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Abstract This graphical review provides a concise overview of transition-metal-catalyzed asymmetric reduction
of 2-pyridine ketones to produce enantiopure chiral 2-pyridine aryl/alkyl alcohols, which are present in many chiral
ligands and pharmaceuticals. Key methods include metal-catalyzed hydrogenation, transfer hydrogenation, and hy-
drosilylation, with a focus on sustainable catalysts like iron and manganese. This review serves as a foundation for
future advancements in sustainable and enantioselective keto group reductions.
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The development of catalytic methods for the asymmetric reduction of keto groups, particular-
ly in 2-pyridine ketones, has garnered considerable interest due to the transformative potential
of these reactions in the synthesis of enantiomerically pure compounds. Enantiopure chiral 2-
pyridine aryl/alkyl alcohols are not only essential intermediates in creating chiral ligands, such
as Bolm'’s ligand, but are also foundational in the synthesis of complex, stereochemically de-
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fined molecules in fields like pharmaceuticals and materials science. As a result, there has been
substantial effort to design catalysts that facilitate these reductions with high enantioselectivi-
ty, efficiency, and versatility.

A wide array of catalytic approaches has emerged for the asymmetric reduction of 2-pyridine
ketones, utilizing transition metals such as iron, manganese, ruthenium, copper, rhodium, and
iridium. These systems often differ significantly in their mechanistic pathways, with some in-
volving direct hydrogenation, others employing transfer hydrogenation, and others relying on
hydrosilylation. Each method offers unique advantages, yet also presents challenges related to
reaction scope, operational simplicity, cost, scalability, and environmental impact, with green
chemistry principles driving much of the recent innovation in this field.

Despite these advancements, there remain open questions and unsolved challenges, particu-
larly in the quest for more sustainable, non-precious metal catalysts and methods that maxi-
mize atom economy. Furthermore, the sheer pace of development in this area can sometimes
obscure which transformations have reached maturity and which require further optimization
or exploration. This graphical review seeks to clarify these developments, providing a struc-
tured overview of current catalytic systems for asymmetric reduction of 2-pyridine ketones. By
highlighting well-established techniques alongside emerging approaches, it aims to illuminate
future directions for research, particularly in the context of eco-friendly synthetic methodolo-
gies and the expanding role of iron-based catalysis in asymmetric synthesis.
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Iridium Catalysis | Transfer hydrogenation of aryl N-heteroaryl ketones using a chiral-diamine-derived iridium complex

Chiral diferrocenylphosphine-diimine ligand in asymmetric transfer hydrogenation
(0]

OH .
N i) [I(COD)CI,/L, PrOH, 50 °C, 6 h N () (S:5){Ir}, HCOONa \?é/SOZMe
N - N H,O/PrOH, tt, 24 h -
| _ ii) KOH, reflux | P (i) Zn, NHCI CI/I/r N
40% yield, 13% ee e it
Pth o yield, 157 Selected examples :
Ph
g “H \\_O_\ OH (5,511
A_@ 1a) Zhang, Synth. React. Inorg., Met.-Org., N
Nano-Met. Chem. 2008, 38, 778. |
Ph2P Fe X
_____________________________________________________________________________________________ R=H:78%, 92.2% ee R =CFg 67%,98.1% ee  80%, 94.4% ce Me

84%, 94.8% ee
Transfer hydrogenation using a prolinol-phosphine chiral ligand R=Me: 71%, 90.0% ee R = Br: 75%, 94.2% ee ° °

1c) Fu, Org. Lett. 2018, 20, 971.

(e} [Ir(COD)Cl]> (1 mol%) OH e o L e s
N L (2.5 mol%), KoCO3 (5 mol%) N Transfer hydrogenation of diketones using an N,N-diaryl-trans-1,2-diaminocyclohexane ligand
~
m HCO2H (2 equiv), CPME, 40 °C, 6 h |
= =

o} o] (i) [I(COD),]BF 4 (0.5 mol%), L (1 mol%) OH OH
N H>O/MeOH, 1t, 1 h :

| (i) HCO2H (2.5 equiv)
Z HCOgNa (2 5 equiv)

7 N\
HNe--

CPME = cyclopentyl methyl ether
64% yield, 85% ee

/

Proposed mechanism

1/2 [IrCI(COD)], + L K2COs
>99% de, 67% ee

CO2 1d) Lemaire, J. Mol. Catal. A: Chem. 2016, 411, 196.

g

Iron Catalysis
Transfer hydrogenation by a macrocyclic iron(ll)/(NH),P, catalyst ' Unsymmetrical iron(ll) catalyst for the asymmetric transfer
i hydrogenation
O OH E OH
N NaO#Bu, [Fe], iPrOH N i o) Ne -
| 60°C,1.5h [ o N [Fe], KOBu s
= S/C/B = 10000/1/25 = | N PrOH. 28 °C. 20 min P
) H Y S/C/B = 500/1/2 o
97% yield ! >99% conv.
H 97.3% ee ' 34% ee
\ E
'i‘ 5 Ph Br Ph -
B N H BPhy
[Fe]:; Ph ( Fe\C\"H :
N \7 E [Fe] Z Fe‘ 1
Ph\© 5 thl | Oy
1b) Sawamura, Adv. Synth. Catal. 2020, 362, 4655. 1e) Mezzetti, Org. Process Res. Dev. 2016, 20, 253. . 1f) Morris, Synthesis 2015, 47, 1775.

Figure 1 Catalytic asymmetric transfer hydrogenation using iridium and iron’
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Transfer hydrogenation using bis(isonitrile) iron(ll) complexes with a C,-symmetric diamino (NH),P, macrocyclic ligand

o [Fe(CNR),L](BF,)» (0.1 mol%) OH
N 1a (R = CEty), 50 °C N
X R X R
| or 1b (R = NiPry), 60 °C @A
Z NaOBu, iPrOH, S/C/B = 1000/1/10 Z

1a: 98% yield, 98% ee
1b: 97% yield, 87% ee

2a) Mezzetti, Angew. Chem. Int. Ed. 2015, 54, 5171.
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Similar report: 2b) Mezzetti, ACS Catal. 2016, 6, 6455.

Chiral iron(ll)-bis(isonitrile) complexes in asymmetric transfer hydrogenation

(o) OH Proposed mechanism >\
N [Fe] (5 mol%), BuOK N. - O"H R
N v N
| > PPrOH, 22-24°C O/\ < \C\Fl _C > \([)l/
Z S/C/B = 20/1/10 Z NZCT | Csp \n/
85% yield | 5
41% ee R
JBu Bu H )\ _
O/—'\ Cl O/H
O NsG... le--‘C;’N O _Ph Ng. @ N Nso | &N
PH O NZC™ | Cs 2R BuOK < “CspecC” > < ~Copec H>
c Ny 00 PPrOH NZCT [ ~Csp NZCT | ~Csp
Bu BU Cl cl
[Fe] H H
W/R
OH g Nsc ?/c”/N
2c) Reiser, Chem. Commun. 2010, 46, 4475. Y N‘C/Fle\ct
Cl
OH
Amine(imine)diphosphine iron catalysts for asymmetric transfer hydrogenation o
HO, H
Proposed mechanism Ph\/ ;-Ph >\ )J\
o OH N, N
N [Fe], KOBu N Fe 3
| iProH, 28 °C, 20 min Ej/\ Ph c1 Ph Eh: \gh . & & Tt Ph Ph
z S/C/B = 500/1/2 z PR 4 S NI
98% yield =N.,, |N KOtBu RV 18t 1 N
24% L ore \[Pre S0t * RO 0 [ el
b ee p P fast Ph Ph | . P e\P
: Fe==NZ
Phy|| Ph, DI FeTNN1 Phor ph,
<) N, | N
Fe “Fe
[l [pf':e\\)
2d) Morris, Science 2013, 342, 1080. Pha  Phy o1, j\
F{/< R

Figure 2 Catalytic asymmetric transfer hydrogenation using iron and rhodium?

Rhodium Catalysis
ATH by a hydrophobic dendritic DACH-rhodium complex in water

OH
[Rh(Cp*)Cl,] (0.5 mol%) :
Ny L (1.1 mol%) Ny
| — HCOONa (6 equiv), H,O | %
40°C,5h 70% yield, 91% ee
OBn
O—j OBn
X %
3 0 C
HoN - HN-S N,
o) H O OBn
L 2
OBn

2e) Deng, Org. Biomol. Chem. 2006, 4, 3319.

Rhodium complex with an unsymmetrical vicinal diamine ligand in ATH

(0] [Rh(Cp*)Cly] (0.5 mol%) OH
N L (1 mol%) N
A - S L: Me
| HCOONa (5 equiv) | . /
= 0 = <
MeOH, 25 °C, 12 h HoN NHTs

88% yield, 86% ee

2f) Kelkar, RSC Adv. 2015, 5, 51722.

ATH of a-substituted-B-keto carbonitriles via dynamic kinetic resolution

OH
N CN [Rh] (1 mol%) N. __ _CN
> —_—m S
| HCO,H/Et;N (5:2) |
Z toluene, 25 °C, 12 h =z
97% yield, >99% ee
96:4 dr

2g) Chen and Zhang, J. Am. Chem. Soc. 2021, 143, 2477.

Similar reports: 2h) Ratovelomanana-Vidal, Chem. Commun. 2018, 54, 283.
2i) Ratovelomanana-Vidal, Catal. Commun. 2015, 62, 95.
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Rh- and Ir-catalyzed asymmetric transfer hydrogenation of ketones by using formate in water

(0] OH
N M-TsDPEN (1 mol%) No
[ HCOONa (3-8 equiv), H,0, 40 °C |
= =
M = Rh: 98% yield, 98% ee
M = Ir: 100%, 87% ee
Proposed mechanism

high pH

AT
co,

3a) Xiao, Chem. Eur. J. 2008, 14, 2209.

Ruthenium Catalysis

CNN pincer ruthenium catalysts for the asymmetric reduction of alkyl aryl ketones

o
N [Ru] (0.005 mol%), NaO/Pr (2 mol%) [Rul: ArzP/ /<
| > /PrOH (0.1 M), 60 °C, 0.5 h QCVP
# Fe
99% yield
93% ee Ar= 4-MeO-3,5-MeECGH2

3b) Baratta, Chem. Eur. J. 2009, 15, 726.

Figure 3 Catalytic asymmetric transfer hydrogenation using rhodium and ruthenium?
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Ruthenium-catalyzed asymmetric transfer hydrogenation using chiral P,N,O Schiff base ligands

o) OH Ph
Ru(DMS0),Cl, (1 mol%), L (4 mol%
Ng ALy, PUOMSONCl (1 mott), Ligmoe) N A \N)\
| tBUOK (15 mol%), iPrOH, time (f) |
— — P Ph
t= 15 min, 82%, 64% ee PH Ph
t=3h, 97%, 59% ee L

3c) Kwong, Inorg. Chem. Commun. 1999, 2, 66.

Ruthenium complexes of triazole-containing tridentate ligands in asymmetric transfer hydrogenation

o} OH
N Ru3(CO)s5 (0.33 mol%), L (1 mol%) N
N N
| /PrOH, 80 °C, 44 h |
= =
52% yield
Proposed mechanism 67% ee
Ph NBn NBn o OH NBn
N/—— [N | N g : I N
L N N H N Ar AT N
N Rus(CO)i2_ pp N/ Pha N / =24 ph N
B SRu~go /M NN N
ey AN . : /RV\CO o] OH /RT\CO
\[ PR NH ©O PR N Lo

Ph™" “NHTs Ts Ts
3d) Wills, Org. Lett. 2012, 14, 5230.

Ruthenium-catalyzed cross-asymmetric hydrogen transfer between H-donor racemic alcohols and H-acceptor
prochiral ketones

sgolNce,

Ts

JO LY e
H

[Ru] (0.25 mol%), BUOK (15 mol%)
toluene, 23 °C, 3-120 min

H-acceptor H-donor
Selected examples
OH OH
o*@ @ N
| N
¥
F MeO MeO e vield
95% vyield 42% yield OMe 44/: yiel
91% ee 95% ee 93% yield 96% ee
89% ee

3e) Xu, Wang and Xing, ACS Catal. 2022, 12, 14429.
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Chiral pincer HCNN ligands containing a Ru-complex in ATH

o} OH
N [Ru] (0.005 mol%), NaO/Pr (2 mol%) N .
AN
| ° iPrOH, 60 °C, 1 h |
= =
93% yield
86% ee
[RUCIy(PPhg)g] — c
. a vo. S ]
— "Ru_
PCY, ST "ear,
M2 —  [Ruk Cy:R
= PAr, _N 2

o

Ar: 4-MeO-3,5-Me,CgHo

' NH
o WA

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

: * QO :
N RuCl(p-cymene)[S,S-TsDPEN] (3 mol% Ny ' BuOK (15 mol%) :
| BN uCl(p-cyi : IS, ] ( 0 o) | N s ' [Ru] (1 mol%) : N\ X
_ HCO2H (12.9 equiv), EtsN (7.5 equiv), 22 °C, 91 h > TeHN NH, : PrOH/CH,Cl, (2:1) R P | /—F{'
i o
85% yield (S,S)-TSDPEN | ! 23°C,2h
. 90% ee H Selected Y
4b) Ollevier, Org. Lett. 2022, 24, 1116. ! elected examples
Similar report: 4c) Kobayashi, Synthesis 2005, 2176. 'L OH Br QH OH
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" : R N ~ N H
N-Benzyl-norephedrine derivatives as ligands in Ru-catalyzed ATH ! | = | =
i F = _
o OH — : . . .
N [Ru(p-cymene)Cls]» (0.5 mol%), L (2 mol%) N : \ v ' 94% yield 99% yield 75% yield
e :
| PPrOK (6 mol%), PrOH, 20 °C, 16 h | = : 97% ee 93% ee 91% ee
= = !
100% yield HO  HN-CHyPh :
89% ee L H 4g) Xing, ACS Catal. 2019, 9, 5562.
4d) Carpentier, Tetrahedron: Asymmetry 1999, 10, 4083. 1 Similar report: 4h) Xing, Org. Lett. 2020, 22, 8458.
ansa-Ruthenium(ll) complexes with N,C-alkylene-tethered N,N-dialkylsulfamoyl-DPEN/n®-arene
ligands in ATH i An aminomethyl quinazoline based ruthenium(ll) complex in ATH
(0] OH { > o OH oh Ph
N [Ru] (S/C = 100) N N . NaOiPr, [Ru] R S
S Me ——————— S e 50 - Ny NaOPr AU Ny o
| HCOH/EEN (3:2) || Ph, 12 : | PrOH, rt | N
P W N H Me : P ’ _ [Ru]: NP
R : A
100% yield Hilade, [ : 96% yield, 97% Ay |
N ~ H 6 yield, 97% ee N Cl
eoie P g : T
[Ru] :

4e) Stephen and Mohar, Adv. Synth. Catal. 2015, 357, 2540.

Figure 4 Ruthenium-catalyzed asymmetric transfer hydrogenation*
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Bifunctional oxo-tethered ruthenium complex catalyzed ATH

Proposed transition state

: o R

: Ny (S,9)-[Ru] (5 mol%)

5 | P HCOONa (10 equiv), H,O/DMSO, 50 °C
E Selected examples :

; OH Me OH I —©

: B H _Ru. =

: | Ny o NS
: _N

: Z cl H \:_)\F’h
. 91% yield 90% yield 90% yield Ph

! 97.4% ee 97.6% ee 40.8% ee (S,9)-[Ru]

4i) Karabuga, J. Organomet. Chem. 2016, 819, 189.
Similar report: 4j) Karabuga, Catal. Commun. 2016, 74, 122.

Proposed TS ——

R.., Q
T e
thH H \k

' “Me

|
P | N—.
K
P LN
cl

outer-sphere transition state

e
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[Ru(amino alcohol)]-catalyzed transfer hydrogenation Chiral Ru(ll)-complex-catalyzed reduction of 2-pyridine ketones A reverse-tethered ruthenium(ll) catalyst for ATH

Ar = p-MeOCgHy4 97% ee, 64% de

5i) Ollevier, Chem. Eur. J. 2024, 30, €202402449.

5d) Xu and Xing, Sci. China Chem. 2023, 66, 1443.

o [Ru(p- cymene)CI2]2 (S/C = 200) OH o [Ru] (S/C = 200) OH
Ny L (0.4 mol%) Ny M (e} OH ' N 2 M HCOoH/Et3N (5:2) N
| iPrOK (0.5 mol%), iPrOH | e O, i Ny R (S,5)-[Ru] (S/C = 200) Ny R : | A EtOH, 40 °C, 0.5 h | =
= 15 min, rt F o) NH ; | HCO,H/Et3N, 27 °C | : Z F
90% yield L OH: 7 Z : 100% yield
) 1 ' (=)
5a) Andersson, Chem. Eur. J. 2001, 7, 1431. 91% ee : 5 94% ee
----------------------------------------------------------------------------------- Selected examples ! ——Proposed TS
A 1,2-P,N-bidentate ferrocenyl ligand for Ru-catalyzed ATH ' ' ] s[abr:lizing a'rene/
' OH OH OH ! T aryl interaction
H : H S - ’Ru\ \ N\
RUCI»(PPha)s (0.5 mol%) OH b NS e ; N[ el e OF [
L (0.5 mol%) N | ] P ; Ph/K_/N\H \N//”\H N
| ™S BUOK (20 mol%) | Z : ) , ; g AN .
P> acetone, PrOH P 1% o ! 97% yield 100% vyield : Ph PN “H- -G Mo
2 H o, o, ' H
83% yield : : 95% ee 99.6% ee (S,9)-[Ru] : (5,5)-[Ru] Bh
98% ee Fe i :
5b) Antonchick, Molecules 2018, 23, 1311. @ : 5e) Ikariya, Tetrahedron Lett. 2000, 41, 9277. : 5f) Wills, J. Org. Chem. 2006, 71, 7035.
! H 5g) Wills, Org. Lett. 2007, 9, 4659.
A chiral diaminodiphosphine-ruthenium(ll) complex in ATH , Asymmetric reduction of a 2,2'-bipyridine-diketone analogue by double hydrogen transfer
0 OH :
N\ [Rul, KOH, /PrOH, 40°°C, 6 h N\ , . 0 Q RuCl(p-cymene)[(S,S)-TsDPEN]
| SIC/B = 100/1/5 | ’ ¢ MBu Bu (10 mol%)
= = [Ru]: : J N\ N= HCO,H, EtsN
92% yield NS I / H _ N\ // CH,Cl,, 60 °C, 96 h
O, :
78% ee e : TsHN  NH,
5c) Gao, Synthesis 2009, 2413. 2 3 - (S,S)-TsDPEN
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" g 97% ee
A pincer—Ru with a single stereogenic identity for ATH ' 5h) Kotora, Adv. Synth. Catal. 2018, 360, 2869.
OH e
|/ X [Ru] (0.002 mol%), BUOK (15 mol%) (N\ R ' Ru-catalyzed stereoselective double hydrogen transfer to 2,2'-bipyridine-diketones
RT PrOH (0.1 M), 23°C, 1-2 h R single stereogenic element :
Z Z H
in ligand : 0 o)
H Bu
Selected examples é“ ' N N (SCSO)-[RU] (6 mol%) CI/R|U\ -N-TS
Ru] < ! 74 - HCO,H (8.6 equiv)
OH [ ! A\
\ " H | OH : _ N\ 7 Et;N (5 equiv) H'N\-/\Ph
' CHCly, time (1) =
@ O (v o A Gemed i
P A P : R=H, t=72h,-10 oC’ >99.5% yield (S,5)-[Ru]
95% vyield 98% yield 98% yield ' >99.5% ee, >99.5% de
92% ee 93% ee 91% ee : R =CF3, t=3h, 22 °C: 97% yield

Figure 5 Ruthenium-catalyzed asymmetric transfer hydrogenation (cont.)®
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Iridium Catalysis

Ir-catalyzed asymmetric hydrogenation (AH) of 3-keto esters

O O
N Hy (70 atm)/[Ir] (0.2 mol%) Rj/k/\
= 3 OEt
| BuOK (0.02 M), EtOH Ar =
= 25-30 °C, 1. 5 h
92% yield
>99.9% ee

6a) Xie and Zhou, Angew. Chem. Int. Ed. 2013, 52, 7833.

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

o)
Bu,
9] I(COD)Cl],, L OH NH HN
Ny Pz CsCOs N A~ L
| \@ Ho, hexane | OH AP
= 25°C,12h = Fe

99%, 93% ee

=

Ar = 3,5-(1Bu)>CgH3s
6b) Lv, Chem. Commun. 2022, 58, 5841.

Asymmetric hydrogenation catalyzed by Ir-chiral diamines and achiral phosphines

S/[Ir(COD)CIJ,/L/TPP OH
N (500/1/2/1) N
| = LIOH, EtOH, 25 °C, Hp (6 MPa), 2h [
P L
129% yield
46% ee

6c) Chen, Catal. Commun. 2012, 28, 5.
6d) Chen, Tetrahedron: Asymmetry 2014, 25, 821.

N
o] OH o]
N [Ir(COD)CI],/L, Ha (20 atm) N : L: \
N ~ X N PhyP
| KoCO3 (0.1 mol%) | Fo

= rt, S/C = 10000, PrOH = Bu @
99% yield
>99% ee

6e) Lan, Dong and Zhang, Org. Lett. 2016, 18, 2938.
6f) Dong and Zhang, Org. Lett. 2017, 19, 2548.

Figure 6 Iridium-catalyzed asymmetric hydrogenation®

Enantioselective hydrogenation of non-ortho-substituted 2-pyridine aryl ketones via iridium-f-Diaphos
catalysis

[I(COD)Cly/L (0.1 mol%)] OH
BuOLi (5 mol%) N. N
Hy (3 MPa), iPrOH | | g
25-30°C, 12 h >z =
Examples
OH OH
N _~ No A~
= =
oM
>99% ee >99% ee € RO,SHN
OH OH
N v N v
7 CF3 Z cl
>97% ee >99% ee

6g) Zhong, Org. Lett. 2019, 21, 5392.

Ir-f-Phamidol-catalyzed asymmetric hydrogenation of a y-amino ketone

o Hz (50 bar), [Ir] of
> ar), [Ir T
Ny NHBoc (S/C = 10000) I Ny NHBoc
P 8 /PrOH, KOMe (5 mol%), tt, 4 h -
98% yield
>99% ee
— Proposed transition state —,
(@) —]2' Ar
>—\ 2Na* )\
. oo
[ir]: C /Ir\P IBU:'»‘, N>W\NJ
’ Phy F AR
Y e =
H Ph Fe
6h) Lang and Zhang, J. Org. Chem. 2024, 89, 527. =

Synthesis of chiral 1,2-amino alcohols via Ir/f-amphox-catalyzed asymmetric hydrogenation of a-amino
ketones

H
O I\Ille OH Me fe) N
Ny N\Bn [Ir(COD)CI],/L, Ha (40 atm) Ng : ,{‘\ L \N -
| BuOK (1.3 equiv) | ® Bn 2 Fe
F rt, S/C = 50000, PrOH % BuU

>99%, >99% ee

6i) Dong and Zhang, Org. Chem. Front. 2017, 4, 1499.
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Iridium-catalyzed asymmetric hydrogenation with f-Amphbinol ligand

(@]
N [Ir(COD)CI],/L, NaOH (1 mol%) (j/k &
B P

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

7a) Zhou and Ji, Org. Lett. 2023, 25, 8845.

Iridium/f-Amphol-catalyzed asymmetric hydrogenation of benzo-fused cyclic ketones

o [I(COD)CIL/L (S/C = 500) OH
N\ NaOBu (5 mol%) N\
| iPrOH, Hy (50 atm), 1t, 12 h | g
= =
91% yield pth
94% ee

@

7b) Dong and Zhang, Adv. Synth. Catal. 2018, 360, 4319.

Iron Catalysis

Iron(ll) complexes containing unsymmetrical P-N-P' pincer ligands for asymmetric hydrogenation

OH

O
N [Fe] (0.1 mol%), LiAlH, (6 equiv), tAmylOH N PCy, |[BFd]
| o Hz (5 atm), BUOK (1 mol%), THF, 50°C, 1h || Nops
Z Z [Fel:| Fle B
20% yield PPh,
. 74% ee Ph
7c) Morris, J. Am. Chem. Soc. 2014, 136, 1367.
Fe-catalyzed AH using a 22-membered macrocyclic ligand
o) L/Fe;(CO)15 (0.5 mol%) OH
N Hy (50 bar), KOH (20 mol%) N p
| MeOH, 45 °C | N PPOHN,
= = L: O’ 8
97% yield “'NH
72% ee Eh Iy

7d) Xiao and Gao, J. Am. Chem. Soc. 2014, 136, 4031.

Figure 7 Catalytic asymmetric hydrogenation using iridium, iron and manganese’
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Manganese Catalysis

Enantioselective synthesis of chiral B-hydroxy sulfones via manganese-catalyzed asymmetric hydrogenation

g
OH
9 0 0 H, (4.5 MPa) N O\\S//O SN
N R4 Mn(CO)sBr/L (2 mol%) | N “Ph NH
N ~
| T e ™" MeCO:Na (10 moi%) M e L
& e ProH, 70°C, 12 h , PPh
92% yield P 2
59% ee B
=
7e) Ling, Org. Chem. Front. 2023, 10, 3321.
A lutidine-based chiral pincer manganese catalyst for enantioselective hydrogenation
Ph
o (R,R)-IMn] (1 mol%) OH
Na KOBu (2 mol%), H, (30 bar) Na
| P MeOH (0.1 M), rt, 16 h | P

99% yield, 88% ee

7f) Han and Ding, Angew. Chem. Int. Ed. 2019, 58, 4973.

Base-free AH of ketones by a Mn-amido complex of a homochiral, unsymmetrical P-N-P' ligand

OH F,
[Mn] PPh,
N e — N Ph
| > H, (40 bar), 80 °C | > l GO
=
99% yield [Mn] | ~co
97% ee PiPr,

79) Morris, Catal. Sci. Technol. 2021, 11, 3153.

An imidazole-based chiral PNN tridentate ligand in Mn-catalyzed AH

o] Mn(CO)sBr/L (0.1 mol%) OH
Ny KOH (2 mol%) N PPh, . N

H, (3.0 MPa), rt, 10 h, MeOH _ e

99% yield, 51% ee Fe

7h) Zhong, Synlett 2020, 31, 285.
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A Mn complex of a chiral P,N,N ligand in the AH of a 2,5-diketo pyridine

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

P 2 ] e
N H, (50 bar), [Mn] (1 mol%) [Mn]: X Br
Bu | X Bu  BuOK (10 mol%), 50 °C N
= EtOH, 16 h ” |@‘\\CO
. M
99% yield, 85% ee . Eh/ |n\co
Fle 2 co
8a) Clarke, Angew. Chem. Int. Ed. 2017, 56, 5825. L
Rhodium Catalysis
Rhodium-catalyzed asymmetric hydrogenation of 2-pyridine ketones
OH
[Rh(COD)Binapine]BF,
N
[ 7 R Hp, CHyCly, 1t R
=
Examples
OH OH
Ph N N
| N | ~
Pz =
>99% ee >99% ee
OH OH
N N
| |
Z oM Z
e . .
-Binapine
>99% ee >99% ee & ?
8b) Zhang, Org. Lett. 2015, 17, 4144,
Ruthenium Catalysis :
A P-stereogenic PNP®BY“P" Ru-complex in the AH of 2-pyridine ketones
B \
o [Ru] (0.5 mol%), H, (30 atm) OH | ;
tBUOK (5 mol%) N NG :
N [Rul: By, 1,Cl L «Ph '
| A EtOH, —40 °C, 16 h > )P\Ru'/P'\ .
_ . PH | Bu H
98% yield H ¢o '
60% ee '

Figure 8 Catalytic asymmetric hydrogenation using manganese, rhodium and ruthenium?®
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A ruthenium—diamine—diphosphine complex in the AH of pyridinyl aryl ketones

o [Ru] (S/C = 2000), H, (8 atm) OH OO A H o pp
| Ny o tI)BuO(K (7.5 jquiv) ; | Ns P\F?/N Ar
B[OCH(CHj3),]5 (ketone/borate = 100:1 Rul: u
Z /PrOH, 25 °C, 3 h Z (Rl P74 N
100% yield Ar, = H
96% ee

Ar = 3,5-Me,CgHg

8d) Noyori, Org. Lett. 2000, 2, 1749. Ar' = 4-MeOCgH,

KOH, [Ru], Hy, iPrOH, 30 °C
S/KOH/C = 1000:5:1

R =H, >99% yield, 70% ee
R = 2-Me, >99% yield, 99% ee

Al
Sei
N
Ar'

N
seron
Ar Ar  Hp

Ar = xylyl
Ar' = 4-MeOCgH,

[Ru]:

Enantioselective hydrogenation of aryl-pyridyl ketones with a Ru-XylSunPhos-Daipen bifunctional catalytic

system o OH
N H, (8 atm), [Ru] (10 mol%), BuOK N :
N N
| @ PrOH (0.5 M), 25°C, 16 h | @
Z S/C/Base = 200:1:10 Z
Examples
OH OMe OH 0
- N~ A,  Hp
[ ><o ‘ RSN Ar
Z CF,4 [Ru]: Rlu/ a1
o, o, O /1IN A,
99.6% ee 55.8% ee > O o G (
oH M e} Ar2 H2
: © OH Ar = 3,5-Me,CgHs
Ny Ar' = 4-MeOCgH,
| 6
Z Me 8f) Ratovelomanana-Vidal and Zhang, J. Org. Chem.
98.9% ee 27.7% ee 2012, 77, 612.

© 2024. Thieme. All rights reserved. SynOpen 2024, 8, 387-400

Georg Thieme Verlag KG, Oswald-Hesse-StraRRe 50, 70469 Stuttgart, Germany



397

THIEME

SynOpen V. Vasudevan et al.

Asymmetric hydrogenation of a-alkyl-substituted B-keto esters through dynamic kinetic resolution

0 :

N H, (10 atm), [Ru], BuUONa :
A OEt S H

| BuOH, 25 °C, 24 h '
= Me S/C/Base = 500:1:20 , :
>99% vyield '

99% ee, >99:1 dr !

— Proposed transition state — .

Me, Ar2 MemSisCOEL ;
R 5 8+C
H2N . = :

5+>'< H :

\ax | '

Ar = 3,5-PryCgH3 &N—&Ru—N ~ '

Yeq (F :

9a) Ohkuma, Org. Lett. 2024, 26, 2872. 5

Enantioselective direct asymmetric reductive amination of 2-acetyl-6-substituted pyridines

NH,
R. _N H, (0.8 MPa), Ru(OAc){(S)-binap} (S/C =150) R N
| > NH4CO,CF3 (2.0 equiv), THF, 90 °C, 177-18 h | N
= Z
Examples
NH, NH, NH, OO Phs 0—
e0._N F N Ph._N Pl 0
N * NS * N * RU
I | I 710
& = = P” 54
99.8% conversion 99.8% conversion  95.9% conversion OO Phy

97.4% ee 95.3% ee 93.8% ee

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

PhanePhos-Ru-diamine complexes catalyzed asymmetric hydrogenation

Ar,
\ Ho
N [Ru] (S/C = 1500), Hy (8 atm) N q P’\ (|3' N Ph
s fBUOK (B/C = 50) KJ/\ Ve
- [Rul: @
P iPrOH, 20°C, 18 h & R & H Ph
>9798‘Z/o yield Al Ar 2
°ee Ar = 3,5-MesCeHs

9c) Gerosa, Org. Lett. 2000, 2, 1749.

Figure 9 Catalytic asymmetric hydrogenation using ruthenium and other reactions®

Enantioselective hydrogenation of aromatic-heteroaromatic ketones

0 OH
Ny H, (40-50 psi), [Ru] (10 mol%) Ny
| P @ K2Co3 (2.5 equiv), iPrOH/THF (4:1), rt, 24-48 h | _ @
Examples
P CI N &
N I / -
[Ru] y ‘ \
P CI N Ar
X = H, 87% vield, 74.8% ee 93% yield, 98.7% ee A,  H,
X = OMe, 100% yield, 89.5% ee Ar = 3,5-Me,CqHs
Ar' = 4-MeOCgH,4
9d) Chen, Org. Lett. 2003, 5, 5039.
Other Reactions

Visible-light-activated asymmetric addition of hydrocarbons to pyridine-based ketones
Er(OTf)s/L-RaPr, (1:1, 10 mol%)
Ir[dF(CF3)ppy]o(dtbbpy)PFg (1 mol%)

NaBr (2 mol%), MeCN, —30 °X
40 W LED (440 nm), degassed

[0}

R' + R?—

R2—H

Br. x
HAT

\_' R2-

Br radical HA T

r(ll I
S ET
Ir photoredox

Ir(II)

Y>seT
S
2 N

Ir( III

|
E

-
o [ : 1 o
N N
| A R! X R!
Z [L'ErY] > R =Me, 97% yield, 90% ee R = Me, 90% yield, 88% ee

R =OMe, 77% yield, 92% ee R = Cl, 89% vyield, 94% ee

9e) Feng, ACS Catal. 2022, 12, 5136.

© 2024. Thieme. All rights reserved. SynOpen 2024, 8, 387-400
Georg Thieme Verlag KG, Oswald-Hesse-StraRRe 50, 70469 Stuttgart, Germany



V. Vasudevan et al.

SynOpen

THIEME

|Transition-MetaI-Catalyzed Asymmetric Hydrosilylation of 2-Pyridine Ketones|

Copper Catalysis
Asymmetric hydrosilylation mediated by catalytic (DTBM-SEGPHOS)CuH

0 CuCl (0.2 mol%)

N NaOfBu (0.2 mol%
| L1 (0.25 mol%)
= BuOH/PMHS (1 equw)
o} THF/toluene (4:1), =78 °C, 1 h

88% yield, 97.1% ee

/

Ar
P/AI'
PS
Ar Ar

) DTBM SEGPHOS

10a) Lipshutz, Org. Lett. 2006, 8, 2969. Ar = SSEH YOG

Non-racemic diarylmethanols from CuH-catalyzed hydrosilylation of diaryl ketones

(0]
CuH (5 mol%), L1 (0.4 mol%)

N
| N @ PHMS (2 equiv), toluene KJ/\‘ 0
=
SO E.

up to 95% yield o) p-Ar
up to 67% ee L1:
Selected examples . /o O ?\Ar
OH CFs OH Cl OH Y Ar

N X (R)-(-)-DTBM-SEGPHOS
| Ar = 3,5-di-1Bu-4-MeOCgH,

65% yield, 67% ee
10b) Lipshutz, Org. Lett. 2008, 10, 4187.

89% yield, 56% ee 95% yield, 0% ee

Copper-dipyridylphosphine-catalyzed hydrosilylation of a pyridine cyclohexyl ketone

. OH
(e} i) L2 (1 mol%), Cu(OAc),-H20 N
N\ PhSiH3 (4.2 equiv) | B OMe
| toluene, —22 °C -
§ i N7
1) HCl (aq) 90% yield, 97% ee |
10c) Wu, Org. Biomol. Chem. 2013, 11, 929-937 L2: MeO PArZ
_________________ O O e e T e . MeO A PA
A copper(ll)-dipyridylphosphine catalyst in asymmetric hydrosilylation N |
o CUF,/L2 (0.5-1.0 mol%) OH OMe
N\ PhSiH3 (1.2 equiv) N\ Ar = 3,5-MesCgHs
| toluene, 22 °C, 3 h |
= =

>95% yield, 56% ee

10d) Wu, Chem. Eur. J. 2009, 15, 5888.
10e) Wu, Chem. Eur. J. 2012, 18, 7486.

Figure 10 Copper-catalyzed asymmetric hydrosilylation'®

Copper-catalyzed enantioselective hydrosilylation using a monodentate binaphthophosphepine ligand

0 (i) Cu(OAC), (3 mol%)/L (6 mol%) OH OO
N PhSiHz (1 equiv) N "’
S N . _
| toluene, —20 °C | () P—CgHs
& (ii) MeOH, TBAF P

99

90% yield, 51% ee

10f) Beller, Chem. Eur. J. 2010, 16, 68.

Copper-catalyzed asymmetric reductions of 2-pyridine ketones in mild aqueous micellar conditions

(e} OH
R N Cu(OAc)2-H20 (3 mol%) R N :
| X L (3.3 mol%), PMHS (6 equiv) | A
= 2 wt% TPGS-750-M/H,O =

toluene (7% v/v), 0 °C to rt R = Br, 99%, 93% ee

R = Ph, 81%, 96% ee

Proposed mechanism Cu(OAc)zH.0
¥~ (R)}L, PMHS
R-= Ar .
. \Sl' O}L LALA o)
"0 4 <NHFMeOH T P P PR
Ar R or H0 Ox Y 1A A R
Ar R R—\ | A
A ) A L mE
R ii‘\r Ar Ov?% R ?r A
v e \ 7 e
O Pl e
P/C ARV LAY \fé P/CU‘ \O'V\Ar
i@ 1A ,HOH PN A
R A A R+ || Ar
N
R _i ar Ar
AL H
10g) Lipshutz, Org. Lett. 2021, 23, 3282. P\Cu -0,
10h) Fang and Chan, Adv. Synth. Catal. 2011, 353, 1457. R | A\‘Ar' FR
- r
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Mesoporous silica KIT-6-supported superparamagnetic CuFe,O,4 nanoparticles for asymmetric
hydrosilylation in air

0 i) CuFe, @KIT-6 (2 mol%), L (2 mol%) OH
N tBuONa (4 mol%), BBuOH (4 equiv) N
| PMHS (4 equiv), rt, 14 h, air |
Z ii) NaOH Z
96% yield OMe
64% ee
N7 X
11a) Wu and Shi, Green Chem. 2014, 16, 2680.
.............................................................................. MeQO' PAry
L Meo N\ PA"
Nx |
0 i) Cu(acac), (1 mol%) OH OMe
I u 2 o
Ar = 3,5-Me,CgH
N L (1 mol%), PHMS (5 equiv) N g e
N N
| toluene, —20 °C, 12 h |
3 ii) NaOH (aq.) &

91% yield
75% ee

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

Copper-dipyridylphosphine-polymethylhydrosiloxane system for asymmetric catalytic hydrosilylation

o O

o]
N CuFe,0y (4.3 mol%), (S)-BINAP (1.12 mol%) N PPhs
| A PHMS (4 equiv), toluene | h PPh,
/ then TBAF work-up — OO
62% yield
61% ee (S)-BINAP

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

Figure 11 Catalytic asymmetric hydrosilylation using copper, iron and rhodium?o"!!
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Iron Catalysis

Stereoselective iron-catalyzed hydrosilylation of 2-pyridine ketones

(0] OH
N Fe(OAc), (5 mol%), (S,S)-Me-DuPhos (10 mol%) N ; Q
S =
| (EtO),MeSiH, THF, 65°C, 45 h | J/\ %
Z then work-up with HzO* = —R U
68% yield ()’

11c) Beller, Chem. Asian J. 2010, 5, 1687. 28% ee (S,5)-Me-DuPhos

Rhodium Catalysis

Chiral imidazo[1,5-a]pyridine—oxazolines as versatile NHC ligands for enantioselective hydrosilylation

~ N-R
0 i) L (0.1 mol%), AgBF, (0.125 mol%) OH X N\( -
Ph,SiH, (1.25 equiv), CHoCly, 40 °C, 24 h s
Ny N X N~
| ii) K,CO3 or TBAF, MeOH or THF | \\A
= -
67% yield P
94% ee R" = Dipp
R? = Pr

11d) de Ruiter, Organometallics 2020, 39, 247.
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