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Abstract: We have developed an efficient copper-cat-
alyzed method for the synthesis of N-alkylanthranilic
acids. The protocol uses inexpensive copper(I)
iodide/racemic 1,1’-binaphthyl-2,2"-diol (rac-BINOL)
as the catalyst/ligand system, readily available 2-
halobenzoic acids and aliphatic amines as the start-

ing materials, the coupling reactions were performed
at room temperature, and various functionalities in
the substrates were tolerated.
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Introduction

The synthesis of N-substituted anthranilic acid deriva-
tives has attracted much attention because of their
importance as drug molecules and building blocks.
N-Aralkylanthranilic acid derivatives, such as 2-ben-
zylamino-5-nitrobenzoic acid and 5-nitro-2-phenethyl-
aminobenzoic acid, have been demonstrated to inter-
act with the cystic fibrosis transmembrane conduc-
tance regulator causing a blockade of the chloride
channel and have therefore potential as novel antiar-
rhythmic drugs.!"! The copper-catalyzed amination of
2-chlorobenzoic acid was first accomplished by UlI-
mann.?! Since then, various copper-catalyzed amina-
tion procedures suitable for 2-chlorobenzoic acids
have been described.l®) N-Substituted anthranilic acids
are usually prepared from 2-chlorobenzoic acids or
via coupling of anthranilic acid and aryl halides.* In
fact, a wide range of 2-bromobenzoic acid derivatives
are readily available, for example, through oxidation
of 2-alkyl-1-bromobenzenes”® or lithiation of dibro-
mobenzenes and subsequent treatment with carbon
dioxide.”) The previous cross-coupling procedures
using 2-halobenzoic acids were limited in their appli-
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cations because a higher reaction temperature (up to
130°C) was required,” and various efforts to improve
the efficiency of this reaction by using non-classical
energy-supplying methods, such as ultrasound® and
microwave-assisted”) modes, have been reported. Re-
cently, copper-catalyzed Ullmann N-arylations have
made great progress.[*!”) Unfortunately, these methods
sometimes cannot be used to construct some function-
al molecules because the reaction temperaturess are
still too high, so it is highly desirable to develop
milder copper-catalyzed coupling methods. Recently,
Buchwald""! and wel'” have developed copper-cata-
lyzed N-arylations at room temperature, and the re-
sults showed that efficiency of the copper-catalyzed
coupling reactions highly depended on involvement
of suitable ligands, but only aryl iodides as the sub-
strates were often effective. Herein, we report an effi-
cient synthetic procedure providing a convenient
access to a range of N-alkylanthranilic acids through
copper-catalyzed amination of 2-bromo- and 2-iodo-
benzoic acid derivatives at room temperature.
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Results and Discussion

First, 2-bromobenzoic acid and methylamine hydro-
chloride were chosen as the model substrates to opti-
mize the catalytic conditions, including copper cata-
lysts, ligands, bases and solvents in the N-arylation at
room temperature as shown in Table 1. Several
copper salts, CuCl, CuBr, Cul, CuSO,, CuCl, and
Cu(OAc), (entries 1-6), were tested using DMF as
the solvent, 20 mol% rac-BINOL as the ligand,
K;PO, (relative to 2-bromobenzoic acid) as the base,
and the results showed that Cul was the most effec-
tive catalyst (entry 3). Other ligands, such as L-proline
and N,N'-dimethylethylenediamine, were tested (en-
tries 7 and 8), and rac-BINOL gave the highest yield
(96%, entry 3). The reaction provided a 58% yield in
the absence of ligand (entry 9). We also investigated
the effect of solvents (compare entries3, 10-12),
DMSO was slightly inferior to DMF (entry 10), but
the others were bad solvents (entries 11 and 12).

Table 1. Copper-catalyzed coupling of 2-bromobenzoic acid
with methylamine hydrochloride: optimization of the cata-
lytic conditions.™

e} o}
OH cat., ligand, base OH
* CHNHp-HCI o
Br 28 - NHCH,
1a 3a
- Do e
#~~OH N
94¢ H B ¢
A
Entry Cat. Ligand Solvent Base Yield
[o]"
1 Cu(Cl A DMF K;PO, trace
2 CuBr A DMF K;PO, 20
3 Cul A DMF K;PO, 96
4 CuSO, A DMF K;PO, O
5 Cu(Cl, A DMF K;PO, trace
6 Cu(OAc), A DMF K;PO, O
7 Cul B DMF K;PO, 25
8 Cul C DMF K;PO, 67
9 Cul - DMF K;PO, 58
10 Cul A DMSO K;PO, 70
11 Cul A toluene K;PO, O
12 Cul A 1,4-dioxane K PO, 0
13 Cul A DMF Cs,CO; 35
14 Cul A DMF K,CO; trace
15 Cul A DMF K;PO, 910

(2] Reaction conditions: 2-bromobenzoic acid (1.0 mmol),
methylamine  hydrochloride (1.5 mmol), catalyst
(0.1 mmol), ligand (0.2 mmol), base (3 mmol), solvent
(3mL) at room temperature (~25°C) under a nitrogen
atmosphere.

] Isolated yield.

[l 2.5 equiv. of K;PO, were used as the base.
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Bases also influenced the progress of the coupling re-
action, and 3 equivalents of K;PO, provided the high-
est yield (compare entries 3, 13 and 14). Changing the
amount of base was also attempted, and the reaction
afforded a slightly lower yield when 2.5 equivalents of
K;PO, were used (entry 15). After the optimization
process of catalysts, ligands, solvents and bases, the
following coupling reactions were carried out under
our standard conditions: 10 mol% Cul as the catalyst,
20 mol% rac-BINOL as the ligand, DMF as the sol-
vent and 2 or 3 equivalents of K;PO, (2 equivalents of
base for free amines, 3 equivalents of base for amine
hydrochlorides) as the base (relative to 2-halobenzoic
acids) at room temperature under a nitrogen atmos-
phere.

The optimized amination procedure was then ap-
plied to a variety of 2-halobenzoic acids and aliphatic
amines to evaluate the synthetic potential of this
method as shown in Table 2. For 2-bromo- and 2-io-
dobenzoic acid derivatives, the coupling reactions pro-
vided good to excellent yields (entries 1-22), but 2-
chlorobenzoic acid was a poorer substrate (entries 23
and 24). Importantly, the copper-catalyzed amination
proceeded with regioselectivity, and the reactions
only occurred on the carbon-halogen bonds adjacent
to the carboxyl group at room temperature, which
was probably because of the accelerating effect of the
adjacent carboxylate group (see reaction mechanism
below). For example, couplings of 2-bromo-4-halo-
benzoic acids (1d and 1e) with aliphatic amines only
yielded N-alkyl-4-haloanthranilic acids (entries 16—
20), however, N-alkyl-2-bromoanthranilic acids were
not observed. Various functionalities were tolerated
including alkenyl (entries 5, 12, 15, 17, 19, 22 and 24),
hydroxy (entry 6), and ester groups (entry 10) in the
aliphatic amines and nitro (entries 11-15), carbon-hal-
ogen bonds (except ortho carbon-halogen bonds of
carboxylates) (entries 16-20) in the 2-halobenzoic
acid derivatives. We attempted to increase the
amount of K;PO, for the slow reactions (such as en-
tries 8, 9 and 17-20 in Table 2), but the couplings did
not give higher yields. Electronic effects in the 2-halo-
benzoic acids including electron-rich and electron-de-
ficient groups did not show any evident difference.
The procedure is insensitive to moisture. The results
above show that our amination procedure provides a
convenient access to a wide range of N-alkylanthranil-
ic acids from readily available, unprotected 2-halo-
benzoic acids and aliphatic amine derivatives.

We also investigated the mechanism of formation
of N-alkylanthranilic acids. The reaction of 2-(2-bro-
mophenyl)acetic acid with methylamine hydrochlo-
ride provided product 3u in only 34% yield under the
catalysis conditions as shown in Scheme 1, Eq. (1),
and the structure of 3u was identified by NMR and
IR spectroscopy (see Supporting Information). The
results showed the importance of the position of the
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Table 2. Copper-catalyzed couplings of substituted 2-halobenzoic acids with aliphatic amines.

(e}
" :\ OH , HoN—-R? CullL, K;PO, " X" 0oH
= DMF, rt., 16 h !
1x 2 Z HfRZ
3
[eoW
™
Entry 1 2 Product Yield [%]®

O

1 1a d‘\OH 2a CHsNH, - HC 3a @OH 96

Br NHCH;

(@]

2 1a 2b CoHsNH,  HCI 3b dOH 86
NHC,Hs
O

3 1a 2¢ HNT 3¢ @E%H 68
NHC3H;
O

4 1a 2d HoN" 170 3d dOH 64
NHC 15Ho5
O

5 1a 2e HN 3e @OH 80
NN
H
O

o
9 1a 2i N@ 3i Cﬁtoi/@ 62
HoN N
H
O
~_-COOMe
10 1a 2j N 3j dOH 7
NH/\/COOMe
(0] (0]
OH OH
11 1b 2a 3k 68
Br NHCH;
NO, NO,
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Table 2. (Continued)
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Entry 1 Product Yield [%]®
(o]
12 1b 2 31 o 86
€
NH N
NO,
(@]
OH
13 1b 2g 3m 85
NH
A
(6] (e}
14 1c @OH 2a 3n /dOH 77
O,N Br OyN NHCH;
(@]
15 1c 2e 30 @OH 65
O,N NHN
(e} O
Cl Cl
16 1d §OH 2a 3p @\)%H 84
Br NHCH,
(e
Cl
17 1d 2e 3q OH 59
NH N
(@] (@]
B
18 1e Br\@\)J\OH 2a 3r r@m 66
Br NHCH,
O
Br.
19 1le 2e 3s \@OH 59
NH
(@]
Br@ OH
20 1e 2a 3t » 40
(0]
21 1f @f%ra 2a 3a 95
|
2 1f 2e 3e 85
(o]
23 1g @OH 2a 3a 20
Cl
24 1g 2e 3e 16

&l Reaction conditions: substituted 2-halobenzoic acid (1.0 mmol), aliphatic amine (1.5 mmol), Cul (0.1 mmol), rac-BINOL
(0.2 mmol), base (2 mmol for free amines; 3 mmol for amine hydrochloride), DMF (3 mL) at room temperature (~25°C)
under a nitrogen atmosphere.

) Isolated yield.

carboxyl group (compare with 2-bromobenzoic acid).
When methyl 2-bromobenzoate was used as the sub-
strate instead of 2-bromobenzoic acid, no desired
product was observed [Scheme 1, Eq. (2)]. The ortho-
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carboxylate group has been known to effectively ac-
celerate homogeneous copper-catalyzed exchange re-
actions.” Accordingly, a possible mechanism of for-
mation of N-alkylanthranilic acids is proposed in
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COOH
*+ CH;3NH, - HCl
B

. 2a DMF, K,PO,
1h 40°C, 16 h
(0]
Cul, rac-BINOL
dOCHS * CHNH-HCl ——%——
Br 2a DMF, K;PO,
1i rt, 16 h

Cul, rac-BINOL

3u 3u CH;
o 34%
OCH,4 (2)
NHCH,

3v

Scheme 1. Reactions of methylamine hydrochloride with 2-(2-bromophenyl)acetic acid [Eq. (1)] and methyl 2-bromoben-

zoate [Eq. (2)].

o} o] o} o}
Rit X" SoH  K3PO4 o CﬁkOK Cul Ri X ? L (rac-BINOL) o (ﬁ?
1 ' I m
HoN-R? i
N o 2 L K3PO4 ROk Hl =
> Lﬁ L; R ¥ N N- =
2
v x NHZR vi H

Scheme 2. Possible mechanism of formation of N-alkylanthranilic acids.

Scheme 2 according to the results above. Reaction of
the substituted 2-halobenzoic acid with K;PO, afford-
ed the corresponding potassium benzoate (I), and
treatment of I with Cul forms complex II. Coordina-
tion of rac-BINOL with II yields III, and oxidative
addition of HI gives IV. Treatment of IV with amine
provides coordinated V freeing the ligand, and reduc-
tive elimination of V in the presence of base affords
VI releasing the copper catalyst. Acidification of VI
provides the target product 3.

Conclusions

We have developed an efficient Cul/racemic 1,1'-bi-
naphthyl-2,2’-diol (rac-BINOL)-catalyzed method for
the synthesis of N-alkylanthranilic acids via couplings
of 2-halobenzoic acids with aliphatic amines at room
temperature. Various functionalities in the substrates
were tolerated, and regioselectivity was observed be-
cause of the accelerating effect of the adjacent car-
boxylate group in the 2-halobenzoic acids. This mild
and practical method may find broad academic as
well as industrial applications.
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Experimental Section

General Procedure for Copper-Catalyzed
N-Arylations of Aliphatic Amines

A two-necked, round-bottomed flask was charged with a
magnetic stirrer, evacuated and back-filled with nitrogen.
The substituted 2-halobenzoic acid (1.0 mmol) and amine or
amine hydrochloride (1.5 mmol) in DMF (3mL), K;PO,
(2 mmol, 424 mg for free amine; 3 mmol, 636 mg for amine
hydrochloride), racemic 1,1’-binaphthyl-2,2’-diol  (rac-
BINOL) (0.2 mmol, 57 mg) were added to the flask. After a
10 min stirring, Cul (0.1 mmol, 19 mg) was added under a
nitrogen atmosphere. The mixture was allowed to stir at
room temperature (~25°C) under a nitrogen atmosphere for
16 h. 2N HCI (10 mL) was added to the mixture, and the re-
sulting solution was extracted with ethyl acetate (2x20 mL).
The combined organic layer was washed with brine, and
dried over anhydrous MgSO,. The solvent was removed
from the mixture with the aid of a rotary evaporator, and
the residue was purified by column chromatography on
silica gel using petroleum ether/ethyl acetate (15:1 to 8:1) as
eluent to provide the desired product.
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