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Abstract: Active-copper-promoted mild and expeditious N-aryla-
tions of amines, amides, imides, and b-lactams with aryl halides un-
der microwave irradiation conditions are reported. These reactions
can be performed at 85–90 °C in aqueous media as well as under
solvent-free conditions to give good yields. However, under sol-
vent-free conditions, lower yields are obtained.

Key words: aqueous media, active copper, b-lactams, microwave,
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Aryl–nitrogen bonds are prevalent in many compounds
that are of academic, pharmaceutical, and industrial inter-
est. Transition-metal-mediated C–N bond-forming pro-
cesses are important fundamental transformations and are
extensively utilized for N-arylations. The Ullmann con-
densation has been a powerful method for the coupling of
aryl halides with amines.1–3 Typically, Ullmann coupling
protocols necessitate the use of copper metal or copper
salts, base, and high reactions temperatures. Recently, the
palladium-catalyzed aryl amination has received attention
as a synthetically useful method due to the lower temper-
ature required.4–6

In the b-lactam field, the Ullmann-type condensation un-
der basic conditions leads to decomposition of the starting
material instead of the expected formation of penem and
cephem analogues.7–10 In about 100 years of study of Ull-
mann-type condensations, there have been only limited
examples where no base is used and the copper metal or
copper salt catalyst itself acts as the acceptor of halo-
gen.9–12 However, all of these reactions suffer from one or
more disadvantages such as higher reaction temperatures,
longer reaction times, and lower yields.

Microwave (MW) irradiation has now gained popularity
as a powerful tool for rapid and efficient synthesis of a va-
riety of organic compounds in various solvents as well as
solvent-free conditions.13–16 The application of MW irra-
diation to provide enhanced reaction rates and improved
product yields in chemical synthesis has been extended to
modern drug discovery processes,17,18 and it is proving
quite successful in the formation of carbon–heteroatom
and carbon–carbon bonds.19,20 Water is the cheapest, saf-
est, and most non-toxic solvent in the world. It is a good
absorber of microwave energy21,22 and has been success-

fully employed as solvent for various organic synthe-
ses.23–27 Utilization of water as an eco-friendly reaction
medium in conjunction with MW irradiation is gaining
widespread acceptance.28–32

Considering the above valid points and in pursuing our
work on the development of green synthetic processes,33–36

we have devised active-copper-promoted mild and expe-
ditious N-arylations with aryl halides under MW irradia-
tion. These reactions can be preformed at 85–90 °C in
aqueous media as well as under solvent-free conditions.
However, the yields are lower under solvent-free condi-
tions, especially in the case of b-lactam derivatives
(Tables 1 and 2).

The present method in its entirety involves intermittent ir-
radiation of an intimate mixture of an aryl halide, a R2NH
compound (an amine, amide, imide or b-lactam), and ac-
tive copper37 in neat conditions or their aqueous suspen-
sions for two minutes in an MW oven at 100 W followed
by thorough mixing for two minutes outside the oven.
This intermittent irradiation-mixing cycle was repeated
for the total irradiation time specified in Tables 1 and 2 to
obtain the desired N-arylated products in good yields (Ta-
bles 1 and 2). For the comparison purposes the reactions
were also carried out using a thermostated oil bath under
the same conditions of time (Tables 1 and 2) and temper-
ature (85–90 °C) as for the MW-assisted method. It was
found that significantly lower yields (5–43%) were ob-
tained using oil-bath heating rather than the MW-assisted
method in both the cases, i.e. in neat conditions as well as
in aqueous media. It is noteworthy that the present method
is also successfully applicable to intramolecular N-aryla-
tion of b-lactam derivatives leading to penem and cephem
analogues (Table 2) where most of the methods are unsuc-
cessful and lead to the decomposition of the starting ma-
terial because of the presence of a base.7–10

In summary, we have developed a general method for
mild, rapid, and efficient N-arylations of amines, amides,
imides and b-lactams with aryl halides. These N-aryla-
tions are promoted by active copper and are performed in
the absence of a base employing microwave irradiation ei-
ther under solvent-free conditions or in aqueous media.
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Table 1 Active Copper-Promoted Intermolecular N-Arylations with Aryl Halides under MW Irradiation 

Entry Substrates Time (min)a Product Yield (%)b,c

RR¢NH ArX RR¢NH

1 6

1

87 (84)

2 6

1

84 (82)

3 8

1

80 (77)

4 8

2

78 (76)

5 6

3

74 (71)

6 6

4

71 (68)

7 6

5

91 (87)

8 8

6

87 (84)

9 6

7

85 (83)

10 6

8

81 (79)

11 MeCONH2 8

9

75 (72)

12 MeCONH2 10

10

72 (70)

13 8

11

73 (71)

RR'NH ArX
active Cu, MW,  6–10 min

aqueous or solvent-free
          conditions

RR'NAr+

NH2
I NH

NH2
Br NH

NH2
Cl NH

NH2
Br Me NH Me

NH2 I N

H

NH2 Br Me N

H

Me

NH I N

NH Br Me N Me

N

H

I N

N

H

Br Me N Me

I MeCONH

Br Me MeMeCONH

CONH2 I CONH
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Melting points were determined by open glass capillary method and
are uncorrected. IR spectra in KBr were recorded on a Perkin–Elm-
er 993 IR spectrophotometer. 1H NMR spectra were recorded on a
Bruker WM-40 C (400 MHz) FT spectrometer in DMSO-d6 using
TMS as internal reference. 13C NMR spectra were recorded on the
same instrument at 100 MHz using the same solvent and internal
reference. A CEM Discover Focused Microwave Synthesis System
operating at 2450 MHz was used at an output of 100 W for all the
experiments. All commercially available chemicals were used with-
out further purification. Silica gel G was used for TLC.

N-Arylation of Amines, Amides, Imides and b-Lactams; Gener-
al Procedure
Either an intimate mixture of a R2NH compound (an amine, amide,
imide or b-lactam) (1.0 mmol), an aryl halide (1.0 mmol) and active
copper (5.0 mol equiv) in neat conditions or their aqueous suspen-
sions in water (5 mL) was taken in a 20 mL vial and subjected to
MW irradiation at 100 W for 2 min. The reaction mixture was then
thoroughly mixed outside the MW oven for 2 min and again irradi-
ated for another 2 min. This intermittent irradiation-mixing cycle
was repeated for the total irradiation time (Tables 1 and 2). After
completion of the reaction as indicated by TLC, the product was ex-
tracted with EtOAc (3 × 10 mL), the extract was filtered and the fil-
trate was evaporated under reduced pressure to leave the crude
product, which was purified by column chromatography on silica
gel (eluent: hexane–EtOAc) to obtain an analytically pure sample.

14 10

12

71 (68)

15 6

13

87 (83)

16 6

14

83 (81)

17 8

15

81 (78)

18 10

16

78 (74)

a Microwave irradiation time (power = 100 W).
b Yield of isolated and purified product in the case of the experiment performed in aqueous medium. Parentheses show the yield obtained in the 
case of the experiment performed under solvent-free conditions.
c Products were identified by their physical and spectral data. Selected 1H and 13C NMR spectral data are given in Table 3.

Table 1 Active Copper-Promoted Intermolecular N-Arylations with Aryl Halides under MW Irradiation  (continued)

Entry Substrates Time (min)a Product Yield (%)b,c

RR¢NH ArX RR¢NH

RR'NH ArX
active Cu, MW,  6–10 min

aqueous or solvent-free
          conditions

RR'NAr+

CONH2 Br Me MeCONH

NH

O

O

I

N

O

O

NH

O

O

Br Me

N

O

O

Me

NH

O

O

I

N

O

O

NH

O

O

Br Me

N

O

O

Me
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Table 2 Active Copper-Promoted Intramolecular N-Arylation of b-Lactam Derivatives under MW Irradiation

Entry Substrate Time (min)a Product Yield (%)b,c

1 10

17

72 (61)

2 8

18

75 (63)

3 10

19

68 (60)

4 8

20

88 (67)

5 10

21

84 (62)

6 8

22

69 (60)

7 8

23

78 (62)

8 6

24

86 (64)

a Microwave irradiation time (power = 100 W).
b Yield of isolated and purified product in the case of MW irradiation in aqueous medium. Parentheses show the yield obtained in the case of 
solvent-free MW irradiation.
c Products were identified by comparison of their physical and spectral data with those reported in the literature.10 Selected 1H and 13C NMR 
spectral data are given in Table 3.

active Cu, MW, 6–10 min

aqueous or solvent-free
          conditions

NH
O Br R'

N
O R'

R
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O
NH Br
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O
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O
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O
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O
NH Br
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COOOOC PhPh
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Table 3 Selected 1H and 13 C NMR Spectral Data of Products

Product 1H NMR (DMSO-d6, TMS), d 13 C NMR (DMSO-d6, TMS), d

1 0.92 (t, J = 6.6 Hz, 3 H, 6¢-H), 1.30–1.46 (m, 6 H, 2¢-H, 3¢-H, 4¢-H), 1.54–1.66 
(m, 2 H, 5¢-H), 3.08 (t, J = 6.9 Hz, 2 H, 1¢-H), 3.56 (br s, 1 H, NH exch. D2O), 
7.08–7.59 (m, 5 Harom)

14.7, 27.4, 30.2, 32.4, 44.7, 63.8, 120.5, 124.0, 128.6, 
140.7

2 0.91 (t, J = 6.6 Hz, 3 H, 6¢-H), 1.29–1.50 (m, 6 H, 2¢-H, 3¢-H, 4¢-H), 1.56–1.66 
(m, 2 H, 5¢-H), 2.31 (s, 3 H, Me) 3.10 (t, J = 6.9 Hz, 2 H, 1¢-H), 3.55 (br s, 1 
H, NH exch. D2O), 7.09–7.60 (m, 4 Harom)

14.5, 21.1, 27.2, 29.9, 32.5, 44.6, 63.5, 120.3, 124.3, 
133.6, 138.0

10 2.04 (s, 3 H, COMe), 2.32 (s, 3 H, Me), 8.04 (br s, 1 H, NH, exch. D2O), 7.10–
7.58 (m, 4 Harom)

17.7, 21.0, 120.2, 129.5, 133.3, 137.7, 168.3

13 2.75 (s, 4 H, CH2CH2), 7.04–7.68 (m, 5 Harom) 26.2, 120.3, 124.1, 128.6, 140.9, 173.8

16 2.37 (s, 3 H, Me), 7.08–8.10 (m, 8 Harom) 20.9, 120.2, 127.5, 129.4, 131.4, 132.5, 133.2, 135.3, 
166.5

17 2.71 (dd, J = 13.0, 15.5 Hz, 1 H, COCH2), 3.03 (dd, J = 2.5, 15.5 Hz, 1 H, 
COCH2), 3.05 (dd, J = 4.5, 15.5 Hz, 1 H, NCOCH2), 3.49 (dd, J = 5.0, 15.5 
Hz, 1 H, NCOCH2), 4.25 (m, 1 H, NCH), 7.07–7.91 (m, 4 Harom)

32.5, 43.2, 47.6, 120.5, 124.0, 128.6, 129.2, 133.2, 
141.0, 169.8, 197.7

19 3.38 (dd, J = 5.5, 16.0 Hz, 1 H, NCOCH2), 3.97 (dd, J = 2.8, 16.0 Hz, 1 H, 
NCOCH2), 4.75 (dd, J = 2.8, 5.5 Hz, 1 H, NCH), 5.12 (s, 4 H, OCH2), 6.08–
7.91 (m, 14 Harom)

32.4, 43.8, 72.3, 79.1, 120.4, 124.2, 127.1, 127.7, 
128.4, 129.0, 129.6, 133.3, 140.6, 141.2, 169.9, 
171.9, 197.8

21 1.80 (ddd, J = 2.75, 12.5, 14.0, 1 H, CH2), 2.1 (s, 3 H, Me), 2.57 (ddd, J = 3.0, 
3.0, 14.0, 1 H, CH2), 2.99 (dd, J = 2.5, 15.5 Hz, 1 H, NCOCH2), 3.7 (dd, J = 
5.0, 15.5 Hz, 1 H, NCOCH2), 3.97 (s, 3 H, Me), 4.19 (m, 1 H, NCH), 6.19 (dd, 
J = 2.75, 3.0 Hz, 1 H, OCH) 7.55–8.02 (m, 3 Harom)

17.6, 32.3, 40.9, 43.4, 51.0, 72.5, 120.2, 124.0, 128.6, 
129.4, 133.8, 141.1, 165.6, 171.3, 172.3

24 2.67 (dd, J = 3.5, 17.0 Hz, 1 H, NCOCH2), 3.43 (dd, J = 6.0, 17.0 Hz, 1 H, 
NCOCH2), 4.36 (m, 1 H, NCH), 5.14 (s, 4 H, OCH2), 7.2.0–7.78 (m, 14 Harom)

32.1, 44.2, 67.8, 72.1, 120.5, 121.3, 124.0, 125.5, 
126.2, 128.2, 129.0, 130.4, 140.6, 153.2, 169.7, 171.8
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