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A straightforward route toward 2-(hetero)arylated and 2,5-
di(hetero)arylated oxazoles through regiocontrolled pal-
ladium-catalyzed direct (hetero)arylation of ethyl oxazole-
4-carboxylate with iodo-, bromo-, and chloro(hetero)aromatics
followed by a two-step hydrolysis/decarboxylation sequence
was described. The method was applied here to a neat
synthesis of two 2,5-di(hetero)aryloxazole natural products,
balsoxin and texaline.

(Hetero)aryl-substituted oxazoles are common features of a
wide range of biologically active natural products. They are also
of considerable interest in medicinal chemistry and as organic
materials. In recent years, direct (hetero)arylation has emerged
as an attractive alternative to the commonly employed cross-
coupling reactions because it does not require the rather tricky
preliminary preparation of the requisite metallated or haloge-
nated (hetero)arene. Several reviews highlight the broad scope
of this strategy, high functional group tolerance, atom economy,
and mild reaction conditions.1 However, this straightforward
approach is penalized by the regioselectivity difficulties par-
ticularly with the unsubstituted oxazole at positions 2 and 5.2,3

As pioneering work, Ohta reported the regioselective C-5 direct
heteroarylation of oxazole with 2-chloropyrazine under standard
conditions [Pd(PPh3)4/KOAc/DMF].2e The process was further
used to introduce the oxazole nucleus at its position 5 on
heterocyclic pharmaceutics.1a More recently, novel efficient
catalyst systems for C-2 arylation of azoles including the
challenging oxazole were actively developed. Thus, Bellina and
Daugulis reported the first two examples of regioselective direct
C-2 phenylation of oxazole with phenyl iodide or 4-methoxy-
phenyl iodide under base-free conditions2b [CuI (2 equiv), 5
mol % Pd(OAc)2] or palladium-free conditions2c [5 mol % CuI,
tBuOLi (2 equiv)] providing 2-aryloxazoles in 63% or 23%
yields, respectively. Doucet2d and Bhanage2e designed two novel
palladium-bidentate ligand catalysts [PdCl(C3H5)(dppb) and
Pd(TMHD)2] that proved to be effective in C-2 regioselective
arylation of oxazole with 4-tert-butylbromobenzene, iodoben-
zene, or 4-methoxyiodobenzene in 69%, 62%, or 63% yields,
respectively. To date regioselective direct arylation of oxazole
remains sparse compared to the broad range of heterocyclic
targets, and there is a need to develop versatile routes to
(hetero)aryloxazoles via regioselective direct arylation of oxa-
zoles with halo(hetero)arenes. For this purpose, we recently
turned to the commercially available ethyl oxazole-4-carboxylate
1 and we reported the preferential C-2 versus C-5 palladium-
catalyzed direct C-H phenylation of 1 with phenyl iodide under
standard conditions.4 In this note, we report new developments
of this method on the regiocontrolled C-2 (hetero)arylation of
1 followed by a C-5 (hetero)arylation with various (hetero)aryl
halides. This method allows simple and fast access to 2-(het-
ero)aryl- and 2,5-di(hetero)aryloxazole-4-carboxylates, which
are common features of various oxazole-containing natural
products such as the thiopeptide antibiotic GE37468A.5 The
removal of the ethyl carboxylate function used as a temporary
blocking group was examined to prepare the 2-mono(het-
ero)aryl- and 2,5-di(hetero)aryloxazoles via a direct coupling
strategy, which can be directly run to a innovative synthetic
approach toward 2,5-di(hetero)aryloxazole natural products and
scintillators.6

In the course of the direct phenylation of 1 with phenyl iodide
using a combination of Pd(OAc)2 and Cs2CO3, we proved that
the solvent/ligand pair is of main importance to control the
selectivity of the C-2 arylation versus 5-monoarylation and 2,5-
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diarylation of oxazole-4-carboxylates. Bulky ligands greatly
favor the formation of ethyl 2-phenyloxazole-4-carboxylate
(Table 1, entries 1-3), 86% using P(o-tol)3 in toluene, 69%
with Buchwald’s JohnPhos ligand in dioxane, or 88% with IMes
in dioxane. Therefore, the subsequent C-5 phenylation of 2a to
the ethyl 2,5-diphenyloxazole-4-carboxylate 3a could be achieved
with P(o-tol)3 either in dioxane (81%) or toluene (96%). With
the aim to extend the method to a broad range of (hetero)arene
halides, we first checked the direct coupling of phenyl chloride
with 1 (Table 1, entries 4-6). We found that Buchwald’s
JohnPhos ligand in dioxane carried out the two-step C-2 and
then C-5 phenylation of 1 to 2a then 3a in 79% and 52% yields
(entry 5). The use of P(o-tol)3 in toluene allowed exclusively
the C-2 phenylation of 1 in 71% yield when using a 2-fold
excess of phenyl chloride (entry 4). Interestingly, the 2,5-
diphenylated compound 3a was not observed due to the poor
efficiency of P(o-tol)3 in toluene in subsequent C-5 phenylation
of 2a to 3a (16%). As consequence of probing C-2 (hetero)ary-
lation of 1 with a number of halo(hetero)arenes, we chose the
ligand/solvent pairs that were much more effective in C-2 than
in C-5 phenylation of 1 to avoid the side production of the
undesired 2,5-diarylated compound. Thus from the results
depicted in Table 1 (entries 1-6), two efficient ligand/solvent
pairs were retained depending on the (hetero)aryl halide used.
The (hetero)arylation of 1 with (hetero)aryl iodides and bromides
was carried out with Buchwald’s JohnPhos ligand in dioxane,
whereas P(o-tol)3 in toluene for direct coupling of 1 with
(hetero)aryl chlorides was used. The results depicted in Table
2 showed that the selective C-2 (hetero)arylation of 1 could be
successfully accomplished with a large number of iodo- and
bromo(hetero)arenes leading to the corresponding 2-(hetero)aryl-
oxazole-4-carboxylates 2b-j in 59% to 90% yields range. Most
remarkably, almost all (hetero)aryl chlorides proved to be better
coupling partners than iodo- and bromo(hetero)arenes for direct
coupling since 2-(hetero)aryloxazole-4-carboxylates 2b-j were
obtained in higher yields (66-98%). As expected, both 5-(het-
ero)arylated and 2,5-diarylated products were not formed with
1 equiv of (hetero)aryl halides. Nevertheless, an excess of
(hetero)aryl halides could be useful sometimes along with

increasing amounts of catalyst (10 mol %) and ligand (20 mol
%) to optimize the yield of C-2 (hetero)aryloxazoles versus the
side-production of bis-arenes arising from the (hetero)aryl
halides homocoupling (entries 1, 3, 5, 6, 9, 13, and 18). It should
also be noted that the direct (hetero)arylation of 1 is fully
compatible with such reactive functions as cyano and formyl
(entries 1-4) as well as the electron-rich amino group of
4-aminoiodobenzene (entry 7). Surprisingly, P(o-tol)3 in toluene
proved to be an effective ligand in the direct coupling of 1 with
the deactivated 4-methoxychlorobenzene (entry 6), whereas the
same reaction with 4-aminochlorobenzene remained unsuccess-
ful whatever catalyst was used (entry 8).

The second C-5 (hetero)arylation step of 2-(hetero)aryl-
oxazole-4-carboxylates with various (hetero)aryl halides was
then studied. Preliminary results of the C-5 direct phenylation
of 2a with phenyl iodide (Table 1) showed that P(o-tol)3 in
toluene can be used with (hetero)aryl iodides (entry 1), whereas
Buchwald’s JohnPhos ligand in dioxane or toluene is better in
the case of (hetero)aryl chlorides (entry 5). Under these
conditions, the second C-5 coupling step of 2a with various
(hetero)aryl halides led to the expected 5-(hetero)aryl-2-phe-
nyloxazole-4-carboxylates 3b-f in fair to good yields (Table
3). Iodo- and bromo(hetero)arenes proved to be very reactive
and allowed good to excellent yields (72-95%) of oxazole-4-
carboxylates 3b-f. As with chlorobenzene, 2 equiv of 2-chlo-
ropyridine and 2-chlorothiophene were required to produce 3d

TABLE 1. Direct C-2 and C-5 Phenylation of Ethyl
Oxazole-4-carboxylate (1) with Iodo- and Chlorobenzenesa

a Reaction conditions: [1]/[PhX]/[Pd(OAc)2]/[ligand]/[Cs2CO3] )
0.35:0.35:0.017:0.035:0.7 (in mmol), in dioxane or toluene (1 mL) under N2

atmosphere at 110 °C for 18 h; n.r. ) no reaction. b Yield of isolated
product over two runs. c Buchwald’s JohnPhos ligand: 2-(dicyclohexyl-
phosphino)biphenyl. d IMes: 1,3-bis-(mesitylimidazolyl)carbene. e 16% of
3a and 10% of ethyl 5-phenyloxazole-4-carboxylate. f 15% of 3a. g 11% of
3a. h 0.7 mmol of PhCl.

TABLE 2. Direct C-2 (Hetero)arylation of Ethyl Oxazole-4-
carboxylate (1) with Iodo-, Bromo-, and Chloro(hetero)aromaticsa

a Reaction conditions: [1]/[Ar2X]/[Pd(OAc)2]/[ligand]/[Cs2CO3] )
0.35:0.35:0.017:0.035:0.7 (in mmol), in dioxane or toluene (1 mL) under
N2 atmosphere at 110 °C for 18 h; n.r. ) no reaction. b Yield of isolated
product over two runs. c Buchwald’s JohnPhos ligand: 2-(dicyclohexyl-
phosphino)biphenyl. d 0.7 mmol of halogeno(hetero)aromatic. e [1]/[Ar2X]/
[Pd(OAc)2]/[ligand]/[Cs2CO3] ) 0.35:0.7:0.035:0.07:0.7 (in mmol). f 36%
of 2,5 diarylated oxazole. g 22% of 2,5 diarylated oxazole.
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and 3f in good 72% yields. The same procedure with P(o-tol)3

in toluene was further successfully used to prepare 2,5-
di(hetero)aryloxazole-4-carboxylates 4-8 in good to excellent
yields (81-100%) (Table 4).

With a selective C-2 and subsequent C-5 (hetero)arylation
process of ethyl oxazole-4-carboxylate 1 in hand, we turned
our attention to the preparation of 2-mono(hetero)aryl- and 2,5-
di(hetero)aryloxazoles by removal of the ester group through a
two-step LiOH-hydrolysis followed by a CuO-induced decar-
boxylation sequence. This protocol turned out to be very
effective especially with sensitive functions such as formyl and
cyanide groups and provided the expected (hetero)aryloxazoles
9-14 in good (75%) to quantitative yields (Table 5). Some of
these 2,5-di(hetero)aryloxazoles are natural products, such as
balsoxin 11 and texaline 13 isolated from Amyris species of
plants in the Caribbean.7

In conclusion, we have developed a general palladium-
catalyzed C-2 and subsequent C-5 direct (hetero)arylation
process of ethyl oxazole-4-carboxylate 1. It appeared to be very
efficient and general with regard to both halogens (I, Br, Cl)
and coupling partners, giving a clean access to a great variety
of ethyl 2-(hetero)aryloxazole-4-carboxylates and ethyl 2,5-
di(hetero)aryloxazole-4-carboxylates. The carboxylic ester func-
tion at C-4 could be then easily removed to readily afford the
corresponding 2-(hetero)aryloxazoles and 2,5-di(hetero)aryl-
oxazoles. This first versatile approach toward 2-(hetero)aryl-
oxazoles and 2,5-di(hetero)aryloxazoles based upon a direct C-H

arylation strategy was successfully applied to the synthesis of
natural 2,5-di(hetero)aryloxazoles. Thus balsoxin and texaline
were cleanly prepared in three steps in 54% and 61% overall

(7) (a) Domı́nguez, X. A.; de la Fuenta, G.; González, A. G.; Reina, M.;
Timón, I. Heterocycles 1988, 27, 35–38. (b) Burke, B.; Parkins, H.; Talbot, A. M.
Heterocycles 1979, 12, 349–351.

TABLE 3. Direct C-5 (Hetero)arylation of 2-Phenyloxazole-
4-carboxylate (2a) with Iodo-, Bromo-, and
Chloro(hetero)aromaticsa

a Reaction conditions: [2a]/[Ar5X]/[Pd(OAc)2]/[ligand]/[Cs2CO3] )
0.35:0.35:0.017:0.035:0.7 (in mmol), in dioxane or toluene (1 mL) under
N2 atmosphere at 110 °C for 18 h; n.r. ) no reaction. b Yield of isolated
product over two runs. c Buchwald’s JohnPhos ligand: 2-(dicyclohexyl-
phosphino)biphenyl. d [2a]/[Ar5X]/[Pd(OAc)2]/[ligand]/[Cs2CO3] )
0.35:0.7:0.035:0.07:0.7 (in mmol). e Toluene as solvent.

TABLE 4. 2,5-Di(hetero)arylated Oxazole-4-carboxylates
Synthesisa

a Reaction conditions: [2]/[Ar5X]/[Pd(OAc)2]/[ligand]/[Cs2CO3] )
0.35:0.35:0.017:0.035:0.7 (in mmol), in dioxane or toluene (1 mL) under
N2 atmosphere at 110 °C for 18 h; n.r. ) no reaction. b Yield of isolated
product over two runs. c [2]/[Ar5X]/[Pd(OAc)2]/[ligand]/[Cs2CO3] )
0.35:0.7:0.035:0.07:0.7 (in mmol).

TABLE 5. 2-(Hetero)arylated- and 2,5-Di(hetero)arylated Oxazoles
Synthesis

a Yield of isolated product.
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yields, respectively, from 1 using optimized experimental
conditions.8,9

Experimental Section

General Procedure for C-2 Direct Coupling of Oxazole-
4-carboxylate 1 with (Hetero)aryl Iodides and Bromides
(Chlorides). To a 10-mL sealed tube were added oxazolecarboxy-
late 1 (0.35 mmol), (hetero)aryl bromide or iodide (chloride) (0.35
mmol), Pd(OAc)2 (4 mg, 0.017 mmol,), Cs2CO3 (231 mg, 0.70
mmol), JohnPhos (P(o-tol)3) (12 mg (11 mg)), 0.035 mmol), and
dioxane (toluene) (1 mL). The resulting mixuture was stirred under
N2 at 110 °C. After filtration through Celite and concentration under
vacuo, the crude product was purified by flash column chromatog-
raphy on silica gel using a mixture of ethyl acetate/petrolum ether
as the eluent to get 2-arylated oxazolecarboxylates 2b-j.

Ethyl 2-(4-cyanophenyl)oxazole-4-carboxylate (2b): white solid
(65% (85%)), mp ) 123-124 °C. 1H NMR (CDCl3, 300 MHz) δ
1.40 (t, 3H, J ) 7.1 Hz), 4.43 (q, 2H, J ) 7.1 Hz), 7.77 (d, 2H, J
) 8.7 Hz), 8.22 (d, 2H, J ) 8.7 Hz), 8.32 (s, 1H); 13C NMR (CDCl3,
75 MHz) δ 14.3, 62.3, 114.0, 115.0, 118.0, 127.5, 129.0, 130.6,
132.3, 132.8, 144.6, 153.6, 161.6; IR (KBr) υ 1551, 1572, 1654,
1717, 2230, 3100 cm-1. Anal. Calcd for C13H10N2O3 (242.2): C,
64.46; H, 4.16; N, 11.56. Found: C, 64.63; H, 4.10; N, 11.54.

The characterization data of compounds 2c-j and others detailed
C-2 direct arylating procedures are available in Supporting Informa-
tion.

General Procedure for C-5 Direct Coupling of 2-Aryl
Oxazole-4-Carboxylate 2a (2b,f,g,j) with (Hetero)aryl Iodides
and Bromides. To a 10-mL sealed tube were added oxazolecar-
boxylate 2a (76 mg, 0.35 mmol), (hetero)aryl bromide (0.35 mmol),
Pd(OAc)2 (4 mg, 0.017 mmol,), Cs2CO3 (231 mg, 0.70 mmol), and
P(o-tol)3 (11 mg, 0.035 mmol) in toluene (1 mL). The resulting
mixture was stirred under N2 at 110 °C. After filtration through

Celite and concentration under vacuo, the crude product was purified
by flash column chromatography on silica gel using a mixture of
ethyl acetate/petrolum ether as the eluent to get 2,5-diarylated
oxazolecarboxylates 3b-f and 4-8.

Ethyl 2-phenyl-5-(2-nitrophenyl)oxazole-4-carboxylate (3b): white
solid (84%), mp ) 136-137 °C. 1H NMR (CDCl3, 300 MHz) δ
1.27 (t, 3H, J ) 7.2 Hz), 4.32 (q, 2H, J ) 7.2 Hz), 7.48-7.50 (m,
3H), 7.66-7.73 (m, 1H), 7.74-7.77 (m, 1H), 7.77-7.79 (m, 1H),
8.11-8.13 (m, 2H), 8.18 (d, 1H, J ) 7.9 Hz); 13C NMR (CDCl3,
75 MHz) δ 14.1, 61.7, 122.8, 124.9, 126.2, 127.1, 127.5, 129.0,
130.2, 131.3, 131.5, 132.7, 132.9, 148.6, 151.0, 161.5; IR (KBr) υ
1525, 1576, 1602, 1718, 1743, 2992, 3077 cm-1. Anal. Calcd for
C18H14N2O5 (338.3): C, 63.90; H, 4.17; N, 8.28. Found: C, 63.94;
H, 4.03; N, 8.45.

Ethyl 2-(4-cyanophenyl)-5-(4-methoxyphenyl)oxazole-4-carbox-
ylate (4): white solid (97%), mp ) 192-193 °C. 1H NMR (CDCl3,
300 MHz) δ 1.41 (t, 3H, J ) 6.9 Hz), 3.87 (s, 3H), 4.43 (q, 2H, J
) 6.9 Hz), 8.64 (d, 2H, J ) 8.6 Hz), 7.76 (d, 2H, J ) 8.1 Hz),
8.10 (d, 2H, J ) 8.6 Hz), 8.23 (d, 2H, J ) 8.1 Hz); 13C NMR
(CDCl3, 75 MHz) δ 14.4, 55.5, 61.6, 114.0, 114.1, 118.3, 119.1,
127.1, 127.6, 130.3, 130.4, 132.7, 156.4, 157.1, 161.5, 162.1; IR
(KBr) υ 1507, 1578, 1610, 1709, 2227, 2837, 2947, 2994 cm-1.
Anal. Calcd for C20H16N2O4 (348.4): C, 68.96; H, 4.63; N, 8.04.
Found: C, 69.06; H, 4.85; N, 8.21.

The characterization data of compounds 3c-f and 5-8 and other
C-5 direct arylating procedures are available in Supporting Informa-
tion.
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