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Abstract—Aryl amides were synthesized by the palladium catalyzed cross-coupling reaction of a-bromoacetamides with aryl-
boronic acids in good yields. Both electron-donating and electron-withdrawing substituents on the aromatic ring are found to be
compatible. The addition of Cu,0O and PPh; was found to be essential for good reaction yields. © 2003 Elsevier Science Ltd. All

rights reserved.

Among the various methodologies of palladium-cata-
lyzed coupling of organic electrophiles with
organometallic compounds to form carbon—carbon
bonds, the Suzuki-type reaction has attracted much
interest due to its attractive features (high yields, mild
conditions, tolerance for many functional groups and
solvent moisture, etc.).! The electrophilic sites in these
cross-coupling reactions are usually sp>-carbons
attached to a good leaving group (e.g. aryl and vinyl
halides or triflates). In contrast, general methods to
cross-couple electrophiles having C(sp3)-X bonds with
organoboronic acids are scarce, presumably because
of their slow oxidative addition to palladium cata-
lysts.? Suzuki and co-workers have reported only one
such example—the cross-coupling of ethyl bromo-
acetate with phenylboronate using (the highly toxic)
TL,CO, as a base.®> Recently, GooBen reported that
the palladium-catalyzed cross-coupling of bromoacetic
acid derivatives with arylboronic acids was accom-
plished using a special ligand, P(a-Nap);.* We have
been also interested in this kind of reaction and ear-
lier found that Cu,O could promote the Suzuki-type
cross-coupling of ethyl bromoacetate with arylboronic
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acids without recourse to any special ligand.® To
expand the scope of electrophiles we investigated the
cross-coupling of bromoacetamides with arylboronic
acids.

Amides are useful building blocks both for laboratory
synthesis as well as industrial manufacturing.® A
number of elegant routes to amides have been devel-
oped.” Some of which utilize carbon monoxide as the
carbonyl source, and the reaction were carried out
under a CO atmosphere.® Herein, we report an alter-
native route to arylacetamides via the Suzuki-type
coupling of arylboronic acids with bromoacetamides.

The cross-coupling reactions were initially carried out
using 3-methylphenylboronic acid and N,N-dibutyl
bromoacetamide as the starting materials to optimize
the conditions (Table 1). Under traditional Suzuki
conditions, only 29% yield of coupling product was
obtained (entry 1). We then turned our attention to
the use of Cu,O as an additive because its beneficial
effect on the cross-coupling of ethyl bromoacetate
with arylboronic acids was noted by us earlier.” How-
ever, in the present case the use of catalytic amount
of Cu,O alone still did not give satisfactory results
though the yield of the cross-coupled acetamide
product increased somewhat (entry 2). In view that
PPh; is expected to react with o-bromoacetamides to
give the corresponding phosphonium salts,’ the elec-
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Table 1. Effects of the reaction conditions on the cross-coupling reaction®

CHs; CH3
(0]
Br Pd(PPh o
+ \)J\N/\/\ ( 3)a
B(OH), Toluene, 90°C NN
additive

1a 2a 3a
Entry Additive Yield® (%)
1 K,PO,3H,0 29
2 K,PO,3H,0, Cu,0 (6 mol%) 41
3 K,PO,-3H,0, PPh, (6 mol%) 73
4 K,PO,-3H,0, Cu,0 (6 mol%), PPh; (6 mol%) 79
5 K,COs5, Cu,0 (6 mol%), PPhs (6 mol%) 62
6 K,PO,3H,0, Cu,0 (6 mol%), AsPh, (6 mol%) 79

4 Reactions were carried out at 90°C for 24 h using a mixture of 3-methylphenylboronic acid (0.6 mmol), N,N-dibutyl bromoacetamide (0.5

mmol), 3 mol% Pd(PPh,),, and base (3.3 equiv.) in 4 mL of toluene.

® Isolated yields.

trophilicity of which would be considerably stronger
than that of a-bromoacetamides themselves, the effect
of PPh; as an additive was also examined. To our
delight, a much improved reaction was indeed
observed (entry 3). The combined effect of Cu,O and
PPh; was noticeable, though not substantial, and
after considerable experimentation, the best result
(entry 4) was obtained for our model reaction with 6
mol% each of Cu,0 and PPh; added to a reaction
mixture containing K;PO,3H,O (3.3 equiv.), 3-
methylphenylboronic acid (1.2 equiv.), N,N-dibutylac-
etamide (1.0 equiv,) and Pd(PPh;), (3 mol%).
Although AsPh, was as effective as PPh; (entry 6),
the latter is preferred for obvious reasons.

The coupling reactions of various arylboronic acids
with bromoacetamides were carried out under opti-
mized conditions'® and the results are collected in
Table 2.

As can be seen in Table 2, the cross-coupling reac-
tions of arylboronic acids with various N,N-dialkyl-
bromoacetamides proceed readily to give the
corresponding arylacetamides in good yields (entries
1-9). In the case of N-alkylacetamides, the yields of
cross-coupling are somewhat lower than that of N,N-
dialkyl bromoacetamides (entries 10—12 versus entries
1-9). When bromoacetamide was used for coupling
with 3-methylboronic acid, no cross-coupling product
was obtained (entry 13). This process tolerates a
number of functional groups on the aromatic ring
(entries 4-7). While an electron-donating substituent
on the arylboronic acid decreases the cross-coupling
yield (entry 5), electron-withdrawing substituents
increase the yield (entries 6 and 7).

In summary, it was found for the first time that
Cu,O and PPh; can efficiently promote the Suzuki-
type coupling reaction of arylboronic acids with bro-
moacetamides to afford arylacetamides in good yields.
The conditions are mild that many functional groups
may be tolerated. The procedure is suitable for
preparing various arylacetamides and may be useful
for a wide range of applications in medicinal chem-
istry in particular because amides are a common class
of organic compounds. A detailed mechanistic study
as well as an examination of the scope of the reaction
are currently underway in our laboratory.
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Table 2. Palladium-catalyzed cross-coupling reactions of arylboronic acids with various bromoacetamides®

o} 0
Cat. Pd(PPhg),, Cu,0, PPhg .
Ar-B(OH), + Br R’ Ar .R
2 \)J\’,‘JZ K3P0,4i*3H,0, Toluene, 90°C \)J\r,“

1 2 3
Entry Arylboronic 2-Bromoacetamide  Product Yield'[%]
acid 1
2 3
CHs Ri=n-Bu CHs

O

2 “B(OH) 2a

N
3a
OR

2a N 69

B(OH),
2a

L
HaC
3 @B@H}z Hac\@\i - 76
c 2 3c H\
4 \@B(OH)Z ’ m NN 75

HsCO 2a H3CO
5 \©\B(OH)2
1e
o} 2a
B(OH),
1f

61

NC 2a H\
7 @WZ ©\)L . 83
R;=i-Pr H\
8 1a R,=i-Pr @\/ﬁ\ 80
2b > i*
R.=Et
9 1a R,=Et ©\)L 69
2c
Ri=n-Pr Ha
10 1a R,=H @\i 61
2d g
R=Cy CH,
11 1a R,=H @\i O 66
2e *
R;=Ph CHs
12 1a R,=H @\/ﬁ 0 57
2f a
13 la R;=R,=H 2g - 0

“Reactions were carried out at 90 'C for 24 h using a mixture of arylboronic acids (0.6

mmol), bromoacetamides (0.5 mmol), 3.3 equiv of K;PO,3H,0, 6 mol% Cu,0, 6 mol%
PPh;, and 3 mol%Pd(PPh;), in 4 mL toluene under a nitrogen atmosphere. All products
were characterized by 'H NMR, IR, mass spectral and elemental analysis.

®Isolated yields.
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Typical experimental procedure for the synthesis of V,/V-
dibutyl-2-(3-methylphenyl)acetamide (3a): Arylboronic
acid 1a (82 mg, 0.55 mmol), Pd(PPh;), (18 mg, 0.016
mmol), Cu,O (4 mg, 0.028 mmol), PPh; (8 mg, 0.030
mmol), K;PO,-3H,0 (439 mg, 1.65 mmol, 3.3 equiv.)
were placed in a flask under Ar atmosphere. Toluene (4

mL) and bromoacetamide 2a (125 mg, 0.5 mmol) were
added and the reaction mixture was stirred at 90°C for 24
h. The reaction mixture was allowed to cool to rt, and
H,O (5§ mL) was added. The mixture was then extracted
with diethyl ether (10 mLx3). The combined organic
layer was washed with brine (10 mLx3), dried over
MgSO, and concentrated. The residue was chro-
matographed on silica gel (elution with hexanes/ethyl
acetate=>5:1) to afford the corresponding arylacetamide
3a. '"H NMR (300 MHz, CDCI,-TMS) 6 7.20 (d, J=7.7
Hz, 1H), 7.03-7.07 (m, 3H), 3.65 (s, 2H), 3.32(t, J=7.7
Hz, 2H), 3.19 (t, J=7.7 Hz, 2H), 2.32 (s, 3H), 1.41-1.54
(m, 4H), 1.23-1.33 (m, 4H), 0.88-0.95 (m, 6H) ppm;
EIMS m/z 261 (M*, 36), 57 (100), 105 (74), 86 (74), 156
(70), 100 (44), 261 (36), 41 (26), 106 (17); IR (neat) 2960,
2932, 2874, 1643, 1608, 1458, 1425, 766 cm™'; Anal. cald
for C,;H,,NO: C, 78.11; H, 10.41; N, 5.36. Found: C,
77.78; H, 10.07; N, 5.17.
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