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ABSTRACT: A silver-mediated one-step procedure to 2,4-disubstituted and o) R®

2,4,5-trisubstituted oxazoles has been developed. The method is complemen- JOJ\ + Br\)LR
tary to existing technologies, yet provides advantages with regard to simplicity, R'~ NHz
efficiency, and performance. The silver product can be readily recycled, thus

minimizing waste.
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xazoles are an important class of heterocycle with applica-

tion in the pharmaceutical industry and natural products
chemistry."” Their useful properties and common occurrence
render them attractive targets for methodology development. It
is therefore no surprise that many useful syntheses of oxazoles
have been developed over the years.> >

The well-known Robinson—Gabriel®” oxazole synthesis in-
volves intramolecular cyclization (in an N-acyl 0-aminoketone)
of an amide carbonyl onto a ketone group with ensuing elimina-
tion of water. Wipf et al. developed a useful modification of the
cyclodehydration step, and this method has become one of the
premier routes for constructing oxazoles.® Another common
approach involves the cyclodehydration of -hydroxy amides to
form 2-oxazolines, followed by oxidation to the corresponding
oxazole.” Both strategies are similar overall differing only in the
order of oxidation and cyclodehydration steps.

Despite the number of methods available for oxazole synth-
esis, there remains much scope for the development of single-
step protocols, which are desirable in terms of efficiency and step
economy. Moody et al. have made advances in this respect,
developing a one-step synthesis of oxazoles using Rh catalyzed
carbene chemistry.*” This method, however, requires the avail-
ability of a.-diazo-f3-keto-carboxylate starting materials, which
may not always be convenient or practical. Jiang et al. have
recently reported an elegant one-pot protocol from alkenes
involving a TBHP/I,-mediated oxidative cyclization.10

We became interested in the “one-step” Bliimlein—Lewy (BL)
oxazole method. This procedure was attractive due to the ready
availability of starting materials and straightforward experimental
procedure.

The reaction involves a primary amide 1, with a bromopyr-
uvate ester 2 in alcoholic solvent,"' which leads to the corre-
sponding oxazoline 3, before undergoing cyclodehydration to
the oxazole 4 (Scheme 1). However, this method has been
scarcely used compared to others, mainly due to low conversions
and unwanted side product formation of 5.'>"3

We believed an improvement to this methodology could be
achieved by the addition of silver salts for a number of reasons: (i)
their halophilicity would activate bromopyruvate for nucleophilic
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Scheme 1. The Blumlein—Lewy Oxazole Synthesis
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attack, thus driving the reaction by formation of AgBr; (ii) the
subsequent formation of a conjugate acid could facilitate conver-
sion of 3 to 4 (vide supra); (iv) their tolerance to amides;'* (v)
their Lewis acidity, thus assisting the formation of 4 from 3; and
(vi) their low toxicity and reasonable cost."

To test our hypothesis a screen of silver salts was performed.
Thus, model substrates 1 and 2 were heated in a microwave
reactor (90 °C for 0.5 h in DCE), using 1 equiv of a given silver
salt. Table 1 illustrates our initial findings.'® Gratifyingly, the
target product 4 was formed in significant amount in most of the
reactions with silver salts (entries 2—11), as compared to the control
reaction (entry 1). Entries 5, 7, and 9 gave only moderate conversion
of 1 to 3 and poor conversion of 3 to 4. On the other hand,
Ag(0O,CCF;) (entry 8) gave an improved conversion of 1 into 4,
while further increasing the Lewis acidity gave even better results
(entries 2, 6, 10, and 11). Interestingly, the common silver salts AgF
and AgNO; gave a complex reaction mixture and poor conversion
into 3 and 4 (entries 3 and 4). The best results were obtained with
AgSbF¢and AgClO, (entries 6 and 11). In each case, silver bromide
precipitated out of solution and was easily recovered by filtration.

Optimization was initially performed with AgClO,, but it soon
emerged that this salt led to some product degradation upon
prolonged heating (cf. Table S1 and S2 in the Supporting
Information). Therefore, AgSbF4 became the preferred reagent
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Table 1. Examination of the Effect of Silver Salts on the
Conversion of 1 and 2 into 3 and 4

o 2 (1.8 equiv.), ’ﬁ(
AgX (1.0 equiv.)
NH, +
/[j)k TbCE, 0T, /@2\ OEt ﬁ OFt
Br 30 min, uW

1

entry AgX ratio [1:3:4 ]°

1 . 1:<0.05:<0.05
2 AgOTf 0.50:1:1
3 AgNO; 1:0.13:<0.08
4 AgF 1:0.12:<0.05
S Ag,CO; 1:1.6:<0.05
6 AgSbF¢ 0.23:1:1
7 AgOAc 1:1:<0.05
8 Ag(0,CCF;) 1.9:2.0:1
9 AgNO, 1:2:<0.05

10 AgBF, 0.73:0.67:1

11 AgClO, 0.32:0.30:1

“Ratio determined from crude "H NMR.'® Conditions: To 1 (0.15
mmol) and 2 (1.8 equiv) in anhydrous DCE (0.5 mL) was added the
AgX species; heating at 90 °C for 0.5 h in a sealed tube in a microwave.

of choice. Thus, optimal conditions were found to be as follows:
1 (1.0 equiv), 2 (1.0 equiv), and AgSbFs (1.0 equiv) in DCE and
irradiated at 90 °C for 2 h in a microwave reactor, affording 4 in
quantitative yield (Table 2, entry 1). The use of AgSbF4 was
found essential for optimal oxazole formation as the reaction
without silver salt gave 4 in only 10% yield.

We next investigated the substrate scope of the reaction under
our optimized conditions (Table 2)."” Electron-rich aromatic
amides generally gave better results than electron-poor aromaric
amides, cf. entries 2, 3, and 4 vs entries S and 6. Changing the
position of the substituents led to minor differences in yield
(entry 3 vs 4). The deactivated p- and m-nitro-substituted amides
9 and 10 gave the oxazoles 18 and 19 in very high yield, and this
was unaffected by the positioning of the nitro substituent (entries
S and 6). The heterocyclic amides thiophene-2-carboxamide
(11) and 2-furamide (12) were also excellent substrates for the
reaction, giving 20 and 21 in 90% and 81% yield, respectively
(entries 7 and 8). 4-Amidopyridine, however, gave no oxazole
product (entry 9), a problem we can only ascribe to the basicity
of the pyridino nitrogen. Unfortunately, aliphatic amides were
poor substrates, giving complex reaction mixtures (entries 10 and
11). This is perhaps due to the ability of the oxazoline inter-
mediate to tautomerize to an enamine-type species, which can
then undergo degradation pathways. Tautomerizations of this
kind have been reported in similar systems.'®

Our methodology can, however, be extended to amides which
are flanked by double bonds. Thus, cinnamamide (16) gave 25 in
good yield, which goes someway to substantiate our hypothesis
that enolizable amides pose problems for the current protocol.
Panek et al. have already demonstrated the utility of 25 in terms
of providing a handle at the 2-position for further manipulation,
making 25 an attractlve intermediate, as the 2- or 4-position can
be easily elaborated."® We then considered that other activating
groups could be used in place of the ester carbonyl in pyruvate.
Hence, we subjected 2-bromoacetophenone (17) and 4 to our
optimized reaction conditions and were delighted to obtain 26 in
81% yield. This method then can provide very convenient access
to contiguously linked aromatic molecules.

Table 2. Compatibility of Substrates with the Reaction
Condition

o o AgSbFg (1.0 equiv.) O\ 2
. A R
R1J\NH2 NGEN R2 DCE, 90°C, R«l;r}_
18617 (1.0 equiv.) 2h, pW 4815-26
amide/ 1 2 yield
entry oxazole R R (%)”
By
1 » Q COOEt 100
Br
%
) o1 @ COOEt 89
/@h COOEt 97
t
3 7/16 oo
P,
. 817 Q COOEt 90
OMe
o,
5 9/18 /@/ COOEt 80
ON
Sy,
6 10/19 Q/ COOE: 81
NO,
S.
7 11/20 (\_/ft‘ COOEt 90
o]
g 1221 U)vl COOEt 81
Y
9 13/22 ’\} P COOEt 0
b
0 1423 A COOEt
11 15/24 NN COOEt b
N
12 16/25 COOEt 60
o
13 17/26 Br Ph 81

“Isolated yield. * Complex reaction mixture from which the oxazole
could not be fully purified. From "H NMR we estimate ca. 20% yield.

Scheme 2. Access to Trisubstituted Oxazoles
o}
27 (1.8 equiv.),
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We were curious to learn if the conditions would also
allow the synthesis of 2,4,5-substituted oxazoles. When ethyl
3-bromo-2-oxobutanoate (27) was used in place of ethyl bro-
mopyruvate (Scheme 2), the trisubstituted oxazole 28 was
formed cleanly after 3 h in 74% yield. This extension of the
methodology was significant, as other methods®™!? for the
synthesis of 2-substituted-oxazole-4-carboxylates generally can-
not be employed to access trisubstituted oxazoles, or are limited
to aliphatic substrates, or use lengthy procedures.***>
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Scheme 3. Synthesis of Bis-Oxazole 29
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Scheme 4. Possible Mechanism for Silver-Mediated Oxazole
Formation
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Bis- and polyoxazoles are common motifs in many natural
products, for example diazonamide A'® and telomestatin,”® and
we were keen to establish if our methodology could be extended
to the synthesis of simple bis-oxazoles. In a test experiment, when
1,4-dibromo-2,3-butanedione (30) was reacted with 4-methoxy-
benzamide (7), a separable mixture of mono-oxazole 31 and bis-
oxazole 29 were recovered in 47% and 37% isolated yield,
respectively (Scheme 3). This preliminary result was encourag-
ing for more detailed studies.

Mechanistically, we suppose that the silver salt activates the
0-bromo-group in 2 to nucleophilic attack by the amide 1, driven
by the formation of a strong silver bromide bond.

Dehydration of the oxazoline intermediate 3 may be assisted by
protonation of the tertiary alcohol by the conjugate acid HSbF, or
perhaps by coordination to silver (Scheme 4). Detailed investiga-
tions are underway and will be reported in due course.

In conclusion, we have developed a silver-mediated one-step
synthesis of di- and trisubstituted oxazoles from primary amides
and activated f-bromo-0O-ketones. The method is simple to
perform under mild conditions. The silver salt (AgBr) can be
readily recovered at the end of the reaction by simple filtration.
The vyields obtained are superior compared to many other
methods.> > We believe that our method complements related
technologies, providing an alternative to known syntheses of
oxazoles, especially those pertaining to the synthesis of oxazole-
4-carboxylates 3513

B EXPERIMENTAL SECTION

General Microwave Procedure for Optimized Conditions.
To a dry tube under Ar atmosphere were added the amide (0.30 mmol), 3-
bromo-a-oxoester (0.30 mmol), anhydrous 1,2-dichloroethane (0.45 mL),
and AgSbFs (0.30 mmol, 103 mg). The mixture was stirred for 1 min then
heated to 90 °C in a sealed tube in a microwave reactor for 2 h (3 h in the
case of 27) with stirring. After this time the reaction was cooled to room
temperature and a saturated solution of NaHCO; (S mL) was added and

the product was extracted with EtOAc (2 X 7 mL). The combined organics
were washed with a saturated solution of brine (4 mL), dried (Na,SO,),
filtered, and purified by flash chromatography or preparative TLC.

Ethyl 2-(4-bromophenyl)oxazole-4-carboxylate (4): colorless
solid, 100%; mp 97—99 °C; Ry 0.31 (4:1, petrol—EtOAc); Vina/cm
3171,3011, 1736; "H NMR (400 MHz, CDCl;) 6 8.30 (s, 1 H), 8.01 (d,] =
8.5Hz,2H),7.65(d,J=8.5Hz,2H),446 (q,J=7.1Hz,2 H), 1.44 (t,] =
7.1 Hz, 3 H); *C NMR (100 MHz, CDCl;) 6 161.6, 161.2, 143.8, 134.8,
132.1, 128.3, 125.8, 125.3, 61.4, 14.3; HRMS (ESI) calcd for Cj,H,
BrNNaO; [M + Na]* 317.9742, found 317.9726.

Ethyl 2-(4-nitrophenyl)oxazole-4-carboxylate (18): pale yel-
low solid, 80%; mp 120—122 °C; Rf0.18 (4:1, petrol—EtOAc); Vmax/cm71
2927, 2855, 1738, 1526; "H NMR (400 MHz, CDCl;) 0 8.35 (m, 5 H),
447 (q,] = 7.1 Hz, 2 H), 1.4 (t, ] = 7.1 Hz, 3 H); "*C NMR (100 MHz,
CDClLy) 8 1609, 160.3, 149.2, 144.7, 135.5, 131.8, 127.8, 124.2, 61.6, 14.3;
HRMS (ESI) caled for C;,H;oN,NaOg [M + Na]™ 285.0487, found
285.0469.

Ethyl 2-(3-nitrophenyl)oxazole-4-carboxylate (19). colorless
solid, 819%; mp 124—126 °C; R;0.15 (4:1, petrol—EtOAc); Vina/cm™
2959, 1738, 1521; "H NMR (400 MHz, CDCl;) 6 8.97 (app t, ] = 1.8 Hz,
1H),8.49 (m,1H), 838 (ddd,J=8.4,2.3,1.1 Hz,1H),8.37 (s, 1H),7.72
(t,J=82Hz, 1 H),447 (q,]=7.1Hz,2 H), 145 (t,] = 7.1 Hz, 3H); °C
NMR (100 MHz, CDCL;) 6 160.9, 160.1, 148.6, 144.4, 135.1, 132.4,
1302, 1280, 1256, 121.7, 61.6, 14.1; HRMS (ESI) caled for
C1oH1oN,NaOs [M + Na]*t 285.0487, found 285.0469.

Ethyl 2-(furan-2-yl)oxazole-4-carboxylate (21): colorless solid,
81%; mp 46—48 °C; Ry 020 (4:1, petrol—EtOAC); Vpna/cm ™' 3172,
3010, 1737; "H NMR (400 MHz, CDCl;) 6 8.26 (s, 1 H), 7.61 (dd, ] =
1.7,0.7Hz, 1 H),7.19 (dd, ] = 3.5,0.6 Hz, 1 H), 6.58 (dd, J = 3.5, 1.8 Hz, 1
H), 444 (q,] = 7.1 Hz, 2 H), 1.42 (t, ] = 7.1 Hz, 3 H); *C NMR (100
MHz, CDCl;) 8 161.0, 154.9, 145.1, 143.1, 141.9, 134.6, 113.2, 112.0,
61.4, 14.3; HRMS (ESI) caled for C,oHoNNaO, [M + Na] T 230.0429,
found 230.0423.

2-Bromo-1-[2-(4-methoxyphenyl)oxazol-4-yllethanone
(31): white solid, 47%; mp 147—148 °C; ¥, /cm ™' (neat) 3124, 3072,
2956, 1697, 1462; '"H NMR (400 MHz, CDCl;) 0 8.32 (s, 1 H),
8.01—8.03 (m, 2 H), 6.99—7.01 (m, 2 H), 4.53 (s, 2 H), 3.89 (s, 3 H);
13C NMR (100 MHz, CDCl;) 6 186.3,162.3, 162.1, 142.5,139.2, 128.6,
118.9, 114.3, 55.4, 32.1; HRMS (ESI) calcd for C;,H,oBrNNaO; [M +
Na] " 317.9736, found 317.9728.
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