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ABSTRACT
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A general method for the synthesis of 2,4,5-trisubstituted oxazoles has been developed. Starting from commercially available oxazole, successive
metalations using TMPMgCI - LiCl or TMPZnClI - LiCl led to the corresponding magnesiated or zincated species which were stable toward ring
fragmentation. Furthermore, they readily reacted with various electrophiles, such as aryl and allylic halides, acid chlorides, TMSCI, and TMS-CN,

providing highly functionalized oxazoles.

The synthesis of oxazoles is an important task in organic
chemistry since these heterocycles are present in many
biologically active compounds such as alkaloids, analge-
sics, antibiotics, and anticancers.! In addition, oxazoles are
frequently utilized as building blocks in modern materials.?
To date, the preparation of highly functionalized oxazoles
involves condensation reactions such as the Robinson—
Gabriel synthesis.> However, these methods have some
limitations, such as poor regioselectivity in the ring con-
struction, multistep syntheses for the starting materials,
and harsh reaction conditions. C—H arylation is another
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approach to functionalize oxazoles. This method shows
great potential, and its scope is constantly increasing.*
These difficulties have been addressed by the develop-
ment of alternative methods, in particular metalations of
the oxazole scaffold. Indeed, there are many reports of
successful lithiations of oxazoles at position 2.> However,
the direct functionalization of these heterocycles by lithia-
tion is difficult due to side reactions such as ring frag-
mentation.® Although a few lithiation reactions of positions
5 and 4 have been reported,’ these metalations require very
low reaction temperatures and prefunctionalized starting
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materials and do not allow the use of oxazole derivatives
containing sensitive functional groups. Recently, we have
reported a set of novel sterically hindered TMP-bases
(TMP = 2.2.6,6-tetramethylpiperidyl) complexed by LiCl.®
TMPMgCl- LiCl (1)’ and TMPZnCl- LiCl (2)'° have pro-
ven to be especially efficient for a broad range of metalations
particularly for sensitive heterocycles.

Herein, we report the full functionalization of oxazole
(3) using successive metalations with TMP-bases 1 and 2
(Scheme 1).

Scheme 1. Successive Metalations of Oxazole (3) at Positions 2,
5, and 4 Using TMPMgCl- LiCl (1) and TMPZnCl-LiCl (2)
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Thus, treatment of oxazole (3) with TMPZnClI-LiCl
(2; 1.4 equiv, 0 °C, 1 h)'®leads to the quantitative formation
of the corresponding 2-oxazolylzinc reagent which successfully
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undergoes Negishi cross-couplings'' using Farina’s ligand
((o-furyl)sP)'? with various ortho-, meta- or para-substituted
aryliodides, as well as an aryl bromide furnishing the desired
cross-coupling products 4a—h in 74—94% yield (Table 1,
entries 1—8). The 2-oxazolylzinc reagent also reacts well in
Pd-catalyzed Negishi acylation reactions' with benzoyl
chloride and 3-chlorobenzoyl chloride, providing the ke-
tones 4i and 4j in 73—86% yield (entries 9 and 10). The
2-zincated oxazole also reacts after transmetalation with
CuCN-2LiC1'"* in a copper(I)-mediated allylation reaction
with ethyl 2-(bromomethyl)acrylate'® to furnish the ally-
lated oxazole 4k in 78% yield (entry 11).

Table 1. 2-Substituted Oxazoles of Type 4 Obtained by Regio-
selective Zincation of Oxazole (3) Using TMPZnCl- LiCl (2) and
Quenching with Electrophiles

entry electrophile product, yield”
R
Q ® 7/@(
e]
. W
1 R = CO,Et 4a, 92%"° (80%)°
2 R=Cl 4b, 83%"°
3 R =CF; 4c, 74%’°
4 R =0Me 4d, 90%"°
5 R=CN de, 87%"
R Yé
D 0
! ‘W
6 R =NO, 4f, 94%?
7 R=CN 4g, 82%°
QHC
OHC.
8 e o 0
! W
4h, 79%"
o] o]
R o) R
Cl
O ey
9 R=H 4i, 73%*
10 R=Cl 4j, 86%"

O
Br 7/\(
]
11 CO,Et <\,N CO,Et

4k, 78%°

“Isolated yield of analytically pure product. ® Pd-catalyzed cross-
coupling using 3 mol % Pd(dba), and 6 mol % P(o-furyl);. “ The aryl
bromide was used as an electrophile for Pd-catalyzed cross-coupling
using 4 mol % Pd(PPhs),. “Pd-catalyzed acylation reaction using
4 mol % Pd(PPh;),. “ CuCN-2LiCl was used for the reaction with this
electrophile.

(12) (a) Farina, V.; Baker, S. R.; Benigni, D. A.; Sapino, C., Jr.
Tetrahedron Lett. 1988, 29, 5739. (b) Farina, V.; Baker, S. R.; Benigni,
D. A.; Hauck, S. 1.; Sapino, C., Jr. J. Org. Chem. 1990, 55, 5833.

(13) Negishi, E.; Bagheri, V.; Chatterjee, S.; Luo, F.-T.; Miller, J. A.;
Stoll, A. T. Tetrahedron Lett. 1983, 24, 5181.

(14) Knochel, P.; Yeh, M. C. P.; Berk, S. C.; Talbert, J. J. Org. Chem.
1988, 53, 2390.

(15) Villieras, J.; Rambaud, M. Synthesis 1982, 924.

6163



A second metalation of the 2-substituted oxazoles of
type 4 occurs at position 5 and is readily achieved by
adding either TMPMgCl-LiCl (1)° or TMPZnCl-LiCl
(2).'° Thus, treatment of the 2-arylated oxazoles 4a and
4b with TMPMgCl- LiCl (1; 1.4 equiv, —40 °C, 0.5 h)’ leads
to the quantitative formation of the 5-magnesiated oxazole.
These oxazolylmagnesium reagents readily react with
various electrophiles, such as NC—CO,kFt, MeSO,SMe, !¢
TsCN, or TMSCI to provide the 2,5-disubstituted oxazoles
5a—e in 72—93% yield (Table 2)."”

Table 2. 2,5-Disubstituted Oxazoles of Type 5 Obtained by
Regioselective Magnesiation of Oxazole Derivatives of Type 4
Using TMPMgCl-LiCl (1) and Quenching with Electrophiles

entry  substrate electrophile product, yield”
CO,Et
1 4a NC-CO;Et O\K©/
EtO,C \ I
N
5a, 93%
CO,Et
2 4a MeSO,SMe Mes o)
2
aW!
5b, 72%
CO,Et
3 4a TsCN NG o)
W
Se, 89%
CO,Et
4 4a TMSCI 7/CJ/
TMS
86%
5 4b TMSCI \KQ/
TMS
5e, 82%

“Isolated yield of analytically pure product.

Alternatively, the 5-zincated species can be prepared by
reacting 2-substituted oxazoles of type 4 with TMPZnCl-
LiCl (2; 1.4 equiv, 50 °C, 2 h).'° The zinc derivative of 4a is
then subjected to Negishi cross-couplings with 1-chloro-4-
iodobenzene or 4-iodobenzonitrile to provide the bis-
arylated oxazoles 6a and 6b in 83—92% vyield (Table 3,
entries 1 and 2). After zincation of 4a and 4e and transme-
talation with CuCN-2LiCl, a copper(I)-mediated allyla-
tion with allyl bromide or 3-bromocyclohexene leads to
oxazoles 6¢ and 6d in 76—79% yield (entries 3 and 4).
Pd-catalyzed acylation with benzoyl chloride, 4-fluorobenzoyl
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Table 3. 2,5-Disubstituted Oxazoles of Type 5 Obtained by
Regioselective Zincation of Oxazole Derivatives of Type 4
Using TMPZnCl- LiCl (2) and Quenching with Electrophiles

entry  substrate  electrophile product, yield”

CO,Et
cl ‘MY@
\_N

6a, 92%°

CO,Et
CN
L 0
| \_k

6b, 83%’°

CO,Et
/\/Br 07/©/
]
~J

6¢, 79%°

6d, 76%°

6h, 87%°

9 4b @{ Q%@R/Q/

6j, 80%°

“Isolated yield of analytically pure product. ® Pd-catalyzed cross-
coupling using 3 mol % Pd(dba), and 6 mol % P(o-furyl);. “CuCN-
2LiCl was used for the reaction with these electrophiles. ¢ Pd-catalyzed
acylation reaction using 4 mol % Pd(PPh;),. “Pd-catalyzed cross-
coupling using 3 mol % Pd(dba), and 6 mol % P(o-furyl)s, 4 mol %
Cul, and NEt;.

chloride, or 3,4-difluorobenzoyl chloride provides the
oxazolyl ketones 6e—h in 76—98% yield. Furthermore,
after zincation and reaction with iodine, the 2-substituted
oxazole 4b undergoes a regioselective Sonogashira reaction'®
in situ with phenylacetylene in the presence of 3 mol %
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Table 4. 2,4,5-Trisubstituted Oxazoles of Type 7 Obtained by
Regioselective Zincation of Oxazole Derivatives of Type 5 or 6
Using TMPZnCl- LiCl (2) and Quenching with Electrophiles

entry  substrate electrophile product, yield”

COLE
a® °f©
NN

CF3
| $)
FsC
7a, 82%°
CO,Et
Cl O O\IK©/
CN \ N
2 6a O/
| 9,
NC
7b, 73%’
Q CO,Et
OMe OY©/
3 6f /©/ d N4
| W,
MeO
Te, 76%°
O o
(o] O\K<j/
\/
4 6e cl o] N
o}
7d, 78%°
F
Cl
5 6 O\(@
v O
d N
Te, 74%"
CO,Et
TMS Oﬂ
[ \’[l
¢ w0
Cl
Cl
£, 84%°

“Isolated yield of analytically pure product. ® Pd-catalyzed cross-
coupling using 3 mol % Pd(dba), and 6 mol % P(o-furyl);. “Pd-
catalyzed acylation reaction using 4 mol % Pd(PPh;)s. ¢ CuCN-2LiCl
was used for the reaction with this electrophile.

Pd(dba),, 6 mol % P(o-furyl);, 4 mol % Cul, and Et;N to
afford the 2,5-disubstituted oxazole 6jin 80% yield. Remark-
ably, the metalation of 2-substituted oxazole derivatives with
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TMPZnCl- LiCl can be performed at 50 °C, whereas the use
of TMPMgClI-LiCl requires more accurate temperature
control (reaction temperature should be —40 °C).

The prepared 2,5-disubstituted oxazoles of type 6 and 5
can be further regioselectively metalated at position 4 using
TMPZnCl- LiCl (2; 1.4 equiv, 50 °C, 3—8 h)’ to afford the
expected 4-zincated species. These zincated polyfunctional
oxazoles undergo Negishi cross-couplings, Pd-catalyzed
acylation reactions, or copper(I)-mediated allylations.
Thus, after the zincation of the 2,5-substituted oxazole
6a, Negishi cross-couplings were performed with various
aryl iodides, such as 1-iodo-4-(trifluoromethyl)benzene
and 4-iodobenzonitrile, furnishing the desired 2.4,5-
arylated oxazoles 7a and 7b in 73—82% yield (Table 4,
entries 1 and 2). Similarly, the keto-substituted oxazole 6f
is an excellent substrate for a Negishi cross-coupling
reaction with 4-iodoanisole and provides the desired tri-
substituted oxazole 7c¢ in 76% yield. Furthermore, the
S-acylated oxazole 6e undergoes a Pd-catalyzed Negishi
acylation with benzoyl chloride, providing the trisubsti-
tuted oxazole 7d in 78% yield (entry 4). Also, the allylation
of the zincated oxazole derived from 6h with 3-bromocy-
clohexene in the presence of CuCN-2LiCl leads to the
expected trisubstituted oxazole 7e in 74% (entry 5). Final-
ly, the oxazole 5d is arylated by our standard procedure
with 1-chloro-4-iodobenzene, furnishing the 5-silyloxazole
7f in 84% yield."

In conclusion, we have developed a new general method
for performing multiple regioselective metalations of ox-
azole (3) via successive reactions using TMPMgCl- LiCl (1)
or TMPZnCl- LiCl (2) leading to a variety of new functio-
nalized oxazole derivatives with the regiocontrolled intro-
duction of all substituents. Further extension of this
method toward the synthesis of biologically active ox-
azoles is currently underway in our laboratory.
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