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ABSTRACT: A simple and practical method for the synthesis of
substituted oxazoles has been developed using readily available α-
bromoketones and benzylamines by visible-light photocatalysis at room
temperature. The process, which requires 1 mol % of [Ru(bpy)3]Cl2
photocatalyst with K3PO4 and CCl3Br, is effective for accessing a variety
of valuable oxazole compounds. The synthetic utility of our protocol was
also demonstrated by preparing a natural product, texaline.

■ INTRODUCTION

The oxazole motif is one of the most widely occurring
heterocycles in biologically active molecules and natural
products and has attracted interest from both industry and
academia.1 In particular, 2,5-disubstituted and 2,4,5-trisubsti-
tuted oxazoles2 are found in numerous natural products and
pharmacologically active molecules such as the antimycobacte-
rial natural product texaline,2b,3 antipancreatic cancer agent PC-
046,2e potent monoamine oxidase inhibitor pimpirinine,2f

antidiabetic agent AD-5061,4 and peptide alkaloid (−)-mus-
coride A5 (Figure 1). Oxazoles also have applications as
important structural motifs in fluorescent dyes2f,6 and
polymers.7

Due to their significant importance, several methodologies
have been developed to construct functionalized oxazole
skeletons.8 In general, the motif is generated by cyclization of
acyclic precursors9 and oxidation of oxazolines.10 However,
there is still significant scope for the development of a single-
step method from readily available starting materials under mild
reaction conditions. Recently, easily accessible α-bromoketones
were utilized by Moses et al.11 and Zhang et al.12 for the
synthesis of substituted oxazoles [Scheme 1 (1)]. Despite their
efficiency and broad substrate scope, these methods suffer from

limitations associated with the use of a stoichiometric amount
of silver reagent or oxidants at high reaction temperature by
microwave or conventional heating.
In another arena, visible-light photoredox catalysis has

attracted significant attention.13 In continuation of our previous
studies for the visible-light-induced synthesis of heterocycles,14

we developed a practical method for the synthesis of
substituted oxazoles from α-bromoketones and benzylamine
derivatives utilizing a Ru photocatalyst under visible light
irradiation at room temperature [Scheme 1 (2)].

■ RESULTS AND DISCUSSION
We started the investigation by using 2-bromoacetophenone 1a
and benzylamine 2a as model substrates in the presence of 2
mol % of [Ru(bpy)3]Cl2 photocatalyst, 2 equiv of CCl3Br, and
3 equiv of K3PO4 in 0.2 M DMF at room temperature. The
desired 2,5-diphenyloxazole 3aa was formed in 70% yield under
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Figure 1. Biologically active molecules containing the oxazole
structural motif.

Scheme 1. Synthesis of Oxazoles from α-Bromoketones
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visible-light irradiation (Table 1, entry 1). Blank experiments in
the absence of any one of visible light, [Ru(bpy)3]Cl2, CCl3Br,
or K3PO4 did not provide 3aa, confirming that all of the
reagents are essential for oxazole synthesis (Table 1, entries 2−
5). Among various Ru- and Ir-based photocatalysts and an
organophotocatalyst (Eosin Y), [Ru(bpy)3]Cl2 showed the
highest activity (Table 1, entries 1 and 6−9). Several inorganic
and organic bases were also tested, but K3PO4 was found to be
optimal (Table 1, entries 1 and 10−13). Notably, the use of
other radical mediators such as TBHP or diphenyl disulfide
instead of CCl3Br was ineffective for the transformation (Table
1, entries 14 and 15). Among various solvents, including DMF,
DMSO, MeCN, THF, and MeOH, DMF worked best (Table 1,
entries 1 and 16−19). Photocatalyst loading was optimized to 1
mol % (Table 1, entries 1 and 20−22). Next, the stoichiometry
of K3PO4, CCl3Br, and 2a was investigated; the use of 3 equiv
of K3PO4, and 1.5 equiv of CCl3Br and 2a was found to be
optimal (Table 1, entries 1 and 23−28). Finally, the effect of
reagent concentration was investigated, and the best yield of
3aa was obtained under dilute (0.1 M) conditions (Table 1,
entries 1, 29, and 30). The presence of molecular oxygen

prevented the formation of the desired oxazole in presence or
absence of CCl3Br (Table 1, entries 31 and 32).
Under the optimized conditions, the α-bromoketone

substrate scope of the method was investigated (Table 2). 2-
Bromoacetophenones containing both electron-donating and
electron-withdrawing substituents underwent cyclization with
benzylamine 2a to afford the corresponding 2,5-disubstuted
oxazoles in moderate-to-excellent yields (Table 2, 3aa−ka). An
aliphatic α-bromoketone, 1-bromo-3,3-dimethyl-2-butanone
(1l), and a conjugated α-bromoketone, (E)-1-bromo-4-phenyl-
but-3-en-2-one (1m), were also suitable substrates to give 5-
tert-butyl-2-phenyloxazole (3la) and (E)-2-phenyl-5-styrylox-
azole (3ma), respectively. In addition, a trisubstituted oxazole,
2,4,5-triphenyloxazole (3na), could be synthesized by using 2-
bromo-2-phenylacetophenone (1n) with benzylamine despite
the low yield. On the other hand, α-bromoesters such as ethyl
2-bromoacetate (1o) and diethyl 2-bromomalonate (1p) were
found to be poor substrates for the transformation.
Next, we explored the substrate scope using various

benzylamine derivatives with 2-bromoacetophenone 1a
(Table 2, 3ab−ae). The reactions proceeded smoothly to

Table 1. Optimization of Reaction Conditionsa

entry photocatalyst (mol %) additive (equiv) base (equiv) solvent (conc) yieldb (%)

1 [Ru(bpy)3]Cl2 (2) CCl3Br (2) K3PO4 (3) DMF (0.2 M) 70
2c [Ru(bpy)3]Cl2 (2) CCl3Br (2) K3PO4 (3) DMF (0.2 M) trace
3 CCl3Br (2) K3PO4 (3) DMF (0.2 M)
4 [Ru(bpy)3]Cl2 (2) CCl3Br (2) DMF (0.2 M)
5 [Ru(bpy)3]Cl2 (2) K3PO4 (3) DMF (0.2 M)
6 Eosin Y (5) CCl3Br (2) K3PO4 (3) DMF (0.2 M) 32
7 [Ru(phen)3]Cl2 (2) CCl3Br (2) K3PO4 (3) DMF (0.2 M) 63
8 fac-lr(ppy)3 CCl3Br (2) K3PO4 (3) DMF (0.2 M) 65
9 [lr(dtbbpy) (ppy)2]PF6 CCl3Br (2) K3PO4 (3) DMF (0.2 M) 60
10 [Ru(bpy)3]Cl2 (2) CCl3Br (2) K2CO3 (3) DMF (0.2 M) 56
11 [Ru(bpy)3]Cl2 (2) CCl3Br (2) Cs2CO3 (3) DMF (0.2 M) 50
12 [Ru(bpy)3]Cl2 (2) CCl3Br (2) Et3N (3) DMF (0.2 M) trace
13 [Ru(bpy)3]Cl2 (2) CCl3Br (2) 2,6-luitidine (3) DMF (0.2 M) 42
14 [Ru(bpy)3]Cl2 (2) TBHP (2) K3PO4 (3) DMF (0.2 M) trace
15 [Ru(bpy)3]Cl2 (2) (PhS)2 (2) K3PO4 (3) DMF (0.2 M) trace
16 [Ru(bpy)3]Cl2 (2) CCl3Br (2) K3PO4 (3) DMSO (0.2 M) 66
17 [Ru(bpy)3]Cl2 (2) CCl3Br (2) K3PO4 (3) MeCN (0.2 M) 53
18 [Ru(bpy)3]Cl2 (2) CCl3Br (2) K3PO4 (3) THF (0.2 M) trace
19 [Ru(bpy)3]Cl2 (2) CCl3Br (2) K3PO4 (3) MeOH (0.2 M) trace
20 [Ru(bpy)3]Cl2 (5) CCl3Br (2) K3PO4 (3) DMF (0.2 M) 70
21 [Ru(bpy)3]Cl2 (1) CCl3Br (2) K3PO4 (3) DMF (0.2 M) 70
22 [Ru(bpy)3]Cl2 (0.5) CCl3Br (2) K3PO4 (3) DMF (0.2 M) 61
23 [Ru(bpy)3]Cl2 (1) CCl3Br (2) K3PO4 (4) DMF (0.2 M) 70
24 [Ru(bpy)3]Cl2 (1) CCl3Br (2) K3PO4 (2) DMF (0.2 M) 61
25 [Ru(bpy)3]Cl2 (1) CCl3Br (1.5) K3PO4 (3) DMF (0.2 M) 71
26 [Ru(bpy)3]Cl2 (1) CCl3Br (1.1) K3PO4 (3) DMF (0.2 M) 59
27d [Ru(bpy)3]Cl2 (1) CCl3Br (1.5) K3PO4 (3) DMF (0.2 M) 80
28e [Ru(bpy)3]Cl2 (1) CCl3Br (1.5) K3PO4 (3) DMF (0.2 M) 80
29d [Ru(bpy)3]Cl2 (1) CCl3Br (1.5) K3PO4 (3) DMF (0.1 M) 90
30d [Ru(bpy)3]Cl2 (1) CCl3Br (1.5) K3PO4 (3) DMF (0.4 M) 65
31d,f [Ru(bpy)3]Cl2 (1) CCl3Br (1.5) K3PO4 (3) DMF (0.1 M)
32d,f [Ru(bpy)3]Cl2 (1) K3PO4 (3) DMF (0.1 M)

aReaction conditions: 1a (0.1 mmol), 2a (1.2 equiv) unless otherwise stated, argon atmosphere. bYield was determined by 1H NMR spectroscopy
using bromoform as the internal standard. cNo blue LEDs. d2a (1.5 equiv). e2a (2 equiv). fOxygen atmosphere.
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afford the corresponding oxazoles in high yields. Notably,
heteroaryl compound 3-(aminomethyl)pyridine (2e) was also
an excellent substrate, providing 5-phenyl-2-(pyridin-3-yl)-
oxazole (3ae), which is known to be highly active against
Mycobacterium tuberculosis.2b However, reactions of allylamine
(2f), propargylamine (2g), and alkylamines such as hexadecyl-
amine (2f) did not furnish the desired oxazoles (3af−ah). In
the case of the reaction between 2-bromo-2-phenylacetophe-
none (1n) and 3-(aminomethyl)pyridine (2e), the desired
trisubstituted oxazole, 4,5-diphenyl-2-(pyridin-3-yl)oxazole
(3ne), was generated in 35% yield.
Furthermore, to verify the applicability of the methodology

to the synthesis of biologically active natural products, we
attempted to synthesize texaline. The reaction between readily
available 4 and 2e under the optimized conditions furnished
texaline 5 in 71% yield, and even this valuable natural product
was synthesized in gram scale, indicating that scale-up of the
transformation is straightforward (Scheme 2). This process
could be considered the mildest, most practical, and cost-
effective method compared to previously reported multistep
reactions for the synthesis of texaline.15

To gain insight into the reaction mechanism, 1a and 2a were
reacted in the presence of stoichiometric amounts of a radical
scavenger, galvinoxyl under the optimized conditions (Scheme
3). The yield of 3aa was reduced drastically to 37%, indicating
the involvement of radical species in the transformation.
We propose a reaction mechanism for the synthesis of

oxazole using 1a and 2a as substrates (Scheme 4). The reaction
is initiated by simple nucleophilic substitution of 1a by 2a to
produce α-aminoketone A. Then the species A transfers a single
electron to [RuIII(bpy)•−(bpy)2]

2+, formed by metal-to-ligand
charge transfer of [RuII(bpy)3]

2+ under visible-light irradiation,
resulting in the formation of radical cation B and reduced
[RuII(bpy)•−(bpy)2]

+. Next, [RuII(bpy)•−(bpy)2]
+ is trans-

Table 2. Substrate Scope for Oxazole Synthesisa,b

aReaction scale: 1 (1 mmol), 2 (1.5 mmol), argon atmosphere. bYield of isolated product.

Scheme 2. Synthesis of Texaline
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formed back to the [RuII(bpy)3]
2+ photocatalyst by reducing

CCl3Br to produce the CCl3
• radical, which subsequently

abstracts a H atom from the benzylic position of B to furnish
iminium ion C.16 Deprotonation of C followed by tautomeriza-
tion provides key intermediate D. Base-mediated cyclization of
D provides the corresponding oxazoline intermediate E. As the
reaction did not produce the desired oxazole 3aa under oxygen
atmosphere both in the presence or absence of CCl3Br (Table
1, entries 31 and 32), it is likely that the oxidation of oxazoline
(E) to oxazole (3aa) is not operative by molecular oxygen. For
the transformation of E to 3aa, the similar photocatalytic
pathway to give the intermediate G followed by its
deprotonation might involve. In this pathway, G can be
generated either by reaction with •CCl3 radical or intermediate
B.
In conclusion, we have developed a method for the synthesis

of substituited oxazoles by visible-light photocatalysis under

mild reaction conditions at room temperature. 2,5-Diaryl-,
aryl−alkyl-, heteroaryl−aryl-, and 2,4,5-tri(hetero)aryl-substi-
tuted oxazoles were prepared in moderate-to-excellent yields.
The applicability of the method was also successfully extended
to the synthesis of texaline. Thus, we believe that the
methodology is an important addition to those previously
reported.

■ EXPERIMENTAL SECTION
General Information. All reagents including DMF and [Ru-

(bpy)3]Cl2 were purchased from commercial sources. Benzylamines
were purified by distillation. Flash column chromatography was
performed using silica gel 60 (70−230 mesh). The oxazole products
were characterized by 1H, 13C NMR and FT-IR spectroscopy. NMR
spectra were recorded on a 600 MHz instrument (600 MHz for 1H
NMR and 151 MHz for 13C NMR). Copies of 1H and 13C NMR
spectra can be found in the Supporting Information. 1H NMR
experiments are reported in units, parts per million (ppm), and were
measured relative to residual chloroform (7.26 ppm) in the deuterated
solvent. 13C NMR spectra are reported in ppm relative to
deuterochloroform (77.23 ppm), and all were obtained with 1H
decoupling. Coupling constants were reported in Hz. FT-IR spectra
were recorded on a FT-IR spectrometer.

General Experimental Procedure for the Synthesis of 2,5-
Disubstituted Oxazoles (3). Representative Experimental Proce-
dure for the Synthesis of 2,5-Diphenyloxazole (3aa). A flame-dried
resealable tube equipped with a magnetic stirrer bar was filled with 2-
bromoacetophenone 1a (1 mmol), benzylamine 2a (1.5 mmol),
[Ru(bpy)3]Cl2 (1 mol %, 0.01 mmol), CCl3Br (1.5 mmol), and K3PO4
(3 mmol) in DMF (10 mL, 0.1 M). Then argon gas was bubbled
through the reaction mixture for 10 min, and the tube was sealed with
a silicone septum screw cap. The test tube was then placed under blue
LEDs (7 W; 430−490 nm) at room temperature. The progress of the
reaction was monitored by TLC or 1H NMR of the crude reaction
mixture using bromoform (CHBr3) as the internal standard. The
reaction mixture was then diluted with ethyl acetate (EtOAc) and
washed with water and brine. The organic layer was dried over MgSO4,
filtered, concentrated under vacuum, and purified by flash column
chromatography (hexane/EtOAc = 95:5) to furnish pure 2,5-
diphenyloxazole 3aa in 88% yield.

2,5-Diphenyloxazole (3aa):9d white solid (194 mg, 88%); 1H
NMR (600 MHz, CDCl3) δ 8.13 (dd, J = 7.8, 1.2 Hz, 2H), 7.73 (dd, J
= 7.8, 1.2 Hz, 2H), 7.52−7.42 (m, 6H), 7.35 (tt, J = 7.8, 1.2 Hz, 1H).
13C NMR (151 MHz, CDCl3) δ 161.4, 151.47, 130.53, 129.2, 129.0,
128.7, 128.3, 127.7, 126.5, 124.4, 123.7; IR (neat) νmax = 2926, 1727,
1684, 1482, 1241, 710, 689 cm−1; Rf 0.45 (hex/EtOAc, 5/1).

2-Phenyl-5-(p-tolyl)oxazole (3ba):9d off-white solid (211 mg,
90%); 1H NMR (600 MHz, CDCl3) δ 8.11 (dd, J = 7.8, 1.8 Hz,
2H), 7.62 (d, J = 8.4 Hz, 2H), 7.51−7.44 (m, 3H), 7.40 (s, 1H), 7.25
(dd, J = 7.8, 1.8 Hz, 2H), 2.40 (s, 3H); 13C NMR (151 MHz, CDCl3)
δ 160.8, 151.5, 138.5, 130.2, 129.6, 128.8, 127.5, 126.2, 125.3, 124.2,
122.8, 21.4; IR (neat) νmax = 2920, 1683, 1502, 1245, 814, 713 cm−1;
Rf 0.43 (hex/EtOAc, 5/1).

5-(2-Methoxyphenyl)-2-phenyloxazole (3ca):9a off-white solid
(163 mg, 65%); 1H NMR (600 MHz, CDCl3) δ 8.13 (dd, J = 7.8,
1.2 Hz, 2H), 7.90 (dd, J = 7.8, 1.8 Hz, 1H), 7.66 (s, 1H), 7.52−7.43
(m, 3H), 7.31 (dd, J = 7.8, 1.8 Hz, 1H), 7.08 (td, J = 7.2, 1.2 Hz, 1H),
7.00 (d, J = 8.4 Hz, 1H), 3.99 (s, 3H); 13C NMR (151 MHz, CDCl3) δ
160.2, 155.9, 148.0, 130.3, 129.2, 129.0, 127.84, 127.83, 126.5, 126.0,
121.0, 117.5, 111.1, 55.7; IR (neat) νmax = 2924, 1567, 1490, 1249,
1130, 1023, 750, 708 cm−1; Rf 0.45 (hex/EtOAc, 3/1).

5-(3-Methoxyphenyl)-2-phenyloxazole (3da):9a pale yellow solid
(193 mg, 77%); 1H NMR (600 MHz, CDCl3) δ 8.11 (dd, J = 8.1, 1.5
Hz 2H), 7.50−7.45 (m, 3H), 7.44 (s, 1H), 7.36 (dd, J = 8.0, 7.8 Hz,
1H), 7.31 (ddd, J = 7.8, 1.5, 1.1 Hz, 1H), 7.25 (dd, J = 2.6, 1.5 Hz,
1H), 6.89 (ddd, J = 8.1, 2.6, 1.1 Hz, 1H), 3.88 (s, 3H); 13C NMR (151
MHz, CDCl3) δ 161.3, 160.2, 151.3, 130.5, 130.3, 129.4, 129.0, 127.6,
126.5, 123.9, 116.9, 114.2, 109.9, 55.6; IR (neat) νmax = 2939, 2835,

Scheme 3. Reaction of 1a and 2a in the Presence of Radical
Scavenger

Scheme 4. Proposed Reaction Mechanism
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1593, 1487, 1219, 1041, 775, 709, 686 cm−1; Rf 0.43 (hex/EtOAc, 3/
1).
5-(4-Methoxyphenyl)-2-phenyloxazole (3ea):9a pale yellow solid

(226 mg, 90%); 1H NMR (300 MHz, CDCl3) δ 8.1 (d, J = 7.4 Hz,
2H), 7.64 (d, J = 8.8 Hz, 2H), 7.48−7.41 (m, 3H), 7.31 (s, 1H), 6.96
(d, J = 8.8 Hz, 2H), 3.82 (s, 3H); 13C NMR (151 MHz, CDCl3) δ
160.6, 159.9, 151.4, 130.2, 128.9, 127.7, 126.2, 125.8, 122.1, 121.0,
114.5, 55.4; IR (neat) νmax = 2957, 2836, 1616, 1500, 1252, 1026, 823,
707 cm−1; Rf 0.38 (hex/EtOAc, 3/1).
5-Biphenyl-4-yl-2-phenyloxazole (3fa):9h white solid (223 mg,

75%); 1H NMR (600 MHz, CDCl3) δ 8.14 (dd, J = 8.1, 1.5 Hz, 2H),
7.80 (ddd, J = 8.5, 6.6, 1.9 Hz, 2H), 7.69 (ddd, J = 8.5, 6.6, 1.9 Hz,
2H), 7.64 (dd, J = 8.2, 1.3 Hz, 2H), 7.52−7.46 (m, 6H), 7.38 (tt, J =
7.4, 1.3 Hz, 1H); 13C NMR (151 MHz, CDCl3) δ 161.4, 151.3, 141.4,
140.5, 130.6, 129.1, 129.0, 127.9, 127.8, 127.7, 127.18, 127.13, 126.5,
124.8, 123.8; IR (neat) νmax = 3033, 1728, 1484, 908, 766, 687 cm−1;
Rf 0.46 (hex/EtOAc, 3/1).
5-(Naphthalen-2-yl)-2-phenyloxazole (3ga):9a white solid (201

mg, 74%); 1H NMR (600 MHz, CDCl3) δ 8.20 (s, 1H), 8.17 (ddd, J =
6.7, 4.6, 1.7 Hz, 2H), 7.90 (dd, J = 8.3, 7.4 Hz, 2H), 7.85 (d, J = 7.9
Hz, 1H), 7.78 (dd, J = 8.5, 1.7 Hz, 1H), 7.56 (s, 1H), 7.55−7.46 (m,
5H); 13C NMR (151 MHz, CDCl3) δ 161.6, 151.6, 133.6, 133.3,
130.6, 129.1, 129.0, 128.4, 128.1, 127.7, 127.0, 126.7, 126.6, 125.5,
124.2, 123.1, 122.3; IR (neat) νmax = 3056, 1728, 1485, 1128, 814, 710,
690 cm−1; Rf 0.48 (hex/EtOAc, 3/1).
5-(4-Chlorophenyl)-2-phenyloxazole (3ha):9a pale yellow solid

(202 mg, 79%); 1H NMR (600 MHz, CDCl3) δ 8.10 (dd, J = 7.9, 1.8
Hz, 2H), 7.65 (d, J = 8.5 Hz, 2H), 7.52−7.45 (m, 3H), 7.44 (s, 1H),
7.42 (d, J = 8.5 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 161.6, 150.5,
134.4, 130.7, 129.4, 129.1, 127.5, 126.7, 126.5, 125.6, 124.1; IR (neat)
νmax = 3057, 1542, 1480, 1090, 951, 819, 706, 689 cm−1; Rf 0.49 (hex/
EtOAc, 4/1).
5-(4-Fluorophenyl)-2-phenyloxazole (3ia):9a white solid (172 mg,

72%); 1H NMR (600 MHz, CDCl3) δ 8.10 (dd, J = 8.0, 1.7 Hz, 2H),
7.72−7.67 (dd, J = 8.8, 4JH−F = 5.2 Hz, 2H), 7.50−7.46 (m, 3H), 7.39
(s, 1H), 7.14 (dd, J = 8.8, 3JH−F = 8.6 Hz, 2H); 13C NMR (151 MHz,
CDCl3) δ 162.9 (d, 1JC−F = 249.2 Hz), 161.3, 150.5, 130.6, 129.0,
127.6, 126.5, 126.3 (d, 3JC−F = 8.2 Hz), 124.6 (d, 4JC−F = 3.4 Hz),
123.3, 116.3 (d, 2JC−F = 22.1 Hz); IR (neat) νmax = 3063, 2928, 1724,
1498, 1231, 824, 707, 690 cm−1; Rf 0.48 (hex/EtOAc, 4/1).
5-(4-Trifluoromethylphenyl)-2-phenyloxazole (3ja):15b white solid

(231 mg, 80%); 1H NMR (600 MHz, CDCl3) δ 8.11 (dd, J = 7.8, 2.0
Hz, 2H), 7.80 (d, J = 8.2 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 7.54 (s,
1H), 7.50−7.48 (m, 3H); 13C NMR (151 MHz, CDCl3) δ 162.2,
151.9, 150.0, 131.3, 130.9, 130.2 (q, JC‑F = 32.8 Hz), 129.1, 127.3,
126.7, 126.2 (q, JC−F = 3.8 Hz), 125.4, 124.4; IR (neat) νmax = 3063,
2931, 1734, 1618, 1321, 1109, 1071, 833, 711, 686 cm−1; Rf 0.51 (hex/
EtOAc, 4/1).
4-(2-Phenyloxazol-5-yl)benzonitrile (3ka):9e off-white solid (111

mg, 45%); 1H NMR (600 MHz, CDCl3) δ 8.13 (dd, J = 7.2, 1.8 Hz,
2H), 7.81 (dd, J = 9.0, 1.2 Hz, 2H), 7.73 (dd, J = 9.0, 1.2 Hz, 2H), 7.60
(s, 1H), 7.53−7.49 (m, 3H); 13C NMR (151 MHz, CDCl3) δ 162.7,
149.6, 133.0, 132.2, 131.2, 129.2, 127.1, 126.8, 126.5, 124.6, 118.8,
111.7; IR (neat) νmax = 2925, 1734, 1365, 1217, 839, 731, 686 cm−1; Rf
0.34 (hex/EtOAc, 3/1).
5-tert-Butyl-2-phenyloxazole (3la):12 pale yellow liquid (125 mg,

62%); 1H NMR (600 MHz, CDCl3) δ 8.09 (dd, J = 7.8, 1.2 Hz, 2H),
7.50−7.37 (m, 3H), 6.79 (s, 1H), 1.36 (s, 9H); 13C NMR (151 MHz,
CDCl3) δ 161.2, 160.6, 130.0, 128.9, 128.2, 126.2, 121.2, 31.8, 29.0; IR
(neat) νmax = 2968, 2930, 1736, 1480, 1366, 1117, 972, 716, 690 cm−1;
Rf 0.57 (hex/EtOAc, 5/1).
(E)-2-Phenyl-5-styryloxazole (3ma):12 yellow solid (101 mg, 41%);

1H NMR (600 MHz, CDCl3) δ 8.11 (d, J = 8.4 Hz, 2H), 7.52−7.46
(m, 5H), 7.38 (t, J = 7.8 Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 7.17 (d, J =
16.2 Hz, 1H), 7.17 (s, 1H), 6.95 (d, J = 16.2 Hz, 1H); 13C NMR (151
MHz, CDCl3) δ 161.3, 150.6, 136.6, 130.6, 129.7, 129.0, 128.5, 127.6,
126.8, 126.7, 126.6, 113.3; Rf 0.31 (hex/EtOAc, 20/1).
2,4,5-Triphenyloxazole (3na):12 white solid (118 mg, 40%); 1H

NMR (600 MHz, CDCl3) δ 8.21−8.12 (d, J = 8.4 Hz, 2H), 7.74 (d, J
= 7.2 Hz, 2H), 7.69 (d, J = 7.2 Hz, 2H), 7.51−7.46 (m, 3H), 7.44−

7.33 (m, 6H); 13C NMR (151 MHz, CDCl3) δ 160.4, 145.8, 137.0,
132.8, 130.6, 129.2, 129.0, 128.9, 128.84, 128.77, 128.5, 128.4, 127.6,
126.8, 126.7; IR (neat) νmax = 3058, 1488, 1449, 965, 776, 692 cm−1;
Rf 0.50 (hex/EtOAc, 20/1).

5-Phenyl-2-o-tolyloxazole (3ab):9e pale yellow solid (157 mg,
67%); 1H NMR (600 MHz, CDCl3) δ 8.10 (d, J = 7.7 Hz, 1H), 7.73
(d, J = 7.7 Hz, 2H), 7.49 (s, 1H), 7.45 (t, J = 7.7 Hz, 2H), 7.38−7.31
(m, 4H), 2.77 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 161.8, 151.1,
137.5, 131.9, 130.1, 129.1, 129.0, 128.6, 128.3, 126.6, 126.2, 124.4,
123.4, 22.3; IR (neat) νmax = 3106, 2970, 2922, 1735, 1487, 1449,
1121, 953, 724, 689 cm−1; Rf 0.44 (hex/EtOAc, 8/1).

2-(4-Methoxyphenyl)-5-phenyloxazole (3ac):9e pale yellow solid
(181 mg, 72%); 1H NMR (600 MHz, CDCl3) δ 8.05 (d, J = 8.8 Hz,
2H), 7.70 (d, J = 7.5 Hz, 2H), 7.43 (t, J = 7.5 Hz, 2H), 7.40 (s, 1H),
7.32 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H); 13C
NMR (151 MHz, CDCl3) δ 161.5, 161.4, 150.9, 129.1, 128.4, 128.4,
128.1, 124.2, 123.5, 120.5, 114.4, 55.6; IR (neat) νmax = 2939, 2836,
1609, 1495, 1249, 1171, 1025, 834, 738, 686 cm−1; Rf 0.36 (hex/
EtOAc, 3/1).

2-(4-Fluorophenyl)-5-phenyloxazole (3ad):9e pale yellow solid
(191 mg, 80%); 1H NMR (600 MHz, CDCl3) δ 8.09 (dd, J = 8.6 Hz,
4JH−F = 5.3 Hz, 2H), 7.70 (d, J = 7.8 Hz, 2H), 7.44 (dd, J = 7.8, 7.5 Hz,
2H), 7.42 (s, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.17 (dd, J = 8.6 Hz, 3JH−F
= 8.2 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 164.2 (d,

1JC−F= 250.7
Hz), 160.5, 151.5, 129.1, 128.7, 128.6(d, 3JC−F= 7.6 Hz), 128.1, 124.4,
124.0, 123.6, 116.2(d, 2JC−F= 22.7 Hz); IR (neat) νmax = 3040, 1739,
1605, 1494, 1218, 838, 731, 686 cm−1; Rf 0.36 (hex/EtOAc, 6/1).

5-Phenyl-2-(pyridin-3-yl)oxazole (3ae):9h yellow solid (191 mg,
86%); 1H NMR (600 MHz, CDCl3) δ 9.32 (s, 1H), 8.67 (s, 1H), 8.33
(d, J = 7.8 Hz, 1H), 7.70 (d, J = 7.3 Hz, 2H), 7.47−7.41 (m, 3H), 7.39
(dd, J = 8.3, 4.5 Hz, 1H), 7.34 (dd, J = 7.8, 4.5 Hz, 1H); 13C NMR
(151 MHz, CDCl3) δ 158.9, 152.2, 151.1, 147.7, 133.5, 129.2, 129.0,
127.8, 124.5, 123.8, 123.8, 123.8; IR (neat) νmax = 3038, 2925, 1738,
1409, 1021, 952, 811, 761, 720, 689 cm−1; Rf 0.52 (in EtOAc).

4,5-Diphenyl-2-(pyridin-3-yl)oxazole (3ne). colorless viscous oil
(104 mg, 35%); 1H NMR (600 MHz, CDCl3) δ 9.38 (s, 1H), 8.70 (d,
J = 4.8 Hz, 1H), 8.41 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 7.2 Hz, 2H),
7.68 (d, J = 7.2 Hz, 2H), 7.44−7.36 (m, 7H); 13C NMR (151 MHz,
CDCl3) δ 158.0, 151.2, 147.9, 146.5, 137.2, 133.8, 132.4, 129.1, 129.0,
128.9, 128.8, 128.7, 128.3, 126.9, 123.9, 123.8; IR (neat) νmax = 3057,
2924, 1605, 1482, 965, 764, 693 cm−1; Rf 0.22 (hex/EtOAc, 4/1); MS
m/z (EI) calcd for C20H14N2O [M+] 298.1106, found 298.1.

5-(Benzo[d][1,3]dioxol-5-yl)-2-(pyridin-3-yl)oxazole, Texaline
(5):15b pale yellow solid (1 mmol scale:189 mg, 71%; 6 mmol scale:
0.96 g, 60%); 1H NMR (600 MHz, CDCl3) δ 9.31 (s, 1H), 8.68 (dd, J
= 4.8, 1.8 Hz, 1H), 8.33 (dd, J = 8.4, 1.8 Hz, 1H), 7.41 (dd, J = 8.4, 4.8
Hz, 1H), 7.34 (s, 1H), 7.25 (dd, J = 8.4, 1.8 Hz, 1H), 7.17 (s, 1H),
6.89 (d, J = 8.4 Hz, 1H), 6.03 (s, 2H); 13C NMR (151 MHz, CDCl3) δ
158.4, 152.1, 151.0, 148.5, 148.4, 147.7, 133.5, 123.9, 123.8, 122.7,
122.0, 118.9, 109.2, 105.1, 101.7; IR (neat) νmax = 2917, 1733, 1685,
1482, 1448, 1232, 1038, 933, 812, 723 cm−1; Rf 0.64 (in EtOAc).
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