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Table 1, entry 1 

[RuCl
2
{PPh(OMe)

2
}( Pr-pybox)] (1a) 

i 

Acetophenone/1a/KO Bu ratio = 500:1.24, PrOH 50 mL 
Time of reaction: 15 min 

t i 

Table 1. Asymmetric Transfer Hydrogenation of Acetophenone Catalyzed by 
Ruthenium(II) Complexes 1a-c and 2a-c. 

Enantiomeric excess: Determined by GC with a Supelco -DEX 120 chiral capillary 
column. 

 
 
 
 

 

 
 

 

Acetophenone 

(R) 
C8H10O 

(S) 
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Table 1, entry 2 
 

 
 

i 

[RuCl
2
{PPh(OMe)

2
}( Pr-pybox)] (1a) 

t i 

Acetophenone/1a/KO Bu ratio = 500:1.24, PrOH 50 mL 

Time of reaction: 90 min 

 

(R) C8H10O 

(S) 
Acetophenone 
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(R) C8H10O 

(S) 

Acetophenone 

[RuCl
2
{PPh

2
(OMe)}( Pr-pybox)] (1b) 

i 

Acetophenone/1b/KO Bu ratio = 500:1.24, PrOH 50 mL 

Time of reaction: 15 min 

t i 

 
 

 

 

Table 1, entry 3 
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Table1, entry 4 
 

 
 

i 

[RuCl
2
{PPh2(OEt)}( Pr-pybox)] (1c) 

t i 

Acetophenone/1c/KO Bu ratio = 500:1.24, PrOH 50 mL 

Time of reaction: 15 min 
 

(R) 
C8H10O 

(S) 
Acetophenone 
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C8H10O 

(R) 

Acetophenone 

(S) 

 
 

 

[RuCl
2
{PPh(OMe)

2
}(Ph-pybox)] (2a) 

Acetophenone/2a/KO
t
Bu ratio = 500:1.24, 

i
PrOH 50 mL 

Time of reaction: 15 min 

 

Table1, entry 5 
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[RuCl
2
{PPh(OMe)

2
}(Ph-pybox)] (2a) 

Acetophenone/2a/KO
t
Bu ratio = 500:1.24, 

i
PrOH 50 mL 

Time of reaction: 90 min 
 

(R) C8H10O 

(S) 

Acetophenone 

Table1, entry 6 



S8  

 

Table1, entry 7 
 
 
 
 
 
 
 
 

 

 
Acetophenone 

C8H10O 

 

(R) (S) 

 
 
 
 

 

[RuCl
2
{PPh

2
(OMe)}(Ph-pybox)] (2b) 

Acetophenone/2b/KO
t
Bu ratio = 500:1.24, 

i
PrOH 50 mL 

Time of reaction: 15 min 
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C8H10O 
(S) 

(R) 

Acetophenone 

 
 

 

 

[RuCl
2
{PPh(OMe)

2
}(Ph-pybox)] (2b) 

Acetophenone/2b/KO
t
Bu ratio = 500:1.24, 

i
PrOH 50 mL 

Time of reaction: 90 min 

 
 

Table1, entry 8 
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Table1, entry 9 
 

 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/KO
t
Bu ratio = 500:1.24, 

i
PrOH 50 mL 

Time of reaction: 15 min 

 

 

C8H10O 
(S) 

(R) 

Acetophenone 
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C8H10O 
(S) 

(R) 

Acetophenone 

Table 2. Optimization of Reaction Conditions for Transfer Hydrogenation of 
Acetophenone Catalyzed by Ruthenium Complex [RuCl2{PPh2(OEt)}(Ph-pybox)] (2c). 

Enantiomeric excess: Determined by GC with a Supelco -DEX 120 chiral capillary 

column. 
 

 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/KO
t
Bu ratio = 500:1.24, 

i
PrOH 50 mL 

Time of reaction: 15 min 

 

 

Table 2, entry 1 
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Acetophenone 

(S) 
C8H10O 

(R) 

 
 

 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/KO
t
Bu ratio = 500:0.5.24, 

i
PrOH 50 mL 

Time of reaction: 30 min 

 
 

Table 2, entry 2 
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Acetophenone C8H10O 
(S) 

(R) 

 

 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/KO
t
Bu ratio = 500:1.5.24, 

i
PrOH 50 mL 

Time of reaction: 15 min 

 
 

Table 2, entry 3 
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Acetophenone 
(S) 

C H O 
8 10 

(R) 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/KO
t
Bu ratio = 500:2:24, 

i
PrOH 50 mL 

Time of reaction: 15 min 

 
 

Table 2, entry 4 



S15  

(S) 

Acetophenone 
C

8
H

10
O

 

(R) 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/KO
t
Bu ratio = 500:1.5:24, 

i
PrOH 75 mL 

Time of reaction: 5 min 
 

Table 2, entry 5 
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(S) 
C8H10O 

Acetophenone (R) 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/KO
t
Bu ratio = 500:1.5:24, 

i
PrOH 75 mL 

Time of reaction: 15 min 
 

Table 2, entry 6 
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Acetophenone (S) 
C8H10O 

(R) 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

 
 

 

Acetophenone/2c/NaOH ratio = 500:1.5.24, 
i
PrOH 75 mL 

Time of reaction: 10 min 

 

Table 2, entry 7 
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Acetophenone 

(S) 
C8H10O 

(R) 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/NaO
t
Bu ratio = 500:1.5:24, 

i
PrOH 75 mL 

Time of reaction: 5 min 

 

Table 2, entry 8 
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[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/NaO
t
Bu ratio = 500:1.5:24, 

i
PrOH 75 mL 

Time of reaction: 10 min 
 

(S) 
C8H10O 

Acetophenone (R) 

Table 2, entry 9 
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[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Time of reaction: 30 min 

 
 

 

 
 

Acetophenone/2c/KOH ratio = 500:1.5.24, iPrOH 75 mL 

Table 2, entry 10 

(S) 
C8H10O 

Acetophenone 
(R) 



S21  

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/Cs
2
CO

3 
ratio = 500:1.5:24, PrOH 75 mL 

Time of reaction: 30 min 

i 

 

Table 2, entry 11 

Acetophenone (S) 
C8H10O 

(R) 
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Acetophenone 
(S) 

C8H10O 

(R) 

 
 

 

 
[RuCl

2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 5 min 

Table 2, entry 12 
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Acetophenone (S) 
C8H10O 

(R) 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/NaO
t
Bu ratio = 500:1.5:6, 

i
PrOH 75 mL 

Time of reaction: 5 min 

Table 2, entry 13 
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Table 3, entry 1 

Acetophenone 
(S) 

C8H10O 

(R) 

 

Table 3. Transfer Hydrogenation of Ketones Catalyzed by Complex 
[RuCl2{PPh2(OEt)}(Ph-pybox)] (2c) under Optimized Conditions. 

Enantiomeric excess: Determined by GC with a Supelco -DEX 120 chiral 
capillary column. 

 
 
 

 

 

 
[RuCl

2
{PPh

2
(OEt)}(Ph-pybox)] (2c) 

Acetophenone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 5 min 
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Ketone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 10 min 

Table 3, entry 2 

C9H11O 

(S) 

(R) 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); (Ketone) 
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Table 3, entry 3 
 
 
 
 
 
 

 

C
13

H
11

O  
(S) 

 
 
 

(R) 

 
 
 
 
 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); 

t i 

Ketone/2c/NaO Bu ratio = 500:1.5:12, PrOH 75 mL 

Time of reaction: 5 min 

 
(Ketone) 
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C9H11O2 

(S) 

(R) 

 
 

 

 
 

 

Time of reaction: 5 min 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); (Ketone) 

Ketone/2c/NaO Bu ratio = 500:1.5:12, PrOH 75 mL 
t i 

Table 3, entry 4 



S28  

C9H11O2 

(S) 

(R) 

 
 

 
 
 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); (Ketone) 

Ketone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 5 min 

 

 

Table 3, entry 5 
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C H O 
9 11 2 

(S) 

(R) 

 
 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); (Ketone) 

Ketone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 45 min 

 
 

Table 3, entry 6 
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C9H11O2 

(S) 

(R) 

 
 

 
 
 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); (Ketone) 

Ketone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 90 min 
 

Table 3, entry 7 
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C9H11O 

(S) 

 
(R) 

 
 

 

 

Ketone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 10 min 

 
 
 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); (Ketone) 

Table 3, entry 8 
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C9H11O 

(S) 

(R) 

 
 

 

[RuCl
2
{PPh

2
(OEt)}(Ph-pybox)] (2c); (Ketone) 

Ketone/2c/NaO
t
Bu ratio = 500:1.5:12, 

i
PrOH 75 mL 

Time of reaction: 60 min 
 

Table 3, entry 9 
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Table S1. Selected Bond Distances (Å) and Angles (deg) for Ruthenium(II) Complexes 1a·2CHCl3 

and 2c·2.5CH2Cl2 
 

Complex 1a·2CHCl3 

 

Bond Distance Bond Distance 

Ru(1)–N(1) 2.078(6) Ru(1)–Cl(1) 2.4126(15) 

Ru(1)–N(2) 2.031(6) Ru(1)–Cl(2) 2.4123(16) 

Ru(1)–N(3) 2.089(6) P(1)–O(3) 1.617(6) 

Ru(1)–P(1) 2.2625(18) P(1)–O(4) 1.611(5) 

Angle Value Angle Value 

N(1)–Ru(1)–N(2) 77.1(3) N(3)–Ru(1)–Cl(1) 90.97(17) 

N(2)–Ru(1)–N(3) 77.3(3) N(2)–Ru(1)–Cl(2) 85.25(18) 

N(1)–Ru(1)–N(3) 154.4(2) N(1)–Ru(1)–Cl(2) 91.80(18) 

N(2)–Ru(1)–P(1) 178.3(2) N(3)–Ru(1)–Cl(2) 86.71(17) 

N(3)–Ru(1)–P(1) 101.16(17) Cl(1)–Ru(1)–Cl(2) 171.60(6) 

N(1)–Ru(1)–P(1) 104.45(18) O(3)–P(1)–O(4) 103.5(3) 

N(2)–Ru(1)–Cl(1) 86.37(18) P(1)–Ru(1)–Cl(1) 92.93(6) 

N(1)–Ru(1)–Cl(1) 86.80(18) P(1)–Ru(1)–Cl(2) 95.44(6) 

 
 

Complex 2c·2.5CH2Cl2 

Bond Distance Bond Distance 

Ru(1)–N(1) 2.083(4) Ru(1)–Cl(1) 2.3910(12) 

Ru(1)–N(2) 2.020(4) Ru(1)–Cl(2) 2.4032(12) 

Ru(1)–N(3) 2.113(4) P(1)–O(3) 1.621(4) 

Ru(1)–P(1) 2.2831(13) 
  

Angle Value Angle Value 

N(1)–Ru(1)–N(2) 77.64(18) N(3)–Ru(1)–Cl(1) 91.07(12) 



S34  

N(2)–Ru(1)–N(3) 77.00(19) N(2)–Ru(1)–Cl(2) 86.95(11) 

N(1)–Ru(1)–N(3) 154.58(17) N(1)–Ru(1)–Cl(2) 90.40(12) 

N(2)–Ru(1)–P(1) 177.78(15) N(3)–Ru(1)–Cl(2) 89.97(12) 

N(3)–Ru(1)–P(1) 105.21(13) Cl(1)–Ru(1)–Cl(2) 173.26(5) 

N(1)–Ru(1)–P(1) 100.14(12) P(1)–Ru(1)–Cl(1) 92.96(4) 

N(2)–Ru(1)–Cl(1) 86.80(11) P(1)–Ru(1)–Cl(2) 93.19(5) 

N(1)–Ru(1)–Cl(1) 85.81(13) 
  

 

 

 

 

 

 

 

 

Table S2. Crystal Data and Structure Refinement for Complexes 1a·2CHCl3 and 

2c·2.5CH2Cl2 
 

 1a·2CHCl3 2c·2.5CH2Cl2 

Empirical formula C27H36Cl8N3O4PRu· C39.5H39Cl7N3O3PRu 

Formula weight 882.23 983.92 

Temperature (K) 150(2) 150(2) 

Wavelength (Å) 1.5418 1.5418 

Crystal system Monoclinic Orthorhombic 

Space group P21 P 21212 

a (Å) 11.7788(2) 12.1533(1) 

b (Å) 12.1699(1) 24.2508(2) 

c (Å) 13.0210(2) 15.7095(2) 

 (deg) 90 90 

 (deg) 101.52(1) 90 

 (deg) 90 90 

Z 4 4 

Volume (Å
3
) 1828.89(4) 4630.02(8) 



S35  

calculated (Mg m
-3

) 1.602 1.412 

 (mm
-1

) 9.567 7.090 

F(000) 892 1996 

Crystal size (mm
3
) 0.04 x 0.06 x 0.12 0.01 x 0.06 x 0.47 

θ range (deg) 3.46 to 69.65 2.813 to 69.627 

Index ranges -14 h 11 

-14  k  14 

-15 l 13 

-10  h  14 

-29  k  28 

-18  l  18 
 

No. of reflns. collected 15480 20835 

No. of independent reflns. 6742 [R(int) = 0.0521] 8553 [R(int) = 0.0496] 

Completeness to θmax (%) 99.8 99.9 

Refinement method Full-matrix 

least-squares on F
2
 

Full-matrix 

least-squares on F
2
 

No.of 

parameters/restraints 

403/0 493/0 

Goodness-of-fit on F
2
 1.048 1.065 

Weight function (a, b) 0.0789, 0.7646 0.406, 0.8199 

R [I  2(I)]
a
, R1 = 0.0433, wR2 = 0.1173 R1 = 0.0353, wR2 = 0.0857 

R (all data) R1 = 0.0454, wR2 = 0.1205 R1 = 0.0392, wR2 = 0.0881 
 

Absolute 

structure parameter 
 

Largest diff. peak 

and hole (e Å
-3

) 

-0.019(7) -0.015(6) 

 

1.666 and -0.938 0.507 and -0.514 

 
 

a 
R1 = (Fo - Fc)/Fo; wR2 = {[w(Fo

2
 - Fc

2
)
2
]/[w(Fo

2
)
2
]}

½
. 

 

 
 


