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Pyrrole-2-carbohydrazides were synthesized and found to be
novel and efficient ligands for the Cu-catalyzed amination of
aryl halides with amines in pure water with high yields. A
variety of aryl bromides or iodides could be aminated, pro-

moted by the Cul/N’-phenyl-1H-pyrrole-2-carbohydrazide
(L13) system, under microwave irradiation or conventional
heating without the protection by an inert gas.

Introduction

Arylamines are prevalent building blocks of numerous
drugs, materials, and natural products, and their prepara-
tions have been attracted much attention.[!l The transition-
metal-catalyzed C-N coupling reaction is one of the most
important approaches. In the past decades, although signifi-
cant improvements have been achieved in the copper-cata-
lyzed Ullmann and Goldberg reactions and the palladium-
catalyzed Buchwald-Hartwig reaction in organic me-
dia,['*? there is still a need to develop a generally efficient
and environmentally friendly catalytic system for this class
of reactions.

Among the 12 principles of green chemistry, the desire
for utilizing “safer solvents” and to “design for energy effi-
ciency” can be considered two key principles of relevance
to synthetic chemists.’] Water, as the cheapest, non-toxic,
non-flammable and environmentally benign solvent in the
reaction steps, has been successfully employed for various
organic synthesis,># of which the copper-catalyzed C-N
bond formation in aqueous media — even in pure water —
has been given much attention in recent years.*>3-81 How-
ever, some drawbacks of the catalytic systems, such as inert-
gas protection, long reaction times, and narrow scope of
substrates, limit their universal application. Moreover, to
the best of our knowledge, there are only a few methods
well established to effectively promote N-arylation of an-
ilines in aqueous media.’*%8dl In addition, microwave
heating, because of rapid and convenient superheating to
high temperatures in combination with excellent reaction
control and low-energy consumption,®¢! can accelerate a
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variety of synthetic transformations by time- and energy-
saving protocols. The combination of these principles,
“water” and “microwave”, must therefore be considered to
be a promising and enabling green alternative.

As part of our ongoing research interest in aqueous or-
ganic reactions,®-849 we herein wish to report pyrrole-2-
carbohydrazides as novel effective ligands for the copper-
catalyzed C-N coupling reaction in water without the pro-
tection by an inert gas.

Results and Discussion

Initially, we examined L2 as a ligand for promoting the
Cu-catalyzed amination of 4-bromoanisole with aniline
(Scheme 1 and Figure 1). Addition of 25 mol-% of L2 re-
sulted in the formation of the desired coupling product with
moderate yield (50% GC yield) after 5 min under micro-
wave irradiation at 130 °C in water. This encouraged us to
synthesize a variety of pyrrole-2-carbohydrazides and to
test their corresponding effects. As indicated in Figure 2,
pyrrole-2-carboxamide and other heterocyclic 2-carbo-
hydrazides exhibited lower conversions of the 4-bromoanisole
for this transformation (Figure 2, L1 and L3-L5), and this
revealed that the hydrogen atom on the nitrogen atom of
the pyrrole ring and the hydrogen atom of the non-amide
nitrogen atom were both necessary for the corresponding
pyrrole-2-carbohydrazides to be effective ligands. This can
be further confirmed by replacing the related hydrogen
atoms with methyl groups, which leads to a markedly de-
creased catalytic activity (Figure 2, L8 and L9). Knowing
that a monosubstituted non-amide nitrogen atom of pyr-
role-2-carbohydrazide provided higher activities than a
non- or disubstitute one (Figure 2, L7 vs. L2 and L9), we
reasonable synthesized four different monosubstituted pyr-
role-2-carbohydrazides, which contain electron-releasing or
electron-withdrawing groups, to investigate their effects as

3219

vvvvvvvvvvvvvvvvvvvvvv



SHORT COMMUNICATION

J. Xie, X. Zhu, M. Huang, F. Meng, W. Chen, Y. Wan

QUY@

L10

Figure 1. Ligands used in this work.

ligands for the model reaction (Figure 2. L10-L13). As ex-
pected, L13 displayed the best activity for this process in
pure water.
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Scheme 1. Model reaction of the Cu-catalyzed C-N coupling.
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Figure 2. Effect of ligands on the coupling in the model reaction.
Reaction  conditions:  4-bromoanisole (0.5 mmol), aniline
(2.5 mmol), CuO (0.025 mmol), L (0.125 mmol), KOH (1 mmol),
TBAB (0.25 mmol), H,O (1 mL), 130°C, 5min, microwaves
(100 W). The yields were calculated by GC/MS. [a] No product was
detected by TLC.

With the favourable ligand in hand, it was reasonable for
us to test the effect of copper sources, and the preliminary
results showed that most of Cu' or Cu'! salts, in particular
Cul, combined with L13 afforded the N-arylated products
in good to excellent yields, respectively, whereas Cu® re-
sulted in lower yields of 57% (Table 1, Entries 2-7), and
under copper-free conditions no reaction took place
(Table 1, Entry 1). In addition, decreasing the loading of
the catalyst from 5 mol-% to 3 mol-% led to a slight de-
crease of conversion (Table 1, Entries 7 and 8). Further op-
timization of the reaction conditions [e.g. bases, tempera-
ture, PTCs (phase-transfer catalysts), the proportions of re-
3220
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actants, and the ratio of L13/Cul] for the N-arylation pro-
cess was carefully conducted. It should be noted that the
relatively high molar ratio (5:1) of L13/Cul, which might
be required because of decomposition of L13, was still a
challenge in our experimental conditions.

Table 1. Effect of copper sources on the coupling in the model reac-
tion by using L13 as the ligand.[

Entry [Cu] Conversion/yield [%o]!

1 _ Olel

2 CuO 98/91

3 CuSOy4 97/91

4 Cu(OAc), 96/91

5 Cu,O 91/82

6 Cu 63/57

7 Cul 99/95

8 Cul 98/91l

[a] Reaction conditions: 4-bromoanisole (0.5 mmol), aniline
(2.5 mmol), [Cu] (0.025 mmol), L13 (0.125 mmol), KOH (1 mmol),
TBAB (0.25 mmol), H,O (1 mL), 130 °C, 5min, microwaves
(100 W). [b] Calculated by GC/MS. [c] No product was dectected
by TLC. [d] 0.015 mmol of Cul.

The reaction scope and limitations of this Cul/L13 cata-
lytic system was subsequently explored between typical aryl
halides and anilines (Table 2), aliphatic amines, and nitro-
gen-containing heterocycles (Table 3) under the optimal
conditions [5mol-% of Cul, 25mol-% of L13, KOH
(2 equiv.) in water under microwave irradiation at 130 °C
for 5 min].

As shown in Table 2, the N-arylation of anilines with
most of electron-rich, electron-neutral, and electron-poor
aryl bromides afforded the desired products with moderate
to good isolated yields (Entries 1-7). It is intriguing that the
reaction of 1-bromo-4-(trifluoromethyl)benzene with ani-
line gave only 47 % isolated yield because of the lower con-
version (62% conversion yield detected by GC analysis)
(Entry 8). However, the arylation of aniline with 1-bromo-
4-nitrobenzene provided a complex product mixture due to
its high reactivity (Entry 9). Aryl iodides provided slightly
higher yields than aryl bromides, but chlorobenzene, re-
acting with aniline, afforded only traces of product under
the experimental conditions (Entries 10 and 11).
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Table 2. Cul-catalyzed C-N coupling reaction of aryl halides with
anilines in water.[@!
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[a] Reaction conditions: 1 (1.0 mmol), 2 (4 mmol), Cul
(0.05mmol), L13 (0.25mmol), KOH (2mmol), TBAB

(0.50 mmol), H,O (2 mL), 130 °C, 5 min, microwaves (100 W). [b]
Isolated yields. [c] With a sealed tube in an oil bath at 130 °C for
5 min.

The N-arylation of aliphatic amines and nitrogen-con-
taining heterocycles was also successfully carried out by
using the Cul/L13 catalyst system in water (Table 3). The
results indicated that all the aryl halides reacted with benz-
ylamine in a way similar to the arylation of anilines. Be-
sides, linear and cyclic aliphatic primary amines were also
smoothly N-arylated under the optimum conditions (En-
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tries 12 and 13). It is worth noting that the sterically hin-
dered o-bromotoluene or cyclic secondary amines reacted
also effectively under the experimental conditions (En-
tries 4, and 14-15). In addition, the N-arylation of pyrazole
was also performed under the presented conditions. Aryl
iodides reacted with pyrazole to give moderate to good
yields, although the N-arylation of pyrazole with aryl bro-
mides under these conditions was still a challenge (En-
tries 16-19).

In comparison to microwave heating, the amination of 4-
bromoanisole was performed with a sealed tube in a pre-
heated oil bath at 130 °C for 5 min, and afforded yields
similar to those under microwave-assisted conditions, which
indicated the microwave irradiation was not prerequistite
(Table 2, Entry 1; Table 3, Entries 1, and 12-13). These re-
sults are of great interest for large-scale industrial applica-
tions.

Table 3. Cul-catalyzed C-N coupling reaction of aryl halides with
aliphatic amines in water.[]

Cul, L13

PN KOH, TBAB A NR?R®
R'T +  NHR2RS R'T
=
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Table 3. ( Continued)

Entry ArX Amine Product Yield [%]™
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[a] Reaction conditions: 1 (I mmol), 4 (4 mmol), Cul (0.05 mmol),
L13 (0.25mmol), KOH (2 mmol), TBAB (0.50 mmol), H,O
(2mL), 130 °C, 5 min, microwaves (100 W). [b] Isolated yield. [c]
With a sealed tube in an oil bath at 130 °C for 5 min.

Conclusions

We established for the first time pyrrole-2-carbohydraz-
ides as novel ligands for Cu-catalyzed Ullmann C-N cou-
pling reactions in pure water. A variety of aryl bromides or
iodides could be aminated, promoted by the Cul/L13 sys-
tem, under microwave irradiation and conventional heating
without the protection of an inert gas. In addition, the low
catalyst loading, the application of a broad range of copper
salts, and the short reaction times of the process presented
herein, may be beneficial for the development of green
chemistry.

Experimental Section

Typical Procedure for the C—N Coupling Reaction under Microwave
Irradiation: Into a 10 mL of microwave vessel were added Cul
(9.5 mg, 0.05 mmol), L13 (50.3 mg, 0.25 mmol), 4-bromoanisole
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(186 mg, 1 mmol), aniline (372 mg, 4 mmol), KOH (112 mg,
2.0 mmol), TBAB (161 mg, 0.5 mmol), H,O (2.0 mL) and a mag-
netic stir bar. The vessel was sealed with a septum and placed into
the microwave cavity. The temperature of the mixture was ramped
from room temperature to 130 °C under microwave irradiation,
which took 30-60 s. Once 130 °C was reached, the reaction mixture
was kept at this temperature for 5 min. After allowing the mixture
to cool to room temperature, the reaction mixture was diluted with
water (20 mL) and extracted with ethyl acetate (3 X 30 mL). The
combined organic phases were washed with brine, dried with anhy-
drous Na,SO,, and concentrated in vacuo. The residue was purified
by flash column chromatograph on silica gel (ethyl acetate/petro-
leum ether, 1:20) to afford the target product 4-methoxy-N-phenyl-
aniline (3a) (156 mg, 78% yield). The purity of the compound was
confirmed by '"H NMR, '3C NMR, and MS data.

Typical Procedure for the C-N Coupling Reaction in an Oil Bath:
Into a 10 mL tube were added Cul (9.5 mg, 0.05 mmol), L13
(50.3 mg, 0.25 mmol), 4-bromoanisole (186 mg, 1 mmol), aniline
(372 mg, 4 mmol), KOH (112 mg, 2.0 mmol), TBAB (161 mg,
0.5 mmol), H,O (5 mL) and a magnetic stir bar, and the tube was
sealed. The reaction mixture was stirred at 130 °C in a preheated
oil bath for 5 min, then cooled to room temp. and extracted with
ethyl acetate (3X 30mL). The combined organic phases were
washed with water and brine, dried with anhydrous Na,SO,, and
concentrated in vacuo. The residue was purified by flash column
chromatograph on silica gel to afford the target product (165 mg,
83Y% yield).

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures, characterization data, and copies of
the '"H NMR, '3C NMR, and mass spectra of all compounds.
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