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1. Procedure

A. N-2-Bromophenylbenzamide. An oven-dried, three-necked, 500-mL
round-bottomed flask equipped with an egg-shaped magnetic stirring bar
(%" x 1%4"), a rubber septum, a calcium chloride guard tube, and a 25-mL
pressure-equalizing addition funnel (capped with a rubber septum) is
sequentially charged at room temperature with 2-bromoaniline (16.2 g,
94.0 mmol) (Note 1) and THF (100 mL) (Note 2). The solution is cooled to
0 °C in an ice-water bath. Benzoyl chloride (12.0 mL, 103 mmol, 1.10
equiv) (Note 3) 1s added dropwise into the flask via the addition funnel over
25 min. The resulting light purple suspension is allowed to warm to ambient
temperature (21 °C) over 1 h, and stirring is continued for an additional 20 h.
The solvent is removed by a rotary evaporator under reduced pressure
(74 mmHg) at 40 °C, and the light pink solid is treated with EtOAc (300
mL). The light pink suspension is transferred into a 500-mL separatory
funnel and washed successively with 5% (w/v) aqueous sodium bicarbonate
(2 x 100 mL) (Note 4) and saturated aqueous sodium chloride (100 mL)
(Note 5) solutions. The organic solution is dried over sodium sulfate (50 g)
(Note 6), filtered through a fine-porosity fritted-glass funnel and the sodium
sulfate is washed with ethyl acetate (20 mL). The solvent is removed by a
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rotary evaporator under reduced pressure (74 mmHg) at 40 °C to give a tan
solid, which is dissolved in 80% aqueous ethanol (150 mL) at 72 °C (Note
7). The solution is allowed to cool to ambient temperature and aged for 17 h.
The resulting solid is collected by suction filtration on a Biichner funnel,
washed with 10% aqueous ethanol (50 mL), transferred to a filter paper, air
dried and then dried under high vacuum (0.11 mmHg) at 80 °C for 16 h to
give the title compound as white needles (20.4 g, 79%) (Note 8).

B. 2-Phenylbenzoxazole. An oven-dried, 100-mL, single-necked, round-
bottomed flask equipped with an egg-shaped (1” x ¥4") magnetic stirring bar,
a rubber septum, and an argon inlet adapter is charged with N-2-
bromophenylbenzamide (10.5 g, 38.0 mmol), cesium carbonate (18.6 g,
57.0 mmol, 1.50 equiv) (Note 9), copper oxide nanoparticles (302 mg,
10 mol%) (Note 10) and DMSO (38 mL) (Note 11). The resulting black
mixture 1is stirred in an oil bath at 110 °C wuntil the N-2-
bromophenylbenzamide is completely consumed as judged by LC-MS
analysis (40 h) (Note 12). The mixture is removed from the oil bath, allowed
to cool to ambient temperature, and transferred to a 500-mL separatory
funnel with the aid of ethyl acetate (150 mL) and water (200 mL). The layers
are separated, and the aqueous layer is extracted with ethyl acetate (4 x
100 mL). The combined organic extracts are dried over Na,SO, (50 g) and
filtered through a fine-porosity fritted-glass funnel. The WNa,SO, is
suspended in dichloromethane (100 mL) and stirred at room temperature for
18 h and filtered through a fine-porosity fritted-glass funnel. The filtrates are
combined and the solvent is removed by a rotary evaporator under reduced
pressure (35 mmHg) at 40 °C to give a black solid. The black solid is
dissolved in a minimum amount of dichloromethane and adsorbed onto 15 g
of silica gel (Note 13). The solvent is removed under reduced pressure and
the resulting solid is charged onto a silica gel chromatography column (80 g
RediSep” Ry) (Note 13) and eluted using ethyl acetate in hexane to afford the
title compound as a white solid (5.90 g, 80%) (Note 14).

2. Notes

1. 2-Bromoaniline was purchased from Aldrich Chemical Company,
Inc. and used without further purification.

2. THF (anhydrous, > 99.9%) was purchased from the Aldrich
Chemical Company, Inc. and used as received.
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3. Benzoyl chloride was purchased from the Aldrich Chemical
Company, Inc. and used as received.

4. Sodium bicarbonate was purchased from the Aldrich Chemical
Company, Inc. and used as received.

5. Saturated sodium chloride solution was purchased from Teknova.

6. Sodium sulfate was purchased from the Aldrich Chemical
Company, Inc.

7. Ethanol was purchased from Aaper Alcohol and Chemical Co.

8. The product (white solid) exhibits the following properties: mp
111-113 °C; "H NMR (400 MHz, CDCl;) &: 6.98-706 (m, 1 H), 7.38 (t, J =
7.6 Hz, 1 H), 7.47-7.63 (m, 4 H), 7.94 (d, J=7.2 Hz, 2 H), 8.46 (br s, 1 H),
8.56 (d, J = 8.2 Hz, 1 H); °C NMR (100 MHz, CDCL) §&: 113.7, 121.7,
125.2, 127.1, 128.5, 128.9, 132.1, 132.2, 134.6, 135.8, 165.2; IR (ATR:
Attenuated Total Reflectance): 3217, 1651, 1575, 1515, 1500, 1428, 1296,
1251, 1044, 1026 cm™; MS (ESI) m/z: 277.0 (M™+1). Anal. calcd. for
C3H;0BrNO: C, 56.55; H, 3.65; N, 5.07. Found: C, 56.38; H, 3.67; N, 4.87.

9. Cesium carbonate (99%) was purchased from the Aldrich
Chemical Company, Inc. and used without further purification.

10. Copper oxide nanoparticles (particle size = 28 nm, surface area 33
m’/g) were purchased from the Aldrich Chemical Company, Inc. The
reaction rate appeared to be highly dependent on the size of the copper oxide
nanoparticles. For example, under the reaction conditions described above,
an 84:13 ratio of N-2-bromophenylbenzamide:2-phenylbenzoxazole was
observed by LCMS after 15 h using 40 nm copper oxide nanoparticles, while
the same reaction using 28 nm copper oxide nanoparticles yielded a ratio of
45:49.

11. DMSO (anhydrous, >99.9%) was purchased from the Aldrich
Chemical Company, Inc. and used as received.

12. A small amount of the reaction mixture was taken out and diluted
with ethyl acetate and water. The organic extract was analyzed by an Agilent
1100 Series LCMS with UV detection at 254/220 nm and a low resonance
electrospray mode (ESI). Using a 5-minute method (Agilent Zorbax SB-C18
column, 3.0 mm x 50 mm, 3.5 mm; A: 0.1% TFA in water and B: 0.1% TFA
in acetonitrile; 1.5 mL/min; 0.0-0.2 min: 10% B; 0.2-3.0 min: 10-100% B;
3.0-4.5 min: 100% B; 4.5-5.0 min: 100-10% B; 1.5 min post time; 2.0 uL
injection), the retention times of N-2-bromophenylbenzamide and 2-
phenylbenzoxazole are determined to be 2.16 min and 2.37 min,

respectively.
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13. Silica gel (200-400 mesh) was purchased from the Aldrich
Chemical Company, Inc.

14. The crude product is purified using a CombiFlash® R; flash
chromatography system equipped with an 80 g RediSep” R silica column.
The product is eluted with 0% to 15% ethyl acetate/hexane and the product
separation is monitored by an internal UV detector at 254 nm. The product
(white solid) exhibits the following properties: mp 100-102 °C; 'H NMR
(400 MHz, CDCly) &: 7.30-7.41 (m, 2 H), 7.47-7.63 (m, 4 H), 7.77-7.80 (m,
1 H), 8.19-8.32 (m, 2 H); °C NMR (100 MHz, CDCl;) &: 110.6, 120.0,
124.6, 125.1, 127.1, 127.6, 128.9, 131.5, 142.1, 150.8, 163.1; IR (ATR):
1617, 1552, 1472, 1446, 1344, 1241, 1197, 1052, 1021 cm™'; MS (ESI) m/z:
195.9 (M'+1). Anal. calcd. for C;3HoNO: C, 79.98; H, 4.65; N, 7.17. Found:
C, 79.95; H, 4.60; N, 7.11. The second run was run on half the scale and the
yield obtained was 79%.

Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in
accordance with “Prudent Practices in the Laboratory”; National Academies
Press; Washington, DC, 2011.

3. Discussion

Benzoxazoles are important structural motifs present in numerous
natural products and biologically active compounds.> The classical
methods used for their preparation involve the condensation of 2-
aminophenol with either carboxylic acids in the presence of acids or
aldehydes under oxidative reaction conditions’ These methods, however,
have limitations due to non-availability of the suitably substituted starting
materials and, in some cases, the requirement for harsh reaction conditions,
such as elevated temperature and strong acid. The recent development of
cross-coupling reaction using copper-catalysis provides a straightforward
route to substituted benzoxazoles by intramolecular C-O cross-coupling
under relatively milder conditions.*

The present protocol describes the cyclization of N-2-
bromophenylbenzamide to afford 2-phenylbenzoxazole via C-O cross-
coupling in the presence of 10 mol % of CuO nanoparticles and 1.5 equiv of
Cs,CO; in DMSO at moderate temperature.5 The catalyst is cheap,
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commercially available, air stable, recyclable and catalyzes under ligand-
free conditions.

Table 1 represents the scope of the procedure. Both the aromatic and
aliphatic  N-2-bromophenylamides undergo cyclization to give the
corresponding 2-aryl and 2-alkyl benzoxazoles in good to high yield.

Table 1. CuO Nanoparticles Catalyzed Synthesis of 2-Substituted

Benzoxazoles
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8 With the exception of entry 1 (38 mmol scale), all reactions are performed on a 20 mmol
scale and the products are purified by column chromatography using hexane and ethyl acetate
as eluent. ® Reaction performed at 120 °C with 2.0 equiv of Cs,COs.
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Appendix
Chemical Abstracts Nomenclature;(Registry Number)

2-Phenylbenzoxazole; (833-50-1)

N-2-Bromophenylbenzamide; (70787-27-8)

2-Bromoaniline: Benzenamine, 2-bromo-; (615-36-1)

Benzoyl chloride; (98-88-4)

Cesium carbonate: Carbonic acid, cesium salt (1:2); (534-17-8)
Copper(II) oxide nanoparticles: Copper oxide (CuO); (1317-38-0)
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