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Cu,0O nanoparticlessDMEDA (N,N'-dimethylethylenediamine) was proved to be an efficient catalyst system for
amidation of aryl halides under mild condition. This method displayed excellent selectivity and the catalyst was re-
cyclable without loss of activity. The low cost, simple operation and excellent yields make this approach attractive

for industrial applications.
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Introduction

N-Aryl structures are important subunits found in
numerous natural products which had great influences
on the fields of biological, pharmaceutical, and material
sciences.' Despite many significant Pd-catalyzed C—N
cross coupling reactions have been developed in recent
years,® the use of expensive palladium and elaborate
phosphorated ligands would limit its applications to
large-scale production. The classical copper-catalyzed
Ullmann and Goldberg reactions represent straightf-
orward and inexpensive method to N-arylation com-
pounds.®** In the past decades, researchers have em-
ployed several organic ligands to facilitate the reaction
greatly, and Cu-catalyzed N-arylation of amines®> am-
ides,® imidazoles,” and indoles® were all accomplished
conveniently under mild conditions. Since the first cu-
prous iodide catalyzed N-arylation of amides was re-
ported,® several CuX/L systems gLthenanthroIine,60
1,2-diamine,%®®® amino acids®®®" etc) have been
developed for amidation of aryl halides. However, most
of the systems involve a homogeneous process, so the
use of highly efficient and reusable heterogeneous cata-
lyst is still a challenge.® Although CuO nanoparticles™
and Cu,0%® were used for the amidation, the substrates
were limited to aryl iodides. We want to give a more
systematic picture including the influences of different

Schemel Cross-coupling of aryl halides and amides

ligands and bases, effects of substituted groups of aro-
matic ring and Cu,O morphology on the reaction, and to
use aryl bromides and aryl chlorides as substrates.

Generally, nanoParticIeﬁ (NPs) have been studied as
effective catalysts'™ in organic synthesisfor their large
surface area and excellent dispersion activity in the sol-
vent compared with ordinary powder materials,® sim-
plified isolation of products and easy recovery of the
catalysts is also an advantage.® The investigation of
NPs as catalysts is booming now, which inspired us to
focus on cuprous oxide nanoparticle catalysis for the
C—N coupling reaction of amides. Herein a highly effi-
cient method to form a C—N bond was reported, and
N-arylation of amides catalyzed by recyclable, low cost
and environmentally benign Cu,O NPs were accom-
plished conveniently (Scheme 1). In particular, accept-
able to good yields were aobtained for aryl chlorides,
which is still achallengein thisfield.’

Experimental

Preparation of Cu,O nanoparticles

Cu,O nanocube®™ Firgt, 0.25 mL of 0.01 moleL *
CuS0, was added to 9.0 mL of 0.02 molsL * aqueous
cetyltrimethylammonium (CTAB) solution, then 0.50
mL of 0.10 molsL " sodium ascorbate solution was

X
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added to the above solution. The mixture was heated to
55 “C for 5min. Then 0.20 mL of 0.50 moleL ~* NaOH
solution was added to the mixture, and it was kept at 55
‘C for another 10 min. Finaly, the mixture was cooled
to room temperature, the precipitate was washed and
dried. Cu,O nanocubes with size of 200—300 nm were
obtained.

Cu,0 nanospheres™® 2 mmol Cu(OAc),*H,0 was
dissolved in 25 mL of DMF, followed by the addition of
2 mmol poly(vinyl pyrrolidone) and 0.03 g NaBH,. Af-
ter stirring for 10 min, the mixture was heated to and
maintained at 85—95 ‘C in 0.5 min, then cooled to
room temperature at once and washed by alcohol sev-
eral times and dried. Cu,O nanospheres with diameters
of 100—200 nm were obtained.

General procedurefor the coupling reaction

A mixture of Cu,O nanoparticles (3.6 mg, 0.025
mmol), benzamide (0.6 mmol, 72 mg), and K3POye
3H,0 (200 mg, 0.75 mmol) was dispersed in toluene.
Then, N,N'-dimethylethylenediamine (6 pL, 0.05 mmol),
iodobenzene (56 pL, 0.5 mmol) were added to the mix-
ture by syringe under Ar atomsphere. After the reaction
being kept at 110 C for 10 h, the mixture was cooled
to room temperature and diluted with dichloromethane
and filtered. The filtrate was washed with brine (5 mL X
1) and distilled water (5 mL X 2), and the agueous
phases were extracted twice with dichloromethane. The
organic layers were dried by anhydrous N&SQO,, con-
centrated and purified by silica gel column chromatog-
raphy (petroleum ether/ethyl acetate, V : V=51:1) to
yield product N-phenylbenzamide (94 mg, 95% yield).
The identity and purity of the product was confirmed by
'H, ®C NMR, IR and HRMS.

Typical procedurefor recovering Cu,O NPs catalyst

When the coupling reaction of benzamide with
4-iodoanisole in a scale of 0.6 mmol was complete, the
reaction mixture was cooled to room temperature. Then
the mixture was centrifugated and the residue was
washed with deionized water (5 mL), and dried in air at
room temperature to recover the Cu,O NPs catalyst in
quantitative yield. The dried Cu,O NPs catalyst was
then reused directly in the next reaction.

Characterization

X-ray powder diffraction (XRD) measurements were
carried out on a Shimadzu XRD-6000 X-ray diffracto-
meter (Cu Ka radiation, 2=1.5406 A). Single crystal
diffraction data were collected on a Bruker Smart APEX
Il CCD diffractometer. Scanning electron microscopy
(SEM) images were obtained by using a Hitachi S-4800
microscope. Infrared (IR) spectra were obtained with a
FTIR Prestige-21 spectrometer. *H and *C NMR spec-
tra were recorded with a Bruker Avance NMR spec-
trometer (300 or 75 MHz, respectively) with CDCl; as
solvent. Chemical shifts are relative to tetramethylsilane
as the internal standard. High-resolution mass (HRMS)
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spectrometry data were collected with an Aligent 6200
LC/MS TOF spectrometer.

Results and discussion

The coupling of benzamide and 4-iodoanisole was
first studied as a model reaction with Cu,O NPs as
catalyst. After examining a series of copper sources,
ligands, bases, and solvents, the most efficient protocol
was exploited. The coupling reaction proceeds smoothly
in the presence of 5 mol% Cu,O NPs and N,N'-di-
methylethylenediamine (DMEDA, L5) as ligand, using
K3PO43H,0 as base in toluene at 110 ‘C, which af-
forded N-(4-methoxyphenyl)-benzamide (3b) in 95%
yield. Copper(I1) salts such as CuSO,¢5H,0, Cu(OAC),*
H,0 and CuO were inferior to Cu,O NPs (Table 1, En-
tries 1—3), and the reaction scarcely occurred in the
absence of catalyst or ligand (Table 1, Entries 4 and 5).
Severa chelating ligands such as 1,10-phenanthroline
(LD, 2,9-dimethyl-1,10-phenanthroline (L2), 1,2-di-
aminocyclohexane (L 3), 2,2-bipyridine (L4), and PPh;
(L6) were found to be inferior to DMEDA (L5), af-
fording 3b in low yields (Table 1, Entries 8—13). After
screening a variety of bases, we found that K 3PO4+3H,0
was the best choice (Table 1, Entries 12, 14 and 15), and
among the solvents studied, toluene gave the best result
(Table 1, Entries 6, 7 and 12). In an effort to obtain an
optimum Cu,Olligand ratio, we found that a 1 : 2
CuO/L5 ratio is the best choice (Table 1, Entries 17—
19). It should be noted that no significant effect on
reactivity was observed when raising the ratio of
CuO/L5t0 1 : 4 (Table 1, Entry 20). When the catalyst
amount was reduced to 2 mol%, a decrease of yield was
observed (Table 1, Entry 16). Similar yields were
obtained when spherical and cubic Cu,O nanostructures
were used as catalyst, but bulk Cu,O showed a lower
activity (Table 2). Although the catalysis effects of
Cu,0 morphology on Sonogashira reaction is obvious,*
we do not find the morphology influence in this work.

To study the scope of the procedure, the reaction of
substituted aryl halides with benzamide was examined
at the optimal condition. Aryl iodide was found more
reactive than corresponding bromides (Table 3, Entries
1—3). No spectacular electronic effects were observed
when benzamide was submitted to coupling with elec-
tron-rich and electron-poor substituted aryl halides (Ta-
ble 3, Entries 2, 3 and 6—9), however, steric effects
were more significant, para-substituted aryl halides
gave higher yields obviously than ortho-substituted ones
did (Table 3, Entries 4, 5). For example, 2-iodotoluene,
as a typica hindered substituent, gave relatively low
yield (Table 3, Entry 4). But 2-iodoaniline was an ex-
ception, it also gave an excellent yield, and this example
suggested that benzamide can be selectively arylated in
the presence of a free amine NH, group (Table 3, Entry
9). This selectivity is interesting, since copper-L1 de-
rivatives complexes have been reported to catalyze the
reaction of aryl amines with aryl halides**” and this
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Tablel Screening for the reaction conditions Table 3 Cu,O-catalyzed coupling reaction of aryl iodides or
aryl bromides with amides

O;“NHZ
X
NH, Cu,0 NPs (5 mol%)

O
racemic )k N DMEDA (10 mol%)
L3 RN, TR i
2 =~ KzP0y43H,0 (1.5 equiv.)
o o /N toluene, 110 °C, 10 h
N \ //  MeHN NHMe PPh3

N 0}
L4 )k

Rl

)

NH
\ /\RZ

N _ Catligand Entry Amide Aryl halide Yield¥%
2 toluene, 110°C o

L Q)LNHZ 95 (X=I) 3a
@ 81 (X=Br)
NH OMe
la

2

Entry Catalyst Ligand Base Yield¥% 5 1 QX 94 (X=1)3b
1 CuSO4#5H,0 L5  K3POg3H,0 0 MeO 76 (X=Br)
2 Cu(OAc)»H,O0 L5  K3POs3H,0 0 X 92 (X=1)3c
3 Cuo L5  KsPOg#3H,0  trace 3 1a Q 75 (X=Br)
4 Cu,O NPs — K3PO,43H,0 trace
5 — L5 KgPO.3H,0 0 4 la C§—| 80 3d
6 Cu,0 NPs L5  KsPOge3H,0  trace’
7 Cu,0 NPs L5  KsPOp3H0  trace’ OMe
5 la 86 3e
8 Cu,0 NPs L1 KsPO#3HO  trace Q'
9 Cu,O NPs L2 K3PO4¢3H,0 12 |
10 CuONPs L3 KsPO#3H0 21 6 la Q/ o1 3f
11 Cu,0 NPs L4  K3POs#3H,0 18 Et0OC
12 Cu;0 NPs L5 KsPOg3H,0 95 ., " /@/ : 0 3
13 Cu,O NPs L6 K3PO4¢3H,0 8 al
14 Cu,O NPs L5 K,CO3 41 |
15  CuwONPs L5 KOH trace 8 la . /©/ 82 3h
16 Cu,O NPs L5 K3PO43H,0 78¢
17 Cu,O NPs L5 K3PO43H,0 94° 9 1a NH, 95 3
18 Cu,O NPs L5  KgPO.#3H,0 o4 < %‘
19 Cu,O NPs L5 K3PO43H,0 839
20 Cu,O NPs L5 K3PO43H,0 95" Br
Reaction conditions: benzamide (0.6 mmol), 4-iodoanisole (0.5 10 1a \_ N 94 3
mmol), catalyst (10 mol%), ligand (20 mol%), base (0.75 mmol),
toluene (3 mL), 10 h, Ar. ®Isolated yields. ®° DMF and dioxane as
solvent, respectively. 92 mol% Cat., 5 mol% L5. ¢5 mol% Cat., 11 la @—I 90 3k
10 mol% L5. F10 mol% Cat., 10 mol% L5. 95 mol% Cat., 5 s
mol% L 5. "5 mol% Cat., 20 mol% L 5. o}
Table 2 Effects of Cu,0 morphology on the reaction of benzamide 12 ﬁNHZ /©/I 9% 3l
with 4-iodoanisole MeO
Entry Morphology of Cu,0 Yield¥% 1b
! Cube % 13 1b Q/I 9% 3m
2 Sphere 94
3 Bulk 79 o]
Reaction Conditions: benzamide (0.6 mmol), 4-iodoanisole (0.5 14 NH, ©/ X 81 (X=1)3n
mmol), Cat. (5 mol%), L5 (10 mol%), K3PO,#3H,0 (0.75 mmol), 52° (X=Br)

toluene (3mL), 10 h, 110 °C, Ar. ®Isolated yields.
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Continued
Entry Amide Aryl halide Yield¥/%
|
15 1c /©/ 86 30
MeO
X 94 (X=1)3
16 1c /@f (X=1)3p
54° (X =Br)
|
17 1c /©/ 80 3q
Br
|
18 1c Q/ 9 3r
EtOO0C
OMe
19 1c Q' 91° 3s
20 1c C;,I 82" 3t

i Q/' 88> 3v
21 NH@ R
R=Me3v
le OMe 3w

o I
Reaction conditions: amide (0.6 mmol), aryl halides (0.5 mmal),
Cu,0 NPs (5 mol%), L5 (10 mol%), K3PO4+3H,0 (0.75 mmol),
toluene (3 mL), 110 °C, Ar. ?Isolated yields. ®18 h. CIn toluene
and dioxane, respectively.

method circumvented limitations of the Pd-catalyzed
N-arylation.®® The selectivity was also embodied in the
reaction of 4-aminobenzamide, in which only the cou-
pling of amide NH, was observed (Scheme 2). Fur-
thermore, heterocyclic halides such as pyridyl and
thienyl halides both worked well for this coupling reac-
tion (Table 3, Entries 10, 11). Likewise, 4-toluamide (1b)
was suitable for the reaction (Table 3, Entries 12, 13).
The structure of 3c (Table 3, Entry 3) was unambigu-
ousl6y showed by single crystal X-ray diffraction (Figure
1).* In addition, aliphatic amide such as acetamide was
also adapted to the reaction in moderate to excellent
yields (Table 3, Entries 14—20). Beside primary amides,
secondary amide such as acetanilide also gave good
yield (Table 3, Entry 21). Unfortunately, carprolactam
has less reactivity (Table 3, Entry 22). Aryl chlorides are
much more attractive substrates for industrial produc-

tion because of their low cost and ready availability, but
examples for coupling of arGyI chlorides with amides are
rare so far, only Buchwald™ has reported that the reac-
tion of aryl chlorides can be accomplished under solvent
free condition using the Cul/diamine catalytic system.
So we decided to study amidation of aryl chlorides us-
ing 5 mol% Cu,O NPs, 10 mol% DMEDA in neat aryl
chloride, and the reaction occurred smoothly and gave
good yields (Table 4).

Table 4 Cu,O-catalyzed amidation of aryl chlorides with am-
ides

o ¢ Cu,0 NPs (5 mol%) (0]
, X DMEDA (10 moios) , J_ =
1)1\ R =R ONH 2
R NH, =~ K,CO3 (1.5 equiv.) I R?
Entry Amide Aryl chloride Yield/%
0 Cl
Lo O
OMe
2 la Qq 82
cl
3 la ©/ 82
4 la @C, 78

Cl
" .
(0] Cl
6 67
ANHz /O/

(6]
; o
Z
T
N

Reaction conditions: 0.5 mmol amides, Cu,O NPs (5 mol%), L5
(20 mol%), K,CO;3 (0.75 mmol), 23 h, 130 ‘C, in neat aryl chlo-

rides, Ar. ?Isolated yields.
C,(%\C‘.QV
[‘ c(z)‘\‘\l Jce) \‘ N(1) -‘-{A/\. ~

/ﬁ:&" 5 (.
C(3) 2 il y -
( )!J ( ).\\ C('] U) l C(‘] 1)

i =

Figurel X-ray crystal structure of product 3c.

Scheme2 Cu,O-catalyzed coupling reaction of 4-aminobenzamide with 4-iodotoluene

0 |
NH2 . CUZO NPs, K3PO4'3H20
dioxane, 110 °C, 18 h
H,N
1d Me

(0]
o aava
H,N

3u 88% yield®

Reaction condition: 0.6 mmol 1d, 0.5 mmol 4-iodotoluene, 5 mol% Cu,O NPs, 10 mol% DMEDA, 0.75 mmol K3P0O,4+3H,0, dioxane (3 mL), 110 C, 18

h. #Isolated yield.
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To reveal that the reaction are heterogeneous, the
Cu,O NPs were stirred at 110 °C for 10 h in toluene in
the presence of DMEDA and K3PO43H,0, the catalyst
was then separated by centrifugation, and the solution
was independently used for coupling of benzamide and
4-iodoanisole at 110 C, 11 % yield was obtained after
16 h, which may be caused by trace copper leaching.
The low rate leaching inspired us to check the recy-
clability of the catalyst, Cu,O NPs were recovered by
centrifugation and reused for the fresh reaction of
4-iodoanisole with benzamide. No loss of the activity
was observed even after 5 runs (Table 5). In addition,
the scanning electron microscopy and powder X-ray
diffraction analyses of Cu,O NPs, showed identical par-
ticle shape, size, and diffraction pattern (Figures 2—7).
These experimental results clearly suggest that the reac-
tion involves a heterogeneous process and the catalysis
may occur on the surface of Cu,O NPs. The proposed
mechanism for the coupling reaction catalyzed by Cu,O
NPs may be through a coordination-recyclable process
via oxidative addition followed by reductive elimination

Table5 Recycl ability of Cu,O NPs

NH Cat. Ilgand
2 toluene, 110 °C
©ANHAQOMe

Run Recoverability/% Yield®/%
1 98 95
2 97 92
3 95 94
4 92 93
5 92 90
Reaction conditions: 0.6 mmol benzamide, 05 mmol

4-jodoanisole, L5 (10 mol%), K3PO4+3H,0 (0.75 mmal), toluene
(3 mL), 10 h, 110 C, Ar, Cu,O NPs (5 mol%) was used in the
first run, then the recovered catalyst was used directly in the next
runs. ?Isolated yields.

Scheme 3  Possible mechanism for the coupling reaction

KX+)k

R NH—-Ar

(Scheme 3). In the first step, the oxidative addition of
amide to catalyst may occurr and give a copper complex
L 2Cu-Nu, which is thought to be a copper(l) intermedi-
ate involving ligands, and ligand is important in the
process because it can stabilize the Cu(l) intermediate
and enhance the solubility. Then the next step

1100
10001
9004
800+
700+
600+

T I U
!

200
100 J
I O .
0 T 1 T 1 T 1 1 1 T 1
20 30 40 50 60 70
200%)

Figure 2 XRD patterns of cubic Cu,O: (a) fresh and (b) after
fifth catalytic cycles.

Intensity/a.u.

300

250 1

200

150 4

Intensity/a.u.

100 4

20 30'40'5'0'60l70'80
20/(%)
Figure 3 XRD patterns of spherical Cu,O: (a) fresh and (b)
after fifth catalytic cycles.

‘@K&

= Cu,0 NPs *H
(& L/

K3PO,
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1.00 um

Figure6 SEM image of fresh spherical Cu,O.

1.00 pm

Figure 7 SEM image of spherica Cu,O after fifth catalytic
cycles.
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is the addition of aryl halide. Finally, the product is ob-
tained through reductive elimination.

Conclusions

In summary, a novel and efficient method for C—N
cross coupling reactions of substituted aryl halides with
aromatic/alphatic amides have been successfully ac-
complished by using inexpensive and recyclable Cu,O
NPs as the catalyst under mild conditions. The low cost,
simple operation and environmental benignity, in com-
bination with excellent yields, make this method espe-
cialy attractive for industrial applications.

Characterization data for the products

N-Phenylbenzamide (3a) White solid (94 mg,
95%); 'H NMR (CDCl;, 300 MHz) §: 7.85 (d, J=7.0
Hz, 4H), 7.62 (d, J=7.7 Hz, 2H), 7.57—7.46 (m, 2H),
7.37 (t, J=7.6 Hz, 2H), 7.15 (t, J=7.4 Hz, 1H); *C
NMR (CDCls, 75 MHZ) &: 165.8, 137.9, 134.9, 131.8,
129.1, 128.8, 127.0, 124.6, 120.2; IR (KBr) v: 3344,
1648, 1596, 1531, 1440, 1324, 1253, 749, 677, 645
cm~ % HRMS (El) caled for CyisHiNO [M+H]™
198.0920, found 198.0922.

N-(4-M ethoxyphen}/l)-benzamide (3b) White
solid (107 mg, 94%); "H NMR (CDCl3z, 300 MHz) &
7.84 (d, J=7.2 Hz, 2H), 7.77 (s, 1H), 7.55—7.44 (m,
5H), 6.88 (d, J=8.8 Hz, 2H), 3.80 (s, 3H); *C NMR
(CDCl3, 75 MHzZ) §: 165.6, 156.6, 135.0, 131.7, 130.9,
128.7, 127.0, 122.1, 114.2, 55.5; IR (KBr) v: 3341, 1663,
1513, 1403, 1253, 1034, 814, 704, 644, 554 cm %
HRMS (EI) caled for Cy4H1NO, [M+H] " 228.1026,
found 228.1051.

N-(4-M ethylphenyl)-benzamide (3c) White solid
(97 mg, 92%); *H NMR (CDCl3, 300 MHz) §: 7.84 (d,
J=7.6 Hz, 2H), 7.78 (s, 1H), 7.56—7.45 (m, 5H), 7.16
(d, J=8.0 Hz, 2H), 2.33 (s, 3H); *C NMR (CDCl3, 75
MHz) §: 165.8, 135.4, 135.0, 134.2, 131.7, 129.6, 128.7,
127.1, 120.4, 20.9; IR (KBr) v: 3312, 1648, 1609, 1519,
1409, 1312, 1260, 1033, 910, 812, 696, 509 cm *;
HRMS (El) calcd for CyHi1sNO [M-+H]" 212.1110,
found 212.1129.

N-(2-Methylphenyl)-benzamide (3d) White solid
(85 mg, 80%); ‘H NMR (CDCl3, 300 MHz) §: 7.97—
7.87 (m, 3H), 7.67 (s, 1H), 7.56—7.50 (m, 3H), 7.22 (d,
J=8.4 Hz, 2H), 7.11 (d, J=7.2 Hz, 1H), 2.34 (s, 3H);
3C NMR (CDCls, 75 MHz) 6: 165.7, 135.7, 135.0,
131.9, 130.6, 129.2, 128.9, 127.1, 126.9, 125.4, 123.1,
17.9; IR (KBr) v: 3320, 1654, 1525, 1486, 1305, 910,
749, 709, 600 cm Y HRMS (El) calcd for CiaHi3NO
[M+H]" 212.1110, found 212.1102.

N-(2-M ethoxyphenyl)-benzamide (3¢) White
solid (98 mg, 86%); '"H NMR (CDClz, 300 MHz) &:
8.54—8.52 (m, 2H), 7.89 (t, J=5.4 Hz, 2H), 7.55—
7.49 (m, 3H), 7.08—7.01 (m, 2H), 6.92 (t, J=5.4 Hz,
1H), 3.92 (s, 3H); *C NMR (CDCls, 75 MHz) &: 165.3,
148.1, 135.3, 131.8, 128.8, 127.8, 127.1, 123.9, 121.2,
119.8, 109.9, 55.8; IR (KBr) v: 3240, 1654, 1595, 1526,
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1454, 1305, 1253, 1124, 1040, 917, 754, 709, 638, 521
cm % HRMS (El) calcd for CuHNO, [M+H] "
228.1026, found 228.1062.

N-Benzoylbenzocaine (3f) White solid (126 mg,
94%); *H NMR (CDCl3, 300 MHZ) 6: 8.07 (d, J=8.7
Hz, 2H), 7.98 (s, 1H), 7.88 (d, J=7.0 Hz, 2H), 7.74 (d,
J=8.7 Hz, 2H), 7.59—7.50 (m, 3H), 4.39 (q, J=7.1 Hz,
2H), 1.41 (t, J=7.1 Hz, 3H); *C NMR (CDCl;, 75
MHz) 6: 165.2, 164.9, 141.1, 133.4, 131.0, 129.7, 127.7,
126.0, 125.0, 118.2, 59.8, 13.2; IR (KBr) v: 3344, 1712,
1649, 1603, 1531, 1409, 1272, 1182, 1110, 1033, 852,
768, 690, 651, 502 cm .

N-(4-Chlor ophenyl)-benzamide (3g) White solid
(111 mg, 96%); *H NMR (CDCl3, 300 MHz) &: 7.88—
7.86 (d, J=7.4 Hz, 2H), 7.82 (s, 1H), 7.63—7.48 (m,
5H), 7.36—7.33 (d, J=10.3 Hz, 2H); *C NMR
(DMSO-ds, 75 MHz) §: 165.0, 137.5, 134.1, 131.0,
127.9, 127.7, 127.0, 126.6, 121.2; IR (KBr) v: 3351,
1649, 1603, 1519, 1486, 1396, 1312, 1091, 1007, 819,
722,638,509 cm .

N-(4-Bromophenyl)-benzamide (3h) White solid
(113 mg, 82%); *H NMR (CDCl3, 300 MHz) J: 7.84 (d
J=7.2 Hz, 2H), 7.79 (s, 1H), 7.56—7.46 (m, 7H); **C
NMR (DMSO-ds, 75 MHz) &: 166.1, 139.0, 135.2,
132.2, 131.9, 128.9, 128.2, 122.6, 115.8; IR (KBr) v:
3388, 1648, 1596, 1525, 1486, 1389, 1312, 1072, 1014,
819, 722, 651, 515 cm % HRMS (El) cacd for
C1sH1:NOBr [M+H] " 278.0004, found 278.0006.

N-(2-Aminophenyl)-benzamide (3i) White solid
(100 mg, 95%); *H NMR (CDCl3, 300 MHz) 6: 7.91 (d,
J=6.6 Hz, 2H), 7.86 (s, 1H), 7.58—7.50 (m, 3H), 7.34
(d, J=6.8 Hz, 1H), 7.12 (t, J=7.2 Hz, 1H), 6.8 (m,
2H), 3.89 (s, 2H); °C NMR (CDCl3, 75 MHz) &: 164.8,
139.7, 133.1, 130.8, 127.6, 126.2, 126.1, 124.2, 123.4,
118.6, 117.2; IR (KBr) v: 3273, 1648, 1531, 1505, 1440,
1318, 1163, 910, 761, 703, 605 cm *; HRMS (El) calcd
for Cy3H13N,O [M+H]" 213.1030, found 213.1034.

N-(2-Pyridinyl)-benzamide (3j) White solid (93
mg, 94%); *H NMR (CDCl;, 300 MHZ) &: 8.94 (s, 1H),
8.38 (d, J=8.3 Hz, 1H), 8.20 (s, 1H), 7.90 (d, J=7.1
Hz, 2H), 7.77—7.72 (m, 1H), 7.58—7.45 (m, 3H), 7.04
(t, J=6.8 Hz, 1H); *C NMR (CDCl3, 75 MHz) 6: 166.4,
151.9, 147.7, 1385, 134.5, 132.1, 128.7, 127.5, 119.8,
114.5; IR (KBr) v: 3189, 1670, 1577, 1525, 1435, 1305,
1156, 903, 787, 717, 684, 612, 502 cm *; HRMS (El)
caled for CpHiN,O [M + H] © 200.0906, found
200.0908.

N-(2-Thienyl)-benzamide (3k) White solid (91
mg, 90%); *H NMR (CDCls, 300 MHZ) &: 8.59 (s, 1H),
7.90 (d, J=7.1 Hz, 2H), 7.62—7.49 (m, 3H), 6.98
6.90 (m, 2H), 6.81 (d, J=24 Hz, 1H); ®C NMR
(CDCl3, 75 MHz) 6: 163.9, 139.2, 133.1, 132.1, 128.8,
127.1, 123.9, 1183, 112.4; IR (KBr) v: 3230, 1644,
1563, 1494, 1364, 1304, 895, 815, 703 cm .

N-(4-M ethoxyphenyl)-toluamide (3l) White solid
(118 mg, 98%); *H NMR (CDCl3, 300 MHz) &: 7.76 (d,
J=7.6 Hz, 2H), 7.73 (s, 1H), 7.54 (d, J=8.3 Hz, 2H),
7.28 (d, J=8.3 Hz, 2H), 6.91 (d, J=8.5 Hz, 2H), 3.83
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(s, 3H), 2.44 (s, 3H); *C NMR (CDCls, 75 MHz) &
164.5, 155.4, 141.0, 131.0, 130.0, 128.3, 125.9, 121.0,
113.1, 54.4, 20.4; IR (KBr) v: 3338, 1648, 1519, 1415,
1253, 1182, 1035, 826, 749, 670, 554, 521 cm .

N-(4-Methylphenyl)-toluamide (3m) White solid
(108 mg, 96%); *H NMR (CDCl3, 300 MHz) : 7.76 (d,
J=7.8 Hz, 3H), 7.52 (d, J=7.8 Hz, 2H), 7.27 (d, J=
7.2 Hz, 2H), 7.17 (d, J=7.8 Hz, 2H), 2.43 (s, 3H), 2.35
(s, 3H); ®C NMR (CDCl;, 75 MHz) &: 164.8, 140.9,
134.5, 132.9, 131.1, 128.4, 128.2, 126.0, 119.4, 20.4,
19.8; IR (KBr) v: 3351, 1648, 1596, 1519, 1402, 1318,
1247, 1105, 891, 812, 760, 658, 502 cm ™.

N-Phenylacetamide (3n) White solid (55 mg,
81%); *H NMR (CDCl3, 300 MHZ) &: 7.49 (d, J=7.4
Hz, 2H), 7.36—7.27 (m, 3H), 7.12 (t, J=7.4 Hz, 1H),
2.20 (s, 3H); *C NMR (CDCls, 75 MHz) J: 168.7,
137.9, 128.9, 124.3, 120.0, 24.6; IR (KBr) v: 3293, 1663,
1593, 1543, 1434, 1314, 755, 515 cm .

N-(4-M ethoxyphenyl)-acetamide (30) White
solid (71 mg, 86%); *H NMR (CDCls, 300 MHz) &
7.39 (d, J=7.2 Hz, 2H), 7.11 (s, 1H), 6.86 (d, J=7.1
Hz, 2H), 3.78 (s, 3H), 2.15 (s, 3H); *C NMR (CDCls,
75 MHz) 6: 168.6, 156.3, 131.0, 122.0, 114.0, 55.5, 24.3;
IR (KBr) v: 3270, 1653, 1573, 1514, 1314, 1254, 1035,
835, 755, 615, 536 cm .

N-(4-M ethylphenyl)-acetamide (3p) White solid
(70 mg, 94%); *H NMR (CDCl3, 300 MHz) §: 7.34 (d,
J=8.1 Hz, 2H), 7.10 (d, J=7.8 Hz, 3H), 2.30 (s, 3H),
2.16 (s, 3H); ®*C NMR (CDCls, 75 MHz) J: 168.6,
135.3, 133.9, 129.5, 24.5, 20.9; IR (KBr) v: 3290, 1650,
1554, 1503, 1401, 1324, 1024, 835, 755, 515 cm ™.

N-(4-Bromophenyl)-acetamide (3q) White solid
(85 mg, 80%); *H NMR (DMSO-ds, 300 MHz) &: 10.0
(s, 1H), 7.54 (d, J=8.4 Hz, 2H), 7.44 (d, J=8.4 Hz,
2H), 2.03 (s, 3H); **C NMR (CDCls, 75 MHz) &: 167.8,
138.0, 130.8, 120.2, 113.8, 23.4; IR (KBr) v: 3300, 1674,
1596, 1533, 1394, 1314, 1241, 994, 825, 725, 496 cm .

N-Acetylbenzocaine (3r) White solid (99 mg,
96%); *H NMR (CDClz, 300 MHz) &: 8.00 (d, J=8.2
Hz, 2H), 7.58 (d, J=8.2 Hz, 2H), 7.43 (s, 1H), 4.38 (q,
J=7.0 Hz, 2H), 2.22 (s, 3H), 1.40 (t, J=7.1 Hz, 3H);
3C NMR (CDCl;, 75 MHz) &: 168.0, 165.3, 141.2,
129.6, 124.6, 117.9, 59.8, 24.5, 13.2; IR (KBr) v: 3338,
1701, 1677, 1596, 1519, 1370, 1305, 1178, 1124, 1008,
865, 774, 709, 593 cm .

N-(2-M ethoxyphenyl)-acetamide (3s) White
solid (75 mg, 91%); *H NMR (CDCls, 300 MHz) &
8.36 (d, J=7.8 Hz, 1H), 7.77 (s, 1H), 7.08—6.95 (m,
2H), 6.88 (d, J=7.9 Hz, 1H), 3.90 (s, 3H), 2.22 (s, 3H);
3C NMR (CDCl;, 75 MHz) &: 168.2, 147.7, 127.6,
123.6, 120.9, 119.8, 109.9, 55.6, 24.8; IR (KBr) v: 3254,
1654, 1596, 1544, 1486, 1363, 1253, 1177, 1020, 749,
658, 521 cm .

N-(2-Methylphenyl)-acetamide (3t) White solid
(62 mg, 81%); *H NMR (CDCl3, 300 MHz) &: 7.73 (d,
J=7.7 Hz, 1H), 7.25—7.17 (m, 3H), 7.10—7.01 (m,
2H), 2.25 (s, 3H), 2.20 (s, 3H); *C NMR (CDCl;, 75
MHz) §: 169.0, 135.6, 130.5, 127.9, 127.0, 126.5, 124.2,
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23.9, 17.9; IR (KBr) v: 3293, 1648, 1531, 1460, 1363,
1286, 1033, 956, 768, 696, 612, 541 cm ™.

N-(4-M ethylphenyl)-4-aminobenzamide (3u)
White solid (99 mg, 88%); *H NMR (CDCl3, 300 MHz)
1 7.70 (d, J=8.0 Hz, 2H), 7.66 (s, 1H), 7.49 (d, =77
Hz, 2H), 7.16 (d, J=7.5 Hz, 2H), 6.70 (d, J=7.7 Hz,
2H), 4.03 (s, 2H), 2.34 (s, 3H); *C NMR (DM SO-ds, 75
MHz) §: 165.6, 152.5, 137.7, 132.2, 129.7, 129.3, 121.7,
120.6, 113.0, 20.9; IR (KBr) v: 3470, 3370, 1614, 1503,
1413, 1314, 1254, 1165, 805, 765, 615, 506 cm
HRMS (El) caled for CiHisN,O [M+H]" 227.1186,
found 227.1193.

N-Phenyl-N-p-tolylacetamide (3v) White solid
(99 mg, 88%); *H NMR (CDCl3, 300 MHz) &: 7.29—
7.13 (m, 9H), 2.32 (s, 3H), 2.03 (s, 3H); *C NMR
(CDCl3, 75 MHzZ) §: 170.5, 137.8, 136.0, 130.2, 129.6,
128.8, 128.2, 127.7, 126.3, 23.8, 21.0; IR (KBr) v: 1663,
1584, 1503, 1374, 1324, 1287, 1024, 815, 745, 686, 575
cm % HRMS (El) caled for CisHigNO [M+H] "
226.1187, found 226.1192.

N—Phenyl-N—(4—methoxyPhenyI)-acetamide (3w)
White solid (100 mg, 83%); "H NMR (CDCl3, 300 MHz)
5t 7.24—6.86 (m, 9H), 3.76 (s, 3H), 2.01 (s, 3H); **C
NMR (CDCls, 75 MHZ) 6: 170.7, 136.2, 135.6, 129.5,
128.8, 128.2, 127.8, 126.1, 114.8, 55.4, 22.7; IR (KBr) v:
1674, 1593, 1494, 1380, 1234, 1174, 1035, 835, 765,
695, 585 cm %, HRMS (EI) calcd for CisH1igNO, [M+
H]" 242.1136, found 242.1140.
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