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A simple and effective method for the preparation of benzoxazolones from nitroarenes or aryl halides is described. Partial reduction of a nitro
group in the presence of a chloroformate followed by a microwave-assisted rearrangement/ring closure sequence provides a convenient and
practical procedure to prepare this important pharmacophore. Rearrangement precursors were also accessed from aryl halides through transition-

metal-catalyzed coupling.

The benzoxazolone nucleus represents an important phar-
macophore present in both pharmaceutical and agrochemical
products.® Due to the ability of the benzoxazolone core to
act as a metabolically stable mimic of phenol, catechal,
coumarin, and phenylurethane groups, compounds possessing
this structure have a broad spectrum of biological activities.
For example, the analgesic Paraflex (1), the insecticide and
acaricide Phosalone (2),% and the OP2 agonist 3* all possess
a benzoxazolone scaffold (Figure 1).

Methods for the preparation of benzoxazolones generally
involve reaction of a 2-aminophenal (e.g., 5) with aphosgene

T Cardiff University.

* GlaxoSmithKline, Stevenage.

(1) Poupaert, J.; Carato, P.; Colacino, E.; Yous, S. Curr. Med. Chem.
2005, 12, 877.

(2) Conney, A. H.; Burns, J. J. J. Pharmacol. Exp. Ther. 1960, 128,
340,

(3) (& Venugopal, V.; Naidu, V. G.; Prasad, P. R. Pestology 2003, 27,
29. (b) Ahmad, R.; Kookana, R. S.; Alston, A. M.; Skjemstad, J. O. Environ.
Sci. Technol. 2001, 35, 878. (c) Sanusi, A.; Millet, M.; Mirabel, P.;
Wortham, H. Sci. Total Environ. 2000, 263, 263.

(4) Barber, A.; Bender, H. M.; Gottschlich, R.; Greiner, H. E.; Harting,
J; Mauler, F.; Seyfried, C. A. Methods Find. Exp. Clin. Pharmacol. 1999,
21, 105.

10.1021/01902885j © 2010 American Chemical Society
Published on Web 01/21/2010

e

N
Benzoxazolone H
scaffold 1

Figure 1. Drug molecules containing a benzoxazolone.

equivalent. Methods for this transformation are well devel-
oped.® Therefore, the challenge in their preparation resides
in the synthesis of the 2-aminophenol. Synthetic routes to
2-aminophenols are often plagued by multistep, nonselective
transformations, and the scaffold is generally purchased



rather than constructed.® This significantly restricts the
diversity accessible when introducing this group in medicina
chemistry.

A convenient and controlled strategy to access the 2-ami-
nophenol architectureis by [3,3]-sigmatropic rearrangement
of O-acyl-N-aryl hydroxylamines 6 (R? = aryl).” If the
O-substituent on this rearrangement precursor included a
leaving group (e.g., R? = OMe), it could be possible to access
benzoxazolones directly by intramolecular cyclization after
rearrangement. Although the rearrangement of N-aryl-O-acyl
hydroxylamines has been well studied,” only a single
example of the rearrangement of an O-carbonate has been
described.® This showed that rearrangement of 7 in refluxing
xylene gave the protected 2-aminophenol 8 (65%) (Figure
2) where it was suggested this class of substrate should be
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Figure 2. Synthetic strategy for accessing benzoxazolones.

avoided due to sluggish reactivity and reduced yields. Due
to the potential of the product from this rearrangement (7—8)
in heterocycle synthesis, we sought to investigate this
transformation further. Within this paper we describe a
simple synthetic method to access benzoxazolones from
nitroarenes or aryl halides through a rearrangement/cycliza-
tion strategy.
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Preparation of the rearrangement substrates used in reac-
tion development involved partial reduction of nitroarenes
in the presence of chloroformates, trapping out the interme-
diate hydroxylamine (Scheme 1).° The reactions were

Scheme 1. Preparation of Protected N-Aryl Hydroxylamines

(0]
R'OCOCI (3 equiv) 1
rio O~ OR

NO, Zn (2 equiv) m/
e NH4CI (1.1 equiv) NS o}
R R
Z THF/H,0 Z
0°C

R'=Me, R =H 7 (90%)

R" = Me, R? = 4-Me 9 (92%)
R' = Me, R? = 3-Me 10 (81%)
R' = Me, R% = 4-Br 11 (83%)
R'=Me, R? = 4-1 12 (71%)
R'=Bn, R? = 4-Me 13 (72%)
R' = Me, R? = 3-CF, 14 (68%)
R' = Me, R? = 4-CCH 15 (76%)
R' = Me, R? = 4-CI 16 (94%)
R' =Me, R% = 3-Ph 17 (77%)
R' = Me, R% = 3-Br 18 (71%)
R'=Bn, R? = H 19 (81%)

generally efficient (68—94% yield) allowing accessto arange
of stable rearrangement precursors 7 and 9—19 that were
used throughout this study.

In the development of the thermal rearrangement of these
hydroxylamines (9—19), we modified the conditions previ-
oudy reported for the rearrangement of 7 (Table 1).8

Table 1. Thermal Rearrangement of N-Aryl Hydroxylamines®

i X
;
R1OJ\N/O\H/OR R'O” "NH

0 p-xylene 0o.__OR!?

R2_| = RZ—I o T

N~ 4,24 h .~ O

entry substrate R! R? product % yield®

1 9 Me 4-Me 20 88
2 10 Me 3-Me 21 75¢
3 11 Me 4-Br 22 76
4 12 Me 4-1 23 72
5 13 Bn 4-Me 24 83

2 All reactions conducted on a 1 mmol scale in 5 mL of p-xylene.
b |solated yield. © Product isolated as a 1:1 mixture of regioisomers.

p-Xylene emerged as the optimal solvent, performing the
reactions at higher concentration providing consistently
higher yields than that previously reported. Reactions were
amenable to scale-up and allowed convenient access to a
series of protected 2-aminophenols 20—24 (entries 1—5;
72—88%).
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To improve the transformation further, we examined
the effect of microwave heating on rearrangement (Table
2). Heating at high temperatures (>170 °C) resulted in

Table 2. Microwave-Assisted Rearrangement of N-Aryl
Hydroxylamines®

0] (0]
1
R1O/U\N’O\H/OR toluene R1OJ\NH
O e an O._OR!
r2f = uw, 150 °C, 3 h ref = \"/
N ./ O
entry  substrate R! R? product % yield®

1 9 Me 4-Me 20 88
2 10 Me 3-Me 21 75°¢
3 11 Me 4-Br 22 89
4 12 Me 4-1 23 72
5 13 Bn 4-Me 24 907
6 14 Me 3-CF3 25 0°¢
7 15 Me 4-CCH 26 82
8 16 Me 4-Cl 27 91
9 17 Me 3-Ph 28 67°¢
10 18 Me 3-Br 29 76°¢
11 19 Bn H 30 944

2 All reactions conducted on 0.5 mmol scale in 1.5 mL of toluene at
150 °C for 3 h. PlIsolated yield. ©Product isolated as a 1:1 mixture of
regioisomers. ¢ Reaction conducted at 160 °C for 3 h. © Reaction conducted
up to 185 °C.

partial decomposition of the protected N-aryl hydroxy-
lamine substrate (e.g., 9) prior to rearrangement. However,
reducing the temperature to 150 °C smoothly brought
about rearrangement of 9 (entry 1; 88%). Application of
this protocol to a series of precursors consistently gave
the products in equal or higher yield than conductive
heating (entries 1—5; 72—90%). Benzyl carbonates re-
quired slightly higher temperatures (160 °C) for the
reaction to reach completion inside 3 h (entry 5, 90%;
entry 11, 94%). This method offers distinct advantages
over conductive heating including: the use of toluene as
solvent provides practical advantages over p-xylene in
isolation and purification; in addition, the reactions were
significantly quicker under microwave irradiation (3 vs
24 h). A limitation came from the attempted rearrangement
of electron-deficient substrates. Heating a toluene solution
of precursor 14 at 150 °C (up to 8 h) led to recovery of
starting material (>80%). Attempts to induce rearrange-
ment by heating at higher temperatures (up to 185 °C)
were equally unsuccessful (entry 6). At these elevated
temperatures, cleavage of the hydroxylamine bond oc-
curred prior to rearrangement. This electronic restriction
to rearrangement is consistent with the findings of others’®
and provides an interesting opportunity for further investiga-
tion.

In each of the transformations above (Table 2), no
indication of a benzoxazolone was observed by 400 MHz
'H NMR spectroscopy of the crude reaction mixture in
CDCl;. We therefore heated the rearrangement product 20
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(R* = Me, R? = 4-Me) under microwave irradiation at
temperatures between 150 and 200 °C in an attempt to bring
about cyclization. The desired cyclization (to give 32)
occurred at temperaturesin excess of 160 °C. Unfortunately,
at these temperatures 9 partiadly decomposed prior to
rearrangement. We therefore devel oped a two-stage process
to access the target heterocycle from the rearrangement
precursor (Table 3). Heating a solution of 9 in toluene (0.33

Table 3. Microwave-Assisted Benzoxazolone Synthesis®

0 ) /«O
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Rqo)J\N,O\n/OR N%

toluene, um 0

X © - . R

RZ—: 14h RZ_:
= t =

thent>3 h

entry substrate R! R2 1 (°C) #2(°C) product % yield®

1 7 Me H 150 160 31 82
2 9 Me 4-Me 150 160 32 86
3 11 Me 4-Br 150 185 33 82
4 12 Me 4-1 150 185 34 87
5 13 Bn 4-Me 160 185 35 85
6 15 Me 4-CCH 140 160 36 75¢
7 16 Me 4-Cl 150 185 37 81
8 19 Bn H 160 185 38 76

2 All reactions conducted on a 0.5 mmol scalein 1.5 mL of toluene at
tt for 4 h then t? for 3 h. P Isolated yield. © Carbonate group removed during
cyclization.

M) at 150 °C for 4 h followed by heating at 165 °C for 3 h
led to the benoxazolone 32 in a pleasing 86% isolated yield
(entry 2). Use of asimilar two-stage protocol proved effective
for a series of substrates (entries 1—8) providing access to
benzoxazolones 31—38 in high chemical yield (75—87%)
in a simple and convenient manner. Reaction of the hy-
droxylamine 12 (entry 4; 87%) proceeded more efficiently
in this two-step protocol than observed in Table 2 (entry 4;
72%) due to incomplete rearrangement of 12 after 3 h at
150 °C.

To further develop the potential of the overal transforma:
tion, we examined the conversion of nitroarenes to the
corresponding benzoxazolones without purification of the
intermediate protected N-aryl hydroxylamine. Thisinvolved
partial reduction of nitrobenzene or 4-nitrotoluene with zinc
in the presence of methylchloroformate followed by agueous
workup and heating of the crude product in toluene (150
°C, 4 h, then 160 °C, 3 h). On cooling, the benzoxazolones
31 (65%) and 32 (75%) crystallized directly from the reaction
mixture and could be isolated by filtration (see Supporting
Information for full details). The simplicity of this procedure
and number of commercially available nitroarenes suggest
the method should prove amenable to the preparation of
arrays of benzoxazolones in high chemical purity.

An alternative and equally convenient method for the
preparation of the rearrangement precursors involves either
palladium™® or copper** catalyzed coupling of protected
hydroxylamines with aryl halides. To expand the number

Org. Lett, Vol. 12, No. 4, 2010



of commercially available building blocks that could be
used within this chemistry, we prepared the rearrangement
precursors 39—41 (see Supporting Information for full
details). Within these substrates, the Boc protecting group
was incorporated to further expand the scope of this
transformation. Microwave irradiation of the phenyl
carbonates 39—41 in toluene at 150 °C for 4 h provided
two important alternatives to the overall synthetic proce-
dure (Scheme 2). First, incorporation of a better leaving

Scheme 2. Rearrangement/Cyclization/Deprotection Sequence
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group on the carbonate meant that intramolecular cycliza-
tion occurred at this lower reaction temperature negating
the need for a two-stage rearrangement/cyclization process
(cf. Table 3). Second, the Boc protecting group was
removed thermally*? under the reaction conditions provid-
ing an advanced building block for further manipulation.*®

In summary, we have developed an efficient procedure
for the preparation of benzoxazolones from nitroarenes
or aryl halides. The substrates for rearrangement are easily

Org. Lett, Vol. 12, No. 4, 2010

prepared by either partial reduction of nitroarenes in the
presence of a chloroformate or from a palladium-catalyzed
coupling of protected hydroxylamines. Heating these
products in xylene for 24 h leads to protected 2-amino
phenols. Using microwave irradiation, the rearrangement
proceeds more efficiently providing the products in good
chemical yield. Further heating of the rearranged products
provides access to the benzoxazolone nucleus. The overall
reaction sequence can be carried out without purification
of intermediates and the products purified by simple
filtration. The importance of the benzoxazolone pharma-
cophore together with the robust nature of the synthetic
chemistry described suggest this overall strategy will have
broad applicability in the preparation of biologically
significant molecules based around this central core.
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