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Development of innovative metal nanoparticle catalyst based on the interfacial
cooperative effect
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Amine synthesis via amide hydrogenation is of crucial importance in organic
synthesis. However, amide groups have low reactivity and are difficult to reduce. In 2005, a
Roundtable of the ACS Green Chemistry Institute and leading global pharmaceutical companies decided
“ the catalytic hydrogenation of amides to amines with H2 under mild conditions, ideally lower than
30 bar H2 and 70 oC” 1is one of 12 key innovative research areas for the future sustainable
production of pharmaceuticals. However, until now, no catalysts that are effective under the mild
conditions have been developed.
Herein, we present VOx-decorated Pt nanoparticle catalyst that enables hydrogenation of amides to
amines under mild conditions, i.e., lower than 30 bar H2/70 oC.2 Especially, the bimetallic catalyst
could promote the hydrogenation under just 1 bar of H2 at 70 oC or 5 bar of H2 at room temperature.
Tﬂis ig the first time that hydrogenation of amides to amines under mild conditions has been
achieved.
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Fig. 3 STEM images of Pt/V/HAP
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Fig. 4 EDX line analysis of Pt/V/HAP. Line scan was performed across nanoparticles on HAP, as shown
by horizontal red line.
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Table 1 Mild hydrogenation of 1 using various catalysts

[e]
O(\\)Nk + 2H, 4>M1IM;§;DP0I1 0/\ + H,O
1 2
Entry Catalyst T, °C p.bar Time, h Yield, %

1 PY/VIHAP 70 30 1 70
2 PY/VIHAP 70 30 8 99
3% PHYVIHAP 25 30 24 93
42 PHYV/HAP 25 5 48 88
52 PtV/HAP 70 1 48 95
6 Pt/Re/HAP 70 30 1 0
7 Pt/Mo/HAP 70 30 1 3
8 PtYW/HAP 70 30 1 4
9 Pd/V/IHAP 70 30 1 3
10 Ru/V/HAP 70 30 1 0
1 Rh/VIHAP 70 30 1 6
12 Pt/HAP 70 30 1 o]
13 VIHAP 70 30 1 o]

Reaction conditions: supported metal catalyst 0.1 g (M: 6 mol% and
My 7 mol%), substrate (0.5 mmol) and DME (5 mL) in H,
atmosphere. Yield was determined by GC using an internal standard
technique. “Mass of catalyst 0.3 g.
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Fig. 5 Recycling experiments using Pt/V/HAP



Table 2 Substrate-scope of Pt/V/HAP

o]
1 _R'
RGJ\N,R ¥ 2H2M> RS/\[\‘j + H,0
R2 DME, MS 4A Rr2
Entry  Substrate Product Time, h Conv, % Sel, %
[e]
A N
1 OQNO & 8 99 >99
28 Oq’\ o 18 99 98
a N0 N~
3 @ @ 36 a2 o7
o
4 vl O 18 % %
(0]
5 éN/ Cn 48 92 %
6° )\N&O )\N/ 18 99 >99
A A
O
78 N e~ 36 86 %
o]
& N oW 18 94 9%
o)
9 N 48 o7 >99
ISACHEES
\b o) (o)
10 55 'S 99 97
(o]
o)

LGRS Che! 48 85 >99
o]
122 @H y 24 %2 99

132 \AON/\A SN 24 90 >99
H

148 >(n70( >(Hv 24 81 >99
o o

15 N/ N/ 8 99 98
T Yo

16 Clmo C‘)@NO 8 % >99

17 m“ ©NN 24 90 99

18 @MONO Oy 24 97 97

198 jAon‘VOQ é/\r‘w;@ 48 83 93

20° mN‘ ©~N‘ 48 92 97

IS S NG 98 %

Reaction conditions: PtA//HAP 0.1 g (Pt: 6 mol% and V: 7 mol%), substrate
(0.5 mmol), DME (5 mL), MS 4A (0.1 g) in H, (30 bar) at 70 °C. Conversion
and selectivity were determined by GC using an internal standard
technique. ®Mass of PtA//HAP 0.3 g. #In H, (1 bar) at 100 °C. At rt.
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