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The 4-carboxyoxazole moiety is a structural feature
found in a variety of natural products.! Although several
methods have been reported for the direct synthesis of
4-carboxyoxazoles from acyclic precursors,? oxidation of
an intermediate oxazoline can also be a useful approach.?
However, the use of NiQ; is the only general method
currently available for the conversion of 4-carboxyoxazo-
lines to the corresponding oxazoles.* Recently, during the
synthesis of the thromboxane receptor antagonist 3, we
discovered a novel procedure using a mixture of CuBrg
and DBU for the oxidation of 1 to 2.5 Herein, we describe
the scope and limitations of this reaction and provide the
details for a significant improvement which has made the
oxidation process practical. A tentative mechanism in-
volving an intermediate copper enolate is proposed.

Weinitially reasoned that introduction of a leaving group
(e.g., halogen) at C-4 of 1 could provide access to the desired
oxazole after treatment of the intermediate with base.
Although halogenation of oxazolines such as 1 is unknown,
it occurred to us that a mild procedure using a copper(II)
salt for the a-halogenation of ketones, developed over 30
years ago by Kochi, might suit our purpose.®! Treatment
of the simple 4-(carbobenzyloxy)oxazoline 4a under mod-
ified bromination conditions? (CuBrz, 1:1 EtOAc/CHClIs,
room temperature) gave only recovered starting material.
However, pretreatment of a suspension of CuBr;in CHCl;
with diisopropylethylamine followed by addition of 4a in
EtOAc (Table I) resulted in the formation of ~20% of a
new, less polar product. The 'H NMR of this compound
displayed a characteristic singlet at é 8.1 ppm, thereby
confirming direct formation of the 4-carboxyoxazole
product 5a.
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Substitution of DBU for diisopropylethylamine resulted
in a dramatic improvement in yield; other bases such as
2,6-di-tert-butylpyridine or triethylamine were ineffective
or gave less consistent results. Other copper(II) reagents
(CuCly, Culs, Cu(OTY)s) were also tried, but only Cu(OTf),
gaveresults equivalent to those produced by CuBrs. With
regard to the scope of the reaction, oxidation of the
4-carbamyloxazoline 4b with CuBro/DBU gave the oxazole
5b while oxazoline 4¢, which does not contain a 4-carboxy
group, did not react under these conditions. Application
of this methodology to the more complex 7-oxabicyclo-
[2.2.1]heptane substrates 1 and 4d provides ample evi-
dence of the selectivity of the reaction. A major drawback
of the CuBry/DBU procedure is that the reaction is slow
(usually 1-2 days). In many cases, the reaction was
incomplete and required a second charge of reagents. In
some cases, particularly on a larger scale, 10-15% -of the
substrate survived even after the second charge of reagents,
and a third charge was necessary to drive the reaction to
completion. It is known that the complexes formed
between CuCl; and amine bases such as triethylamine®
and pyridine® are unstable and undergo internal electron
transfer to give copper(I) complexes. We have demon-
strated that copper(I) salts, either alone or in combination
with DBU, are not capable of carrying out the oxidation
of oxazolines to oxazoles. A similar electron transfer
process may occur, but to a lesser extent, between copper-
(I1) salts and DBU.10.11 An alternative mechanism involves
hydride transfer from the amine to Cu(Il).

In an effort to improve the reaction, we examined the
use of other amine bases, particularly those without the
ability to act as efficient hydride donors [t-BuNHj,, 1,4-
diazabicyclo[2.2.2]octane (DABCO) and hexamethylene-
tetramine (HMTA)]. These bases are less susceptible to
oxidation either due to the lack of an a-hydrogen atom or
due to the a-CH; being part of a rigid cyclic structure with
poor overlap between the nitrogen lone pair and adjacent
C-H bonds. Ozxidation reactions with CuBr; in the
presence of t-BuNH,;, DABCO, and HMTA alone were
not efficient due to the low solubility of the corresponding
CuBr;complexes. However, the oxidation process became
much more efficient by the use of a mixture of a nonhydride
donor amine (t-BuNH;, DABCO, or HMTA) and DBU.
HMTA gave the best results. The reaction of oxazoline
1 with 4 mol equiv each of CuBro/DBU/HMTA in CH;Cl,
at room temperature for 5 h produced oxazole 2 in >80%
isolated yield with no remaining oxazoline. Second charges
of reagents were not necessary, even on a large scale. Ester
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Table I. Oxidation of Oxazolines to Oxazoles with CuBr;/Base
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R!

R! CuBr, / Base
N 2 N
R—¢ j ¢ Jr
o EtOAc / CHCI, or CH,Cl, <]
4 AT 5
-oxazoline R R! base time oxazole yield? (%)
4a i-Pr CO;Bn i-Pr,NEt 2d 5a 20°
4a i-Pr COsBn DBU 1d 5a 55
4b i-Pr CONEt; DBU 2d 5b 65°
4c Et H DBU >2d 8c NR?
4d CO3Bn DBU 1->2d 5d 60-78¢
CO,Me
S M

4d COzBn DBU/HMTA 2h 5d 81¢
de CONEt, DBU/HMTA 4h Se 80
1 DBU 22d 2 55-80¢4
1 DBU/HMTA 5h 2 82¢

¢ Reactions 1-5 were run in a 1:1 mixture of CHCly/EtOAc; reactions 6-9 were done in CH;Cl;. ? The reaction was run with 2 equiv each
of CuBr; and base and was stopped after 1 day. © The reaction was started with 2 equiv of CuBr; and 2-4 equiv of DBU and recharged with
2 equiv of each reagent after approximately 1 day. On scale-up (>10 g oxazoline), a second recharge of reagents was required. ¢ In large scale
runs, starting oxazoline (up to 30% ) remained after 2 days. ¢ The reaction was run with 4 equiv each of CuBry, DBU, and hexamethylenetetramine.1®
No starting oxazoline remains in these reactions independent of scale.
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4d and tertiary amide 4e are also readily converted into
the oxazoles 5d and Se under these improved reaction
conditions. Reactions could be easilyscaled up to produce
several hundred grams of the oxazole 2. All oxidation
reactions in the presence of HMTA were fast, efficient,
and reproducible.

A possible mechanism for the oxidation of 4-carboxy-
oxazolines is shown in Scheme II. The inability of the
unsubstituted oxazoline 4¢ to undergo oxidation under
these conditions suggests the intermediacy of the copper-
(II) enolate 6 (L = DBU).12 Intermediate 6 undergoes
oxidation-reduction, probably via an internal electron-
transfer process, to furnish oxazole 2. Although we are
unable at this time to completely rule out a mechanism
which involves the intermediacy of a C-4 bromide followed

(12) When oxygen is bubbled through the reaction mixture, the
4-hydroxyoxazoline i can be isolated as the major product (we thank Joy
Jannottifor thisresult). Reactioninthe presenceoftetramethylpiperidine
oxide radical produced, in addition to ~10% oxazole, the corresponding
oxyamines ii as a mixture of diastereomers in 50% chromatographed
yield. Alternatively, oxidation with potassium superoxide [O2/Cu(OQAc)y/
DMSO] gave the hydroxy acid iii as a complex mixture of diastereomers
in addition to 5-10% of the oxazole. For a-hydroxylation of lactones
with Cu(ll) refer to: Tang, C. S. F.; Morrow, C. J.; Rapoport, H. J. Am.
Chem. Soc. 1975, 97, 159.
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by elimination to give 2, the equivalence of Cu(OTf); and
CuBr; in the reaction strongly supports the above mech-
anism. Under the basic reaction conditions, formation of
the 5-bromooxazole 8!3 as a minor byproduct in the
oxidation of 1 may be explained by bromination at C-5
(path b) by a second molecule of CuBr; to give 7 followed
by an oxidation-reduction process.’¢ A complex shown
to be HMTA-HBr-0.5CuBr by 1H NMR, 13C NMR, and
combustion analysis crystallized out in ~95% yield during
the oxidation reactions. A possible rationale for the
effectiveness of the CuBro/ DBU/HMTA procedure is that
the HMTA/CuBr complex efficiently scavenges the HBr
thereby preventing reversal of the Cu enolate to starting
material and facilitating the subsequent oxidation-re-
duction step.15

In conclusion, we have discovered a novel method for
the oxidation of 4-carboxyoxazolines to oxazoles which we
believe will prove useful in the preparation of this
important heterocyclic moiety.

Experimental Section

1,8-Diazabicyclo[5.4.0]undec-7-ene was dried over molecular
sieves, Hexamethylenetgtramine was purchased from Aldrich.
Cupric bromide was handled under nitrogen atmosphere. Dichlo-
romethane was dried over molecular sieves and deoxygenated by
bubbling argon for 0.5 h. All reactions were performed under an
argon atmosphere.

General Procedure for the Oxidation of Oxazolines to
Oxazoles Using CuBr,/DBU/HMTA." Hexamethylenetet-
ramine (4 equiv) was added to a suspension of CuBr; (4 equiv)
in deoxygenated, dry CH,Cl, (0.16 M). 1,8-Diazabicyclo[5.4.0]-
undec-7-ene (4 equiv) was added, and the resulting warm, dark
brown solution was cooled in a water bath for 5 min. Theoxazoline
was added neat, and the mixture was stirred at room temperature
under argon. After the starting oxazoline was consumed, the
solvent was removed in vacuo and the residue was taken up in
equivolume amounts of EtOAc and saturated aqueous NH,CV/
concd NH,OH (1:1). Theaqueous layer was extracted with EtOAc

(13) Bromooxazole 8 was isolated (~1%) as a less polar byproduct
from this reaction.

(14) Control experiments demonstrated that 8 is not produced by
bromination of 2 under the reaction conditions.

(15) It is also possible that a novel Cu(II)> HMTA-DBU complex is the
true oxidizing agent.

(16) Reactions using 4 equiv of all reagents were complete in less than
5h. The same reactions with 3 equiv of each reagent took approximately
18 h to go to completion.
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(3%), and the combined extracts were washed successively with
saturated NH,Cl/concd NHOH (1:1, 3%), 10% citric acid,
aqueous NaHCOQ;, and brine. The solution was dried (MgSO,)
and evaporated to give the crude oxazole which was purified as
described in the examples below.

[1S(1a,2a,3a,4a)]-2-[[3-[4-[ (Pentylamino)carbonyl]-2-0x-
azolyl]-7-oxabicyclo[2.2.1Jhept-2-yllmethyllbenzenepro-
panoic Acid, Methyl Ester (2). Oxazoline 1 (2.28 g, 5 mmol)
was reacted (5 h) as described in the general procedure above to
give, after purification by column chromatography on 200 mL of
K-60silicagel eluted with EtOAc/hexane (1:2),1.86 g (82% yield)
of the oxazole 2: [a]p = +14.3° (¢ = 1, CHCl;); mp 138-39 °C;
IR (KBr) 3387, 29566, 1738, 1651, 1607, 1514, 1194, 1173, 1109,
1003, 762 em!; tH NMR (270 MHz, CDCly) 4 8.1 (1 H, s), 7.12
(6H,m),703 (1 H,m),497 (1 H,d,J = 4.5 Hz),438 (1 H,d
J = 4.5 Hz), 3.66 (3 H, 5), 3.4 (8 H, m), 292 (2 H, m), 2.5 (3 H,
m), 2.34 (2H, m), 1.78 (2 H, m), 1.61 (3 H, m), 1.35 (4 H, m), 0.91
(3 H, m); 3C NMR (68 MHz, CDCly), § 173.0, 163.7, 160.5, 140.4,
138.5,137.8,136.2, 129.6,128.9, 126.6, 126.4, 79.6, 78.6, 51.5, 60.0,
46.9, 39.0, 34.8, 32.3, 29.9, 29.3, 29.0, 28.8, 27.6, 22.2, 13.8; MS
(Ch) M + H = 455, M - H = 453. Anal. Caled for CosHgN;Os:
C, 68.70; H, 7.54; N, 6.16. Found: C, 68.61; H, 7.46; N, 6.36.

(17) The oxazolines 1, 4d, and 4e were prepared from the oxabicyclo
acid v and the required serine derivative vi by the general procedure
shown below!® where EDC = N-ethyl-N’-[3-(dimethylamino)propyl]l-
carbodiimide hydrochloride:
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(18) For experimental details, see: Misra, R. N.; Brown, B. R.; Sher,
P. M,; Patel, M. M,; Hall, 8. E.; Han, W.-C.; Barrish, J. C.; Kocy, O.;
Harris, D. N.; Goldenberg, H. J.; Michel, I. M.; Schumacher, W. A.; Webb,
M.; Monshizadegan, H.; Ogletree, M. L. J. Med. Chem. 1993, 36, 1401.

Notes

[18-(1a,2a,3a,4a)]-2-[[3-[4-[ (Phenylmethoxy)carbonyl]-2-
oxazolyl]-7-oxabicyclo[2.2.1Thept-2-ylJmethyl]benzenepro-
panoic Acid, Methyl Ester (5d). Oxazoline4d (1.0g, 2.1 mmol)
was reacted (2 h) as described in the general procedure above to
give, after purification by column chromatography on 200 mL of
K-60silica gel eluted with EtOAc/hexane (2:3),0.80 g (81 % yield)
of the oxazole 5d: [a]p = +29.9° (¢ = 1.4, CHCl;); mp 88-90 *C;
IR (KBr) 3435, 2953, 1736, 1636, 1580, 1148, 1101, 1005, 766 cm™!;
1H NMR (270 MHz, CDCl3) 8.2 (L H,8), 7.4 4 H, m), 7.12 (6
H, brs), 5.36 (2H,s),491 1 H,d,J =5Hz),435(1H,d,J =
5 Hz), 3.63 (8 H, 8), 3.51 (2 H, d, J = 9 Hz), 2.88 (2 H, m), 2.52
(3H,m),2.35(1 H,t,J =14 Hz), 2.19 (1 H, dd, J = 4, 14 H2),
1.74 (2 H, m), 1.60 (1 H, m), 1.45 (1 H, m); 13C NMR (68 MHz,
CDCl;) 6173.0,164.9,161.0,144.1,138.6,187.8,135.5,132.9,129.8,
128.8, 128.6, 128.5, 128.4, 126.6, 126.5, 79.5, 78.3, 66.7, 51.6, 50.3,
47.3, 34.8, 32.4, 29.9, 28.9, 27.5; MS (FAB) M + H = 476. Anal.
Caled for CosHzeNOg: C, 70.72; H, 6.1; N, 2.95. Found: C, 70.66;
H, 6.20; N, 3.29.

[18-(1a,2a,3a,4a)]-2-[[3-[4-(Diethylamino)carbonyl]-2-ox-
azolyl]-7-oxabicyclo[2.2.1]hept-2-ylJmethyl]benzenepro-
panoic Acid, Methyl Ester (5e). Oxazoline 4e (1.1g,2.5 mmol)
was reacted (4 h) as described in the general procedure above to
give, after purification by column chromatography on 200 mL of
K-60silica gel eluted with EtOAc/hexane (1:1),0.87 g (80% yield)
of the oxazole Se as an oil: [a]p = +23.8° (¢ = 1.28, CHCly); IR
(KBr) 2978, 1738, 1622, 1576, 1437, 1103, 754 cm-!; tH NMR (400
MHz, CDCl;) 6 8.10 (1 H,s),7.13 (5 H, brs), 496 (1H,d, J =
5 Hz), 4.36 (1 H, d, J = 5 Hz), 3.77 (2 H, m), 3.64 (3 H, s), 3.48
(1H,m), 3.43 (2H,d, J = 8.5 Hz), 2.91 (2 H, m), 2.53 (3 H, m),
234 (1H,dd,J = 12,14 Hz), 221 (1 H, dd, J = 4, 14 Hz), 1.78
(2 H, m), 1.60 (1 H, m), 1.44 (1 H, m), 1.22 (6 H, m); 13C NMR
(68 MHz, CDCly), 6 173.1, 163.0, 161.5, 142.5, 138.5, 138.0, 137.1,
129.9, 128.9, 126.6, 126.5, 79.7, 78.4, 51.6, 50.1, 47.1, 42.7, 41.0,
34.8, 32.5, 29.9, 28.9, 27.5, 14.7, 12.8; HR MS (FAB) caled (M +
H) = 441.2389, obsd (M + H) = 441.2398, A = 2 ppm.
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