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The synthesis of alkoxybenzoxazoles is in general quite challenging. During our investigation, we discov-
ered that C-4 and C-7 fluoro precursors undergo SNAr with alkoxides affording moderate to excellent
yields of substituted product.

� 2009 Elsevier Ltd. All rights reserved.
During a recent project, we became interested in preparing li-
braries of benzoxazoles with alkoxy substitution at C-4 and C-7
(Fig. 1). Among the few syntheses described in the literature for
the preparation of O-substituted benzoxazoles, most depended
on cyclodehydration methodology between the benzoic acid moi-
ety and the appropriate aminophenol precursor (Fig. 1, approach
a).1,2 This approach was appealing but has the drawback of prepar-
ing the corresponding aminophenols.3 Surprisingly, there are no
methods existing in the literature showing that one can displace
halogens by direct SNAr and just one using assistance from plati-
num-group metal (PGM) catalysis with oxygen nucleophiles at
either C-4 or C-7, which is key for our exploration (Fig. 1, approach
b).4

There are 2 logical possible retrosyntheses of key substructure
(Fig. 1): approach a requiring the preparation of the benzoxazole
directly from the appropriate O-substituted aminophenol, requir-
ing several steps to access, using cyclodehydration protocol;5 or
approach b relying on the direct substitution of a suitable leaving
group on the phenyl moiety of the benzoxazole ring following
cyclodehydration with the appropriate halogen-substituted
aminophenol.4

Our initial strategy centered around finding an efficient
cyclodehydration methodology of the appropriately substituted
aminophenol and 2-aminonicotinic acid or 2-aminonicotinic alde-
hyde with a subsequent oxidation step. After many trials without
success employing recently reported mild conditions using 2-ami-
nonicotinic acid (e.g., PS–TPP, Cl3CCN, microwave;6 deoxofluor, DI-
PEA;7 POCl3;8 and Mitsunobu conditions9) or 2-aminonicotinic
aldehyde as the precursor (e.g., DDQ;10 and MnO2

11), we identified
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fax: +33 (0)3 26 61 6842.
S. Harris).
that polyphosphoric acid at elevated temperatures was necessary
to drive the reaction through to the desired benzoxazole.5 How-
ever, with 2-aminonicotinic acid, we found the reaction to be quite
sensitive to electronic and steric effects of the aminophenol pre-
cursor resulting in inconsistent yields and in the case of oxygen
substitution on the aminophenol, only traces of benzoxazole prod-
uct were detected (Table 1).

Table 1 shows how substitution on the aminophenol affected
the yield of desired benzoxazole in spite of these forcing cyclode-
hydration conditions. While fluorine substitution was tolerated
(entries 2–5), strong electron-donating (entries 6 and 7) or elec-
tron-withdrawing substitution (e.g., entry 8) ortho to either the
amino or phenol group resulted in only traces of cyclised product.
In addition, attempts to prepare the desired 7-bromobenzoxazole
with a view to process it through to the corresponding phenol
via a hydroxydeboronation sequence12 proved disappointing
affording an unseparable mixture of the desired 7-bromobenzox-
azole contaminated with the debrominated benzoxazole by-prod-
uct (entry 9). As a possible solution and as the cyclisation
proceeded efficiently with the appropriate fluoroaminophenols,
we proposed the possibility of preparing the 4- and 7-fluorobenz-
oxazole precursors and attempting direct SNAr with the appropri-
ate alkoxide. Herein, we communicate to our knowledge the first
successful direct SNAr on 4-F and 7-F benzoxazoles.

Direct SNAr on un-activated aryl fluorides can be viewed as an
acceptable strategy affording moderate to excellent yields of
substituted product.13 However, there are no records of direct SNAr
on benzoxazoles with any substitution at any position of the ben-
zene ring, probably because benzoxazoles can readily undergo
ring-opening under basic conditions to afford the corresponding
amidophenol precursors.14 Therefore, we were surprised to ob-
serve that the first trials (4 equiv of 2,4-dimethoxybenzylalcohol
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Figure 1. Synthons which could give the desired substructure.
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in the presence of NaH, THF and 80 �C) proceeded surprisingly well
at C-4 (2), affording the C-4-(2,4-dimethoxybenzyloxy)benzoxaz-
ole (10) in quantitative yield. The resulting C-4–OH (11) was re-
vealed under hydrolytic conditions (TFA and DCM). However,
attempts to apply the same chemistry failed for the C-7–F precur-
sor (5). Ring-opening dominated affording the ‘amidophenol’ inter-
mediate. After investing some time in process development, we
managed to isolate the C-7-methoxybenzoxazole (12) in a respect-
able 45% yield, using similar conditions but changing the solvent
Table 1
Selected results from cyclisation in PPA at 200 �C for 16 h with a variety of
aminophenols with 2-aminonicotinic acid

N

ON
NH2

OH

NH2O

OHN
NH2

R R+
Conditions

Entry R Yield of benzoxazole (%)

1 H 84
2 4-F 62
3 5-F 60
4 6-F 75
5 7-F 53
6 7-OMe Traces
7 4-OH Traces
8 4-CO2H Traces
9 7-Br 23a

a Product contaminated with debrominated side product.
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Scheme 1. Synthesis of key precursors 11 and 13. Reagents and conditions: (i) 2,4-Dim
NMP, 16 h, 45%; and (iv) HBr in AcOH, 120 �C, 100%.
from THF to dry NMP. Subsequent revelation of the C-7–OH (13)
was achieved in quantitative yield using HBr in acetic acid (Scheme
1).

With this knowledge in hand, we turned our attention to inves-
tigating the wider application of SNAr on simple fluoro-substituted
benzoxazole substrates. The corresponding C-4, C-5 and C-7–F pre-
cursors (14, 15 and 16) were prepared using similar cyclodehydra-
tion chemistry to that described above. We decided to carry out a
solvent screen on 14 using freshly-prepared MeONa as the nucleo-
phile. 1,2-Dimethoxyethane (DME) and N-methylpyrrolidinone
(NMP) were identified as the best solvents whereas in MeCN, tolu-
ene and methanol only traces of product were observed and in dry
DMSO, ring-opening dominated affording the amidophenol and
only traces substituted product.

From Table 2, one can potentially deduce that the ease of fluo-
rine atom displacement is determined by the inductive effect, that
is, 14 > 16� 15, which is what we expected. Displacement at C-4,
however, is notably much easier than at C-7, also benefiting from a
similar inductive effect. We postulate that the reason for this dif-
ference is the fact that the charge can be delocalised throughout
the benzoxazole and neighbouring C-2-phenyl ring whereas the
charge resulting from an attack at C-7 can only be stabilised by
the inductive effect of the benzoxazole. In both cases, yields re-
mained very much superior to those obtained via C-6–F displace-
ment as this position experiences the weakest inductive effect
and ring-opening dominated. Attempts to effect the displacement
with amines, even at C-4 using piperidine (entry 25) as the solvent,
failed affording only traces of product.
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Table 2
Results of SNAr with various nucleophiles on 14, 15 and 16

N

O

F

N

O

F

N

O

F

14 1615

Entry Benzoxazole Nucleophile Yield of substituted
product (%)

17 14 OH 81a

18 14

O

O
OH

72a

19 14
OH

N 60a

20 14

OH

N

O

O 49a

21 14 OH
O

O
10a

22 14
SH

50b

23 14 SH
O

O
11b

24 14
SH

N 49b

25 14
NH

Tracesc

26 15 OH 0a

27 16 OH 43b

28 16

O

O
OH

32b

3–4 equiv of alcohol or thiol, 3–4 equiv of NaH were used in a1,2-dimethoxyethane,
70 �C, 16 h; bNMP used as the solvent, 85 �C, 5–16 h; cpiperidine used as the solvent
at 180 �C.
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In conclusion, we have developed surprisingly efficient and
mild conditions for the introduction of nucelophiles, notably oxy-
gen-based, at C-4 and to some extent at C-7 of the benzoxazole ring
in poor to excellent yields.
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