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Abstract The asymmetric hydrogenation of aromatic ketones catalyzed by cinchona- and PPh;-modified
1.0% Ru—+0.2% Rh/y-Al,O; was studied. The effects of different modifiers, modifier concentration, differ-
ent base additives, base additive concentration, solvents, and hydrogen pressure on the asymmetric hydro-

genation of aromatic ketones were investigated in detail. The results showed that cinchona alkaloids had
good modification effects on the 1.0% Ru+0.2% Rh/y-Al,Os-tpp catalyst. Under the optimum conditions,
the hydrogenation enantioselectivity of acetophenone was up to 84%.
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Table 1 Effect of different modifiers on asymmetric hydro-
genation of acetophenone

Entry Modifier Yield/% ee/% Config.”

I 9-Amino(9-deoxy)epicinchonine (1) 99 84 S
2 9-Amino(9-deoxy)epicinchonine (1) ’4 81 S

10,11-Dihydro-9-amino(9-deoxy)-

3 epicinchonine

>99 78 S
4 9-Amino(9-deoxy)epicinchonidine (2) g3 40 R

5 9-Amino(9-deoxy)epiquinine (3) 18 9 R
“ Reaction was carried out at 40 “C. Substrate: in a 2 mL solvent at 0.5 mol/L,
By, : 6.0 MPa. Substrate/Ru/diamine=500 : 1 : 2. [KOH]=0.18 molsL ™.

Reaction time: 4 h. Products were analyzed by a GC instrument with an FID

detector and S-DEX™120 capillary column; ® determined by sign of rotation;
©1.0% Ru/y-Al,Os-tpp was employed as catalyst.
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Figure 1 Effect of modifier 1 concentration on asymmetric
hydrogenation of acetophenone
Reaction conditions are the same as in Table 1 except the concentration of

diamine 1
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Table 2 Effect of different solvents on asymmetric hydrogena-

tion of acetophenone employing chiral diamine 1 as a modifier

Solvent Yield/% ee/% Config.
MeOH >99 76 S
EtOH >99 81 S
i-PrOH 99 84 S
H,O 5 9 S
THF 4 45 S
Toluene 3 41 S

“Reaction conditions are the same as in Table 1 except the solvent.
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Table 3 Effect of different bases on asymmetric hydrogenation
of acetophenone employing chiral diamine 1 as a modifier

Base Yield/% ee/% Config.
t-BuOK 45 81 S
LiOH 12 71 S
NaOH 98 79 S
KOH 99 84 S

“ Reaction conditions are the same as in Table 1 except the base.
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Table 4 Effect of KOH concentration on asymmetric hydro-

genation of acetophenone employing chiral diamine 1 as a modi-
fier

Concentration/(moleL ") Yield/% ee/% Config.

0 2.5 36 N
0.09 56 81 S
0.18 99 84 N
0.27 >99 82 S
0.36 >99 81 N

¢ Reaction conditions are the same as in Table 1 except the concentration of

base.
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Figure 2 Effect of hydrogen pressure on asymmetric hydro-
genation of acetophenone employing chiral diamine 1 as a modi-
fier

Reaction conditions are the same as in Table 1 except the hydrogen pressure.
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Table 5 Enantioselective hydrogenation of aromatic ketones
catalyzed by 1.0% Ru+0.2% Rh/y-Al,0;-tpp/diamine system

Entry Substrate Yield/% ee/% Config’
1 a 99 84 S
2¢ a >99 78 S
3 b 97 78 S
4 [ 87 14 R

¢ Reaction was carried out at 40 ‘C using diamine 1 as chiral modifier. Sub-
strate: in a 2 mL i-PrOH solution at 0.5 mol/L, PHZ : 6.0 MPa. Sub-
strate/Ru/diamine=500 : 1 : 2. [KOH]=0.18 molsL . Reaction time: 4 h;
® determined by sign of rotation; ¢ double bond of modifier 1 was hydrogen-

ated.
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Table 6 Recyclability of the catalyst in the asymmetric hydro-
genation of acetophenone

Entry Run Yield/% ee/% Config.
1 1 99 84 S
2 2 81 82 S
3 2b 95 80 S
4 3 48 81 S

“ Reaction conditions are the same as in Table 1 except 4X 10 ° mol modifier
1 was added at each recycle; * recycled modifier 1 was employed as modifier

in the second run.
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