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COMMUINCATION

Unexpected TFA-catalyzed tandem reaction of benzo[d]oxazoles with 2-
ox0-2-arylacetic acids: synthesis of 3-aryl-2H-benzo[b][1,4]oxazin-2-ones
and cephalandole A
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arylacetates. In 2006, Yavari and co-workers'? reported that
vinylphosphonium salt mediated reaction between o-
aminophenols and alkyl propiolates leading to the synthesis of 3-
ss alkyl-2H-benzo[b][1,4]oxazin-2-ones. In 2008, Kikelj and co-
workers'® developed the synthesis of 4-benzyl- and 4-alkyl-3,4-
dihydro-1,4-benzoxazin-2-one derivatives from ethyl 2-(2-
hydroxyphenylamino)acetate and aldehydes. Recently, Ballini
and co-workers'* reported the preparation of 1,4-benzoxazin-2-
so one derivatives via a domino reaction of o-aminophenols with
ethyl f-nitroacrylates. As part of the continuing efforts in our
laboratory towards the development of new methods for the
synthesis of nitrogen-containing heterocycles,” we herein
reported an unexpected TFA-catalyzed tandem reaction of
ss benzo[d]oxazoles with 2-oxo-2-arylacetic acids to access 2H-

A convenient and efficient method for the TFA-catalyzed
synthesis of 3-aryl-2H-benzo[b][1,4]oxazin-2-ones via a

10 tandem reaction of benzo[d]oxazoles with 2-oxo-2-arylacetic
acids was reported for the first time. The efficiency of this
transformation was demonstrated by compatibility with a
wide range of functional groups. The synthetic utility of this
method was confirmed by the synthesis of the natural product

15 cephalandole A. Moreover, a plausible mechanism for the
formation of 3-aryl-2H-benzo[b][1,4]oxazin-2-ones involving
ring-opening and cyclization steps is proposed. The present
synthetic route to 3-aryl-2H-benzo[b][1,4]oxazin-2-ones could
be readily scaled up to gram quantity without difficulty.

0 1,4-Benzoxazines,' as an important class of heterocycles, have

become increasingly important because they have been associated benzo[b][1.4]oxazin-2-ones under mild conditions (Scheme I).
with a wide range of pharmacological and biological activities.”

. N O> . i _ TFA(@0mol%) _ @ I
Am(.)ng them, ?H—begzo[b][l,4]oxazm-2-one scaffolds have been RT % RZ”“COOH ProH. 70°C. 181
studied intensively in the past few years because they are 1 2

»s synthetic building blocks,” present in a wide variety of bioactive la:R'=H 2a: R?=Ph
molecules, as well as photoactive molecules® which possess 1b:R" = 5-Me 2b: R? = p-MeCgH
f 5 oh hysical d oh hemical s S 1 1c: R' = 6-Me 2¢: R? = p-OMeCgH,

uorescent,” photophysical an P otochemical properties.” In 1d- Rl = 5180 20 R? = p-FCaH,s
2006, the 2H-benzo[b][1,4]oxazin-2-one-based natural product le: Rl =5-Cl 2e: R? = p-CICq¢H,
cephalandole A was originally isolated from the Taiwanese 1f: R = 5-NO, 2f: R? = p-BrCeH,

29: R? = p-ICgH,
2h: R? = p-CNCgH,
2i: R? = p-NO,CgHy4
2j: R? = 2-naphthyl
2k: R? = 2-furyl

2l: R? = Me

2m: R? = 3-indolyl

1g: R! = 5-CO,Et

1h: R! = 5-(p-MeCgH,)
1i: R = 5-(p-OMeCgH,)
1j: R = 5-(p-CF3CgH,)

which had
8

30 orchid Cephalanceropsis gracilis (Orchidaceae),’
previously been misassigned, and later corrected by Bergman
and Gross’ (Fig. 1).

cephalandoIeA

Scheme 1 Synthesis of 2H-benzo[b][1,4]oxazin-2-ones.

Our preliminary studies focused on the model reaction between

o 2-benzo[d]oxazole (la) and 2-oxo-2-phenylacetic acid (2a) to
obtain 2-phenylbenzo[d]oxazole (4a) via cascade reaction of
decarboxylation, decarbonylation and coupling reaction (Scheme
2). Through the screening process, little-to-no target product 4a

Fig.1 The revised structure of cephalandole A.

35 The importance of 2H-benzo[b][1,4]oxazin-2-ones has resulted

in the development of different synthetic strategies for their
preparation. In general, 2H-benzo[b][1,4]oxazin-2-ones are
synthesized by the treatment of o-aminophenols with -
ketoesters.'” Nicolaides and co-workers'' reported 3-aryl-2H-
s benzo[b][1,4]oxazin-2-ones could be obtained by the
condensation of O-methyl-o-quinonemonoximes with

was detected using silver salts and palladium salts as catalysts

s with a variety of parameters. To our surprise, a trace amount of

unexpected 3-phenyl-2H-benzo[b][1,4]oxazin-2-one (3a) was
observed by gas chromatography/mass spectrometry (electron
ionization) [GC/MS (EI)] analysis using trifluoroacetic acid (TFA)
as the Brensted acid in toluene (Table 1, entry 1). We were
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delighted to find that the yield of 3a could be improved to 45%

under an air atmosphere after solvent was changed to acetonitrile

(Table 1, entry 2). This finding inspired us to examine optimal

reaction conditions for the synthesis of 3a in order to obtain more
M

satisfactory results.
o]
) CLX, Crpn
@[N COOH Ph
2a 4a

la

Q catalyst

Ph solvent

Scheme 2 Reaction of 2-benzo[d]oxazole with 2—0x0—2—phenylacet1c acid.

Considering solvents always played important roles in organic
reactions, we first examined the solvent effect and found that
isopropanol was superior to DMSO, DMF, 1,2-dichloroethane,
dioxane, CH;CN, toluene, THF, and EtOH (Table 1, entries 1-9).
We also studied influence of the amount of TFA on the reaction
yields. The results showed that 0.2 equivalents of TFA was
sufficient, and excessive amount of catalyst did not increase the
yield (Table 1, entries 9-13). Then various Brensted acids were
screened to examine their effect on the reaction. Replacement of
TFA with other acids, including AcOH, PhCO,H, p-NO,PhCO,H,
CF3;SOsH, p-MePhSOzH, and p-NO,PhSO;H, resulted in lower
yields (Table 1, entries 14-19). The yield was decreased to some
extent when the reaction was carried out at the lowered or
elevated temperature (Table 1, entries 20-21). Therefore, the
optimal reaction condition was to use 0.2 equiv of TFA in
isopropanol at 70 °C under air. As a result, the model reaction
was carried out under optimized conditions with 0.2 equiv of
TFA in isopropanol at 70 °C under air, which led to 3a in 94%
yield (Table 1, entry 12).

a

Table 1 Screening for optimal reaction conditions

0 Q catalyst O°
@E /> * Ph)kCOOH solvent I
N N Ph
la 2a 3a
Entry  Catalyst Equiv (x)  Solvent Yield (%)°
1 TFA 1.0 toluene trace
2 TFA 1.0 CH;CN 45
3 TFA 1.0 DMSO 11
4 TFA 1.0 DMF trace
5 TFA 1.0 dichloroethane 14
6 TFA 1.0 dioxane 88
7 TFA 1.0 THF 82
8 TFA 1.0 EtOH 84
9 TFA 1.0 ‘PrOH 91
10 TFA 0.5 ‘PrOH 93
11 TFA 0.3 ‘PrOH 94
12 TFA 0.2 'ProH 94
13 TFA 0.1 ‘PrOH 81
14 AcOH 0.2 'PrOH 59
15 PhCO,H 0.2 ‘PrOH 66
16 p-NO,PhCO,H 0.2 ‘PrOH 45
17 CF;SO;H 0.2 ‘PrOH 39
18 p-MePhSO;H 0.2 ‘PrOH 54
19 p-NO,PhSOsH 0.2 ‘PrOH 68
20 TFA 0.2 ‘PrOH 82°
21 TFA 0.2 ‘PrOH 89¢

“ Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), TFA (x mmol),
PrOH (2 mL), air, 70 °C, 18 h. ® Isolated yield. ¢ At 60 °C. ¢ At 80 °C.

3

3

4

0

b

S

Table 2 Reaction of benzo[d]oxazole with 2-0x0-2-arylacetic acid”

o> i _ TFA(20mol%) _ @[ I
N/ Ar” “COOH ProH,70°C, 18h
la 2
Entry Ar (2) Product (3) Yield (%)b
1 Ph (2a) @[OIO 94
N> ph
3a
2 p-MeCgH, (2b) @0 O 83
Me
3b
3 p-OMeCsH, (2¢) @0 o 45
OMe
3c
4 p-FC4H, (2d) @[O o 93
E
3d
5 p-CIC4H, (2€) @[O o 95
Cl
3e
6 p-BrCsH, (2f) @EO o 91
Br
3f
7 p-ICeH, (20) @[O o 89
|
3g
8 p-CNGsH, (2h) @0 o 90
9 p-NOzC(,H4 (Zl) @ioio(l 85
10 2-naphthyl (2j) @ I 88
11 2-furyl (2K) 32

X -
N/]:?
o/
3k

“ Reaction conditions: 1 (0.2 mmol), 2a (0.3 mmol), TFA (0.04 mmol),
PrOH (2 mL), air, 70 °C, 18 h. ? Isolated yield.

With the optimized reaction conditions in hand, we next
explored the scope and generality of the reaction using various 2-
benzo[d]oxazoles with 2-oxo-2-arylacetic acids (Table 2). First,
the reaction between benzo[d]oxazole (1a) and various 2-0x0-2-
arylacetic acids (2a-2k) was investigated under the standard
reaction conditions. The electronic properties of the substituents
on the phenyl ring of the 2-oxo-2-arylacetic acids had an obvious
impact on the yield of the reaction. The 2-oxo-2-arylacetic acids
bearing an electron-withdrawing substituent (e.g., —F, —Cl, —Br.

I, —CN, and —NO,) produced higher yields of products than
those analogues bearing an electron-donating substituent (e.g.,
—Me, and ~OMe) (Table 2, entries 2-9). Substrate 2-(naphthalen-
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2-yl)-2-oxoacetic acid (2j) reacted with 1a to give the desired

product 3j in 88% yield (Table 2, entry 10), but a lower yield was

observed when substrate 2-(furan-2-yl)-2-oxoacetic acid (2K)

bearing a heteroaryl group was used as a substrate (Table 2, entry
s 11).

Table 3 Reaction of different
phenylacetic acid”

benzo[d]oxazoles with 2-0x0-2-

X0 Q

_ TFA(20mol%) _
TS - ok >0
N Ph” “COOH PrOH, 70°C, 18
1b-1j 2a 31-3t
(1)/@[0:/[0 2) Me 00 (©) /@EO o
Me N7 >Ph Ci,\( Ph ‘Bl N7 Ph
31 (92%) 3m (86%) 3n (79%)
@ 00 2| O
o0 / /
cl N >Ph 2N N™ “Ph EtO,C N” “Ph
30 (93%) 3p (59%) 3q (85%)

@) 00 8) 00O ) 00
Ar N” “Ph Ar N7 “Ph Ar N “Ph
Ar = p-MeCgH, Ar = p-OMeCgH, Ar = p-CF3CgH,
3r (87%) 3s (93%) 3t (91%)

“ Reaction conditions: 1 (0.2 mmol), 2a (0.3 mmol), TFA (0.04 mmol),
'PrOH (2 mL), air, 70 °C, 18 h. Isolated yield was given in parenthesis.

We next explored the effect of the reaction of 2-oxo-2-
phenylacetic acids (2a) with various benzo[d]oxazoles (1b-1j)
10 under the standard reaction conditions, and the results are
summarized in Table 3. As expected, the groups on the phenyl
ring of benzo[d]oxazoles, such as methyl, methoxy, fert-butyl,
chloro, nitro, ester, and trifluoromethyl, were quite compatible
under the optimized reaction conditions. The electronic properties
of the groups on the phenyl ring moiety of benzo[d]oxazoles had
some effects on the reaction. Generally, benzo[d]oxazoles
possessing either electron-donating or electron-withdrawing
groups on the phenyl ring provided the corresponding 3-aryl-2H-
benzo[b][1,4]oxazin-2-ones in good yields. However, substrate
containing a strong electron-withdrawing substituent (e.g., ~NO,)
on the benzene ring, such as S5-nitrobenzo[d]oxazole (1f),
achieved the corresponding desired products 6-nitro-3-phenyl-
2H-benzo[b][1,4]oxazin-2-one (3p) in moderate yield (59%,
Table 3, run 5). It would be specially mentioned that 5-
arylbenzo[d]oxazoles (1h-1j) are also good substrates for this
transformation, and the corresponding desired product 3r-3t were

@

2

S

2:

G

isolated in 87%, 93%, 91% yield, respectively (Table 3, runs 7-9).

Treatment of 2-oxo-2-alkylacetic acid such as 2-o0xo0-2-
methylacetic acid (2l) with 1la under the optimized conditions
afforded the desired product 3u in 36% yield (Scheme 3).

@E:} ¥ MeiCOOH @[ I

la 2l 3u, 36% yleld

w
S

TFA (20 mol%)
iPrOH, 70 °C, 18 h

Scheme 3. Reaction of benzo[d]oxazole with 2-oxo0-2-methylacetic acid.

To demonstrate the synthetic utility of this method, it was
applied to the synthesis of the natural product cephalandole A
35 (Scheme 4). TFA-catalyzed tandem reaction of benzo[d]oxazoles
(1a) with 2-(1H-indol-3-yl)-2-oxoacetic acid (2m) afforded the
desired natural product cephalandole A in 86% yield through
single-step operation under the standard reaction conditions.

o o COOH @[O O
TFA (20 mol%
O - ot e L
N \ iProH, 70 °C, 18 h |
H 86% yield NH
la 2m

cephalandole A
40 Scheme 4. Applications in the synthesis of the natural product.

To elucidate the mechanism, some control experiments were
carried out under the standard reaction conditions as shown in
Scheme 5. If only benzo[d]oxazole (1a) was applied under the
standard reaction conditions, o-aminophenol (4) was isolated in
67% vyield (Scheme 5a). However, no reaction happened and
almost 90% of reactant 2a was recovered when only 2-oxo-2-
phenylacetic acid (2a) was applied under the standard reaction
conditions (Scheme 5b). Under the standard reaction conditions,
when o-aminophenol reacted with 2a, afforded the desired
so product 3a in 89% yield (Scheme 5c), suggesting that o-

aminophenol is a key intermediate. This result revealed that a

ring-opening pathway was taken in the reaction.

OH
Sl
NH,

4

by

TFA (20 mol%)
IPrOH, 70 °C, 18 h

1a 67% yield 4
i TFA (20 mol%) .
- No Reaction
Ph” “COOH PrOM, 70 °C, 18 h ®)
2a

__TFA(20 mol%) _

M|
"
@: Ph™ "COOH 'PrOH 70°C, 18 h
NH,
4

2a 89% yield
Scheme 5. Control experiments.

@f

On the basis of the above experimental results, we proposed a
possible reaction pathway for the formation of 3-aryl-2H-
benzo[b][1,4]oxazin-2-ones. The first step may involve the ring-
opening of benzo[d]oxazoles leading to o-aminophenol. Then
cyclization reaction of o-aminophenol with 2-oxo-2-arylacetic
acid in the presence of TFA delivers the corresponding 3-aryl-
2H-benzo[b][1,4]oxazin-2-ones as the products.

Finally, it is noteworthy that the present synthetic route to 3-
aryl-2H-benzo[b][1,4]oxazin-2-ones could be readily scaled up to
gram quantity without diffculty. For instance, the reaction at the
¢s 20 mmol scale afforded the corresponding product 3-phenyl-2H-
benzo[b][1,4]oxazin-2-one (3a) in 87% yield (Scheme 6).

@E} * PhiCOOH @E I

la 2a
20 mmol 3.88¢g

5

a

6

S

TFA (20 mol%)
iPrOH, 70°C, 18 h
87% yield

30mmol
Scheme 6. Gram-scale synthesis of 3a.

In summary, we have developed a new strategy for
70 constructing 3-aryl-2H-benzo[b][1,4]oxazin-2-ones from TFA-
catalyzed tandem reaction of benzo[d]oxazoles with 2-o0x0-2-

This journal is © The Royal Society of Chemistry [2011]
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arylacetic acids. In addition, the method provides an efficient

access to the natural product cephalandole A. Further efforts to

extend this catalytic system to the preparation of other useful

nitrogen-containing heterocycles are currently underway in our
s laboratories.

Financial support was provided by the National Natural
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Unexpected TFA-catalyzed tandem reaction of benzo[d]oxazoles with 2-oxo-2-arylacetic
acids: synthesis of 3-aryl-2H-benzo[b][1,4]oxazin-2-ones and cephalandole A

Shaoxi Yan, Leping Ye, Miaochang Liu, Jiuxi Chen,* Jinchang Ding, Wenxia Gao, Xiaobo Huang

and Huayue Wu*

Abstract: A convenient and  efficient method for the  TFA-catalyzed synthesis  of
3-aryl-2H-benzo[b][1,4]oxazin-2-ones via a tandem reaction of benzo[d]oxazoles with 2-oxo-2-arylacetic acids
was reported for the first time. The efficiency of this transformation was demonstrated by compatibility with a
wide range of functional groups. The synthetic utility of this method was confirmed by the synthesis of the natural
product  cephalandole = A.  Moreover, a  plausible mechanism  for the  formation  of
3-aryl-2H-benzo[b][1,4]oxazin-2-ones involving ring-opening and cyclization steps is proposed. The present
synthetic route to 3-aryl-2H-benzo[b][1,4]oxazin-2-ones could be readily scaled up to gram quantity without

difficulty.

highlighting the novelty of the work:

TFA-catalyzed ring-opening/cyclization reaction of benzo[d]oxazoles with 2-oxo-2-arylacetic acids: synthesis of

3-aryl-2H-benzo[b][1,4]oxazin-2-ones and the natural product cephalandole A
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