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Recent Advances in Synthesis of Chiral Tertiary Amines via
Asymmetric Catalysis Involving Metal-Hydride Species

Fan, Tianxiang

Liu, Yuanyuan™

(School of Chemistry and Molecular Engineering, East China Normal University, Shanghai 200241)

Abstract Chiral tertiary amines, as a class of important skeleton, exist in various drugs, natural products, and organic func-
tional materials. Therefore, the development of efficient synthetic methods for the preparation of chiral tertiary amines has
attracted much attention from chemists and become one of the research hotspots in recent years. Until now, several asymmetric
catalytic methods involving metal-hydride species have been developed. According to different reaction types, the research
progress in recent years is summarized from four aspects: asymmetric hydroamination, asymmetric hydrogenation, asymmetric
reductive amination, and asymmetric amination of alcohols via the ‘borrowing hydrogen’ strategy. At the same time, the cor-
responding reaction mechanism of each strategy is introduced, and the future development of this field is envisioned.
Keywords tertiary amine; asymmetric catalysis; metal-hydride species; hydrogenation; hydroamination
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Scheme 1 Asymmetric catalytic synthesis of chiral amines
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R EANS N X EOEFEEM PR, FE
Buchwald ZFUOM SIS 3E | — B AL AN FREUZAL,
B, L Cu(OAc), fI(R)-DTBM-SEGPHOS (L3)HI4% &
YIE AT, [RIAERE LA TS (7= 2, X S 38 1 AR
ML BRI AR ). X — 3RS FIAH T CuH KL R
B FHURI SR Ji I 1 % FRURR PR D121, D 0B 1) g e i it
TORT SRS, A N2, CuCl M L1, L2 fifkd &

10 mol% CuCl
10 mol% (S,S)-Me-Duphos (L1) R3, N R4

t R%, _R* -Ph-
Ar/\(R LN or (R,R)-Ph-BPE (L2) =
! . /a\/R‘I
R2 OBz 3 equiv. PMHS Ar
1 2 4 equiv. LIO'Bu 3
R® R = Bn, alkyl THF, rt., 24 ~48 h R =H, alkyl
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44% ~ 99% yield

Ph
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Qoo
Ph
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R 3
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R? OBz
1 2
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Ar/&\/R 0 PAr,
4 (o) PAr,
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21 examples 0
Ar = 3,5-Bu-4-MeOCgH,
(R)-DTBM-SEGPHOS (L3)

77% ~ 98% yield
86% ~ 99% ee
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Scheme 2  Copper-catalyzed asymmetric hydroamination of

olefins
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f A MER TR VA Y.
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Scheme 3 Copper-catalyzed asymmetric hydroamination of
vinylsilanes
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H AR T o0 AR E SRR IR DT 12, FRAERCT
KR 13, FE 55 AR 14 RMEEHERT
CuH YFh. X2 —pEd CuH MALRIEAEIIR
X RS S R

2015 4, Hartwig 2¢1HRE | Cu(PPhs)H #1(S)-DTB-
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AR SN N (Scheme 5). 1% s B A5 54 e [ [X 3k
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Scheme 4 Copper-catalyzed asymmetric hydroamination of un-
activated internal alkenes
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Scheme 5 Directing group-directed copper-catalyzed asymmet-
ric hydroamination of disubstituted olefins
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1,8- S FEZEMNIR 19 FOFRHE 20 (1) X d85i% 8 M xS ik
P S SR (Scheme  6), DL i i A g R B 4
FERIRG TN - Z IR 21, Z & A LA R
AL 2 U ER A — P T T R AN R FR R A A R
A B EIAR T a- B ERATAEY). 2018 4F, 1%
HUNFLRIRIE T — P T 2R 0E LR BB b 22 5
O-ZK L F2 % 23 (A PR E AL S B (Scheme 7). %%
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R/\/ B(dan) R/\Y B(dan)
10 mol% Cu(OAc),
19 10 mol% (R)-DTBM-SEGPHOS (L3) N
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N 21
20 24 examples
up to 81% yield
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A PPh, BHs
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(0] 5 examples
30% ~ 53% yield
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Scheme 6 Asymmetric hydroamination of boron- and phos-
phine-functionalized olefins
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+ _N
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26 up to 99:1 er

oW
ool
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Scheme 7 Copper-catalyzed asymmetric hydroamination of 1-
trifluoromethylalkenes

2019 4, Somfai ZE2HRIE T H CuH LK R 2
HEI % 28 AN FREIE A (Scheme 8). %77 A& T
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2019 4, Buchwald SEP2HGE 1 DL y- B P JE 215
Jiz 31 k), I FH AR AL T E &AL ) Bi(Scheme 8), &)
X 45l R e i B B B R AT AR 32, (EBEEN
ST, RYIH) N-RE DGR R 4 2 B 0 A Ak A a3k AR
YR, RIS eSS4 v (el OR 2B B-H I BR. X7

R? 10 mol% Cu(OAc), R Rf’R2
R 11 mol% (R)-DTBM-SEGPHOS (L3) |
R’ /\/ N R3 4 5 . K - A\/ N<
R \N’R 1.1 equiv. (MeO),MeSiH R1 R®
28 | THF, 50 °C 30
0 26 examples
or + — up to 96% yield
up to 99:1 er
5.0 mol% Cu(OAc), R4 R5
Rl H NEt, 5.5 mol% (R)-DTBM-SEGPHOS (L3) \N/ H
NPy 4.0 equiv. (MeO),MeSiH RK/Q\/N\PN
31 29 5.5 mol% PPhs, THF, 40 °C 32
11 examples
up to 73% yield
up to 99:1 er
B 8 FXMEASME R %
Scheme 8 Synthesis of 1,2-diamine by asymmetric hydroamination
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0._0 1.0 mol% Cu(OAc),

1.1 mol% (R)-DTBM-SEGPHOS (L3)
3.0 equiv. (MeO),MeSiH
CyH, 40 °C

R0y +

35
11 examples
up to 81% yield
up to 99:1 er
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Scheme 9 Synthesis of y-amino alcohols by asymmetric hydro-
amination

2020 4F, Buchwald 252418 it CuH 4L 1-HL
RIFT IR R M AL L. Z R NA R T — R4
ELA T B 39 3 P R Ko B R 1 1 22 B R A T e
M EE IR P %% (Scheme 10). 1EF KM, BT 1-kEEEHF

) 5.0 mol% Cu(OAc),
J_:(-I n RLN, R? 5.5 mol% (R)-DTBM-SEGPHOS (L3)
R n=0,1 CI)R3
36 37
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up to 92% yield
>20:1dr, 99.5:0.5 er
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Scheme 10 Copper-catalyzed hydroamination of strained tri-
substituted alkenes
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2020 F, FERFPT K T ML ERILE 40
A 2H-ZE IR 39 (10T WOk B S G OB 1% T VETE
BRI, LLETE 87% 77 28R 99% it 3 ik 12 4%
PE, AT — RV 4R IEIEIRE 41 (Scheme 11).
RN T B 2, BAMIINEI PPhs BCAARSNT S8 15
PEAEHEE . EARTRIN PPhs I, X LL 62%FK) 7= 240
89%M1 ee 1FEIF=H, TN 5.5 mol%F¥) PPhs 1 NI 2K
BeAA, Jo Al LIRS A ) 85%7= 1 93% ) ee. %)%
I REAE FH T 3R A5 0 A R R R, XK E AW
TR S e 23 S g B T2 SRR .

RS _R*
\

R2 Ox-O 5.0 mol% Cu(OAc),, 5.5 mol% PPhy
@(/j\ 5.5 mol% (R)-DTBM-SEGPHOS (L3)
R +
Ao R! 4.0 equiv. DMMS, THF, 30 °C, 20 °C
39 NMe,
40

RS _R*
N
RZ
X
I
0~ "R!
41

22 examples
up to 87% yield
up to 99% ee

B 11 ALY 2H- AL IR AN PR U A S
Scheme 11 Copper-catalyzed asymmetric hydroamination of
2H-benzopyranes
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2019 4, Hull ZEPHRIE T Rh A0 H T 22 R0 e
AL M. [Rh(COD),]BF, Fl(R)-L6 1F AL,
A, #£ 60 CH L 1 — HBK(DME)# I, MK A
el 42 A% 43 B PR AL 4 B (Scheme 12), LA
T 72 SRR S (R e e B SRAT AR N 1,2- % 44. %
AR R AT LA /N e . N-FIENRIER . U S &5
AR I AP SR AZ AR 42 R0 & AN [R] PR R i g
IR IRY) 43, R RIF IR &V, (HE R
A&, W IERR I MR R AZ ARG, PR BT SR )
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Scheme 12 Rhodium-catalyzed asymmetric hydroamination of
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W) 45 5PN 46 BRI 47 X ik ide 458 1 A X ek
P A1k (Scheme 13). 1EF#l4 T =M # 1 JosPO-
phos (L7)F FiZMAL N, FEXF OB A AL s, %4
Ak 2 B AT = M 5 Py e L R I AR e, FL A B 1)
B RS2 S T AT A, EEERT — &
B A FE =M LS 1 1 fe e 49 BE 50~51 FIfES52. 5
L B ENZ AR BARAILEE 1.3 F9FIEE 1.4 79),
BEAEALI L A . B A Rt R R T T
BN, B A DR T R D R Az 52 R )t
Y (Scheme 14).

2021 4F, Sad SFPS7EFT N TAE R4 -, FIH Rh fi
TRIERIR 53 FIPEL 54 (43T N AS KT RR EREAL I B
(Scheme 15), VARG IR M7= 2 @i & i 1 1,4-28
TG AW 55, RN B R X WOk P . T
M FHA, }E . SRR R E AT B #8
RERUF M. e, (EEEE— P& M T A binrE
T2 [ 44 56.

LB A — P B A SR ), e — P E
B A N FEM B, A 2RI R AR = i B 2
HLARERL. 7F 2017 4F, Dong ZPHRIE 7 —Fhilid RhH
AL 1,3- 3580 —Jd A XS FREUZAL (1) 5K B (Scheme 16). 1%

\ 2.0 mol% [Rh(COD)CI] 'r;?\ﬂ:N“N
.U mol7 2 .
46 PR Ne-
® N, 5.0 mol% JosPOphos (L7) >N (Bu)P /Q o0
or + ol N = : Fe 'y
- L 10 mol% PPTS, MS (4A) ri N = @ o
H PhMe, 80 °C, 24 h R?
Ra/\ 45 48 JoSPOphos (L7)
a7 up to 99% yield

R = FG-aryl, naphyyl, alkenyl, cyclopropyl
R? = Ph, FG-alkyl

up to 99% ee

R® = Me, H

N\
O
N
ph” "

99%, 90% ee
49

H, (101 kPa)
Pd/C (10 mol%)
MeOH, rt., 12 h

N,
N
N N
AN A~\OH AP
Ph OH Ph Ph
92%, 91% ee

(1) 9-BBN, THF (1) DCM/MeOH | [Rh(CO),acac]
80°C, 1h 0O, -78°C | 6-DPPon

(2) H,0,, NaOH | (2) NaBHy, 2 h ggl(ﬂ'lz (221'}1%)
0°C ~rt, 3h ’

N, N,
' ©: N
N N
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50 51 52
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Scheme 13 Rhodium-catalyzed asymmetric hydroamination of alkynes and allenes
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Scheme 14 Mechanism of rhodium-catalyzed asymmetric hydroamination
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NPMP 53 10 mol% Brensted acid )’" OMe
/\; ? 10 mol% (R)-DTBM-Garphos (L8)
z \Me DCE, 50 °C, 24 h O
X = NPMP 4 55 (DTBM),P OMe
Z =0, CH,, NBoc, NTs 11 examples MeO P(DTBM),
up to 99% yield O
0 up to 98:2 er
NH ‘ OMe
Lixivaptan m‘.\ (R-DTBM-Garphos (L8)
V2-receptor antagonist N
Ts/ 56

B 15 SEAEAL A HRIIBAR (19701 N A R S A S

Scheme 15 Rhodium-catalyzed intramolecular hydroamination of internal alkynes and allenes

2 mol% [Rh(COD)OMe],
Q_) ~ 4 mol% JoSPOphos (L9)
+ P . N
N 50 mol% A4 -
N DCE, 24 h ph X e
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23 examples
up to 89% yield
up to 99% ee

Q PPh2
P

[B( F
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JoSPOphos (L9)

Me COOH
PR Ph
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Me
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Ph M

Ph " )<eCOOH

Ph™ "COOH Me~™ "Me

A4, pK,3.3 A5, pK, 4.9 A6, pK, 5.0
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Bz 16 BEMEAL I ILHE 0 B AR FR UL A SR

Scheme 16 Rhodium-catalyzed asymmetric hydroamination of
conjugated dienes
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WRLOFLE N, RelE my DX IR Bk 6 14 1 AF i A
PRI A Bl 59. FEF IR, SR A T RV I 7 i)
K R Z3 [E) 57 BEL AR 4R P o) 428 1) - 1 15 5 28 DG L B
1.3 Pd EUANFRERRILE B F AR

2017 4F, Malcolmson Z5BHz & | — 417 FH &5 1 Pd-
PHOX &N, bk 60 X 1,3-IL40 — )% 58
(e g B S G4k SN (Scheme 17), 3R75 184%™
ZFN 95 15 1) er fH. AFEEME, % Pd-PHOX B &
P iR — N L IR R e T A PR BSOS AT 1,2- T K
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FEYIIAL SE R, VEE PRI AT REM I AL Pd @
i Pd-H iE# 48 N7 4 Pd-n-Jfi NS L A4 63, B J5 iR
133 B (Scheme 18). E 35 43 il X — 4 F0 i i 13647 K4
HiE LR, RN R ILHE IR RE A 2
AT E AL, HHBAMERERITE. BIEME, %
SRR 22 AN BEAR U Hb 3725 79 i s A5 ECA R P P 30000

2.5 mol% [Pd(%-C3Hs)Cl], 0
. .
hM . O 5 moeliﬁa P:;I/O;( I:;fnd (L11) N
N mol% AgBF,4 S
H CH,Cly, 22 °C, 20 h Ph/\/&\
58 60 61
84% yield
95:5 er
o
Il
N  PAr,
t-Bu
L10: Ar =Ph
L11: Ar= 3,5-(CF3)205H3

B 17 FEAEALET 1,3-3L5E A AR S SR
Scheme 17 Palladium-catalyzed asymmetric hydroamination of
1,3-conjugated dienes

1/\)\ ‘ NHzR
R ( SPA 4 S
R Me

acid source
58 64

B 18  ARAEALILHE IR AR A AL
Scheme 18 Mechanism of palladium-catalyzed asymmetric
hydroamination of conjugated diene

W 5 76 2018 4, Malcolmson Z5BUF ARE T —17
#F Pd-PHOX FC&WEALRI A 1,3-FEH0 4% FI A%}
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FREMEAL R N (Scheme 19), RERELL 78%I1I7=3, 98.5 :
1.5 () er (AT 98 © 2 BIIX IR B3RS B A5 7= 68.
1% N SE B T BArF, 708 FHOMEALT, i
EGN 1E R0, DLRAEM M RET. E m i HLE LI 3e
H T AT BE R AL G PR (Scheme  20). 7EMEALTEIA JE BN A,
LB M5 67 5 PA(0)-PHOX [ FERAL A i (144 69. Hh[A]
& 69 5[EGNH]IBArF, ) NIE % Pd A4 70 BEJ5 3540
TIFIERARNTE L Pd-o- A IR 71, AR n-
IR FR 72, AR SEAZE SR A2 B PA(0)-Ji TR B JiZ Fic
EW 73, ILAY) 73 5 E6N BUR T )5 5350 67 &
A BCAAAE e, AR 68 I T K453 T a4 69.

R, _R?
1 2
62 5 mol% [Pd(PHOX)]BArF,4 R\N/R
+ 3.0 equiv. E;N, , 22 °C R3«\/&\/R“
4 V(hexanes):V(Et,0) = 1:1
RN R 68
67 23 exampl_es
up to 80% yield
up to 98.5:1.5 er
(e} _
BArF
N, PAr, [
t-Bu Pd
&

B 19 AL IURAR P ILHE 46 A IR A
Scheme 19 Palladium-catalyzed asymmetric hydroamination of
disubstituted internal conjugated dienes

.-
Ph | Et;NH BArF, Ph |
- — ~N{ 0 N+ 1
BArF, SPdO~| ( _Pd
Et,NH P Me PP W Me
3 " BArF,

+ 69 Ph
70
68 ~BAIF,
\\ <N\ .
Pd
P’ H
Me
71
67 - . - Me
E+ N BArF, NHR, BArF, H
s M .
Ph/\/H/ e - - N\Pd _>
— /s \ .
N-Fd” H R,NH P o
P73 72

B 20 Ak Py ST A KRR S L ER
Scheme 20 Mechanism of asymmetric hydroamination of in-
ternal conjugated diene catalyzed by palladium

2021 4F, /NSRSl T 13- 4100 A 5 0 F
I (1) %) W3k B 1 A SO (Scheme 21). 1A AL 1A
REEIRIFHO AR B 74, BEWS LB E 93%K) 7%
197 13 1) er [HARAT H bR/ W0a 9 A0k ek 75, 1E3#%
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BT KA F AL A R e, G| R e A
IR SRAZ A, BE T RS X TSR HE AR R,
R WELY . 3O M SRS BAT B (i 32 1

N, N/) A

H 5 mol% [Pd(73-C3Hs)Cll, N /‘)R

74 15 mol% MeO-BIPHEP (L12) N

+
CPME, 23°C, 24 h ph” X e
PhM
75
58 30 examples
up to 93% yield

up to 97:3 er

S
MeO PAr,
MeO l PAr, Ar= NMe,

MeO-BIPHEP (L12)

B 21 ARG AR SR e AN K AR U AL S
Scheme 21 Palladium-catalyzed asymmetric hydroamination of
dienes with pyrazoles

1.4 NiEUTIREBRME R F M

AR, R EEE . BT 88 1AL R B
SRR R AT AT T3, B A A 1) B A 1 A A
AT E] T R, ARYE R LR, AR R A
b 1,3-3L50 IR AR R BBY. 57 3] Hartwig S57ER
RIEPE IR 7T TAEIS K, 2019 4F, Mazet 256B5RiE
T —f Ni(COD), #(R,R)-BenzP* (L12){F AL, =
W CBETFEME NI IO, 4k 1 1,3-20% 76 Al 77
[ 43 F TR AS S BRI 4K S B (Scheme 22). 1% SR g HL AT
J iz R, AT DR R . A I B AT
WOE PRI, Re68 B FES o- BRI I BB A T 1R I
P 78, VB 8 R Z AR 1id SL 58 F1 3 1) 2% 4 M i
O DA Ni-n-J5 TSR &4 80 ISR BN I
N T A PR (Scheme 23).

5 mol% Ni(COD),
J\/ + RZ\N,R3 6 mol% (R,R)-BenzP* (L13) R Me
R’ H 1.0 equiv TFE N
mesitylene, 23 °C R2
76 77 78
23 examples
up to 88% yield
up to 96% ee

(R,R)-BenzP* (L13)

BRI 22 BRI SCBE I 5 I R A PRSI A SN
Scheme 22 Nickel-catalyzed asymmetric hydroamination of
secondary amine with branched dienes

http://sioc-journal.cn/ 3287



BHLE
[(L9)NI(COD)]
76
COD
Me, Me
o _Me
P P
e et
78 /\ /\ Me CF3CH20H
76 % ) "
Me, Me e
Me= — Me
Me, Me OR

[H2NBn],

P. P,
NS \Me
Me' ar "Ni \Z\Me Me—<
Il_ Me
\ / W Me

HBnN>2; Me
Me 82
(\ 80

CF3;CH,OH |\/|'V|ee e OR /Me—l_ [aHrf(T/E:]n
Me/};r(—,\[ij}:’ “"\\A/'g [CF3CH,0H-NH,Bn],
— Me
H,BnN
Me 81

B 23 BRAEAL A S PR A FREE AL SRR
Scheme 23 Mechanism of asymmetric hydroamination of diene
with secondary amine catalyzed by nickel

[FI4F, [ [ BN AEBOHRIE 7 — 1 5 B AR A AL AN 0T B
A B Ni(COD), HIlHERCAA(S,S)-Me-DuPhos (L1)
AR — FERAE A W R BR AL L&, — RSP
%MEPH;'? 83 W] DAL FEE I I s 4-77 B 4- R U

SEHE 4% 58 b, 15BN WAK T LA N R 84, H
Ffé:frﬂm%@?% PEEIA 99% (Scheme 24). %7k EH
RAFH B RE I 52, X A P AS SR AL R R
DL RAFHRI Ak 3t BRI S R R AE A T
TR 1,3- 35 T AR AR RN LERR ST
MR RT, BRER K SO B i), Bl
% I 1) A HERS T BUBUR ™ 1 R A2 A H Tie .

o R'  R2 5mol% Ni(COD),/L1 RLR
AR F N
Ph N N 5mol% acid, PhMe &
25°C, 24 h Ph Me
58 83 ) 84

>50 examples
up to 99% vyield
up to > 99% ee

e

(S,S)-Me-Duphos (L1)

B 24 A EEE S P IE AR FRERE RN

Scheme 24 Nickel-catalyzed asymmetric hydroamination of

linear dienes with secondary amine

2 AHHRENERFEREER
LU, FIRA FREM S R 2 T
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A E O, (H B A X FREA & TPk 5
DU BAE RIEBT. SZ MR T M e 4 & A e v, Xt
Wik BV A AR I AT SR B B,

1994 4, Buchwald Z5&B81gy RkiE T — 4 — ek i
A7) (L14) i A0 147 L0 2 IS 85 B AN W iR &AL Je
(Scheme 25). TEZMEAIERT, H 9 MERLIEKY AL T
HIXT B B SRAS T UK 86. 1B FL IR T AT
PRI i 1R 7 U8,

R, _R? R R2
N N7
@ 5 mol% (S,S,S)-(EBTHI)TiO,Binap (L14)
H, (0.55 MPa), THF
9 examples

up to 89% yield
up to 98% ee
PPh,
PPh,

(S,S,S)-(EBTHI) TIOgBlnap L14)

B 25  SRAEACA K IR EMIA L & BT AU
Scheme 25 Ti-catalyzed synthesis of chiral tertiary amine by
asymmetric hydrogenation

2000 4F, Borner ZPHiE | Rh(COD)BF, fI(R,R)-
bdpch (L15)48 & HIMEALTI A AR % 87 M AR FREAL %
JSL. AR R BENE LA > 99%) 7= SR A 50% % Uiz 4%
PSS T AU 88 (Scheme 26). [HIN, F&E 2T
Buchwald S5B8IHRIE 1) S BRME A 1 2 0L S AL 3]
TR 90, BEMS LA 99%IH1 7™ F A 72%IH] ee [HIRFF ™)

@ 1 mol% [Rh(L18)(COD ]BF4 : O
87
> 99% yield
50% ee

5 MPa H,, MeOH, r.t.

Ph,PO
thPOm

[(R,R)-bdpch] (L15)

(1) RX
©\)§; (2) NaOH
(R = Me, Bn)

90R

[Rh(L18)(COD)IBF4 | > 99% yield
0.1 ~5MPaHy, MeOH, r.t.| 72% ee

N
\
91 R

BR 26 STHEACAK FREMIE L & BT PERUZ

Scheme 26 Synthesis of chiral tertiary amine by ruthenium-
catalyzed asymmetric hydrogenation

(R=H)
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2006 4, JE ARV OHRE T [Rh(COD),|BF4/F
PEIZIRBERREE L16 AL IR B Be i 92 A X FRE
b2 i (Scheme 27), VA& 7= 3 AL 5 1) Xf e i £ 7 3K
BFHERUE 93, [HAFER IS, ZAE A Z X I % (1 IR
SRSFERFEAGUR, X B 1% N A 75 B4 BRI
RS

Rl .R? 1 mol% [Rh(COD),]BF, RKN, R2
2.2 mol% (S)-SIPHOS (L19) «
AT 1.01 MPa Hy, 2 mol% I, ArA\
Ar? 20 mol% HOAc, THF, r.t. Ar?
92 _ 93
_Bu 17 examples
,P\ up to 99% yield
o0 up to 99% ee

(S)-SIPHOS (L16)

B 27 BRSO R B R AR i
Scheme 27 Rhodium-catalyzed asymmetric hydrogenation of
unfunctionalized enamines

2009 4, JEHMAREEAHIE KR T MR
I e 19 v X Bt 3% B¢ P &4k S B (Scheme 28). i
[Ir(COD)CI], FURBEBE AL BLAAR(R,,S,S)-L17 AT, 7E
WUEIFEAE R, SRR N N-T ke 5l 94 34T moodt ik
PERIEAL, @ R AR Ok B P AR 2R AU 95. 78
JRYE E I TR R, TR R RUR T e 2
R 5% 52 J87 ity P AR K] I 32 45 1 ¥ A A S P s i), {2 i
WY a B 55 FEEUARIE RY A2 35 e e 438 1 1) 0 B2
FAE. A RURIE BRI EERS, BB LL>97%H] ee fH
RIEHFRZY, 24 RN "Bu I, P24 ee MHFEK A 72%.
BTz, (E#H I —DE T RISV Crispine A.

0.5 mol% [Ir(COD)CI],

(N, 22mol% (R,S,5)1L20 3N
. 1O, 1
n” R N~ R

L 5mol% Iy, 101 kPaHy, |
R THF, rt., 3h R
94 95

i

96: Crispine A, 90% ee

B 28 LA AR EAIR Y Ml
Scheme 28 Rhodium-catalyzed asymmetric hydrogenation of
endo-cyclic enamines

2009 4, JAHAMUREAIR E 7RI R R A
IR IME L AR TR SRR, BA IR
e LR % 97 BRI EAL, S 1 s 100%5 L2 A

2

(RaS,S)-L17
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98 it Bt iZE PR 14 1) S5 N2 25U SR (Scheme 29). &t — R FIHL
HSEEG, EE SR T AT RERI R S HLEE(Scheme 30): H 4G
AR LKL AETE T, AR T & AN B i e A
1 Te(D-2%E9 100. K Hy AL AL In(D-2%59 101, 15
B I AR 102, SRE KPS 102 (A 8RR, TR
ek 103, A, —MNMER TS RBEE I SEE T
FHAR A AR b, TR ARk 104, 55
Hf B A 105 [ BE S S AR TR T BR AR 2 P9 98, FoHiE
% Ir(1)-B 54 100.

(N 0.5 mol% [I(COD)Cl], x:—\
_ N.gs 2.2mol% (R,,S,S)-L17 Y
| 101 kPa Hy, 5 mol% I ez
R? THF, rt, 3h R
97 98
) 23 examples

up to 100% conv.
up to 98% ee

(RsS,S)-L17

B 29 BB FRENIR SN
Scheme 29 Rhodium-catalyzed asymmetric hydrogenation of
exo-cyclic enamines

|
[ircoD)Cll, —2 > I1[(Ss,R.R)-L20,1,C

(R..S,S)-L20 . 99
/"4/2 sz
CO .
N P, ol ‘——‘P/,'|r<l>lr‘\\
= I 7 1N
CA
98 P s P g1 P
100 H,
p H slow
-/ P, H Al
P'".nll 0N
H\‘ \ /Ir\ _
F’/,,'T| \\\|
i
H\‘ P/ \H
102
105
P/,/'H \\\|
Ir!
P/l Ny Q:F\l\
\\?
N 97
103 /

B 30 BN FREIF SN L
Scheme 30 Mechanism of rhodium-catalyzed asymmetric hy-
drogenation of exo-cyclic enamines

2010 4, JAHARURBIASHRAE AR HE A fa] B I
77 FEMATA R 106 (AN AR SV (Scheme 31),
PARLGF XTI SR f 4 7 FYERUZ 107, 15380 TR
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BIKE

ik SR

WEMERESRBC AT 18 Jm, R NN- KA R L18
s T st AR, FEIRIE IR Fe b, 13 R,
FRIA b 1R IO 1 F P T X S I ) o e 3 1 A B
IR, IR AL BN R B A 4 FL R AT R A
A O R RREE, T AR IR AL B AT IR H 2 A A
HABURA B, 23 (AL FE R SR R ik
FEEA R, YRR WAL A BRI & T2
XML FEE BEAR. AL, ke o = BRI AR I,

2N ANBE llﬁﬂiﬁﬁ, EN ARITESINER ZaeE /]t ey M (E
RV RIS, X ESHIR ) RETAT L= (10T s
L.

[N> 0.5 mol% [I(COD)Cl], [ }

2.2 mol% (R)-L18
C /& : /d‘,,/

5 mol% lp, THF
106 107

0.5 MPa H,
18 examples
up to > 99% yield
up to 90% ee

(R)-L18

B 31 SRAE A RSN

Scheme 31 Iridium-catalyzed asymmetric hydrogenation of

enamine

2017 4F, JEKor i@ 494 5E T LA[I(COD)CI], 1
(R)-SEGPHOS (L19) N EAH], BT sLil 7 H R i
Eh 108, 110 X MOEREE RN, 3] T Fr N-K
FLDUAL B-HeIbk 109 FH N-Je 3 PUS e mbk 111, o m ik
P2 1l 35 88%A11 96%(Scheme 32). % M A& T
PEVUS S ER SR AL T —Fh BB M. R R R

3 AMMEREENE RTF R

AN TR J55 e A A2 30 3 B R R e 1) 4 SR B BRI
W Bl W, SR JE FRALIR IR, M T AR AL, %
HRSI D> T S HEA R ERA BRSS9 5. H
AT, BT A ARIE S Ak A BT AP e 0 e o e £ 491
T EAH T Z B, SR, R e as
TR 2 (A B, A B% 2 5 138 TR A0 S R ATy B AT 6 %
‘TE[%]

2019 4, & WK UGIEW T 8% 113 FEEEAR
o AR S5 i A S R A R 78 2 R, AT e ko Al i
FREAG BI AN 1) T BUKE 114 (Scheme 33). 1EE AT
— R % BINOL A7 1T U ME AL Ai ik 120, 1Z35H0
B 22 PR TR H TR R s TR BHL, AT e AN A 45
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N—
© A\
2 N Ar
\ /N © H
X
N A 109
H 1 mol% [Ir(COD)Cl], 3 examples
2.2 mol% (R)-SEGPHOS (L19)  up to 98% yield

108 DCE, H, (6.9 MPa), T up to 88% ee
R1 ~N (\-BR R1 v N R
R2 xe R2
110 0 111
< O 17 examplgs
up to 99% yield

PPh,

PPh,
<

(R)- SEGPHOS (L19)

up to 96% ee

B 32 SRAEAL A AR S IR Jie £
Scheme 32 Iridium-catalyzed asymmetric hydrogenation of
cyclic imine salts

, 1 mol% Ir-(R)-L.20, 4.1 MPa H, RS\N,R4

1.2 equiv. Ti(O'Pr)4, 1 mol% I, A )
10 mol% DABCO, 4°C,20n R' R
V(THF):V(DCM):V(DCE) = 1:1:1.5 114

34 examples
:: ; R2

up to 98% yield
(R)-L20

LR

=0

up to 97% ee

ST
A=

+ HNRy |
AFJJ\ ;‘ Ar)\
Tl(OPr +/ProH 115 e
|
P/,'| ‘\\Cl
P 0Ok P, | WCl H, RAAT
—_— —_—
s” f\s S’ r\I _|_ —
H H ;N\/\N
N/
17 18 19
H+ H+
&) ) &)
. .
Ar/'\ | N N
14 Pl O
r
R STV
+
e
Ar
120

B 33 FRAEAL AR IE e A S R
Scheme 33 Iridium-catalyzed asymmetric reductive amination
reaction
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MEEY. 5% AT HUE & OIS, %078
VETRT R A B, W] LASE 07 (& il B AU
SERIBI RN, AN, MR I RS IR H T R
WL, BRI S A BRIAEE T, K46 & TR
B4 115, 76 1,4- %% 3[2.2.2]°E Hi(DABCO) s #:
TERR, & s m 11008 116. — k&4 117
BB, AR ERIEL A 118, TR IR E T,
KA 118 X AR TS DABCO R BAE
B 120. B S5 KA SRS B 114, FEEHT A=
MERFL A

2021 4, Clarke S¢S T — B4 MEEAER 121 5
M EE 122 2 ] AN KT FRIE R Ak [ B2 (Scheme 34),
SR BRI AN vy, (H DA (1) 77 2845 31 1 A B A -1
% 123, {FE# % H [Rh(COD),|BF, 54 &7 i M %t
IFF R L21 M A EZ RN, DURECRNIR R
AKIFRIE R A R N5 SRR B, ZRBHE T W RIA
WEFRIE . ESE R, 2R R 55 B AR IE 1)
AKIFRIE SR A AR B, 5 18 A 2= T R R R VY =
P lR4E& 7, FF HAR R A ERTK S 0.05 mol%.

0.4 mol% [Rh(COD),]BF4

O
R R2 0.48 mol% (R)-L21
+  ONT >
H 1.5 equiv. pyrrolidine, 0.8 mol% I,

6 MPa H,, PhMe, 65 °C, 22 h
121 122

PAr2
(A

=
123 PAI'2

5 examples
up to > 99% yield
up to 85% ee

Bl 34 SRR RRIE R AL S
Scheme 34 Rhodium-catalyzed asymmetric reductive amina-
tion reaction

2019 4, VU AL I A7 AL RS AR H BEA
Ak 138 T R AR £ s bk i A s 1 R B AL A 124
(Scheme 35), FFk T A EEXT B s £R 2R FR RS . 1|
B2 N FLATAEWD 125 BISRIE. 1% 8L BENE 7E S AN (1) [ 8L
AT, BRIEASHZ N FEE RS
Y, PEEETL 95%, B 20 ¢ 1 AAER L EERT 99%
(PIKF B PR 1. LB 90 R B, 7 DY ARSI e & 1]
PR JRIERE 55 AN T RO 7= A 5 A 52 E TR IR A
P FE R B B — AN T M O o R R L B
J&, ZREE RN TR R 126 AT, XRIES
Sy 1 5 1 B 9 T 2 e R P £

Ar = 3,57(CF3),CgH3 (L21)
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1~5mol% Ru cat. 1
5 mol% TfOH

5.1 MPa H,, 25 °C
solvent

2'_\ X\ 2N N XH
R - R R'_/
N ! N
0
124 125R1

A SO,R l
U
R4, NI
/, V2 N =
AN T H
xX N ™y
Ha H
Ru cat. 1 H N

126
(+)-Gephyrotoxin

B 35 AT AR 88 BRI et Js 3

Scheme 35 Ruthenium-catalyzed asymmetric cascade reaction
involving reductive amination

2020 4F, O H AR ET A O e B A R
AN 2-(WE ) 2 56 W 127 138 R i dk S Bi, B
fEHbAA A TR Al ) A% S T4 128 (Scheme 36).
PRI Z SRS, FEIRAZRIET, PAmis 94%H) 7 Bk
G| T S FIER G, PR AR ik
PR IR E 34 203 ek 20 & 1A 99%.

N
{ N' YR
R2

_ 2 mol% (R,R)-Ru cat. 2
N~ "R!' 5mol% TfOH, 5.1 MPa H,

25°C, 18 h, IPA
RZ" SO 128
127 Ts 20 examples
N up tp 94% yield
A SN up to > 20:1 drand 99% ee
u
/7 N
TfO H,
Ru cat. 2

B 36 7 AL I H DG B i b S b

Scheme 36 Ruthenium-catalyzed cascade reaction involving
reductive amination

4 FEERNERFIERE

I S SRS X R EAT A PRI AL, R BAT R
T LGRS VR 5 BT VRO FE XA AL,
RESRIRMI RS BRI NI, AT 2B AL
W7, T HKGR %R (Y ME— E ™ #)(Scheme 37). BAR
AT 122 SR W 3 2R SI2 B ) 6 AU B A X BR ALY, (E 2
THELZMENZLR I 7E 8, At FHIESKE
ol T AU PO A e AT Tl B2
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HoN

AHIE
» o " . BEE R 142 RAKEMIF 137, BERAES T NG
~alkylation o, e N - .
b ’ NH B, ABBIRGER T oIk 143, SRR 8 TE R
R 2R (R R, RS H AR,
[M] ‘\ i 1.0 mol% [Cp*IrCl,], R A R2
RINH o OH 1.0 mol% NaHCO3;, PhMe N~ 7
2 HO/\H/\ 110 °C, 17 h \_<'7),,
129 130 131
\/ NH, Ph 1.0 mol% [Cp*IrCl,]»
+ 6.0 mol% KOAc, PhMe
| [MH,] /\Ph Ho)\/\/OH .
R! R!
- e O D
R2 3 \ R2 \R3
R HoX
P

B 37 A SRS S SR

Scheme 37 Reaction mechanism of borrowing hydrogen strat-
egy

2004 4, Fujita SEP2HRIE 188 — il i i S SRRSO
i R BEAT AR FRIZACH) 6. LA(R)-1-43E 2 JiE IR,
7E 100 CHIFF T, K[Cp*IrCL], AL T, PL KOAc 1E
N, K 1-REE - 1,5- ZRE(133) Ak, 153 7 FE 2-
AR IURAE 134~135 (Scheme 38). 3T LLRGTHI TAE,
PEZ SR T AT RER) S (Scheme 39), fHlZ 129 A1 —
TORE 130 [ — MR R A N-fe Ak, TEREALTEIR A 15
I PR 144, BRIRZIA1E B HE W 1 T SN 2R
B P A E R B SRR 136 [ 141 TR

h
134 135

major, 86% ee minor, 93% ee

Y =76% (92% de)
Bl 38 frEl SR G BT VEDRIE

Scheme 38 Synthesis of chiral piperidine by borrowing hydro-
gen strategy

2009 4F, Trudell SF*E Fujita TAERIE L, K%
i S AW B T Wk E S8 AE I & B (Scheme 40).
TE# R AL N- IR, F(R)-E(S)-1-K &
N2 5 1,5-1% 8% 145 BEATAEXT O FEIE SRz, DA = 4
R H B 146, FFH1 7 PG A= V0B h R kg
147 1) R F1 S XA, 53731 80% ee F1 86% ee, K=
KT 30%.

[CpIrCly],
i 130 131, H l
\@ OHC
/\ /\ \/\/\OH
O O 44» [Ir]\o/\/\/\OH 18
144
OH Ph" > NH,
”/\/\/\OH 129
[If-H 137 Cycle B Cycle A 137 [Ir]-H
131, H* 130 H,0
Ph/\N/\/\/CHO Ph NN m Ph N0l
H H H PhANWOH
142 141 140 139
B 39 SIS S IR IE AL EE
Scheme 39 Mechanism of piperidine synthesis by borrowing hydrogen strategy
1.5 mol% [Cp*IrCl,]> O
KOACc, toluene . 3 steps XN
[ ] ©oH oH 110 °C, 17 h O\ L J H
N N
MeO N/ )\ | _
145 Ph N 147
Noranabasamine
B 40 A UK 5 UK E £ B
Scheme 40 Synthesis of piperidine alkaloids by borrowing hydrogen strategy
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