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Abstract

Deprotonation of 2-(phenylsulfonyl)-1,3-oxazole (1) readily provides a useful C-5 carbanion
which is reactive with a variety of electrophiles. Aldehydes and ketones are useful substrates, and
the formation of 5-iodo- and 5-tri-n-butylstannyl oxazoles affords access to cross-coupling
reactions. Subsequent nucleophilic displacement of the 2-phenylsulfonyl group provides a general
route for the synthesis of 2,5-disubstituted-1,3-oxazoles.

Oxazoles represent an important class of five-membered heterocycles.1 Continuing interest
in the chemistry of 1,3-oxazoles has been undoubtedly stimulated by the incorporation of
this ring system in a variety of biologically significant secondary metabolites, such as
hennoxazole A,2 telomestatin,3 phorboxazoles A and B,4 the ulapualides,5 diazonamides A
and B,6 and rhizopodin.7 Depsipeptides often contain 1,3-oxazoles as a result of oxidative
cyclodehydrations of serine or threonine residues resulting in 2,4-disubstitution of the
heterocycle.8 Additional examples of naturally occurring 1,3-oxazoles feature 2,5-
disubstitution and 5-monosubstitution, and these substances may also exhibit significant
biological activity.9

The proliferation of interesting structures within this family has inspired the development of
methods to address the synthesis of specific substitution patterns. Williams and Wipf have
devised oxidative cyclodehydration strategies to provide a general route for the de novo
preparation of 2,4-disubstituted oxazoles.10 Several laboratories have recently described
cross-coupling reactions for alkenylation and arylation at C-2 of the oxazole nucleus11 as
well as studies of Stille reactions of 2-phenyl-1,3-oxazoles leading to C-4 and C-5
substitution.12 Direct metalations via deprotonations of the 1,3-oxazole ring have been
studied in some cases.13 Removal of the C-2 hydrogen leads to an equilibrium of the ring-
closed carbanion and the isomeric ring-opened isonitrile, and acylation reactions produce
4,5-disubstituted oxazoles derived from the Cornforth rearrangement.14 Examples of ring
metalations via complex-induced proximity effects15 (CIPE) have been recorded in
[2,4]bisoxazoles16 and for 2-methyloxazole-4-carboxylic acid.17 Very recently, Stambuli
and coworkers have described the selective C-5 deprotonation of 2-methylthio-1,3-oxazole
with tert-butyllithium leading to the production of 2,5-disubstituted oxazoles.18 These
studies advance the earlier precedents of Shafer and Molinski and reports of the
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regioselective copper-mediated allylation of 2-(n-butylthio)-1,3-oxazole.19 In this letter, we
disclose a compilation of our findings for the site selective deprotonation and the synthetic
utility of 2-(phenylsulfonyl)-1,3-oxazole in processes of alkylation, alkenylation and
arylation to afford a general pathway for the synthesis of 2,5-disubstituted oxazoles.

Direct incorporation of five-membered heterocycles into complex molecules is an important
and fundamental strategy in medicinal chemsitry. Thus, we have explored the kinetic
deprotonation of 2-(phenylsulfonyl)-1,3-oxazole (1) and the utility of carbanion 2. Reactions
of 2 with a variety of electrophiles and the subsequent replacement of the 2-phenylsulfonyl
group provide a general route for the preparation of 2,5-disubstituted oxazoles 3. Our studies
are precedented by the selective (C-4) deprotonation of 1-[2′-
(trimethylsilyl)ethoxymethyl]-2-(phenylsulfonyl)imidazole (4) and reactions with common
electrophiles followed by mild removal of SEM as illustrated in the preparation of 5.20

Reductive desulfonylation with 2% Na(Hg) in methanol leads to the introduction of the
intact imidazole nucleus.

The preparation of 1 began with the C-2 deprotonation of oxazole using n-butyllithium at
−78 °C (THF). Diphenyldisulfide was introduced and reactions were allowed to stir at room
temperature (24 h) to give 2-phenylthio-1,3-oxazole (91%) for oxidation with ammonium
molybdate tetrahydrate (2.2 equiv) in ethanol containing 30% aqueous H2O2 at 22 °C (98%
yield).

The selective deprotonation of 2-(phenylsulfonyl)-1,3-oxazole (1) with LDA (1.1 equiv) in
THF at −78 °C afforded a well-behaved C-5 carbanion 2 which reacted efficiently with a
number of electrophiles (Table 1). Under these reaction conditions, alkylation of 2 with allyl
bromide proceeded poorly. This problem was overcome by transmetalation of 2 to give the
corresponding organozinc species for a Negishi cross-coupling to yield the desired
alkylation product 14 (90%).

The efficient production of the iodide 6 (Table 1, entry 1) facilitates studies of Suzuki cross-
coupling reactions toward the preparation of 2,5-disubstituted oxazoles. For example, the
arylation reaction of 6 with commercially available 4-methoxyphenyl boronic acid using 10
mol% Pd(PPh3)4 at 70 °C gave 15 in 94% isolated yield. Similarly, our expectations that the
5-stannyl derivative 8 (Table 1, entry 3) would be useful for Stille processes have been
confirmed by the effective cross-coupling with (Z)-iodide 16 21 using 10 mol% Pd(PPh3)4 in
the presence of LiCl (6 equiv) and CuCl (5 equiv) in DMSO at 60 °C to yield oxazole 17
(90% yield).

With the successful introduction of selective substitution at the C-5 position of 1, our
subsequent studies focused on opportunities for the replacement of the 2-phenylsulfonyl
group as a general scheme for the synthesis of 2,5-disubstituted-1,3-oxazoles. In this regard,
we have found that organolithium species react via an addition-elimination pathway leading
to the effective nucleophilic displacement of the C-2 sulfonyl group. Examples are compiled
in Table 2. To our knowledge, this preparation of 1,3-oxazoles describes the first report for
replacement of C-2 sulfonyl functionality utilizing aryl, alkenyl, and alkyllithium reagents.
Small-scale reactions (approximately 1 molar) demonstrate complete consumption of
starting 2-phenylsulfonyl oxazoles upon slow introduction of the organolithium species (1.2
equiv) and warming from 0 °C to room temperature over 5–10 minutes. We have briefly
examined reactions of our 2-phenylsulfonyl oxazoles with the analogous cuprates and have
observed an expected lack of reactivity at low temperatures whereas warming to 22 °C led to
uncharacterized products which do not contain the 1,3-oxazole nucleus. Similar results were
observed in our limited attempts to use allylmagnesium chloride. Overall, the replacement of
the 2-sulfonyl substituent upon treatment with reactive organolithium reagents appears to be
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a general process which may be utilized for the introduction of additional functionalization
as evident by reactions with acyl carbanion equivalents affording oxazoles 22, 23, and 28
(Table 3, entries 4, 5 and 10).

In summary, an efficient preparation of 2-(phenylsulfonyl)-1,3-oxazole facilitates a
convenient, site-selective deprotonation to produce a reactive carbanion for halogenation,
stannylation, and alkylation reactions. Negishi, Suzuki, and Stille cross-coupling processes
are demonstrated to afford high yielding arylations and alkenylations leading to the
preparation of a variety of 2,5-disubstituted oxazoles. The replacement of the 2-
phenylsulfonyl substituent upon reaction with aryl, alkenyl, and akyllithium reagents
provides a versatile pathway for the synthesis of a wide variety of complex 2,5-disubstituted
oxazoles.
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Scheme 1.
Site Selective Substitutions of 1,3-Oxazole
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Scheme 2.
Selective C-4 Deprotonation of Imidaxzole 4
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Scheme 3.
Negishi Coupling for C-5 Allylation of 1
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Scheme 4.
Stille Cross Coupling Reactions
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Table 1

Reactions of 2-(Phenylsulfonyl)-1,3-oxazole 1

entry electrophile producta,b yieldc (%)

1

6

87

2

7

81

3 n-Bu3SnCl

8

86

4 CH3I

9

91

5

10

72

6

11

75

7

12

87

8

13

81

a
Reaction conditions: A THF solution of sulfone 1 (1.0 equiv; 2.0 mmol) was added into a solution of LDA (1.1 equiv) in THF at −78 °C. After

stirring under N2 for 1 h, electrophile in THF solution was added with subsequent warming to 22 °C.

b
Products were purified by flash silica gel chromatography.
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c
Yields are reported for isolated and purified product.
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