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Development of Ni alloy catalysts for chemoselective hydrogenation based on
coordination theory
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i . In the present project, four main results were successfully obtained. The
first result is the preparation of Ni alloy catalysts by a hydrothermal method with low cost and low

energy. The 2nd is the chemoselective hydrogenation of a wide variety of unsaturated carbonyls to
synthesize the corresponding unsaturated alcohols. The 3rd is the chemoselective hydrogenation of
unsaturated nitro compounds to produce unsaturated amines almost exclusively. The 4th is the
synthesis of 1,5-pentanediol (1,5-PeD) from furfural, furfuryl alcohol, and tetrahydrofurfuryl

alcohol with remarkably high selectivity (up to 92.4%) by rare earth metal oxides such as La(OH)3
and Y203 via hydrogenolysis.
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Fig. 1 XRD patterns of the synthesized bulk Ni-Sn
alloy catalysts after H, treatment at 673 K with Ni/Sn
ratios of (a) 3.0, (b) 1.5, and (c) 0.75. & &ABDHK
(mol%)Z Multi-Rietveld fi#HTEICEE SV TR
& Z A, Ni/lSn kb 0.75-NisSn, 87%, Ni/Sn [t
1.5—Ni3Sn; 91%, Ni/Sn Ft 3.0—NizSn 66% CTdh->7-.

Table 1 Substrate scope by Ni-Sn(3:2)HT-673 and
Ni-Sn(3:2)/TiO, HT-673

Bulk Ni-Sn(3:2)HT-673 Ni-Sn(3:2)/TiO,HT-673
Entry Substrate

C* (%) S°(%) C* (%) S°(%)

[ S G G G- 29 90 98 94
~ So N OH

Product Temp./K

2 /WC o /WC OH 403 2 73 93 9%

3 ANy sy 403 34 8 >99 90

4 A~ ~Non 403 28 80 >99 o1

5 o Aon 403 45 T4 70 88
N N

6 ©MO ©M0H 383 13 100 41 100

T (e Cyom 403 7’ o7 65 100

o OH

9 © @(OH 383 78 89 9 73
o OH

10 ©)K ©}\ 383 49 100 89 100

Reaction conditions: Substrate/Ni = 15); iso-PrOH, 3 mL; H,, 3 MPa; time, 75 min
2 Conversion, ° Selectivity.

Table 2 Hydrogenation of various unsaturated nitro
compounds by NisSn,

Time (h) Conv. (%)* Sel. (%)"

p"’“z 10 100 86
@NHZ 2 100 95

Entry Substrate Product

N 10 100 98

\
NH,

6 CION()Z CIONHZ 4 100 100

7 HO‘< >7N()2 HO‘< >7NHZ 9 100 99
H3CO H;CO,

8 }_Q‘NOZ }—@—NHZ 28 100 98
(e [0}
H;C HyC

9 }—@Noz )—@an 9 100 88
(8] O

Reaction conditions: Substrate/Ni molar ratio = 10; 1,4-dioxane, 5
mL; n-dodecane, 0.30 mmol; H,, 3.0 MPa; 423 K. The conversion
was determined by GC using an internal standard technique. "The
selectivity of unsaturated amines.
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Scheme 1 Hydrogenation pathway of 4-nitrostyrene
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Scheme 2 Possible reaction pathways for the
hydrogenolysis of furfural (FFR) by Ni-La (Y) bimetallic

catalysts



Table 3. Catalytic activity of Ni-M catalysts
(Ni-M(2.5)HTtemp) at various H, treat-temp ?

Entry Catalyst ? Conv. Yield (%)

(%) THFA  15-PeD  1,2-PeD
FFR as substrate
1 Ni-Y(2.5)HT548 100 77.0 18.4 17
2 Ni-Y(2.5)HT573 100 38.5 46.0 19
3 Ni-Y(2.5)HT673 100 84.7 12.9 2.4
4 Ni-La(2.5)HT523 100 317 55.8 2.8
5 Ni-La(2.5)HT573 100 32.6 53.5 19
6 Ni-La(2.5)HT623 100 448 425 2.8
THFA as substrate
7 Ni-Y(2.5)HT548 36.2 - 33.9 0.0
8 Ni-Y(2.5)HT573 80.5 - 77.6 0.0
9 Ni-Y(2.5)HT673 78.1 - 71.6 0.0
10 Ni-La(2 5)HT523°  99.5 - 92.4 0.0
1 Ni-La(2.5)HT573°  95.3 - 92.1 0.0
12 Ni-La@2 5)HT623°  76.4 - 64.6 0.0

®Reaction conditions: Ni-M catalyst (0.05 g), substrate (1.1
mmol), trans-decahydronaphthalene (0.07 g), 2-propanol (3
mL), initial H, pressure (2.0 MPa), 423 K, for 72 h or *84 h.
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