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Abstract—a-Alkylation of various nitriles with carbonyl compounds successfully proceeded using a hydrotalcite-supported palla-
dium nanoparticle as a multifunctional catalyst. The alkylated nitriles were formed through aldol reaction at base sites on the hydro-
talcite surface followed by hydrogenation by molecular hydrogen on the palladium nanoparticle.

© 2005 Elsevier Ltd. All rights reserved.

Multifunctional catalysts provide a green and efficient
method for the one-pot synthesis of valuable organic
compounds in both laboratory and industrial chemis-
try.!2 Of the various types of multifunctional catalyst,
solid catalysts with different types of active sites on the
surface have attracted considerable interest; their advan-
tages include a simple work-up procedure, the ability to
recycle the catalyst, and the easy creation of catalytically
active centers on solid surface.> Hydrotalcites (HTs),
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having cation and anion exchange abilities, strong sur-
face basicity, and adsorption ability, are excellent inor-
ganic materials for the evolution of high-performance
heterogeneous catalysts.*® We have recently reported
the potential use of the HTs as multifunctional catalysts,
and reported a ruthenium-grafted hydrotalcite catalyst
(Ru/HT) for the one-pot synthesis of a-alkylated nitr-
iles* and quinoline derivatives.3¢

From the standpoint of environmental friendliness, the
catalytic synthesis of a-alkylated nitriles, which are

Table 1. Aldol reaction of 1 with 2 using various solid base catalysts®

catalyst CO-Et
NCCO.Et + PO —  ~ PhA\gN 2
1 2 3

Entry Catalyst Yield of 3 (%)°
1 Pd/HT 99

2 HT 99

3 Al,O3 52

4 MgO 3

5 Al(OH); 2

6 Mg(OH), 2

#1 (1.0 mmol), 2 (1.0 mmol), catalyst (0.025 g), toluene (3 mL), 80 °C,

1 h.

® Determined by GC.
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N CO,Et Pd-catalyst (1mol%) PhAgCO2E‘

N Hz (1 atm), N

3 toluene, 60 °C, 1 h 4

yield of 4 (%)

Pd/HT 98

Pd/Carbon (0.5 wt%) 94

Pd/Carbon (5.0 wt%) 49

Scheme 1.
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important building blocks of various biologically active
compounds’ is attractive: traditional synthetic routes
require the use of alkyl halides and strong homogeneous
bases in stoichiometric quantities (Eq. 1). We have al-
ready demonstrated the effectiveness of the Ru/HT cat-
alyst for direct a-alkylation of nitriles with primary
alcohols®>® however, this catalyst system needs a high
reaction temperature and is only effective using aryl-
acetonitriles as substrates.” In this paper, we report a
hydrotalcite-supported palladium nanoparticle catalyst
(Pd/HT) for the one-pot a-alkylation of diverse sets of

Table 2. o-Alkylation of various nitriles with carbonyl compounds using the Pd/HT*
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Entry Nitrile Acceptor Time of (ii) (h) Product Yields (%)°
CO,Et
1 NC ™ CO,Et ©/\3 1 mN 2 98
1 2
CN
2 NCCN 2 5 mN 82
‘ CONH
3ed NG CONH, 2 4 mN 2 95
SO,Ph
4 NC " SO,.Ph 2 1 @A& 2 99
~ N~ J
5 NC™ 2 2.5 99
N~
N
S 9
A G A C "
2 HoN N
CO,Et
7 1 m 4 2 87
cl N
N CO,Et
CN
CO,Et
N
CO,Et
10 1 24 19
o O
o CO,Et
1 1 3 82
U U4
CO,Et
128 1 HCHO 1 \C/ 2 91
N
CO,Et
13 1 I o) 1 /\/\/\{N i 85(81)
CN
14 NG CN <:>=o 6.5 <:>_<c 97(92)
N

#(i): Nitrile (1 mmol), carbonyl compounds (1 mmol), Pd/HT (0.1 g; Pd: 0.01 mmol), toluene (3 mL), 2 h, 80 °C, Ar. (ii): 60 °C, H; (1 atm).
® Determined by GC using an internal standard. Values in parentheses are isolated yield.

°DMF (3 mL) was used as solvent.
4(i): 18 h.

° Determined by '"H NMR analysis.
f(i): 120 °C.

£30% aqueous HCHO was used, (i): 3 h.
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nitriles with carbonyl compounds via aldol condensa-
tion and hydrogenation (Eq. 2).!%!

The Pd/HT was prepared as follows: the HT, Mgs-
Aly(OH);,CO3,'? (1.0 g) was added to 100 mL of an
aqueous PdCl, (0.1 mmol) solution containing KCI
(0.1 g). The heterogencous mixture was stirred at 25 °C
for 1 h under air to afford a pale yellow powder, then
successively reduced in the presence of 1 atm H, at
100 °C for 8 h. The solid product was isolated by centri-
fugation, washed thoroughly with deionized water and
dried at 110 °C for 12 h, affording the Pd/HT as a black
powder (Pd content: 1.0 wt %). The prepared Pd/HT
was characterized by X-ray diffraction (XRD), energy-
dispersive X-ray spectroscopy (EDX), and transmission
electron microscopy (TEM). XRD peak positions of the
Pd/HT were identical to those of the parent HT. The ab-
sence of chlorine and potassium was confirmed by EDX
analysis. TEM analysis revealed highly dispersed Pd
nanoclusters with a mean diameter of ca. 70 A (standard
deviation 14 A) on the Pd/HT surface.

The catalytic activity of the Pd/HT for aldol reaction of
ethyl cyanoacetate (1) with benzaldehyde (2) was com-
pared with those of various solid base catalysts (Table
1). The Pd/HT as well as its precursor HT showed a high
performance for the aldol reaction affording (£)-ethyl 2-
cyano-3-phenyl-2-propenoate (3) (entries 1 and 2).
Other heterogeneous bases, such as Al,O;, MgO,
AI(OH);3, and Mg(OH), were less active under the pres-
ent reaction conditions (entries 3-6). After the aldol
condensation using the Pd/HT, treatment with an atmo-
spheric H; at 60 °C gave ethyl 2-cyano-3-phenylpropano-
ate (4) in an excellent yield. Interestingly, the catalytic
activity of the Pd/HT for the hydrogenation of 3 is supe-
rior to those of commercially available Pd/carbons'?
(Scheme 1).

One-pot syntheses of various a-alkylated nitriles using
carbonyl compounds were attempted in the presence
of the Pd/HT catalyst, as summarized in Table 2.!%13
A wide variety of nitriles and carbonyl compounds re-
acted to give excellent yields of a-alkylated nitriles; suc-
cessive hydrogenation of olefinic double bonds occurred
selectively leaving intact cyano, ester, amide, and sulfox-
ide groups (entries 1-4). On the other hand, several
functional groups such as, furan ring, aromatic chloro
and nitro groups, were reduced under the present alkyl-
ation reaction (entries 6, 7, and 11). a-Alkylation of mal-
ononitrile with 2 gave 2-benzylmalononitrile, a highly
useful intermediate for the synthesis of ao,a-dialkylated
amino acids,’® in an 82% yield (entry 2). Furthermore,
3-phenyl-2-(2-pyridyl)propionitrile, a precursor of anti-
arrhythmic agents, was obtained by the Pd/HT catalyst
system in a quantitative yield (entry 5), while the tradi-
tional method using benzyl chloride and a stoichiome-
tric amount of NaNH, gave 52% vyield.!® In the
reaction of an a,B-unsaturated aldehyde, no 1,4-adduct
(Michael-type product) was obtained (entry 9).
Although the aldol reaction of 1 with 2-thiophenecar-
boxaldehyde proceeded smoothly, hydrogenation of
the unsaturated nitrile scarcely occurred (entry 10).
The Pd/HT catalyst showed a high activity even in the

presence of water: o-alkylation of 1 using aqueous
30% formaldehyde afforded ethyl 2-cyanopropionate in
91% yield (entry 12). Cyclohexanone also acted as an
acceptor to yield the corresponding alkylated product
(entry 14).

This Pd/HT catalyst was easily separated from the reac-
tion mixture by a simple filtration. The recovered cata-
lyst was washed with toluene, which could be reused
with retention of its high catalytic activity and selectiv-
ity: the three recycling reactions of 1 with 2 had yields
over 90%. Inductively coupled plasma analysis of the fil-
trate showed no leaching of the Pd species during the
above reactions (detection limit 0.03 ppm).

In conclusion, we have demonstrated a multifunctional
catalysis of the Pd/HT for the one-pot synthesis of a-
alkylated nitriles from the reaction of various nitriles
with various carbonyl compounds. This reaction sys-
tem has advantages such as (i) high catalytic activity
and selectivity, (ii) applicability toward diverse sets of
substrates, (iii) the only byproduct is water, and (iv)
simple work-up and ability to reuse of the catalyst.
Heterogeneous catalysts that possess a multifunctional
surface will act as pivotal tools in the development of
economically and environmentally friendly chemical
processes.
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