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Abstract: A highly selective palladium bis(acetoa-
cetonate)/copper(I) chloride [Pd(acac),/CuCl] cata-
Iytic system for the preparation of dibenzopyra-
nones has been developed. Tandem decarboxylative
coupling and lactonization can be realized in one
pot using commercially available starting materials.
The reaction proceeded well for a range of different
substrates.
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Dibenzopyranone motifs are present in many natural
products and biologically active molecules.! Dibenzo-
pyranones are of great importance as intermediates
for the synthesis of various pharmaceutically interest-
ing compounds such as glucocorticoids,” progester-
one,”! endothelial cell proliferation inhibitors™* and
androgen receptor ligands.”) Common lactone synthe-
sis mainly relies on lactonization from the corre-
sponding carboxylic acids and alcohols.!) There are
several methods available for the synthesis of diben-
zopyranones which usually require several steps.!”!
The most used method involves Suzuki-Miyaura
cross-coupling followed by Lewis acid-®! or metal-
mediated lactonization of ester and methoxy groups
[Scheme 1, Eq. (1)]. For the lactonization step, other
alternative synthetic routes have also been developed,
for example, the direct lactonization of carboxylic
acid to an aromatic ring,'” the displacement of a
nitro group with carboxylic acid!"'! and the displace-
ment of a benzyl group.”? However, these methods
generally include several steps and require the purifi-
cation of the intermediates. Also, relatively expensive
reagents such as boronic acids and boron tribromide
are needed. Thus, the search for a dibenzopyranone
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synthesis using widely available starting materials and
fewer steps is highly desirable. Very recently, Visnu-
murthy and co-workers developed a microwave-pro-
moted one-step parallel synthesis of dibenzopyra-
nones via Suzuki-Miyaura cross-coupling from bro-
moarylcarboxylates and o-hydroxyarylboronic acids,
followed by lactonization. Various dibenzopyranones
can be prepared by this method in high yields
[Scheme 1, Eq. (2)].1") However, most of the starting
materials used for this transformation are not com-
mercially available.

Carboxylic acids are easy to store, simple to handle,
and when necessary, are accessible preparatively by
means of a large number of well-established methods.
The ready availability of carboxylic acids makes them
extremely promising raw materials for chemical syn-
thesis.'"Y In the 1960s, Nilsson et al. observed that
biaryls could be obtained from aryl iodides and aro-
matic carboxylic acids.”) However, this reaction has
not attracted much attention for a long time due to
the low reaction yield, high reaction temperature and
large amount of copper salt used. Recently, transition
metal-catalyzed decarboxylative cross-couplings have
received much attention and have evolved as an ad-
vantageous alternative for biaryls synthesis. Using cat-
alytic amounts of metal catalysts, various biaryls can
be prepared from aromatic carboxylic acids and aryl
halides"” or even C—H bonds.!"”! Palladium and
copper are the most used catalysts for decarboxylative
coupling reactions. Electron-withdrawing groups such
as nitro group at the ortho-position of the carboxylic
acid can significantly increase the reactivity.

Based on this knowledge, we hypothesized that an
alternative procedure using commercially available
starting materials for dibenzopyranone preparation
might be possible via a decarboxylative coupling reac-
tion and lactonization sequence using 2-nitrobenzoic
acid and methyl 2-bromobenzoate as starting materi-
als. The decarboxylative coupling of these substrates
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Scheme 1. Methods for the synthesis of dibenzopyranones.

will generate a methyl 2'-nitrobiphenyl-2-carboxylate
intermediate, and hydrolysis of the methyl carboxyl-
ate will generate the corresponding carboxylic acid
which will undergo a displacement reaction between
the carboxylic acid and the nitro group.'!! To get the
methyl 2'-nitrobiphenyl-2-carboxylate intermediate,
we started our investigation by using similar reaction
conditions to those developed by Goossen and co-
workers for decarboxylative preparation of 2-nitrobi-
phenyl derivatives using a Pd/Cu catalytic system.!'®?l
To our surprise, we did not get the intermediate
methyl 2'-nitrobiphenyl-2-carboxylate. Instead, the
final product, dibenzopyranone, was observed as dete-
mined by GC-MS and '"H NMR methods in low yield.
This unexpected reaction inspired us to re-optimize
the reaction conditions to get a satisfying yield for
substituted dibenzopyranones in one pot using com-
mercially available starting materials. Herein we
report a one pot synthesis of dibenzopyranones by
palladium/copper-catalyzed decarboxylative coupling
and lactonization of esters with a nitro group
[Scheme 1, Eq. (3)].

To begin our study, the reaction of commercially
available methyl 2-bromobenzoate (1a) and 2-nitro-
benzoic acid (2a) was chosen as a model using Pd-
(OAc), and Cul as catalysts. When methyl 2-bromo-
benzoate was reacted with 1.2 equivalents of 2-nitro-
benzoic acid, the desired product was observed in
16% vyield (Table 1, entry 1). The reaction showed
very poor selectivity and homo-coupling by-products
of 1a and 2a were obtained in 22% and 24% yields,
respectively. To improve the reaction yield and selec-
tivity, various palladium and copper salts were tested
for this transformation (entries 2-9). Among the pal-
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ladium salts tested, Pd(acac), showed the best yield,
and the desired product was obtained in 30% yield
(entry 7). The combination of Pd(acac), and CuCl
gave the desired product in 40% yield (entry 9). The
reaction was inefficient in the absence of a copper
catalyst (entry 10). However, the desired product
could be achieved in 21% yield when CuCl was used
as the sole catalyst (entry 11). Various ligands were
screened using Pd(acac), and CuCl as catalysts (en-
tries 12-19). Among the nitrogen-containing ligands
investigated, bipyridine exhibited the best efficiency
(entry 13). Various phosphines were also tested as li-
gands and were more efficient than nitrogen-contain-
ing ligands (entries 15-19). The desired product could
be achieved in 88% yield when DPEphos {bis[(2-di-
phenylphosphino)phenyl] ether} was used as ligand
(entry 19). The reactions in other solvents were also
investigated (entries 20-22). DMSO (dimethyl sulfox-
ide) and DMA (N,N-dimethylacetamide) are good
solvents for this reaction.

With the optimized conditions in hand, the scope of
the reaction with respect to the substituted aryl esters
(1) and 2-nitrobenzoic acid (2a) was investigated
(Table 2). The desired product could be achieved in
76% yield when methyl 2-bromobenzoate (la) was
used (entry 1). The reaction yield decreased signifi-
cantly when ethyl 2-bromobenzoate was used, and
only 34% yield was obtained (entry?2). Methyl 2-
chlorobenzoate (1¢) and methyl 2-iodobenzoate (1d)
also could be successfully coupled with 2a and gave
the desired products in 70% and 65% yields, respec-
tively (entries3 and 4). Electron-donating groups
present on the aryl esters favored the reaction and
good yields were obtained when 1e and 1f were used

asc.wiley-vch.de 2605


http://asc.wiley-vch.de

COMMUNICATIONS

Jiaying Luo et al.

Table 1. Optimization of reaction conditions.

co ON O
@ L,Me 2 O o
+
Br HO,C

catalyst
R

base O o
1a 2a 3a

Entry Pd Cu Ligand Solvent  Yield [%]!
1 Pd(OAc), Cul Phen NMP 16
2 Pd(OH), Cul Phen NMP 13
3 Pd(TFA), Cul Phen NMP 15
4 PdCl, Cul Phen NMP 15
5 Pdy(dba); Cul Phen NMP 13
6 PdBr; Cul Phen NMP 20
7 Pd(acac), Cul Phen NMP 30
8 Pd(acac), CuBr Phen NMP 18
9 Pd(acac), CuCl Phen NMP 40
10 Pd(acac), - Phen NMP 0
11 - CuCl Phen NMP 21
12 Pd(acac), CuCl DBU NMP 45
13 Pd(acac), CuCl bipyridine  NMP 66
14 Pd(acac), CuCl DMAP NMP 49
15 Pd(acac), CuCl PPh; NMP 72
16 Pd(acac), CuCl dppe NMP 70
17 Pd(acac), CuCl dppp NMP 73
18 Pd(acac), CucCl dppb NMP 82
19 Pd(acac), CucCl DPEphos NMP 88
20 Pd(acac), CuCl DPEphos DMSO 84
21 Pd(acac), CuCl DPEphos DMA 78
22 Pd(acac), CuCl DPEphos  diglyme 6

Bl Conditions: 1a (02mmol), 2a (12equiv.), Pd
(2.5mol%), Cu (25mol%), ligand (10 mol%), K,COs
(2.5 equiv.), solvent (0.5mL), 4 A molecular sieves
(150 mg), 165°C, 16 h under argon.

[l GC-MS yield based on 1a.

(entries 5 and 6). However, electron-withdrawing sub-
stituted groups resulted in lower yields (entries 7 and
8). Substrate with a methyl group ortho to the bro-
mide also reacted smoothly with 2a and gave the de-
sired product in moderate yield (entry 9).

Other substituted 2-nitrobenzoic acids were also in-
vestigated under the same conditions. 5-Methyl-2-ni-
trobenzoic acid (2b) reacted with methyl 2-bromoben-
zoate, methyl 2-chlorobenzoate, methyl 2-iodoben-
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Table 2. . Reaction of 2-nitrobenzoic acid 2a with various es-

terst
NO Pd(acac),/CuCl O
©: 2 DPEphos o)
ester + _— >
COOH  KoCOs 7 N\
NMP, 165 °C —7R
1 2a 3
Entry Ester Product Yield [%]]
O
Br o)
1 ©: 1a 3a 76
om " (5
Br
CO,Et
Cl
3 @ 1c 3a 70
CO,Me
|
4 @ 1d 3a 65
COzMe
O
Br 0
5 /@: 1e 3 75
com * ()
O
Br e}
6 1f / 3c 81
> o
(o] CO,Me
O
Br 0
Ao ® D
O
Br o)
8lcl /@: 1h 3e 46
cl CO,Me Q O cl
O
6]
9 B 1i 3f 60
come (XD

&l Conditions: 1 (0.2mmol), 2a (0.24 mmol), Pd(acac),
(2.5 mol%), CuCl (25mol%), DPEphos (10 mol%),
K,CO; (2.5 equiv.), 4 A molecular sieves (150 mg), NMP
(0.5mL), 165°C, 16 h under argon.

) Isolated yield.

[l Reaction was carried out at 145°C.

zoate and gave the desired product 3g in 76%, 65%
and 63% yield, respectively (Table 3, entries 1-3). 5-
Methoxy-2-nitrobenzoic acid (2¢) also reacted with 1
and gave the desired product 3h in 83%, 74% and
68% yield, respectively (entries 4-6). Electron-with-
drawing substituent groups such as fluoride at the
para-position of the nitro group resulted in lower
yields (entries 7-9). Functional groups such as chlo-
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fl'ablc.a 3. R[gactlon of 1 with various substituted 2-nitrobenzo- CO,Me OMe 0
ic acids 2. standard o
conditions
Pd(acac),/CuCl yield: 62% O O
X NO O:N
©i + R{j: " Dt ’ 3h OMe
2 K,CO
COMe COOH N|\2/|p, 155 °c Scheme 2. Lactonization of 5-methoxy-2'-nitrobiphenyl-2-
1 2 3 carboxylate.
Entry  Carboxylic acid Product Yield (%)®!
Q o difluoro-2-nitrobenzoic acid (2h) was used (entries 12
1 NO, 76 (X=Br)  and 13).
2 /@ coony 2P O O 39 65 (X =Cl) When methyl 5'-methoxy-2'-nitrobiphenyl-2-carbox-
ylate was treated with palladium/copper catalysts
3 63 (X=1) under the standard reaction conditions, the desired
2 N product 3h was obtained in 62% yield (Scheme 2).
4 NO; 83 (X=Br) When the amount of molecular sieves was increased
5 N 2c O O 3h 74 (X=Cl) to 500 mg, the desired product was obtained in a simi-
o COOH ) . . .
6 - lar yield. This means the displacement occurred di-
o - 68 (X=1 rectly between the ester group and the nitro group
NO o) without hydrolysis. The mechanism for the direct dis-
7 2 60 (X = Br) . . . [18]
/@[ _ placement reaction is not clear at this stage.
8 coon 2d O O 3 52 (x=CI) In summary, we have developed a highly selective
9 F 62 (X =1) palladi}lm/copper-cgtalyzed.tandem reaction for the
o) formation of substituted dibenzopyranones. The de-
NO, Q carboxylative cross-coupling and cyclization were re-
10 /@ 2e O O 3j 52 (X=Br) alized in one pot. The reaction proceeded well for a
cl COOH range of different substrates. This research affords a
cl short cut for the preparation of substituted dibenzo-
O pyranones. Further investigations including studies on
11 NO, 2f R 3k g4 (X=Br) the scope and mechanism are in progress in our labo-
a%y
COOH
O,
e NO, ° Experimental Section
e T L [ )op muem
~N
0 COOH \ Typical Procedure
O_
1) A 10-mL oven-dried reaction vessel was charged with
E NO 0 Pd(acac), (1.53 mg, 0.005mmol), DPEphos (10.76 mg,
13lc] 2 2h 3m _ 0.02 mmol), CuCl (4.95mg, 0.05 mmol), K,CO; (69.0 mg,
6 (X=Br) : . ’ ;
F COOH O O F 0.5 mmol), 4 A molecular sieves (150 mg), 2-nitrobenzoic
F

2] Conditions: 1 (0.2mmol), 2 (0.24 mmol), Pd (acac),
(2.5 mol%), CuCl (25mol%), DPEphos (10 mol%),
K,CO; (2.5 equiv.), 4 A molecular sieves (150 mg), NMP
(0.5 mL), 165°C, 16 h under argon.

) Isolated yield based on 1.

[l GC-MS yield.

ride could survive under the optimized reaction con-
ditions and a moderate reaction yield was obtained
when  5-chloro-2-nitrobenzoic acid was used
(entry 10). A methyl group at the ortho-position of
the nitro group did not significantly affect the reac-
tion yield (entry 11). An excellent yield was obtained
when 4,5-dimethoxy-2-nitrobenzoic acid (2g) was
used whereas only 6% yield was obtained when 4,5-

Adv. Synth. Catal. 2011, 353, 2604 - 2608

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

acid (2a, 40.1 mg, 0.24 mmol) and purged with argon three
times. Methyl 2-bromobenzoate (1a, 28.7 pL, 0.2 mmol) and
NMP (0.5 mL) were added by syringe. The resulting solution
was stirred at 165°C for 16 h. After cooling to room temper-
ature, the volatiles were removed under vacuum and the res-
idue was purified by column chromatography (silica gel, pe-
troleum ether/ethyl acetate =20:1) to give 3a as white solid;
yield: 29.8 mg (76%).
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