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We report herein a one-pot synthesis of 2,4,5-trisubstituted
oxazoles via a Friedel—Crafts/Robinson—Gabriel synthesis
using a general oxazolone template. Treatment of the
oxazolone template with a range of aromatic nucleophiles
provided the highly substituted oxazoles in good yields.

The development of small molecular weight scaffolds
containing a high degree of diversity has become a
leading focus in modern drug discovery.! As part of our
program to develop diverse classes of small molecule
libraries containing potential biological properties, we
have developed a substrate-controlled diversity-oriented
synthesis (DOS) using a general oxazolone template.
Recently, we reported the use of the oxazolone template
for cycloaddition reactions with imines and alkenes to
provide the corresponding imidazolines and Al-pyrro-
lines.? As an extension of this approach, we report herein
a one-pot synthesis of 2,4,5-trisubstituted oxazoles via a
Friedel—Crafts/Robinson—Gabriel synthesis (Scheme 1).
The oxazole nucleus is present in a wide variety of
natural and unnatural biologically active compounds?
and is a useful reagent in the synthesis of a range of
biologically active scaffolds.*® A number of methods exist
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SCHEME 1. Substrate Controlled Diversity
Synthesis of Heterocycles Using Oxazolones
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in the literature for the synthesis of oxazoles;>% however,
due to its abundant representation as a synthetic and
medicinal scaffold, new methods for the facile production
of oxazoles continue to be of interest.” One of the oldest
yet most versatile methods to generate 2,5-di- and 2,4,5-
trialkyl-, aryl-, heteroaryl-, and alkyloxazoles is the
Robinson—Gabriel cyclodehydration of 2-acylamino ke-
tones.® The latter can be generated via an aluminum
chloride mediated Friedel—Crafts acylations of oxazol-
5-ones and aromatics.® In contrast, Friedel—Crafts acy-
lations with the traditional acid chloride derivatives of
amino acids are often cumbersome.!?

We investigated the possibility of combining the
Friedel—Crafts reaction and Robinson—Gabriel cyclode-
hydration reaction in a one-pot synthesis of 2,4,5-trisub-
stituted oxazoles using a general oxazolone template.
After screening a small number of Lewis acids, aluminum
chloride was found to be the most successful in producing
the Friedel—Crafts products. The 2-acylaminoketones
were subsequently evaluated for their ability to cyclize
and dehydrate in situ to the corresponding oxazoles. A
number of dehydrating agents were evaluated in combi-
nation with AlCl; for their ability to provide a one-pot
oxazole synthesis (Table 1). We found that trifluo-
romethanesulfonic acid was the reagent of choice gener-
ating the desired product in a one-pot sequence with the
aluminum chloride.

Other common dehydrating reagents used in Robin-
son—Gabriel cyclodehydration reactions are phosphorus
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TABLE 1. Screening of Lewis Acids for One-Pot
Friedel—Crafts/Robinson—Gabriel Synthesis

Ph._O © Q
~ o) )J\ Ph Dehydratlng Ph
Cro 2 LAy

Lewis acid o) agent

Y\)_ph

oxazolone

Lewis acid/dehydrating intermediate product
agent 9% (%) 1% (%)
AlCl; 85 0
AlCI3/TfOH 0 76
TfOH NR NR
AlCI3/TFAA NR NR
TFAA NR NR
AlCls/Tf20 NR NR
Tf,0 NR NR
AlCl3/P20s5 85 0
AlCl3/POCl3 85 0
BF;3-OEty/TfOH NR NR
P205-CH3SO3H/TfOH NR NR
¢ NR = no reaction.
TABLE 2. Yields of Oxazoles with Various
Substitutions
R?
RS
R2 ©/ o]
2
\(f ACIyTIOH * —<\N [ ,
CICH2CH2CI R
no. R! R2 R3 % yield
1 H CeHs H 76
2 H CHyCeHs H 38
3 H CH; H 55
4 CHj CgHs H 81
5 CH; CgH5 CgH5 H 51
6 CH(CHj)s CgHs H 82
7 CgsHs CgHs H 87
8 CH3 CeH5 CH3 65
9 CHj CeHs OCHjs; 78
10 H CgHs OCHj; 73
11 H CgHs CgHs 81
12 H CeHs Br 63
13 H CeHs NO; 0

pentoxide, phosphorus oxychloride, trifluoroacetic anhy-
dride, and triflic anhydride, which were all found to be
unsuccessful in generating the oxazoles in this one-pot
sequence (Table 1). The oxazolones were prepared from
2-acylamino acids by dehydration with 1-ethyl-3-(3'di-
methylaminopropyl)carbodiimide-HC1 (EDCI) or trifluo-
roacetic anhydride to provide the pure oxazol-5-ones in
high yields.!! The 2-acylamino acids were prepared via
Schotten—Bauman-type cyclizations of amino acids.!? The
efficacy of various oxazol-5-ones, containing different
substitutions at the C-2 (R2) and C-4 (R1) positions, to
undergo this Friedel —Crafts/Robinson—Gabriel reaction
with different aromatic substrates is illustrated in Table
2.

In the case of oxazoles with R® = H and R? = CH3, dry
benzene and toluene are used, respectively. Exposure of
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FIGURE 1. One-pot synthesis of oxazoles from oxazol-5-ones.

SCHEME 2. Synthesis of Naphthalene-Substituted
Oxazoles
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the oxazole template to naphthalene provided a 1:1.2
mixture (Scheme 2, 61% yield).

All reactions proceeded smoothly with various aromatic
substrates in moderate to good yields (Table 1), with the
exception of the electron-deficient nitrobenzene (Table 1,
entry 13). Treatment of the oxazolones with AlICl; (3
equiv) with either benzene or toluene as solvent followed
by the exposure of the reaction mixture to trifluo-
romethanesulfonic acid (10 equiv) resulted in the forma-
tion of the oxazoles. Alternatively, 1,2 dichloroethane was
used as solvent with a stoichiometric quantity of the
aromatic substrate.

The mechanism of the Robinson—Gabriel synthesis has
been elucidated by oxygen-labeling studies.'® A possible
mechanism consistent with these studies involves the
activation of the oxazolones by AlCl; followed by the
nucleophilic addition of the aromatic substrate generat-
ing the 2-acylamino ketones in situ. Protonation of the
aryl ketone by the superacid results in the formation of
an electrophilic carbonyl carbon, which is attacked by the
amide oxygen generating a five-membered dihydroox-
azolol (Figure 1). Dehydration of the dihydrooxazolol
subsequently forms the oxazole.

In summary, we report an efficient method of generat-
ing 2,4,5-trisubstituted oxazoles via a one-pot Friedel—
Crafts/Robinson—Gabriel reaction using a general ox-
azolone template. This one-pot oxazole reaction adds to
the repertoire of the Lewis acid mediated substrate-
controlled diversity-oriented synthesis using the ox-
azolone template.

(13) Wasserman, H. H.; Vinick, F. J.JJ. Org. Chem. 1973, 38, 2407—
2408.



Experimental Section

General Procedure for the Synthesis of Oxazoles. In the
general procedure for this reaction, the solvent was chosen
depending on the R3 group. Dry benzene (R? = H) or dry toluene
for R?® = CH; was used as the solvent. Alternatively, 1,2-
dichloroethane was used as solvent with a stoichiometric
quantity of the aromatic substrate. A suspension of AlCls (3
equiv) in either benzene or toluene was prepared. To this was
added the oxazol-5-one dropwise at 0 °C. This solution was
stirred at 0 °C for 0.5 h and then at rt overnight. After 12 h of
stirring, triflic acid (TfOH) (10 equiv) was added at —78 °C. This
solution was stirred at —78 °C for 1 h, after which time the
solution was stirred at room temperature for 2 days. The reaction
mixture was treated with ice-cold water and subsequently
washed with sodium bicarbonate. The organic layer was sepa-
rated and dried over sodium sulfate and concentrated in vacuo.
The crude compound was then purified using column chroma-
tography. Characterization data of two representative examples
are shown below:

Oxazole 1, 2,5-diphenyloxazole: 'TH NMR (500 MHz) (CDCls)
0 8.06 (2H, d, J = 7.4 Hz), 7.66 (2H, d, J = 7.6 Hz), 7.36—7.44
(6H, m), 7.28 (1H, t, J = 7.4 Hz); 3C NMR (125 MHz) (CDCls)
0 160.8, 145.7, 135.9, 129.1, 129.0, 128.7, 128.3, 127.7, 125.4,
126.5, 123.7; MS (EI) m/e 221.0 (100.0) (M*); IR (cm™1) 2924.486,
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1491.16, 1444.87, 1134.29; mp 70—71 °C. Anal. Calcd for C15H13-
NO: C, 81.45; H, 4.98; N, 6.33. Found: C, 81.23; H, 4.41; N,
6.25.

Oxazole 4, 4-methyl-2,5-diphenyloxazole: 'H NMR (500 MHz)
(CDCl3) 6 8.09 (2H, d, J = 7.4 Hz), 7.69 (2H, d, J = 7.7 Hz),
7.42—7.49 (5H, m), 7.33 (1H, t, J = 7.4 Hz), 2.49 (3H, s); 13C
NMR (125 MHz) (CDCls) 6 159.8, 145.6, 133.9, 131.0, 129.3,
128.9, 128.8, 127.7, 127.5, 126.3, 125.4, 33.9; MS (EI) m/e 235.1
(100.0) (M*); IR (em™1) 2930.00, 1597.26, 1485.38, 1448.73,
1075.00; mp 78—80 °C. Anal. Calcd for C16H13NO: C, 81.70; H,
5.53; N, 5.95. Found: C, 81.41; H, 5.20; N, 5.95.
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