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ABSTRACT: The palladium/copper-catalyzed aerobic oxidative C—H
carbonylation for the synthesis of o-aminobenzoates is described.
Molecular oxygen is used as the terminal oxidant. This methodology
proceeds with a wide range of N-substituted anilines and alcohols and

gives straightforward access to valuable o-aminobenzoates.

alladium-catalyzed oxidative carbonylations apply different

organic nucleophiles in the presence of CO and oxidation
reagents to prepare various carbonyl-containing compounds,
which have been recognized as a powerful approach to
carboxylic acids and their derivatives.' In the last decades,
considerable efforts have been made in this area, and much
work has been carried out by Gabriele’s group on the oxidative
carbonylation of alkynes (simple and functionalized), amines,
alcohols, diols, and amino alcohols.> The oxidative C—H
carbonylation of simple nucleophiles such as C—H or Y—H (Y
= O, N, etc.) has become a hot topic in organic synthesis, and
much progress has been made in this field.®> However, in this
aspect, most examples have been achieved by using
stoichiometric amounts of copper(Il) salts, silver(I) salts, and
peroxide as the oxidants. Molecular oxygen is one of the ideal
oxidants in oxidative transformations. Oxidative carbonylation
using O, as the oxidant is an attractive synthetic goal and great
challenges still remain. Several reports have been demonstrated
in oxidative C—H carbonylation with O, as the terminal
oxidant.*

Anilines are important basic chemical feedstocks and
represent an important class of reagents with broad utility in
the fields of chemical, pharmaceutical, and material sciences.
Although anilines have been widely utilized in organic
synthesis, the ortho-selective C—H functionalization of anilines
still remains an outstanding challenge.” This may be because
anilines are easily decomposed under aerobic conditions or in
the presence of powerful oxidants at high temperature. Indeed,
the development of an effective catalytic protocol for
carbonylation using CO by palladium-catalyzed C—H activation
under aerobic conditions has long been recognized as being
difficult. To the best of our knowledge, oxidative C—H
carbonylation of N-substituted anilines under O, atomosphere
has never been achieved. O-Aminobenzoates and their
derivatives represent a highly important class of compounds,
and they not only exist in numerous biologically active
molecules and natural products but also serve as useful
synthetic intermediates in organic synthesis.6 Therefore, the

-4 ACS Publications  © 2015 American Chemical Society

1397

2
EH ;
= NH
R,_CL +0 +Ho-R Pdleat: [Culat A
t H 0, P O._Rs
o]

development of efficient synthetic methodologies to construct
o-aminobenzoates is of broad interest. Herein, we communicate
a palladium-catalyzed amino group o-C—H carbonylation of
commercially available N-substituted anilines with O, as the
terminal oxidant for the synthesis of 0-aminobenzoates (eq 1).”
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Our initial efforts focused on the C—H carbonylation of N-
methyl-4-methylaniline (1a) and butan-1-ol (2a) (Table 1). We
were pleased to observe the desired product under the
combination conditions of Pd(OAc), and Cu(OPiv), in a
mixed solvent of DMSO/toluene at 100 °C under 1 atm CO
using O, as the terminal oxidant and KI as the effective additive
(Table 1, entry 1).'4*® Under these reaction conditions, a 69%
yield (determined by NMR spectroscopy) of 3a was obtained
in 12 h. After preliminary optimization, we found fewer side
products were detected when N-methyl-4-methylaniline was
used as the substrate. Replacing Cu(OPiv), with Cu(OAc),
resulted in loss of reactivity (Table 1, entry 2). Actually,
palladium-catalyzed oxidative carbonylation uses anilines as the
substrate, and N-acetylation of anilines may be generated when
Cu(OAc), is used as the oxidant. The acylation of substrate
could completely be inhibited when replacing Cu(OAc), with
Cu(OPiv),. Furthermore, the solubility of Cu(OPiv), is better
compared to that of other copper(Il) salts such as Cu(OAc), in
organic solvents, which could be considered as another
promotion to the reactions.”” While screening further oxidants,
we observed that other oxidants such as CuBr,, CuCl,, and
Ag,O were totally ineffective (Table 1, entries 3—S). No
desired product was detected when Cu(OPiv), was removed
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Table 1. Reaction Optimization for the C—H
Carbonylation”

Me Pd(OAc), Me
NH oxidant NH
/©/ + CO+nBuoH — KL,
Me’ solvent O\nBu
1a 2a tec 3a o
entry oxidant solvent yield® (%)
1 Cu(OPiv), DMSO/tol 69
2 Cu(OAc), DMSO/tol 30
3 CuBr, DMSO/tol 0
4 CuCl, DMSO/tol 0
5 Ag,0 DMSO/tol 0
6 0, DMSO/tol 0
7 Cu(OPiv), DMSO/tol trace®
8 Cu(OPiv), DMSO/tol 539
9 Cu(OPiv), DMSO/MeCN trace
10 Cu(OPiv), MeCN/tol trace
11 Cu(OPiv), DMSO/tol/MeCN 80
12 Cu(OPiv), DMSO/tol/MeCN 84° (82)

“Standard reaction conditions: la (0.20 mmol), 2a (0.40 mmol),
Pd(OAc), (0.01 mmol), Cu(OPiv), (0.12 mmol), and solvent (1.0
mL) under 1 atm of CO at 100 °C for 24 h. ®Yields were determined
by NMR using CH,Br, (dibromomethane) as an internal standard.
€0.20 mmol of Cu(OPiv), was employed without O, atomosphere.
90.04 mmol of Cu(OPiv), was employed. “The reaction was
performed at 90 °C. ‘Isolated yield. tol = toluene, OPiv = trimethyl
acetate, DMSO = dimethyl sulfoxide.

and O, was used as the terminal oxidant (Table 1, entry 6).
Only a trace amount of the desired carbonylation product was
detected when Cu(OPiv), was increased to a stoichiometric
amount without O, (Table 1, entry 7). A smaller amount of
Cu(OPiv), reduced the reaction yield (Table 1, entry 8). Other
cosolvents such as DMSO/MeCN and MeCN/toluene were
not effective (Table 1, entries 9 and 10). Further optimization
of the reaction conditions showed that the reaction was most
productive when a mixed solvent of DMSO/toluene/MeCN
(1:1:1) was used (Table 1, entry 11). Through further
evaluation of the reaction conditions, we discovered that the
yield was improved to 84% when the reaction was performed at
90 °C (Table 1, entry 12).

We next explored the substrate scope of the palladium-
catalyzed aerobic oxidative C—H carbonylation reactions. The
substrate scope of various aliphatic alcohols with la was
explored (Scheme 1). Delightfully, the results in Scheme 1
demonstrated a good functional-group tolerance for different
aliphatic primary and secondary alcohols. Simple alcohols such
as methanol, ethanol, and propanol were suitable for this
transformation (3b, 3c, and 3d). When a long-chain alcohol
such as n-heptanol was used as a substrate, 73% yield of 3e was
obtained. Branched alcohols such as isobutyl alcohol performed
well under the standard conditions (3f). Secondary alcohols,
such as cyclohexanol, which is vulnerable to oxidative systems,
survived well under the aerobic oxidative conditions, giving the
corresponding o-aminobenzoate in moderate yield (3g).”
Aromatic and heteroaromatic substituted methanols such as
phenylmethanol and furan-2-ylmethanol proceeded smoothly
to generate o-aminobenzoates in good yields (3h and 3i). We
did not observe the oxidation of alcohols in these reactions. To
further demonstrate the utility of this new process for organic
synthesis and to confirm its efficiency in the modification of
complex molecules, we explored strategies to functionalize
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Scheme 1. Scope of Alcohols”
Pd(OACc), 5 mol %
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“Reaction conditions: 1a (0.20 mmol), 2 (0.40 mmol), Pd(OAc),
(0.01 mmol), Cu(OPiv), (0.12 mmol), KI (0.10 mmol), CO/O, (1
atm), in toluene/DMSO/MeCN (0.3 mL/0.3 mL/0.3 mL) at 90 °C
for 12 h. Yields are those of isolated and purified products.

natural product derivatives. Stigmasterol and dehydroepian-
drosterone (DHEA), which widely exist in plants and animals,
reacted smoothly with la to provide the corresponding
oxidative C—H carbonylation products in good yields (3j and
31), highlighting the broad substrate scope and the potential
utility of this protocol. It is noteworthy that 2,2,2-
trifluoroethan-1-ol was also proved to be reactive (3k). In
addition, we tried other alcohols such as tert-butyl alcohol,
prop-2-en-1-ol, phenol, and quinolin-8-ol, but only a trace
amount of the desired products was detected.

The scope of the reaction with respect to N-substituted
anilines was investigated, too (Scheme 2). The sole product 3m
could be obtained in 72% yield by direct C—H carbonylation
under the optimized conditions. N-Methylanilines bearing a
methoxy group afforded the corresponding o-aminobenzoates
3n and 30 in 63% and 37% yields, respectively. 3,4-
Disubstituted N-methylanilines were converted to the corre-
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Scheme 2. Scope of N-Substituted Anilines”

Pd(OAc), 5 mol %
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“Reaction conditions: 1 (0.20 mmol), 2c (0.40 mmol), Pd(OAc),
(0.01 mmol), Cu(OPiv), (0.12 mmol), KI (0.10 mmol), CO/O, (1
atm), in toluene/DMSO/MeCN (0.3 mL/0.3 mL/0.3 mL) at 90 °C
for 12 h. Yields are those of isolated and purified products.

sponding products in moderate yields (3p and 3q).
Furthermore, N-ethyl-substituted aniline was also investigated
and provided the desired product in moderate yield (3r). The
3-propylphenyl group survived well under the oxidative
conditions, giving the corresponding product in moderate
yields (3s).

Interestingly, when substrate 2-(methylamino)benzoic acid
was employed under the standard conditions, the ethyl 2-
(methylamino)benzoate was obtained in 72% yield (Table 2, eq
2). Control experiments indicated that no desired product was
detected while removing the Pd(OAc), or Cu(OPiv), (Table 2,
entries 1 and 2). Only 11% yield of o-aminobenzoate was
detected when the KI was removed from the standard
conditions (Table 2, entry 3). In addition, no desired product

Table 2. Control Experiments

Pd(OAc), 5 mol %

Me Cu(OPiv), 60 mol % Me
NH Kl 50 mol % NH
@: + €O + EtOH 5 o @
COOH DMSOftoluene/MeCN ~
90°C, 12 h 0
3m

Isolated yield: 72%

entry variation from the “standard conditions” NMR yield” (%)
1 No Pd(OAc), 0
2 No Cu(OPiv), 0
3 No KI 11
4 No CO 0

“Yields were determined by NMR using CH,Br, (dibromomethane)
as an internal standard.

was detected when the reaction was carried out under N,
atomosphere (Table 2, entry 4). Therefore, we propose that 2-
(methylamino)benzoic acid should be a key intermediate in the
reaction.

In summary, we have developed a palladium/copper-
catalyzed aerobic oxidative C—H carbonylation and have
given straightforward access to valuable o-aminobenzoates. O,
was used as the terminal oxidant. The reaction tolerates a
variety of primary and secondary alcohols, especially natural
alcohols. Further substrate scope and mechanistic studies are
ongoing in our laboratory and will be reported in the near
future.
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