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ABSTRACT

A catalyst-free intramolecular oxidative cyclization reaction of N-allylbenzamides has been developed to prepare 2,5-disubstituted oxazoles with
good yields. This reaction gives an efficient synthetic strategy to form an oxazole nucleus directly from easily accessible substrates under
temperate conditions.

The oxazole nucleus is an important structure in many
natural products and compounds with biological or phar-

maceutical activities.1�4 2,5-Substituted oxazoles also

serve as useful building blocks in organic synthesis,5 es-

pecially as intermediates for the formation of polysub-

stituted oxazoles.6 There are many synthetic strategies

available for the preparation of the oxazole nuclei,7 and

the use of N-propargylbenzamides as starting materials

with Au,8 Pd,9 Ag,10 Cu,11 and Mo12 catalysts is of great

importance. However, there are still shortcomings, such as

harsh reaction conditions and the use of expensive catalysts.
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Efficient, catalyst-free, synthetic methods for securing

oxazoles remain of importance.
There have been some reports about the formation of

oxazolines from N-allylbenzamides,13 which needed an
additional oxidant to form the oxazoles.14 However, the
direct synthesis of oxazoles from the readily available
N-allylbenzamides still remains unexplored until now.
So, we decided to explore an efficient tandem method-
ology for the preparation of 2,5-substituted oxazoles
with N-allylbenzamides as starting materials. Herein, we
wish to report a new route to 2,5-substituted oxazoles via
intramolecular oxidative cyclization of N-allylbenzamides
under temperate conditions without the use of any catalyst.
Our studies on this reaction began by choosing 1a as the
model substrate, to test the possibility of cycloaddition under
the oxidation of NBS (Scheme 1).

Wewere delighted to find the yield of thismodel reaction
was good when the starting material 1a was treated with
NBS (3.0 equiv) in ClCH2CH2Cl at 80 �C (Table 1, entry
1). This resulted in the 2,5-substituted oxazole 2a, along
with a 19% yield of the dibrominated product 3a. No
cyclization product was found when the reaction was
decreased to 50 �C, and only 3awas obtained in 43% yield
(entry 3). No reaction took place when the temperature
was further decreased to room temperature (entry 2). The
best result was obtained when the reaction was kept at
100 �C. The highest yield was 88% (entry 4). The reaction
time also had a great effect on the reaction, and a dramatic
lower yield was found when the reaction was stopped at
12 h (entry 5). After investigation of the solvents, we found
that the treatment of 1 in dioxane or CH3CN gave only
product 3a, which was just the bromine addition product
to the allyl group in 1 (entries 7 and 9). The use of other
solvents did not improve this reaction (entries 8, 10, and 11).
Furthermore, the addition ofH2Oalso inhibited it (entry 6).
When NCS, NIS, or PhI(OAc)2 was used instead of NBS,

we did not get the expected cyclization products (entries 12,
13, and 14). When Br2 or the combination of Br2/K2CO3

was used in this reaction, the brominated product 3a

wasobtained inhighyield andonlya traceamountof2awas

detected (entries 15 and 16). Overall, ClCH2CH2Cl was

found to be the most effective solvent for this oxidative

cyclization process using NBS as the oxidant at 100 �C.

Under the optimized conditions, the scope of the N-
allylbenzamide substrates was examined (Table 2). Be-
cause increased reaction times decreased the yield of this
reaction, for each substrate this parameter was examined
carefully. As shown in Table 2, the intramolecular cycliza-
tion can proceed smoothly for a wide range of substrates,
resulting in moderate to excellent chemical yields. We
found that the reaction of substrates with strong electron-
withdrawing groups on the aromatic ring proceeded very
rapidly. The reaction could complete within 2 h (entries
2, 9, and 10). Contrastingly, the existence of a strong
electron-donating group on the aromatic ring inhibited
this reaction, even prolonging the reaction time to 48 h
(entry 16). It was also found that substrate 1o with a
1-naphthyl group worked well in the system with a mod-
erate yield (entry 15). Varying steric effects of the sub-
strates had no dramatic effect on the reaction; these sub-
strates still provided good yields (entries 2, 7, and 11�13).
Notably, in the case of 1h, the reaction gave the cycliza-
tion product, along with the methyl group on the para-
position of the phenyl ring brominated by NBS (entry 8).

Scheme 1. NBS-Mediated Cyclization of N-Allylbenzamides

Table 1. Optimization of the Oxidative Cyclization of
N-Allylbenzamidea

entry oxidative solvent

temp

(�C)
t

(h)

2a

(%)b
3a

(%)b

1 NBS DCE 80 24 72 19

2 NBS DCE rt 24 NR

3 NBS DCE 50 24 0 43

4 NBS DCE 100 24 88 0

5 NBS DCE 100 12 52 30

6 NBS DCE 100 24 NRc

7 NBS CH3CN 100 24 0 45

8 NBS toluene 100 24 NR

9 NBS dioxane 100 24 0 80

10 NBS DMF 100 24 NR

11 NBS HOAc 100 24 0 87

12 NCS DCE 100 24 NR

13 NIS DCE 100 24 NR

14 PhI(OAc)2 DCE 100 24 NR

15 Br2 DCE 100 24 0 99

16 Br2/K2CO3 DCE 100 24 <5 91

aAll reactions were performed at 0.1Mwith 3.0 equiv of oxidant in a
sealed tube. b Isolated yields. c 2.0 equiv of water were added.
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The structure of 2d was identified by single-crystal X-ray
diffraction analysis (Figure 1).

To gain insight into the reaction mechanism, we tried to
isolate the intermediate of this reaction. Decreasing the
reaction temperature or reducing the reaction time led to
the dibrominated product 3a. After careful isolation of
compound 3a, we used it as starting material to perform
the reaction under the same reaction conditions (Scheme 2).
To our delight, 3a could be converted into 2a in high chem-
ical yield under the same reaction conditions (89% yield).
Thus, compound 3amaybe the intermediate or the captured
intermediate of this oxidative cyclization procedure.
On the basis of the above experimental results, a plau-

sible reaction mechanism for this intramolecular reaction
is proposed inScheme3. It includes anoxidation/cyclization

process. Initially,N-allylbenzamide 1a reacts withNBS to
form the dibrominated intermediate 3a, which also exists as
its imidic tautomer A. Intermediate A ungergoes intramo-
lecular nucleophilic attack by the oxygen atom to form the
cyclic intermediate B, along with loss of HBr. Intermediate
B is then quickly brominated by NBS at 100 �C resulting in
intermediate C, which proceeds through the elimination
reaction to afford the target product 2a.8a,14b

The presence of the C�Br bond in the obtained 2,5-
substituted oxazoles provided an easy access to other
useful organic blocks (Scheme 4). When the product 2d

Table 2. Synthesis of 2,5-Disubstituted Oxazoles from
N-Allylbenzamide Substratesa

entry Ar product t (h) yield (%)b

1 C6H5 2a 24 88

2 2-ClC6H4 2b 1 70

3 3-ClC6H4 2c 12 69

4 4-ClC6H4 2d 12 88

5 4-FC6H4 2e 2 78

6 4-BrC6H4 2f 2 81

7 2-MeC6H4 2g 12 75

8 4-MeC6H4 2h 8 60c

9 4-CF3C6H4 2i 1 60

10 4-NO2C6H4 2j 1 77

11 2,3-diCl-C6H3 2k 12 62

12 2,4-diCl-C6H3 2l 2 72

13 2,6-diCl-C6H3 2m 2 91

14 3,4-diCl-C6H3 2n 2 76

15 1-naphthyl 2o 12 53

16 4-MeOC6H4 - 48 NR

aAll the reactions were performed at 0.1 M with 3.0 equiv of NBS in
ClCH2CH2Cl at 100 �C in a sealed tube. b Isolated yields. cThe para-methyl
group of the phenyl ring was also substituted by NBS to be BrCH2C6H4.

Figure 1. X-ray crystallography for 2d.

Scheme 2. Insights into the Mechanism

Scheme 3. Possible Mechanism

Scheme 4. Some Reactions of 2d
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was treated with acetone/water at room temperature for
4 h, 4d15 with an exocyclic hydroxyl group was quantita-
tively obtained. Product 2d was also easily aminated by
treatment with BnNH2 in CH2Cl2 at room temperature to
afford 5d in 82% yield.
In conclusion, we have developed a facile catalyst-free

pathway for the synthesis of 2,5-substituted oxazoles
directly from N-allylbenzamides. This reaction involves
readily available starting materials and tolerates a wide
scope of substrates affording good yields. Subsequent
research will focus on application of this methodology to
access polysubstituted oxazoles.
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