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Abstract—Reaction of ethyl isocyanoacetic acid with sodium hydride in anhydrous benzene, followed by
treatment with carboxylic acid chlorides or N-(acyloxy)pyrrolidine-2,5-diones, gives 5-substituted oxazole-
4-carboxylic acid esters. The procedure is applicable to derivatives of various carboxylic acids, including
saturated aliphatic, o,-unsaturated, alicyclic, aromatic, heterocyclic, and N-Boc-protected amino acids.
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5-Substituted oxazole-4-carboxylic acid esters (I)
are valuable intermediate products which are used
in the synthesis of numerous biologically active com-
pounds. Apart from their direct application as phar-
macophoric reagents (e.g., in the preparation of prosta-
cyclin mimetics [1] possessing pronounced antithrom-
botic activity), 5-substituted oxazole-4-carboxylates
may be used as precursors of a number of polyfunc-
tionalized amines (e.g., compounds II-IV) which are
intermediate products in the synthesis of antifungal,
anticarcinogenic [2], cytotoxic [3], gastroprotecting
[4], and neurotrophic agents [5].
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R = Alk, Ar, Ht, 1-NHAlk; R' = Me, Et.

In the framework of our research program oriented
at synthesizing oxazoles I having various substituents
in the 5-position, we thought it to be reasonable to
involve procedures typical of combinatorial chemistry.
Analysis of published data showed that a universal and
quite convenient method for the preparation of target

oxazole derivatives is based on the reaction of carbox-
ylic acids and their derivatives, such as anhydrides,
esters, and acid chlorides V, with isocyanoacetates VI
in the presence of bases [1-4, 6—15] and activating
agents [2, 4, 6] provided that carboxylic acid itself is
used (Scheme 1).
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R =Alk, Ar, Ht, 1-NH,Alk; R' = Me, Et; X =0H, OR,
O(CO)R, Cl.

The range of reagents and reaction conditions is
fairly broad and is determined primarily by the nature
of the R and X substituents in the substrate. For ex-
ample, various carboxylic acids, including aromatic,
aliphatic, alicyclic, and N-protected amino acids, in the
presence of bases (potassium carbonate, triethylamine,
or ethyldiisopropylamine) are successfully involved
in the heterocyclization process as mixed anhydrides
(which are activated to nucleophilic substitution)
generated in situ by the action of diethoxyphosphoryl
isocyanate [DEPC, (EtO),P(O)NCO] or diphenoxy-
phosphoryl azide [DPPA, (PhO),P(O)N;] [2, 4, 6].
Esters, anhydrides, and chlorides derived from aro-
matic carboxylic acids (including pyridinecarboxylic
acids) give rise to oxazoles I in good yields in the
presence of various basic reagents, e.g., potassium tert-
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butoxide [7], n-butyllithium [7], triethylamine [3, 8, 9],
lithium hexamethyldisilylazide [1], 2,8,9-trimethyl-
2,5,8,9-tetraaza-1-phosphabicyclo[3.3.3Jundecane
[10], 1,5-diazabicyclo[4.3.0]non-7-ene (DBN) [1], and
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) [1, 11].
However, in going to aliphatic and alicyclic carboxylic
acid derivatives, the number of suitable basic reagents
considerably decreases: DBU [11, 12] (for anhy-
drides), DBN and potassium hydride [13] (for lac-
tones), and triethylamine in the presence of copper(l)
oxide [14] (for Se-methyl carboselenoates). The use of
2 equiv of isocyanoacetate VI ensures preparation of
heterocyclization products in moderate yields from ali-
phatic carboxylic acid anhydrides, chlorides, and esters
in the presence of butyllithium or potassium ftert-but-
oxide [7, 15].

It is seen that direct implementation of the existing
procedures in a combinatorial version of synthesis
should involve considerable difficulties. In fact, com-
binatorial syntheses of libraries of organic compounds
are based on those reactions (or reaction sequences)
which meet at least two requirements: (1) these proce-
dures should be universal and applicable to a maximal-
ly broad range of structurally diverse substrates; and
(2) all operations should be simple and (in the ideal
case) reproducible on a large scale [16].

Among the procedures described previously, only
a group of methods based on activation of carboxylic
acids with DEPC or DPPA completely meets the first
requirement. However, the second condition is difficult
to satisfy due to some experimental specificity, in
particular the necessity of using extraction procedure
for isolation of products from aqueous—organic mix-
tures, which is undesirable for combinatorial chem-
istry. The above stated prompted us to search for
alternative versions of carrying out heterocyclization
process with the emphasis made on the use of readily
accessible reagents.

As model substrate we selected isobutyryl chloride
(Va) (Scheme 2); it is a typical representative of ali-
phatic carboxylic acid derivatives which, in keeping
with published data, is the most sensitive to the nature
of base and solvent. Systematic testing of various sol-
vents (diethyl ether, tetrahydrofuran, dioxane, 1,2-di-
methoxyethane, hexane, toluene, benzene) and bases
(triethylamine, ethyldiisopropylamine, pyridine, butyl-
lithium, phenyllithium, potassium zerz-butoxide,
sodium hydride) showed that only the combination
NaH-benzene ensures almost quantitative conversion
of isocyanide VIa in the reaction with an equimolar
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amount of acid chloride Va with formation of the
target oxazole. In the other cases, nearly complete con-
sumption of isocyanide VIa but poor yield of the target
oxazole (in the systems NaH-THF and +~-BuOK-THF)
or its absence in the reaction mixture (in the presence
of triethylamine in various solvents) were observed.

Scheme 2.
COOEt
O O NaH,PhH N
IS st
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Va-Vh Via la-lh

V, X = Cl, R = i-Pr (a), Me (b), cyclo-CHyy (€), (E)-2-(2-

thienyl)ethenyl (d), Ph (e); X = 2,5-dioxopyrrolidin-1-yloxy,

R = pyridin-3-yl (f), BocNHCH;, (g), BocNHCMe; (h); Boc =
tert-butyloxycarbonyl.

While optimizing the reaction conditions we found
that a slight excess of acid chloride (10-15 mol %) is
desirable. The procedure is quite simple, and it implies
preliminary transformation of initial isocyanoacetate
Vla into sodium derivative, followed by reaction with
acid chloride Va. Chromatographic separation of the
reaction mixture which contained 81% of the target
oxazole (according to the 'H NMR data) gave product
Ia in 69% yield (see Experimental). Interestingly,
replacement of benzene by toluene did not ensure
complete conversion of the substrate even at elevated
temperature and prolonged reaction. In this series of
experiments, the yield of oxazole Ia was considerably
lower, 23 to 48%.

The optimal conditions thus determined were ap-
plied to structurally different acyl-containing reagents,
namely, acid chlorides Vb—Ve and N-acyloxypyrroli-
dine-2,5-diones VI—Vh. Like isobutyryl chloride (Va),
acetyl chloride and cyclohexanecarbonyl chloride
reacted with ethyl isocyanoacetate (VIa) to give ethyl
5-methyloxazole-4-carboxylate (Ib) and ethyl 5-cyclo-
hexyloxazole-4-carboxylate (Ic) in satisfactory yields
(56 and 66%, respectively), the conversion of iso-
cyanide VIa being nearly quantitative. The proposed
conditions turned out to be applicable in the reaction
with a,B-unsaturated acid chloride Vd: the yield of
5-vinyl-substituted oxazole Id was 59%.

Aromatic acid chlorides are the least sensitive to
the reaction conditions, and they undergo heterocy-
clization in the presence of various bases [1, 3, 7-11].
Therefore, it was not surprising that the reaction of
benzoyl chloride with sodium derivative of isocyanide
Vla gave oxazole Ie in a fairly high yield (83%). The
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reaction can be performed in THF in the presence
of NaH, triethylamine, or ethyldiisopropylamine with
equal success. Nicotinic acid was brought into the
heterocyclization in the form of N-(pyridin-3-ylcar-
bonyloxy)pyrrolidine-2,5-dione (Vf). When the reac-
tion was performed under the conditions proposed
previously (stirring for 24 h at room temperature),
oxazole If was isolated in a very poor yield 6%, and
most initial isocyanide VIa was recovered from the
reaction mixture. It seemed quite probable that the
process is hampered due to low solubility of the reac-
tants, both ester compound Vf and ethyl isocyano-
acetate sodium salt. Taking into account that prolonged
reaction (72 h) did not result in appreciable increase of
the product yield, we resorted to an alternative version
implying enhanced solubility of isocyanide VIa
sodium salt in the presence of a phase-transfer catalyst.
The best result was obtained with the use of benzyl-
(triethyl)ammonium chloride (BTEAC, 25 mol %): the
yield of target oxazole If attained an acceptable level
of 59%. The effects of the concentration and nature of
phase-transfer catalyst were not examined in detail. We
can only note that reduction of the BTEAC concen-
tration to 5 or 10 mol % or replacement of BTEAC by
15-crown-5 led to considerable decrease in the yield.
In the reactions with acid chlorides Va—Ve, addition of
BTEAC almost did not affect the product yield.

In the recent years, specific attention is given to
peptidomimetics which are structural analogs of poly-
cyclic and acyclic peptides based on unnatural amino
acids, including difunctional oxazoles with exocyclic
amino and carboxy groups [17]. In order to synthesize
such oxazole derivatives we used N-(aminoacetyloxy)-
and N-(2-amino-2-methylpropanoyloxy)pyrrolidine-
2,5-diones Vg and Vh in which the primary amino
groups were protected with a terz-butyloxycarbonyl
group (Boc). No heterocyclization products were ob-
tained from these substrates in the absence of phase-
transfer catalyst, while addition of BTEAC resulted in
formation of oxazoles Ig and Ih in good yields (68 and
67%, respectively).

We can conclude that the procedure proposed for
the synthesis of 5-substituted oxazole-4-carboxylic
acid esters is applicable to derivatives of various
carboxylic acids, including saturated aliphatic, o,B-un-
saturated, alicyclic, aromatic, heterocyclic, and N-Boc-
protected amino acids. The procedure is simple (treat-
ment of ethyl isocyanoacetate with sodium hydride in
anhydrous benzene, followed by addition of acid chlo-
ride or N-acyloxy-pyrrolidine-2,5-dione) and is pro-
mising for combinatorial chemistry.

1033
EXPERIMENTAL

The 'H and C NMR spectra were recorded from
solutions in CDCl; or DMSO-ds (5 wt %) on Bruker
AC-200 (200.13 MHz for 'H and 50.32 MHz for °C)
and Bruker AM 400 spectrometers (400.13 MHz
for 'H and 100.61 MHz for 13C); the chemical shifts
were referenced to the solvent signals []H: CHCls,
8 7.24 ppm; (CHD,),SO, & 2.50 ppm; *C: CDCls,
&¢ 77.00 ppm]. The high-resolution mass spectra (elec-
tron impact, 70 eV) were measured on a Finnigan
MAT-8200 mass spectrometer (vaporizer temperature
200-270°C). The melting points were determined on
a Boetius melting point apparatus and are uncorrected.

Compounds Vf~Vh were synthesized according to
the procedure described in [18].

1-(Pyridine-3-carbonyloxy)-pyrrolidine-2,5-di-
one (Vf). Yield 91%, mp 125-127°C (from EtOH).
'H NMR spectrum (CDCI5), 8, ppm: 2.88 s (4H,
2CH,), 7.44 d.d (1H, CH, J = 8.0, 4.8 Hz), 8.35 d.d.d
(1H, CH, J = 8.0, 1.8, 1.8 Hz), 8.85 d.d (1H, CH, J =
4.8, 1.8 Hz), 9.28 d (1H, CH, J= 1.8 Hz).

tert-Butyl [2-(2,5-dioxopyrrolidin-1-yloxy)-2-oxo-
ethyl]carbamate (Vg). Yield 86%, mp 162—-166°C
(from EtOH). 'H NMR spectrum (DMSO-dj), 8, ppm:
1.39 s (9H, 3CH;), 2.81 s (4H, 2CH,), 4.08 d (2H,
CH,, J= 6.2 Hz), 7.45 br.s (1H, NH).

tert-Butyl [2-(2,5-dioxopyrrolidin-1-yloxy)-1,1-
dimethyl-2-oxoethyl]carbamate (Vh). Yield 96%,
mp 162-164°C (from EtOH). '"H NMR spectrum
(CDCl3), 6, ppm: 1.45 s (9H, 3CH;), 1.64 s (6H,
2CH3), 2.80 s (4H, 2CH,), 4.90 br.s (1H, NH).

Ethyl S-isopropyloxazole-4-carboxylate (Ia).
A 5-ml Wheaton V-vial was charged with 0.042 g
(1.04 mmol) of sodium hydride (a 60% suspension in
mineral oil) and 1 ml of anhydrous benzene, a solution
of 0.102 g (0.90 mmol) of ethyl isocyanoacetate (VIa)
in 0.5 ml of anhydrous benzene was added, and the
reaction vessel was capped (either not tightly or the
septum was pierced with a syringe needle to allow
liberated hydrogen to escape). The resulting suspen-
sion was stirred for 2 h at room temperature, a solution
of 0.111 g (1.04 mmol) of isobutyryl chloride (Va) in
0.5 ml of anhydrous benzene was added, and the mix-
ture was stirred for 24 h at room temperature and
treated with 0.1 ml of ethanol to decompose excess
sodium hydride. The mixture was passed through
a column containing a small amount (1 ¢cm®) of silica
gel, the column was washed with ethyl acetate (2x
0.5 ml), and the solvent was evaporated in a stream of
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nitrogen at room temperature. The crude product,
0.195 g, was purified by column chromatography on
silica gel using hexane—chloroform (1:1) as eluent to
isolate 0.114 g (69%) of oxazole Ia as a light yellow
oily substance. 'H NMR spectrum (CDCls), 8, ppm:
1.26 d [6H, CH(CH3),, J = 6.8 Hz], 1.36 t (3H,
CH,CH;, J = 7.2 Hz), 3.77 sept [1H, CH(CH;),, J =
6.8 Hz|, 4.34 q (2H, CH,CH3;, J= 7.2 Hz), 7.70 s (1H,
CH); the spectrum coincided with that given in [15].
BC NMR spectrum (CDCls), 8¢, ppm: 14.02
(CH,CHs;), 20.22 [CH(CHj3),], 25.75 [CH(CHj3)z],
60.62 (CH,CHs), 125.13 (C%), 148.42 (C?), 161.85
(C%), 164.05 (CO). Found: M 183.0901. CoH3NO:;.
Calculated: M 183.0895.

Oxazoles Ib—Ie were synthesized in a similar way.

Ethyl 5-methyloxazole-4-carboxylate (Ib). Yield
56%. Light yellow oily substance. '"H NMR spectrum
(CDCls), &, ppm: 1.34 t (3H, CH,CH;, J = 7.2 Hz),
2.60 s (3H, CH;), 4.34 q (2H, CH,CH3, J = 7.2 Hz),
7.71 s (1H, CH) (cf. [14]). *C NMR spectrum
(CDCl3), 8¢, ppm: 11.47 (CH;), 13.92 (CH,CHj),
60.52 (CH,CHs), 126.98 (C*), 148.50 (C?), 155.98
(C%), 161.73 (CO). Found: M" 155.0571. C;HoNO:s.
Calculated: M 155.0582.

Ethyl 5-cyclohexyloxazole-4-carboxylate (Ic).
Yield 66%. Light yellow oily substance. '"H NMR
spectrum (CDCls), 6, ppm: 1.10-1.65 m (6H, 3CH,),
1.35 t 3H, CH,CH;, J = 7.2 Hz), 1.65-1.90 m (4H,
2CH,), 3.40 m (1H, CH), 4.31 q (2H, CH,CH;, J=
7.2 Hz), 7.67 s (1H, CH). >C NMR spectrum (CDCl5),
d¢c, ppm: 14.05 (CH,CH3), 25.45 (CH,), 25.75 (CH,),
30.41 (CHy), 35.30 (CH), 60.65 (CH,CHs), 125.27
(CY), 148.37 (C?), 161.98 (C°), 163.64 (CO). Found:
M 223.1215. C;,H;7NOs5. Calculated: 4£223.1208.

Ethyl 5-[(E)-2-(2-thienyl)ethenyl]oxazole-4-car-
boxylate (Id). Yield 59%, mp 87-89°C (from toluene).
'H NMR spectrum (CDCls), 8, ppm: 1.40 t (3H,
CH,CH;, J = 7.2 Hz), 4.38 q (2H, CH,CH;, J =
7.2 Hz), 6.99 d.d (1H, CH, J=4.8, 3.4 Hz), 7.16 d.d
(1H, CH, J= 3.4, 0.8 Hz), 7.30 d.d (1H, CH, J = 4.8,
0.8 Hz), 7.38 (2H, AB system, J = 16.0 Hz), 7.74 s
(1H, CH). >C NMR spectrum (CDCls), 8¢, ppm: 14.11
(CH,CH3), 60.98 (CH,CHj3), 112.17 (CH), 126.36
(CH), 126.41 (C%), 126.96 (CH), 127.45 (CH), 127.95
(CH), 140.93 (C), 148.70 (C?), 154.19 (C%), 161.61
(CO). Found: M" 249.0457. C,H;;NOsS. Calculated:
M 249.0460.

Ethyl 5-phenyloxazole-4-carboxylate (Ie). Yield

83%. Light yellow oily substance. 'H NMR spectrum
(CDCl), 6, ppm: 1.33 t 3H, CH,CHj3, J = 7.2 Hz),
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434 q (2H, CH,CHs, J = 7.2 Hz), 7.39 m (3H), 7.85 s
(1H, CH), 8.00 m (2H). °C NMR spectrum (CDCls),
8¢, ppm: 13.91 (CH,CHs); 61.08 (CH,CHs); 126.42
(C*); 128.10, 128.17, 128.56, 130.16 (Carom); 148.78
(C?); 155.24 (C°); 161.63 (CO) (cf. [19]). Found:
M 217.0745. C1,H; NOs. Calculated: M217.0739.

Ethyl 5-(pyridin-3-yl)oxazole-4-carboxylate (If).
A 5-ml Wheaton V-vial was charged with 0.042 g
(1.04 mmol) of sodium hydride (a 60% suspension in
mineral oil) and 1 ml of anhydrous benzene, and a so-
lution of 0.102 g (0.90 mmol) of ethyl isocyanoacetate
(VIa) in 0.5 ml of anhydrous benzene was added. The
suspension was stirred for 2 h at room temperature,
0.229 g (1.04 mmol) of 1-(pyridin-3-ylcarbonyloxy)-
pyrrolidine-2,5-dione (Vf), 0.051 g (0.225 mmol) of
benzyl(triethyl)ammonium chloride, and 1 ml of anhy-
drous benzene were added, and the mixture was stirred
for 72 h at room temperature and treated with 0.1 ml of
ethanol to decompose excess sodium hydride. The
mixture was passed through a column containing
a small amount (I cm?®) of silica gel, the column was
washed with ethyl acetate (2x0.5 ml), and the solvent
was evaporated in a stream of nitrogen at room tem-
perature. The residue, 0.182 g, was purified by column
chromatography on silica gel using hexane—chloroform
(1:1) as eluent to isolate 0.116 g (59%) of oxazole If
as a colorless crystalline substance with mp 66—68°C
(from toluene). 'H NMR spectrum (CDCls), 8, ppm:
1.32t (3H, CH,CH;, J= 7.2 Hz), 4.32 q (2H, CH,CHs,
J=17.2Hz), 732 d.d.d (1H, CH, J= 8.2, 4.8, 0.8 Hz),
7.92 s (1H, CH), 8.38 d.d.d (1H, CH, J = 8.2, 2.2,
1.7 Hz), 8.57 d.d (1H, CH, J = 4.8, 1.7 Hz), 9.09 d.d
(1H, CH, J = 2.2, 0.8 Hz). °C NMR spectrum
(CDC13), 8c, ppm: 13.86 (CHQCH3), 61.34 (CHzCH3),
122.81 (CH), 122.82 (C), 127.82 (C*, 135.48 (CH),
148.73 (C?), 149.51 (CH), 150.62 (CH), 152.42 (C°),
161.27 (CO) Found: 1\4+ 218.0689. C]]H]QN203. Cal-
culated: M 218.0691.

Oxazoles Ig and ITh were synthesized in a similar
way.

Ethyl 5-(tert-butoxycarbonylaminomethyl)oxa-
zole-4-carboxylate (Ig). Yield 68%, mp 57-60°C
(from toluene). '"H NMR spectrum (CDCls), 8, ppm:
1.29 t (3H, CH,CH;, J = 7.2 Hz), 1.32 s [9H,
C(CHs;);], 4.28 q (2H, CH,CH3;, J = 7.2 Hz), 4.56 d
(2H, CH,, J = 6.2 Hz), 5.32 m (1H, NH), 7.72 s (1H,
CH). *C NMR spectrum (CDCI5), 8¢, ppm: 13.93
(CH,CHs;), 27.98 [C(CH3)5], 35.35 (NHCH,), 61.05
(CH,CHs), 79.75 [C(CHs)s], 127.83 (C%), 149.22 (C),
155.24 (C°), 155.81 (CONH), 161.43 (CO). Found, %:
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C 53.64; H 6.81; N 10.39. C{,H3sN,Os. Calculated, %:
C 53.33; H6.71; N 10.36.

Ethyl 5-(1-tert-butoxycarbonylamino-1-methyl-
ethyl)oxazole-4-carboxylate (Ih). Yield 67%, mp 63—
64°C (from toluene). 'H NMR spectrum (CDCl5), 8,
ppm: 1.28 s [9H, C(CHs;)s], 1.36 t (3H, CH,CH;, J =
7.2 Hz), 1.68 s [6H, C(CHs),], 4.34 q (2H, CH,CHs,
J=17.2 Hz), 5.61 br.s (1H, NH), 7.70 s (1H, CH).
>C NMR spectrum (CDCls), 8¢, ppm: 14.13
(CH,CH3), 25.48 [C(CHs),], 28.10 [C(CH3);], 51.34
[C(CHj3),], 61.20 (CH,CH3), 79.46 [C(CH3);], 125.66
(CY, 147.43 (C?%), 154.83 (CONH), 161.75 (C),
163.30 (CO). Found, %: C 56.14; H 7.82; N 9.67.
C14H2N50s. Calculated, %: C 56.36; H 7.43; N 9.39.
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