temperature should be the
optimized reaction temperature.

Finally, the optimal reaction condition was obtained, that
is, 2 equiv of benzylamine (1la) and 1 equiv of ethyl
acetoacetate (2a) as substrates, 0.01 equiv of copper acetate
as catalyst, 2 equiv of TBHP as oxidant, and 1.2 equiv of
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iodine as additive; DMF was the reaction solvent at room
temperature. With the optimized conditions in hand, the
scope of the reaction substrates was investigated. First, we
examined the reaction with a series of 1,3-dicarbonyl
compounds, and the results are listed in Scheme 1. From

Scheme 1. Copper-Catalyzed Oxidative Cyclization with
Different 1,3-Dicarbonyl Compounds®
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@ Reaction conditions: benzylamine (2 equiv), 1,3-dicarbonyl compounds
(2 equiv, 1 mmol), Cu(OACc)>H,0 (0.1 mmoal, 10 mmol %), TBHP (2 euqiv),
I, (1.2 equiv), DMF (3 mL). Isolated yield was given.

Scheme 1 it was found that various substrates were converted
into the corresponding products with moderate to good yields
under the conditions. For example, (-keto esters with
different alkyl substituents could provide the corresponding
products with high yields regardless of the difference of the
substituent (Scheme 1, 3a—3g). This meant that steric effect
and electronic effect had little influence on the reaction. The
reaction condition was so mild that the unsaturated functional
group can survive the reaction. For example, 3h was obtained
smoothly in a yield of 78% (Scheme 1, 3h) without any
change of styrene group, whose structure was also confirmed
by X-ray crystallography.’®> When the reaction substrates
were switched from S-keto esters to -diketones, the reac-
tions can be carried out smoothly to give the corresponding
products with good yields (Scheme 1, 3i—3j). When $-keto
ester was replaced with 5-keto amide (3-oxo-N-phenylbu-
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tanamide), the reaction gave the product with a lower yield
of 38% (Scheme 1, 3k).

Next, different benzylamine derivatives were investigated
as the reaction substrates (Scheme 2).

Scheme 2. Copper-Catalyzed Oxidative Cyclization with
Different Benzylamine Derivatives™>°
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2 Reaction conditions: benzylamine derivatives (2 equiv), ethyl aceto-
acetate (1 equiv, 1 mmol), Cu(OAc)»H,0 (0.1 mmol, 10 mmol %), TBHP
(2 euqiv), I, (1.2 equiv), DMF (3 mL). Isolated yield was given. ° Ethyl
3-oxohexanoate as substrate. © Butylamine as substrate.

Electron-withdrawing substituents on the aromatic ring
were more beneficia for this transformation, while the
electron-donating group decreased the reaction yields (Scheme
2, 31—3q). Steric effect also had a dightly adverse influence
on the reaction. For instance, (2-chlorophenyl)methanamine
gave a lower reaction yield (Scheme 2, 3r). Then severd
heterocyclic amines were employed as the reaction substrates
and the corresponding reactions afforded the oxazoles with
moderate to good yields (Scheme 2, 3s—3u). However,
butylamine failed to yield the desired product (Scheme 2,

Org. Lett, Vol. 12, No. 10, 2010



3v). This perhaps implied that it was necessary for a weak
C—H bond to be adjacent to the amino group for this
reaction.

To explore the reaction process, the reaction of ethyl
2-iodo-3-oxobutanoate with benzylamine was performed in
the presence of copper acetate and TBHP. It was found that
the reaction can give the oxazole product with a yield of
53%, as shown in Scheme 3. On the basis of the experimental

Scheme 3. Reaction of Benzylamine with Ethyl
2-1odo-3-oxobutanoate
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1a i Ph
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results and the previous reports,*>*® we proposed a tentative

mechanism, as shown in Scheme 4. First, 4 is formed from
la and 2a in the presence of iodine. The oxidation of 4 and
coordination of copper ions provides 5, which undergoes an
intramolecular cyclization via an oxygen atom attacking to
double bonds and gives the intermediate 6 in a tandem
process. Further oxidation of 6 affords the product 3a.

In summary, we developed afacile and efficient oxidative
synthesis of polysubstituted oxazoles from readily available
starting materials. This transformation from benzylamine and
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= 90.000°, 8 = 95.5°, u = 90.000°, V = 1917.1 A3, Z = 4, D, = 1.204
g/cm?, F(000) = 736, u = 0.080 mm™ 2, crystal dimensions 0.30 x 0.24 x
0.20 mm was used for measurement on a CrysAlis RED, Oxford Diffraction
Ltd. diffractometer with a graphite monochromater. | > 20(1). Final indices:
R1 = 0.0384, wR2 = 0.0595. The crystal structure of compound 3h was
solved by direct method SHLXS-97 (Sheldrick, 1990) and expanded using
difference Fourier technique, refined by the program SHLXL-97 (Sheldrick,
1997) and the full-matrix least-squares calculations. CCDC 756060.
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Scheme 4. Possible Mechanism for the Copper-Catalyzed

Formation of Oxazoles
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p-diketone derivatives into oxazoles was achieved involving
atandem oxidative cyclization. In contrast to the traditional
synthetic methods for oxazoles, the reaction condition was
much milder, and the reaction substrates were extended.
Therefore, this method is an attractive alternative to synthe-
size oxazoles. The investigation of the reaction mechanism
isin process in our laboratory.
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