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Abstract Chiral transition metal complexes-catalyzed asymmetric hydrogenation is one of the most efficient methods for
the synthesis of optically active compounds, and has been intensively investigated in the past decades. This review presents a
brief overview on the progress in the transition metal-catalyzed asymmetric hydrogenation since the beginning of this new
century from three aspects: (1) chiral ligands and catalysts; (2) new catalytic asymmetric hydrogenations; (3) new methods
and new strategies in asymmetric hydrogenations. Chiral monodentate phosphorus ligands have been a renaissance from the
beginning of new century, and many efficient chiral monophosphoramidites such as MonoPhos, SiPhos, DpenPhos have been
developed. The chiral phosphine ligands with a chirality on the phosphorus atom (P-chirality), such as BenzP*, ZhanPhos,
and TriFer, have also been explored. Chiral ligands with a spiro skeleton have been a highlight of design and synthesis of
chiral ligands. The chiral spiro ligands such as SDP, SiPhos, SIPHOX, and SpinPHOX are very efficient in asymmetric hy-
drogenations. The iridium complexes of chiral spiro pyridine-aminophosphine ligands SpiroPAP is the most efficient mo-
lecular catalysts up to now with a turnover number (ratio of converted substrate to catalyst) over 4500000 in the hydrogena-
tion of acetophenone. A number of breakthroughs have been made in the researches on new catalytic asymmetric hydrogena-
tions. Highly enantioslective hydrogenations of unprotected enamines, heteroaromatic compounds, and N-H imines have
been developed. New methods and strategies including self-assembled, dendrimerized, and ferromagnetic nanomateri-
als-loaded chiral catalysts with recyclability and reusability, the catalysts with “mixed” chiral ligands have also been suc-
cessfully applied in the catalytic asymmetric hydrogenations. However, the chiral transition metal complexes catalyzed
asymmetric hydrogenation still has many challenges and is looking forward to new breakthroughs in the future. In addition to
the continuous developments of new chiral ligands and catalysts with high efficiency, high enantioselectivity, and high
chemoselectivity, new strategies such as co-operative or relay catalysis are becoming focuses of the asymmetric hydrogena-
tions studies.
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Figure 12 Cobalt-catalyzed asymmetric hydrogenation of olefins
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Figure 15 Catalytic asymmetric hydrogenations of quinoxalines
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Figure 16 Catalytic asymmetric hydrogenations of N-iminopyridinium
ylides and furans
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and asymmetric hydrogenation of simple ketones

4.5 or 5 MPa H,

)
R\@\/j Ir-(S)-41 or (S,S)-42 Rm
VPR (S/C = 100) e

H

st

R = alkyl; R' = H, Me, F, etc.

Ph,P  PPh,

41 GnDenBINAP

4.5 MPa Hy, 2 mol% |, THF, rt.
76%~93% ee; TON up to 43000
TOF up to 3450 h™'; recycled 6 times

.

42

5 MPa H,, [BMIM]BF,4, 25 °C,
15~24 h; 96%~99% ee,
recycled 8 times

B 24 VMR AN RRAEAL A S HEAL TR IR R

Figure 24 Catalytic asymmetric hydrogenation of quinolines and the
recycling of catalyst

http://sioc-journal.cn 1435



W F F R

DPEN AUFHEET A 42 DBz N T
X e 3 PR B B 99% ee. HL DA S N AE B TR AA
([BMIM]PFg: 1- ] J-3- FF LK e [ 7S Sl e 198 0 Hh 3BT,
AT LARISCFR R 8 IR, S S R0 i i 3 25
FEALRFEAAT,
BT TR ICAR G OT(, BOAL RS R UK

E’J“J%A”PQEW’%% AL B i S A IR AR EAE T

HE” A TP XUBR M AA S AR A AR AR R e AL S A
Fqﬂiﬂﬁéﬂﬁkwﬁﬁffﬁ, HAERE T BB IR m L
T PR T MR R A R I R R 10 2003 4,
Reetz!®"), Feringa fil de Vries!® 255 5 & BILAE it Sl = Ik
T P 5 PR AN KR e A S s I SR AR [ SR T A <V
A7 TP, o] DU L TR0 S i A4 1) T 1
AL X I . 2005 41, Feringa fl de Vries
BIX— “URA” BT VRN TR Ak PR R
KI o, f- R FIRIR A FRAELEALLP), 72 1% AT
FRAEA A SN, AATT R FH 2 B A7 SV 8 T e i P A
43 AT =05 BB RCAA ) CIRA T, R T mik
99% ee [MIXTHRIEFENE(E 25). BEJG, X —AXFRAEILE
N DSM 23 ) B Y. FH T4 s i 7 24 Bl R 5 42
(Aliskiren) (1) 55 T A [a) 44 FR AN IR 2 64,

o] 2.5 MPa H, o

Rh(COD),|BF4/(S)-43, PA
R1N)kOH [Rh(COD)JBF4/(S) rs R1ﬂ)J\OH

R2 'PrOH/H,0, 30 °C, 16 h R2
. (S/C = 100)
22 = me, :‘;h, lit: 87%~99% ee
=Me, Pr,
0w OH O -OH
Z 8 MPa H,

[Rh(COD),]|BF4/(S)-43b, PPhs
i o
RO PrOH/H,0, 55 °C RO
OMe OMe

R = MeOCH,CH,CH,0 90% ee

TON up to 5000
-1
Me TOF up to 1800 h
OO o
SN X 43a (X=0)
OO o S 43b (X = CHy)

B 25 RARAATIERAEAFIREAL I A ERR IR I AR R ik
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dium catalysts for asymmetric hydrogenations
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Figure 27 Asymmetric hydrogenations of imines and reductive amina-
tion of ketones catalyzed by iridium and phosphoric acid
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