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Earth-Abundant Metal-Catalyzed Asymmetric Hydrogenation of
Carbon-Nitrogen Unsaturated Bonds

Liu, Chenguang Liu, Qiang™
(Center of Basic Molecular Science (CBMS), Department of Chemistry, Tsinghua University, Beijing, 100084)

Abstract Asymmetric hydrogenation of carbon-nitrogen unsaturated bonds is an effective method for the construction of
chiral amines. However, most of the known examples rely on the use of noble metal (ruthenium, rhodium, iridium, palladium,
etc.) catalysts. Therefore, the replacement of noble-metals by earth-abundant and biocompatible first-row transition metals
(manganese, iron, cobalt, nickel, efc.) for the development of new catalysts in asymmetric hydrogenation reactions is of great
significance towards sustainable synthesis of chiral nitrongen-containing fine chemicals. In recent years, earth-abundant metal
catalyzed asymmetric hydrogenation of unsaturated bonds has witnessed significant progress and shown broad prospects for its
applications. Considering that the structures and properties of different earth-abundant metal catalysts have remarkable
influence on the reactivity, selectivity, and substrate generality of the target transformations, this review provides an overview
of earth-abundant metal catalyzed asymmetric hydrogenation of carbon-nitrogen unsaturated bonds categorized according to
the types of central metals in catalysts.

Keywords earth-abundant transition metal catalysis; asymmetric hydrogenation; carbon-nitrogen unsaturated bonds
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Figure 1 Transition metal-catalyzed asymmetric hydrogenation
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Buchwald, 1992
5 mol% [Ti]cat

3. 3.
N n-BuLi, PhSiH; iR
A, THF, 48 h A,
R R*--- R R2 ..
H, (5.5 to 14.0 MPa)
25 examples
1=
R =aryl, alkyl 65% ~ 90% yield
R? = alkyl D
5 2y S| 53% ~ 99% ee
R* = alkyl Vi,
X=lk~x
[Ti]cat

X = I,1"-binaphth-2,2"-diolate

HN MeO
NH
77% yield, 98% ee 82% yield, 98% ee
A~ A~

HN Ph
©/kCH3 O/‘\CHs
93% yield, 85% ee 93% yield, 76% ee

B3 R A AR A R R
Figure 3 Titanocene-catalyzed asymmetric hydrogenation of
imines
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Figure 4 Cobalt-catalyzed asymmetric hydrogenation of diaryl
imines
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Figure 5 Cobalt-catalyzed asymmetric hydrogenation of hy-
drazones
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Figure 6 Nickel-catalyzed asymmetric hydrogenation of N-
sulfonyl imines
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Figure 7 Nickel-catalyzed asymmetric hydrogenation of cyclic
sulfamidate imines and o,f-unsaturated ketoimines

2020 4F, skEBHEAIRIE T Ni/Ph-BPE #1411
FAOPRIE P9 WV i B B AN R Ak S BB 8), AR 5 (1t
Wk FEE(90% ee B 99% ee)dR 1S B H (1) T-VE & RIS
o-RIEIREE, SN AT R K ATIA 0.2 mol%, JF
A SEELF P e i 4%, %R BAR R FIFEE AT —
ZRYN IR W 4.

WP 2] 18] AN o R S Ak 1 AR A L B il 403,
— A PR MR, AR B A R R TAE AR
D3 FHE R 5 A8 Ko ot g 28 1k N AL 256 1) D). 2020
HE, TREE R ZH 2O B Ni/Ph-BPE AL 14 2 i Th sz 91

Chin. J. Org. Chem. 2022, 42, 3213~3220



Chinese Journal of Organic Chemistry

REVIEW

Dong, X. & Zhang, X. 2020

0.0
2 mol% Ni(OAc), °s?
2 mol% (S,S)-Ph-BPE 0" 'NH
HFIP, 2 h, 50 °C R
R H, (5.0 MPa) RT _

97% ~ 99% yield
90% ~ >99% ee

o, 0
O’S‘NH
Ov
o

99% yleld 96% ee 99% yield, 94% ee

R = ester, alkyl or aryl

Zhang, X. & Dong, X. 2020

0
1~ 5 mol% Ni(OAc),
i 1~ 5 mol% (S,S)-Ph-BPE H’?‘/(o
P TFE, 24 h, 50 °C R
R H, (0.1 MPa) 23 examples
R = alkyl or aryl 95% ~ 99% yield
97% ~ >99% ee
1 mol% Ni(OAc), 8% (6]
1mol% (S,S)-Ph-BPE Doy A
TFE, 12 h, 50 °C P
0 D, (0.1 MPa) Ph? 2
HN/(O — > 95%
, =~ 1 mol% Ni(OAG), 0
i Ph 1mol% (S,S)-Ph-BPE

d'-TFE, 24 h, 80 °C
H, (7.0 MPa) D 49%

N//< NG HNJ<O
P,

R)wo R)\/O H,

Bl 8 SR FORARTE Vi FE e S5 -2l 1) A PR I
N
Figure 8 Nickel-catalyzed asymmetric hydrogenation of cyclic
N-sulfonyl ketimino esters and 2-oxazolones
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R = alkyl 39 examples
X =NH, O, NR 39% ~ 99% ee

Bu,
’ ﬁ up to 2000 Ton
| L e <
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I
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Figure 9 Nickel-catalyzed asymmetric hydrogenation of N-aryl
imino esters
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_R3 5 mol% [Fe]cat HN/R3
o 1 mol% (S)-TRIP B3
R' "R? toluene, 65 °C, 24 h R'” "R?
H, (5.0 MPa)
R', R2= Aryl or Alkyl 20 examples

R3= Aryl 60% ~ 94% yield
67% ~ 98% ee
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X 1 ~2 mol% [Fe]cat X
©: j\ 3~ 5 mol% (S)-TRIP ©: j
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X=N,0 19 examples
R = Aryl or alkyl 67% ~ 94% vyield

58% ~ 94% ee

[Felcat R2 (S)-TRIP
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...........................................
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Figure 10 Cooperative transition-metal and organo catalysis for
asymmetric hydrogenation of C=N bond
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Figure 11 Iron-catalyzed asymmetric hydrogenation of imines
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N~ TR
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‘BUOK 10 mol%
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Liu, Q. 2022
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