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Fig. 1 Asymmetric hydrogenation of acetopehenone and its derivatives
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Table 1 Asymmetic hydrogenation of acetophenone
catalyzed by 5% Ir/n( L-Proline) -y-Al, O,

Conversion  e.e.

Catalyst o o R/S
5% Ir/y-Al,0," 12.3 2.6 R
5% It/2( L-Proline) -y-ALO;  39.4 5.6 R
5% It/5( L-Proline) -y-ALLO,  66.8 10.3 R
5% 1r/10( L-Proline) -y-AL,O,  88.7 13.5 R
5% Tr/15(L-Proline) -y-Al,O;  92.1 32.9 R
5% T1r/20( L-Proline ) -y-Al,O;  96.3 30.0 R

tn(lr) = 163 : 1,
acetophenone 0. 85 mmol, LiOH 0. 12 mol/L,

MeOH 2 mL, p(H,) = 3.0 MPa, 10 °C, 12 h.

a. n(L-Proline) : n(Ir) = 15 : 1.

Reaction conditions ; n( acetophenone )
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Fig.2 TEM images of the catalysts
(a)5% /15 ( L-Proline) -y-Al, 0, , (b) 5% It/y-Al 0,
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Fig. 3 XPS spectra of the catalysts
(a) 5% It/15(L-Proline) -y-Al, 05, (b) 5% Ir/y-Al, O,
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Table 2 Effects of the solvent on asymmetric hydrogenation of

acetophenone catalyzed by 5% Ir/15( L-Proline ) -y-Al, O,

Conversion e.e.
Solvent R/S
/% /%
MeOH 92.1 32.9 R
EtOH 98.3 26.5 R
i-PrOH 98.7 21.0 R
H,0 28.2 10. 4 R

Reaction conditions were the same as those in Table 1 ex-

cept solvent.
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Table 3 Effects of the bases on asymmetric hydrogenation of
acetophenone catalyzed by 5% Ir/n( L-Proline ) -y-Al, O,

Conversion e.e.
Base R/S
/% /%
no base 8.7 10.9 R
LiOH 92.1 32.9 R
NaOH 95.4 27.9 R
KOH 98.2 21.3 R
Li, CO, 45.0 30.3 R

Reaction conditions were the same as those in Table 1 ex-

cept base.
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Table 4 Effects of LiOH concentration on asymmetric hydrogenation

of acetophenone catalyzed by 5% Ir/n( L-Proline ) -y-Al, O,

Concentration Conversion e.e.

/(mol/L) /% /% ks
0 8.7 10.9 R
0.06 60.4 21.1 R
0.12 92.1 32.9 R
0.24 97.5 30.8 R
0.36 99.5 28.7 R

Reaction conditions were the same as those in Table 1 ex-

cept LiOH concentration.
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Table 5 Effects of hydrogen pressure on asymmetric hydrogenation

of acetophenone catalyzed by 5% Ir/n(L-Proline) -y-Al, O,

Pressure Conversion e.e.
R/S
/MPa /% /%
1 51.7 18.9 R
2 84.6 23.7 R
3 92.1 32.9 R
4 88.2 25.4 R

Reaction conditions were the same as those in Table 1

except H, pressure.
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Table 6 Asymmetric hydrogenation of acetophenone and its

derivatives catalyzed by 5% Ir/n( L-Proline) -y-Al, O,

Conversion e. e.

Substrate o % R/S
Acetophenone 92.1 32.9 R
propioacetophenone 15.7 23.6 R
isobutyacetophenone 10.8 27.2 R
2'-fluoroacetophenone 95.8 22.4 R
2'-cloroacetophenone 96.7 27.5 R
2'-bromoacetophenone 96.9 20.1 R

2'-( trifluoromethyl ) acetophenone 19.7 39.3 R

Reaction conditions were the same as those in Table 1.
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Table 7 Recycling of the catalyst 5% Ir/15 ( L-Proline ) -y-Al, O,

Conversion e.e.

Run /% /% R/S
1 92.1 32.9 R
2 87.9 31.5 R
3 84.6 30.3 R
4 80.7 29.5 R
5¢ 78.2 28.2 R

Reaction conditions were the same as those in Table 1 LiOH
were added every reuse.

a. 0.05 mmol of L-Proline was added.
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Table 8 Comparison ofthe catalytic performance of the heterogeneous catalysts modified by chiral reagents

Modifier and catalyst Conversion /% e.e. /% Reference
S-proline-modified Pd/C 78.0 22.5 [20]
S-proline-modified Pd/SBA-15 94.9 28.8 [9]

Cinchona-modified Pt/C 45.0 20.0 [10]

Cinchonidine-modifiedPt/ Al, 0,-Si0, 2.0 63.0 [11]

Cinchonidine-modified Pt/Al O, 55.0 33.0 [11]

Cinchonidine-modified Ir/Si0, 40.0 60.2 [12]

5% Ir/15 ( L-Proline ) -y-Al, O, 92.1 32.9 present work
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5% Ir/15 ( L-Proline ) -y-Al, O, il £ 75 ¥ ) ., it ik tive hydrogenation ketones [ J]. Pure Appl Chem, 1999,
2 2R B HLAT At 2R B SCIRAR A (i 4 75 P 71: 1493-1501.
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Asymmetic Hydrogenation of Acetophenone and Its Derivatives
Catalyzed by L-Proline Modified Ir/y-Al, O,

YANG Chao-fen', YANG Jun', ZHU Yan-qin', SUN Xiao-dong', CHEN Hua’
(1. Research Center for Analysis and Measurement, Kunming University of Science and Technology,
Kunming 650093, China;

2. Key Laboratory of Green Chemistry and Technology, Ministry of Education, Institute of Homogeneous
Catalysis, College of Chemistry, Sichuan University, Chengdu 610064, China)

Abstract: Under the mild conditions, supported iridium catalyst stabilized and modified by L-proline was pre-
pared. The asymmetric hydrogenation of acetophenone and its derivatives catalyzed by the catalyst was studied. The
effects of the concentration of L-proline, different solvents, different base additives and concentration of base, and
hydrogen pressure were evaluated in detail. The results show that this catalytic system had higher activity and enan-
tioselectivity than the supported metal catalysts which were modified by the nature chiral modifier in the reaction of
asymmetric hydrogenation of acetophenone and its derivatives. The conversion and the enantioselectivity for the
asymmetric hydrogenation of acetophenone were 92.1% and 32.9% , respectively. Especially, the enantioselectivi-
ty for asymmetric hydrogenation of 2'-fluoroacetophenone was 39.3% . The catalyst can be reused five times with a
little loss of the enantioselectivity.

Key words: L-Proline; ridium; asymmetric hydrogenation; acetophenone



