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 Reduction of 2-Pyridine Ketones
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Biosketches

ment of new bipyridine-based chiral ligands. Currently, he is a
Ph.D. student at McGill University (Montréal), Canada.

new bipyridine-based chiral ligands.

flow chemistry, and bismuth chemistry. He has published
more than 85 papers and 35 encyclopedia articles and book
chapters. He served as an Associate Editor of RSC Advances
from 2015 to 2022 and was admitted as a Fellow of the Royal
Society of Chemistry (2016). After 5 years served as an Advi-
sory Board member of SynOpen, he was appointed as Editor-
in-Chief of SynOpen in 2023.
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Figure 1  Cat
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alytic asymmetric transfer hydrogenation using iridium and iron1

Iridium Catalysis
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Figure 2  Cat
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alytic asymmetric transfer hydrogenation using iron and rhodium2 
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Figure 3  Cat
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alytic asymmetric transfer hydrogenation using rhodium and ruthenium3
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henium-catalyzed asymmetric transfer hydrogenation4 

RuCl(p-cymene)[S,S-TsDPEN] (3 mol%)

HCO2H (12.9 equiv), Et3N (7.5 equiv), 22 oC, 91 h

85% yield
90% ee

Me

HNHO CH2Ph

L
4d) Carpentier, Tetrahedron: Asymmetry 1999, 10, 4083.

N

O R

(S,S)-[Ru] (5 mol%)

HCOONa (10 equiv), H2O/DMSO, 50

Ru
N

N

Ph

Cl

H

(S,S)-[

N
OH Me

91% yield
97.4% ee

N

OH Br

90% yield
97.6% ee

4f) Zhou, Org. Lett. 2017, 19, 2094.

N

OH
[Ru] (S/C = 100)

HCO2H/Et3N (3:2)
Me Me

100% yield
96.9% ee N

Ru
N

Ph

Ph
SO2

H

MeH

N

3

[Ru]

N

O tBuOK (15 mol%)
[Ru] (1 mol%)

R'R R

N
OH Br

94% yield
97% ee

N
OH

99% yield
93% ee

F

N

4g) Xing, ACS Catal. 2019, 9, 5562.

iPrOH/CH2Cl2 (2:1) 
23 oC, 2 h

N
O

N
OH

NaOiPr, [Ru]

iPrOH, rt

96% yield, 97% ee N
Ph

[Ru]:

4i) Karabuga, J. Organomet. Chem. 2016, 
4e) Stephen and Mohar, Adv. Synth. Catal. 2015, 357, 2540.

4h) Xing, Org. Lett. 2020, 22, 8458.

N

OH

90% yield
40.8% ee

Cl

Selected examples

Selected examples

Similar report: 4j)  Karabuga, Catal. Commun. 2016, 74, 1

[Ru] (0.005 mol%), NaOiPr (2 mol%)

iPrOH, 60 οC, 1 h
N

OH

93% yield
86% ee

N
Ru

Cy2P
NH2 PAr2

Fe

H

Me

Cl

Ar: 4-MeO-3,5-Me2C6H2

[Ru]:

4a) Baratta, Organometallics 2010, 29, 3563.

h3)3]

2

N

NH2
Me

+

N

OH

4b) Ollevier, Org. Lett. 2022, 24, 1116.

NH2TsHN

(S,S)-TsDPEN

4c) Kobayashi, Synthesis 2005, 2176.

[Ru(p-cymene)Cl2]2 (0.5 mol%), L (2 mol%)

iPrOK (6 mol%), iPrOH, 20 οC, 16 h
N

OH

100% yield
89% ee

er HCNN ligands containing a Ru-complex in ATH Bifunctional oxo-tethered ruthenium complex catalyzed ATH

ATH of ketones by Ru catalysts of minimal stereog

orephedrine derivatives as ligands in Ru-catalyzed ATH

ium(II) complexes with N,C-alkylene-tethered N,N-dialkylsulfamoyl-DPEN/η6-arene 
H An aminomethyl quinazoline based ruthenium(II) complex in ATH

ic reduction of adamantan-1-yl(pyridin-2-yl)methanone

t:

Similar report:



graphical reviewSynOpen

Figure 5  Ruthen
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ium-catalyzed asymmetric transfer hydrogenation (cont.)5 

N
OHu(p-cymene)Cl2]2 (S/C = 200)

L (0.4 mol%)
Me

90% yield
91% ee

 Chem. Eur. J. 2001, 7, 1431.

NH

OH

O
O

L

N

OHuCl2(PPh3)3 (0.5 mol%)
L (0.5 mol%)

83% yield 
98% ee Fe

PPh2

N
L :

, Molecules 2018, 23, 1311.

tBuOK (20 mol%)
acetone, iPrOH

N
OH

[Ru], KOH, iPrOH, 40 oC, 6 h

92% yield
78% ee

N N
H H

P P

Ru

Cl

Cl

Ph2Ph2

[Ru]:

esis 2009, 2413.

S/C/B = 100/1/5

[Ru] (0.002 mol%), tBuOK (15 mol%)

iPrOH (0.1 M), 23 oC, 1−2 h

N
R

OH

R

H

ield
ee

N

OH
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93% ee

F

N

OH
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91% ee

Fe

Ar2
P

P
Ar2

Ru
N

Cl

tBu

H2N
Ph

Ar = p-MeOC6H4

[Ru]:

g, Sci. China Chem. 2023, 66, 1443.

single stereogenic element

in ligand

cted examples

iPrOK (0.5 mol%), iPrOH
15 min, rt

RuCl(p-cymene)[(S,S
(10 mol%

HCO2H, Et

CH2Cl2, 60 oC

5h) Kotora, Adv. Synth. Catal. 201

N
O

N
OH

(S,S)-[Ru] (S/C = 200)

 HCO2H/Et3N, 27 oCR R

N

OHOH

100% yield
99.6% ee

Ts
N

Ru
N
H2

Cl

(S,S)-[Ru]

5e) Ikariya, Tetrahedron Lett. 2000, 41, 9277.

Selected examples

N N

O
tButBu

O

(S,S)-[Ru] (6 m
HCO2H (8.6 eq

Et3N (5 equi
CH2Cl2, time 

R R

5i) Ollevier, Chem. Eur. J. 2024, 3

N N

O
tButBu

O

hol)]-catalyzed transfer hydrogenation

tate ferrocenyl ligand for Ru-catalyzed ATH

odiphosphine–ruthenium(II) complex in ATH

ith a single stereogenic identity for ATH

Ru-catalyzed stereoselective double hydrogen t

N

OH

Me

97% yield
 95% ee

Asymmetric reduction of a 2,2'-bipyridine-diketon

Chiral Ru(II)-complex-catalyzed reduction of 2-pyridine ketones
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Figure 6  Irid

6

N

6

N
(R)(R)

H2 (40 atm)
OH

>99%, >99% ee

Fe

H
N

O

N

tBu

Ph2P
L:
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6
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6g) Zhong, Org. Lett. 2019, 21, 5392.

N
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Fe

Ph2PRO2S

L:

% ee

H

OH

OMe

Cl
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% ee
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O

6
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6
6

H2 (50 bar), [Ir] 
(S/C = 10000) N

OH
NHBoc

98% yield
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H

NN
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O

O
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tBu H
O

Ar
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4, 89, 527.

3
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Proposed transition state
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ium-catalyzed asymmetric hydrogenation6

f) Dong and Zhang, Org. Lett. 2017, 19, 2548.

N[Ir(COD)Cl]2/L, H2 (20 atm)
OH

99% yield
 >99% ee

Fe

H
N

O

N

tBu

Ph2P
L:

O

e) Lan, Dong and Zhang, Org. Lett. 2016, 18, 2938.

[Ir(COD)Cl]2/L, N
O

N
Bn

Me

K2CO3 (0.1 mol%)
rt, S/C = 10000, iPrOH tBuOK (1.3

rt, S/C = 5000

Ir[(COD)Cl]2, L
CsCO3 N

OH

Fe

HNNH

O
tBu

OH Ar2P
L:

Ar = 3,5-(tBu)2C6H3

99%, 93% ee

b) Lv, Chem. Commun. 2022, 58, 5841.

H2, hexane
25 °C, 12 h

N

O

N

OH

>99

N

O

NN

OH

CF3

Examples

>99% ee

>99>97% ee

H2 (70 atm)/[Ir] (0.2 mol%)
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>99.9% ee

OEt
N

OH

OH

P

N

Ar2

H

Ir
N

H

H

Cl

Me

Ar =

[Ir]
a) Xie and Zhou, Angew. Chem. Int. Ed. 2013, 52, 7833.

3

O

3tBuOK (0.02 M), EtOH
25-30 °C, 1.5 h

Transition-Metal-Catalyzed Asymmetric Hydrogenation of 2-Pyridine Keto

Iridium Catalysis

12% yield
46% ee

L:

N

OHS/[Ir(COD)Cl]2/L/TPP 
(500/1/2/1)

N

H

H2N
H

N

c) Chen, Catal. Commun. 2012, 28, 5.
d) Chen, Tetrahedron: Asymmetry 2014, 25, 821.

LiOH, EtOH, 25 °C, H2 (6 MPa), 2 h

N

O

NHBoc

Ir

H

NN

P
Ph2

O

O

Fe

tBu
H

2-

2Na+

[Ir]:

6h) Lang and Zhang, J. Org. Chem. 202

3
iPrOH

[Ir]

ed asymmetric hydrogenation (AH) of δ-keto esters

e-based multidentate phosphine ligands in asymmetric hydrogenation of conjugated ketone

Enantioselective hydrogenation of non-o
catalysis

Ir-f-Phamidol-catalyzed asymmetric hydro

Synthesis of chiral 1,2-amino alcohols via
ketones

rich tridentate ferrocene aminophosphoxazoline ligands (f-amphox) for Ir-catalyzed AH

ric hydrogenation catalyzed by Ir-chiral diamines and achiral phosphines
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N

OH

 yield, 88% ee

 4973.

N

P

N

Mn

Ph

Ph
CO

CO

Br

iPr
H

tBu

se Catalysis

N

O

7b)

OH

ld, 51% ee

L:

Fe

H
N N

N

Bn

PPh2

[Mn]:

Iridium-c

Iridium/f-

Iron(II) co

Fe-cataly
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alytic asymmetric hydrogenation using iridium, iron and manganese7 

[Ir(COD)Cl]2/L, NaOH (1 mol%) N
OH

 Zhou and Ji, Org. Lett. 2023, 25, 8845.

Fe
PPh2

H
N

L: HO

HO

EtOH, H2 (20 bar), rt, 12 h
S/C = 5000

N

OH
[Fe] (0.1 mol%), LiAlH4 (6 equiv), tAmylOH

H2 (5 atm), tBuOK (1 mol%), THF, 50 °C, 1 h

20% yield 
74% ee

Fe

PCy2

PPh2

BrN

Ph

OC

CO

[BF4]

) Morris, J. Am. Chem. Soc. 2014, 136, 1367.

97% yield
72% ee

L:

N

OH

Xiao and Gao, J. Am. Chem. Soc. 2014, 136, 4031.

L/Fe3(CO)12 (0.5 mol%)
H2 (50 bar), KOH (20 mol%)

HN

HN

P
Ph

Ph
P

NH

NH

MeOH, 45 °C

N

O
[Mn]

H2 (40 bar), 80 °C
N

7g) Morris, Catal. Sci. Technol. 2021, 11, 3153.

N

O (R,R)-[Mn] (1 mol%)
KOtBu (2 mol%), H2 (30 bar)

99%

7f) Han and Ding, Angew. Chem. Int. Ed. 2019, 58,

MeOH (0.1 M), rt, 16 h

Mangane

91% yield
94% ee

L:

N

OH[Ir(COD)Cl]2/L (S/C = 500)
 NaOtBu (5 mol%)

Fe
Ph2P

N
H

HO

 Dong and Zhang, Adv. Synth. Catal. 2018, 360, 4319.

iPrOH, H2 (50 atm), rt, 12 h

Iron Catalysis

N

O Mn(CO)5Br/L (0.1 mol%)
KOH (2 mol%) N

99% yie

7h) Zhong, Synlett 2020, 31, 285.

H2 (3.0 MPa), rt, 10 h, MeOH

atalyzed asymmetric hydrogenation with f-Amphbinol ligand

Amphol-catalyzed asymmetric hydrogenation of benzo-fused cyclic ketones

mplexes containing unsymmetrical P–N–P' pincer ligands for asymmetric hydrogenation

zed AH using a 22-membered macrocyclic ligand

A lutidine-based chiral pincer manganese catalyst for e

Base-free AH of ketones by a Mn-amido complex of a h

An imidazole-based chiral PNN tridentate ligand in Mn-

N
O H2 (4.5 MPa)

Mn(CO)5Br/L (2 mol%)S

92
5

Me Me
Ph

OO N

7e) Ling, Org. Chem. Front. 2023, 10, 3321.

MeCO2Na (10 mol%)
iPrOH, 70 °C, 12 h

Enantioselective synthesis of chiral ß-hydroxy sulfones

[Fe]:
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R
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alytic asymmetric hydrogenation using manganese, rhodium and ruthenium8 

N N
[Rh(COD)Binapine]BF4

H2, CH2Cl2, rt

N

>99% ee

N

>99% ee

P

tBu
H

P

tBu

H
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N

>99% ee
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OH

R

OH

OH

OH

OMe
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N

OH

Ph

>99% ee

8b) Zhang, Org. Lett. 2015, 17, 4144.

N

PP Ru
tBu

Ph

Ph

tBu
CO

Cl

H

O N

OH

98% yield
60% ee

[Ru] (0.5 mol%), H2 (30 atm)
 tBuOK (5 mol%)

8c) Diaz and Castillón, Eur. J. Org. Chem. 2015, 3666.

[Ru]:
EtOH, –40 °C, 16 h

N

O
H2 (8 atm), [R

 iPrOH (0.
S/C/Ba

Ar

N

OH

N

OHOMe

99.6% ee 55.8% ee
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Rhodium Catalysis

Ruthenium Catalysis

tBu

O
 H2 (50 bar), [Mn] (1 mol%)

tBuOK (10 mol%), 50 °C

 99% yield, 85% ee

8a) Clarke, Angew. Chem. Int. Ed. 2017, 56, 5825.

N
tBu

OHOH
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N
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CO
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N

OH Me
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H
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Ar Ar

Ar Ar
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H H
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8e) Niedercorn and Castanet, Tetrahedron 2008, 64

Proposed transition state

lex of a chiral P,N,N ligand in the AH of a 2,5-diketo pyridine

atalyzed asymmetric hydrogenation of 2-pyridine ketones

genic PNPtBu,Ph Ru-complex in the AH of 2-pyridine ketones

A ruthenium–diamine–diphosphine complex in th

Enantioselective hydrogenation of aryl-pyridyl ke
system

N

O [Ru] (S/C = 2000), H2 (8 atm)
 tBuOK (7.5 equiv)
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iPrOH, 25 °C, 3 h

8d) Noyori, Org. Lett. 2000, 2, 1749.
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alytic asymmetric hydrogenation using ruthenium and other reactions9

N
O

N
OH

H2 (10 atm), [Ru], tBuONa
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99% ee, >99:1 dr
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OEt

O
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O
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9a) Ohkuma, Org. Lett. 2024, 26, 2872.
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Ar Ar

Ar Ar
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 Gerosa, Org. Lett. 2000, 2, 1749.
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N
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X
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9d) Chen, Org. Lett. 2003, 5, 5039.

N
R1

O

NaBr (2
40 W LE

R

R2 H

+

Ir photoredox Br radical HAT

Ir(III)*

Ir(II)Ir(III)

Br

HBr

Br

N
R1

O

N
R1

O

N
R1

O
R2 N

R1

O
R2

N
R

OH

[Er]

*L

SET

HAT
SET

[L*Er3+]

R2 H

NH2

onversion
% ee

*
N

NH2

99.8% conversion
95.3% ee

F
*

N
NH2

95.9% conversion
93.8% ee

Ph
*

Ph2
P

P
Ph2

Ru

O

O

O

O

Ru(OAc)2{(S)-binap}

9b) Yamada, Org. Lett. 2021, 23, 3364.
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N
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R R

Oth

Proposed transition state

*

9e) Feng, ACS Catal. 2022, 12, 51
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pper-catalyzed asymmetric hydrosilylation10

88% yield, 97.1% ee) Lipshutz, Org. Lett. 2006, 8, 2969.

O CuCl (0.2 mol%)
 NaOtBu (0.2 mol%) N

OH

O
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O
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O
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Ar

Ar
Ar
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L1 (0.25 mol%)
 tBuOH/PMHS (1 equiv)
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N
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O

>95% yield, 56% ee

N
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PhSiH3 (1.2 equiv)

10d) Wu, Chem. Eur. J. 2009, 15, 5888.
10e) Wu, Chem. Eur. J. 2012, 18, 7486.
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10c) Wu, Org. Biomol. Chem. 2013, 11, 929–937
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talytic asymmetric hydrosilylation using copper, iron and rhodium10h,11

O
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64% ee

N
OHi) CuFe2@KIT-6 (2 mol%), L (2 mol%)

tBuONa (4 mol%), tBuOH (4 equiv)
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N

N
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11a) Wu and Shi, Green Chem. 2014, 16, 2680.

N
O i) L (0.1 mol%), AgBF4 (0.125

Ph2SiH2 (1.25 equiv), CH2Cl2, 40

11d) de Ruiter, Organometallics 2020

62% yield
 61% ee

N

OH

11b) Figueras, J. Org. Chem. 2009, 74, 4608.

CuFe2O4 (4.3 mol%), (S)-BINAP (1.12 mol%)

91% yield
75% ee

N

OH

10h) Fang and Chan, Adv. Synth. Catal. 2011, 353, 1457.

i) Cu(acac)2 (1 mol%)
L (1 mol%), PHMS (5 equiv)

N
O

Fe(OAc)2 (5 mol%), (S,S)-Me

11c) Beller, Chem. Asian 

(EtO)2MeSiH, THF, 
then work-up wit

Rho

Iro

PPh2

PPh2

(S)-BINAP

PMHS (4 equiv), rt, 14 h, air
ii) NaOH

toluene, –20 °C, 12 h
ii) NaOH (aq.)

ii) K2CO3 or TBAF, MeOH or T

rous silica KIT-6-supported superparamagnetic CuFe2O4 nanoparticles for asymmetric
lylation in air

dipyridylphosphine-polymethylhydrosiloxane system for asymmetric catalytic hydrosilylation

Chiral imidazo[1,5-a]pyridine–oxazolines as ve

Stereoselective iron-catalyzed hydrosilylation 

PHMS (4 equiv), toluene
then TBAF work-up
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