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Recent Progress in Upgrading of Alcohol and Amine via
Asymmetric Dehydrogenative Coupling
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(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Chiral alcohol and amine are ubiquitous in natural products and pharmaceutically relevant molecules. Thus,
developing the asymmetric synthesis of these molecules is of great importance. Compared with traditional methods,
transition-metal-catalyzed asymmetric dehydrogenative coupling of alcohol and amine to advanced chiral alcohol and amine
has been widely studied due to its excellent step-, atom- and redox-economy. This method allows for the one-step synthesis of
structurally diverse chiral alcohol and chiral amine compounds from simple starting materials. Various types of asymmetric
dehydrogenative coupling upgrading reactions involving alcohols and amines according to the types of coupling reagents are

summarized and the outlook on the development of the field is provided.
Keywords chiral alcohol; chiral amine; asymmetric metal catalysis; hydrogen transfer; dehydrogenative coupling; carbon-

carbon bond-forming reaction
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Scheme 2 Iridium-catalyzed asymmetric dehydrogenative coupling of allylic acetate and benzylic alcohol
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Scheme 3 Iridium-catalyzed asymmetric dehydrogenative coupling of a-methyl allylic acetate and primary alcohol
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Scheme 6 Ruthenium-catalyzed asymmetric dehydrogenative coupling of internal alkyne and primary alcohol
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BRI, TERE A PE T SO ] o] L 48 h B &2
4 h, FFH DA Rk B4 2 B AR . SR,
W5 SR P o 2B A AE R AT BEL 32 P R AR A A I 657, DAL
— Z M BILFAE, 3370 S B =0 0 Al %o e k4 o

2012 4, JEI K TR 55T k454, Krische B
BT 1,3- T 05 W (0 A 6 R it S AR K S
(Scheme 10, a). J\EIBCZEH AL FIEBEER 40 S5 AE1LT
AN A= ) T P B R AR 67 51, R A K47 & L i)
RERH, (A P 2L AT Al LAy 2 S Fase 1) E SO Y
43 (715, A8 N EZAR B . R R R L i
BT AT R T M IR, AT S 40 FAD 6 s
P, @ S TR AR 15 T S5 A P RE TR S
WA SEET R A AR TR DT 92 AN s I FA AR g
HRE. FAE, iZ R R IS aa,aa-0 75 5-
2,2-THUR 1,3- 5 UI-4,5- — HE(TADDOL) B 42
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a
(@) Ni(cod), (2 ~ 20 mol%) oH ., o
OH /RZ 35 (2 ~ 20 mol%) z Ph NN
= NaHMDS (4 ~ 40 mol% Ar Z "R? -
A R ( 6) /\1% Z>\ ©
P(OPh)s (2 ~ 10 mol%) R Ph
33 34 cyclohexane, r.t., 24 h 36 35
OH 9"' QH OH  TTToOH T oH T
Ph/ﬁ/\n—Pr W“'Pr W”'Pr Ph/\/\ Me : /th Ph = n—PrE
n-Pr cl n-Pr MeS n-Pr Me n- Pr Ph
B
71 % ee 91% ee

76% yield, 91% ee 77% yield, 90% ee

E:Z=99:1 E:Z=97:3 E:Z=982
(b) Catalytic cycle )
R? = R

/
7

R‘]\% R1

Ni°
OH hydrogen transfer j)
Ar

60% yield, 90% ee

oxidative

: R?
e
idati H Rt protonation
cyclization n
_O._Ar
OH NI“ he

E:Z=99:1

___________________________________

= NHC-Ni/P(OPh)s

reductive
elimination
OH NI“ AH

elimination
A
R1
v

B 8 BAELEE S B (KA AR i S iR I

Scheme 8 Nickel-catalyzed asymmetric dehydrogenative coupling of alkyne and alcohol

RUHCI(CO)(PPhs); (5 mol%)

Me,PhSi . (R-DM-SEGPHOS (5 mol) ~Me2PhS  OH
+ R OH R
N PhMe, 95 °C, 48 h
Me
37 38 39
64% ~ 87% yield

86% ~ 92% ee, 11:1 ~ 220:1

B9 ErEAAAmE 5 2-REH T M AUASK AR I S B

Scheme 9 Ruthenium-catalyzed asymmetric dehydrogenative coupling of 2-silyl-butadiene and primary alcohol

FHEBFRRAC R 41 B, N EAT A R AR g £,
BAS B AR (Scheme 10, b). 1EZ 444 H 41 i+,
A ) B RN 5 - 2 PR AR M TR SR 67 0 P 1) e ) T 26
fHimR M E S m N AR RB) 12, B Z T8 2k
Ernh a4, AR R R Y. SR T 1,3- T Z0Em)
PEBEIAS, A 750 TR IR T P 1 e A i R A DA SEE IR % —
I IE, It B R AR B A MR R N RE 22, )
X BLAE AN RE DL S B AR B B4 1 1~
9 : 1dr)f3EIH =9

Bk 7 L0 A 2 A, BRI TR s TR 3 A
R HEAS TR B S AR I 5 ) T v M PR B =4 2009
4, Krische {200 | SEGPHOS B A iR 1E AL,
F, RS T B I A AN FR I S H Bk (Scheme 11,
a). 1ZNEA RIFIIFEAME, #8 LU & o p ik £

BB — R p A EAME  F IR S IERE R =Y. /£
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X — SN A, E A AN ) R AL R I SR A T
TEHAY 4 ﬁ%#%$@mMWW2m9E'@%

21 L4OMgt B &0 2K — PR G i AR A 49 I, skl
Tﬁﬁﬁ%éﬁMI}aEE#%mmﬁém@mmm
11,b). HH 482K LR BAABORRINIRE, PRItk =
3 A% B A BOR Z T I RC/4(R)-Hs-BINAP (ca. 86°)
7 B [ B e S S 5 e B . 12 S B B R 75 TR X ek
IEREME . KTMOE R REE kR, I BT T4
ST, 25, ZUR R AR b R R AL
AT 53 SEL 1 RIS 25 1t U 5 TP B g 1)
9 1,2- B 724 55 IR B (Scheme 11, ¢), H HIX 2
BIET A TN 2 5 AN AR B AR I SR, 47 1)
SR, ﬁzﬁiﬁﬁﬁ%ﬁiﬁ%ﬁﬂrﬁﬂ&ki?u Z M BUAFAE,
[T T 32 A5 B B4, X — RBLE ] S T (—)-
Citreodiol HJ H%@E\EEEP(SCheme 11, d).
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RuH,(CO)(PPhgz)3 (5 ~ 7 mol%)
q . jJH dppf or (S)-SEGPHOS (5 ~ 7 mol%) /\/LR
R phosphoric acid 40 or 41 (10 ~ 14 mol%) Me
37 38 THF or acetone, 95 °C 39
(a)
OH OH OH OH OH
M M M M M
© © OMe © CFs © Br © F
86% yield, 8:1 dr 72% yield, 6:1 dr 83% yield, 7:1 dr 97% yield, 5:1 dr 85% yield, 6:1 dr
90% ee 86% ee 92% ee 86% ee 86% ee
(b) R? R2
/\/\/\
NCGH13 /\;/\(CHz)sF /\/\L> CF3 RP< o’ A “OH
= = @)
Me Me Me /<
R? R?
82% yield, 4.4:1 dr  84% yield, 4.8:1 dr 69% yield, 4:1 dr 63% yield, 3.8:1 dr  72% yield, 4.3:1 dr 4
95% ee 96% ee 95% ee 95% ee 96% ee R' = "Pr, R? = 3,5-Me,CgHy
() X X X
P““'"Rl .-\“‘\% with 40 P““'"Rl /\g with 41 P, IR I‘\\\\%Me
- (VR D S - Uu——-4 —_— / u:
P Me  thermodynamically P cl; Me kinetically P Y]
m preferred m preferred hid
o) (0]
E-isomer Z-isomer
43 42 44

BR 10 EPHEAARES T I A AN PR S A I

Scheme 10 Ruthenium-catalyzed asymmetric dehydrogenative coupling of butadiene and primary alcohol

ﬁ\
a OH \
@ Me OH cat. 2, EtCHO (5 mol%), PhMe : _ Py
+ = R (@] ||"P
Me . =)
=~ R Me Me o7 (P = (S)-SEGPHOS
45 46 48
68% ~ 94% yield
86% ~91% ee NO, cat. 2
® on oH ~
- \ WP
S NPt + L cat. 3, KH,PO, (1.0 equiv), THF /\_/LR o
R NPhth > P
49 50 52 o (P= (R)-Hg-BINAP
57% ~ 80% yield NO,
>20:1 dr N02 cat. 3
86% ~ 98% ee
© RuH ° OH /oo o T T oooooooooooooooooooooooo-oo
2(CO)(PPhs)s (5 mol%) ! (d) Total synthesis of (— )-Citreodiol '
. OH (R)-BINAP (5 mol%) : 4 :
YOCHth . A on on |
Me Ar Lil (10 mol%), THF, 75°C  Ph,HCO Me L wosteps  MeOOC P :
55 ! 7 Me ————— Z 7 “Mel
5 54 iPh,HCO M e
51% ~91% yield 12 e Me HO Me
41~1T1dr | 56 57 !

87% ~ 98% ee

B 11 085 % 288 ReALIBCA IR A X Rk it A5 18k
Scheme 11 Asymmetric dehydrogenative coupling of primary alcohol and various functionalized allene
BEAh, IR AT S &R AR S e R A AR i SR B [ B (Scheme 12, a). 1% % 815 Ja 4 i v]
R B R AR, HET S 5 I A AN BRI A I W A e A BB IR R, B S e i 9 A B
2012 4F, Krische ZEU2SEHL 1 HRAEAL AR bR 58 SRR Yirh, 5RO R AR, 2016 4, X UREZHE
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WL TR LI-ZHAUE RS RRER 61 5— RN
FA N FRAB B 2 B (Scheme 12, b), F=#w] £t i iEAS
Bk, AT %2540, 1538 — RVDC A R FF
PIr=4).
1.4 EESTRRAFIR A TR SABE

M TG ENEBEE. 8. B%5)ilAmns, A
PR GR SRR KT, B Gl & Mier, K50k
NEAT 2% A BE IR 2 E e A e 1t B R A AL A, DRI
I BT A LA BRI R A HLE AL A L
& A TR O R T % SR I B B R R R 49,
t SR AL S, WA AT RE SR AR
il &, AT A NINFEAZ RS, REFREENHE
HAA 2R CLORAIE S S R e v k.

2021 4F, Dydio PRARZHHUOIIEE J 1AL VAR T

T I NI 75 B R AR BRI B, 1931 T — RAIA
GG VE AR B (Scheme  13). [ 8% J% T () S AE T
i T — RO B EC AR 66 ELALI%T 4L, PASZEL
T BRI PR (PSR I B B, BRI TR EE 64 1T LA
H[Ir(cod)Cl], A T R B, 1 Je 2k obe e g, B fs
TEAT AL AN 5 SELS 05 SEM IR 1 m ek, AU, %
AR R T LS IR S iR ER Bk, DA B a-Jf)e v k)
—H B R F AR, 7E Hoveyda-Grubbs 46T 71 47
TEN, Mk 68 STl 69 KAIMIEE 7k, bEIEAERRIE
SR T A B TR 73, kT 5 R e AR K H bR
P, 22 BRI A B AT DA B2 Ak S A
AFE RO RIREE 7T AR SRR, 12N T
ZR R ERBERTZE5E 20 )R, R 2R
2021 4, Jitit R R S AT AR ) 3R 1481,

@) v OTIPS [{Ir(cod)Cl},] (2.5 mol%) v OTIPS
OH (R)-DM-SEGPHOS (5 mol%) OH
Me’ % + |\ Me %
R THF or PhCF R
| 60 ~ 70°C, 24 ~ 48 h :
58 59 60 Me
38% ~ 87% yield
12:1 ~ 250:1 dr, 89% ~ 99% ee
®  1ms OH  (TFA),RU(CO)(PPhs), (5 mol%)  TMS OH
\{(Me + L (R)-BINAP (5 mol%) X o
R
THF, 105°C, 24 h Me Ve
61 62 63

50% ~ 87% yield
90% ~ 96% ee

B 12 EEES A bR AR it S T

Scheme 12 Asymmetric dehydrogenative coupling of primary alcohol and enyne

Ar
(@) “ (1) [Ir(cod)Cl], :
R/\/\OH + ArB(OH), R/\/\OH
(2) [Ru(cymene)Cl,],, 66
64 65 in one pot 67
(b) TMSO (1) cat. 71 Ar
P (2) TFA :
R + 1/\ + ArB(OH
N"N0TMs OM2 — ) cat. 72 R™>""oH
68 69 70 (4) [Ru(cymene)Cl,],, 66 73
(© R? RZ Ar
R'IJ\/\OH + ArB(OH)z (1) cat. 76 1
(2) [Ru(cymene)Cl,],, 66 R OH
74 75 in one pot 77
NMe, MezN\P b e
-P - ' ' o [ '
0 3 Lo NN LS P , ;
0 Do ¥ RUe Ph, o, BY /Bu |
o : : RS 11 MeCN h{_<PH(’Pr)z: 5 P~g N
Lo Ru= i = — ul_ '
O O O Do 7 L PFe | | P7 ¢ N7
® S oy T O e
¥ 72 Do

................................................

B 13 I DI 55 57 SR 00 IR (4 AN s P it S B R

Scheme 13 Asymmetric dehydrogenative coupling of allylic alcohol and aryl boronic acid

3272 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 3263~3279



Chinese Journal of Organic Chemistry

REVIEW

DL AZH 2 JE 1 KA B F-E & 58 ANIPE (79) R4, 48
AT, 055 = R IR B AR AV AT, TEEET
SEI TV A I T S T IR I T £ ) % T T AU )
J%i(Scheme 14, a). 1% W A& & & H #rE——FE i
A7 BRLYH e A i 22 — 2D T IR B B 2 ) 4 T M U 1 e
TR A= R vt 0] SN R SV o o S A R S i = S e
Xf— R B A AN E B A E A DL B R B S 4 25 R
. R RSP A R I NP, fELL 92%~
99% I LA K2 96% ~98% ee 15 3 FMEMEE =4, A
KB I L 45 I BE L BE DL 84% ~98% IS [ 89% ~
94% ee RAEFAL. EA—IRIE, HEAMLZKE TN
RefRB, HHMkRE . %%ﬂw%£ LI AE AR IR U M e 2.
X — R AR N 2 AR 7 A0 Suzuki-Miyaura B
N R Aldol [N AR o A7 75 F Ak s oL A R T ) e
ISR SN R A, TSR I A B AR AL T 3 7V
MLEESZIR R B, 75 4aT AR R T, X 10 min BF 7]
VA P 5} 5 A A A g 0 LTI, 6 S TN 0 G i,
7E 10 min PN CARH 4R DL O ok 64445 21 H bR~
V). B S50 2 B PR A B A R, 5 R
BHO AT TE O, UiIAIX — [ N A REZE DT T 1 etk i)

Ni(cod), (5 mol%), 79 (5 mol%)
MeONa (1.5 equiv.), NaH (1.0 equiv.)

AR, 7EDL B HLERSZIG f St b, fER PR TR A Y
it S - EALEE (Scheme 14, b). ZEA 4214 %65 PhOTE ik
AT AN ERAE B A B (R T, i 5 R AR D Ak 52 8 T
B-H I BRAE B (a4, 3R 5 MR R A n? BCALVE 1k
AR 2 = eI R AR TV, B JE Bl SR R IS T 4 O
AR I i Y B 15 B T T AU EE = 40 e A SR A R A,
1.5 EBESS5HEMAXITRIGSBEE

2011 %, Krische KA 1EFHWIRFRM & ETIEL
YRR -SZARIN TR, SEIL T A TN R R S5 R IR T It
81 S A XS HR B SR [ B (Scheme 15). TEFK M
AT 81 RAMRNME R, b 5 SEEEAT INRAS 2 F
PEE I IBE =Y. 2% S B A LTS 5 w6, - H
F=WTE Krapeho IR [ B 1) 2644 T 1T AAR 31 %2 5- 1N
Big, NIX—1ERIRF= IR AR G5 R BT B AR it T
fERER TV

2018 4, Krische @ ZHO7E S i TAESURIEAL I
SEELT ORI TR 85 5 a-FRKEEE 86 MIFAMNEK N
(Scheme 16). 1% Jz N f# F (R)-DM-SEGPHOS NECfE, 1E
ETPEAG NSRBI T 11 BYSRER =4 87 Hmxd Mg £k &
S Xof Bt 32 26 1 R DX SR PR A B, X B R SR R A 3

PhOTTf (1.3 equiv.), c-hexane (0.1 mol/L)
25°C,12h

H 1
? KR Ph Nv/';‘
Re “Ar crr

80

HO Me

HO, ,Me HO, Ph

HO Me

HO Me HO Me

93%, 92% ee 77%, 95% ee 99%, 98% ee

81%, 92% ee

93%, 95% ee 57%, 94% ee

(b) Catalytic cycle

Ni I
l/'o
R1
Ar-Bneo
MeONa
carbonyl addition
cycle
R? OBneo
OBneo N|”

BRI 14 BLAEAL AP TS 55 S0 1S A0 A0S Pt S 3 R

Scheme 14 Nickel-catalyzed asymmetric dehydrogenative coupling of secondary alcohol and aryl boronic ester
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ik SR

cat. 4 (5 mol%)

COMe . j’H KsPO, (5 mol%)
CoMe ¢ H,0 (5.0 equiv.)
\ 81 82 THF, 60 °C

68% ~ 85% yield
6:1~9:1dr N02 cat. 4
91% ~ 98% ee

| R

MeO,C

O=1r.
CO,Me o? Ehz

84
CN

B 15 SRAE T — ZE 5 3R e (1 A X Ak e S A8k

Scheme 15 Iridium-catalyzed asymmetric dehydrogenative coupling of primary alcohol and cyclopropane

RU3(CO)12 (2 mol%)
(R)-DM-SEGPHOS (6 mol%)

R' HO.
0
* 0
R? R3

85 86

m-xylenes, 150 °C, 24 h

96% vyield, >20:1 dr
>20:1 rr, 94% ee

97% yield, >20:1 dr
>20:1 rr, 96% ee

90% yield, >20:1 dr
>20:1 rr, 98% ee

COOMe

88% yield, >20:1 dr
>20:1 rr, 94% ee

75% yield, >20:1 dr
>20:1 rr, 82% ee

Mechanism
OMe
0]
OTIPS
|
(0]
OMe (0]
OMe o 0
Ru’L, @dRu”Ln BnO
~ g
OTIPS

5 0 AN :
L ResioNLru o)
\Y) ' 39l ,ﬂ U '
HO : ) P
' OMe
0] Me
BnO E Me
| favored stereo-induction
OMe O i mode
0 :
X |
/Ru h  mmmommmmmmmmmoooeeeeooo-oooo
TIPSO O
BnO
v

B 16 F7HEACHIZRIFI TS o-F2 B R 0 AN R it S A R

Scheme 16 Ruthenium-catalyzed asymmetric dehydrogenative coupling of benzocyclobutenone and ketol

RER e 7%, JFH 7 AW BRI MRS, 7Y
HRIRERE S ) R R AT AR RIS R E R Y. R
FHZ 78 W] DAPRod A g 25 v s L 11 Y SRR 45 44
NEZE, RZWI S E AR TR 7. RO ALER a0
Scheme 16 Frin: BHAFME 5HTERKAE C—C 8
AR AE BUET 2 Fuoe AR (AA T, B 5 5 5 A AR B
AR AN R NAS B H bR e, Tk R A A
B, I H R R R2AT RS B A7 FHEUC LR, O
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A 6 HUAS A AR B3 36 1 4 .

AFFFR Guerbet S AR AT S FH B AR AN o ok i S48
Berb. 2020 4F, EEIRBAPISH T Noyori #EALTF cat.
5 ALIIAXIRR Guerbet SIS, AR T X ik £ 14 5
WY — RFFVEREE B H) % (Scheme 17). &M EF
TS5 E RERIFRANE, & R EA AR F PR R Y e
IRGF USRS, FF HAT 05 56 s A DL R Wy ATt
WESER AR AY. BT TR = e A R ]
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1R 42 K4 Meerwein-Ponndorf-Verley [ M ifi] ¥4 etk
W12 S5 I 5 AR ) e A 28 DL R i B . LT[
I, X F R SIHRGE T AL AR Guerbet J5 3 il
FFEMEE. A, ZHEERIBES Michael INRCH X,
AT DI PR I HE R S B — 2R 471 1 A I 1) 5 Rl 4.
XN E A RIS R o f- AN, B
J5 5 % FERIZARA K A Michael BN, 555 4 S5 R i E)
AR TR = ).

2 ARSI BERKR ARSI EFESHR
i’

FHERGAE N RIR= W) A5 o0 5 T AT L 45
Ky, SEBLL A R B R S R T SR,
MTR] B A A im0 TR, R SRR A R R
R T BUE M EE T B ASNINE R EA R T
HEPAK C—H iFLL, SEHLRZ I o AL BEL. 2011 4F,
Shibata PR SUR FIREBE /R 0 3 1A ZEAE R AEAL T, A
Wikt R SR T ARG o BLAKIRRBEIEAL SO, e e e
LA 90% ee 15| BA EAI MERIARZ. 2017 4, REHER
AR CUR AR GEAL TR 5 T VEBEIR 45 A, KB T RRACBE A%
TR DU o CLARFRITIA RN BAh, il HDE

OH . Rz . AN OH cat. 5
] A
R N PhMe, ‘BUOK (1.0 equiv.), 60 °C
88 89

Me
SerIe:
OH P\Rl N
u<
. i o
| SR ey G
_ o Cl
91
cat. 5 OMe
Ar = 3,5-dimethylphenyl

AL R At PT SERILZ AN X AR T 4% 2014 48,
Jacobsen F1 Stephenson & ECTH] B AL 1) = A & B 5
FPEBR IR fRE AL R AR SR, A3 TG ST 1 DY S S M K P AN
MEFRGE AL S, e LA 99% ee SEEL T FHEE IR M
H .

DAfi] B fig o SR8 R AN O R M LA, AT S B
T+ il 2 T B & — Mpm A A BE I J7 5. AR T 5 E AR
bb, B EABERMECAAER, NI S A5 R,
Wi S 8L PR TE R4, I BRI S5 = AR i 5 1
ARLESE VRS, DR D s R B TR R, RE T
6 W e A A A4 FR AT BUSL T T g i) i AR R IR
{ERIX e AR AR T AT 08 &R ik, F B sEilx
— I R X IR R P A AT AR — KB K.

2009 4, Schafer MEUZHHRIE T ML L 5%
P Mot AR SR, I BRI R LA T 4 1 P e P Ak £
ASKEFRAEA T AT 723K, 2R1M, 1% RO B PRS0
WP, AMEFIMAED 10 mol%, 130 CH
LI DU S IR -5 P DK 0 R RS2 192 hJE AL REBL 50%
WY 57% ee 133 H A 4#)(Scheme 18).

2021 4F, AR ZH WL Fdd B S A% 1 S
THE a SEAKRRIG AR V. (Scheme 19, a). AH BT 3HAth

OH OH
BrmIIMe Mem II\IIeICI

34% yield, 84% ee 52% yield, 92% ee

OH OH

S X
| / »
Me Me N

35% yield, 88% ee

Me Me

64% yield, 98% ee

B 17 AT HELRIANTFR Guerbet B

Scheme 17 Ruthenium-catalyzed asymmetric Guerbet reaction

cat. 6 (10 mol%)

H H
N N
+ / _——
dg-toluene, 130 °C
92 93

192 h

KK 18

50% yield
57% ee
only example

_N 'Pr
8>Ta(NMe2)3
95 Pr

cat. 6

B A PR DU SRR 55 5 D P A7 £ A X ok Bt A TR

Scheme 18 Tantalum-catalyzed asymmetric dehydrogenative coupling of tetrahydroquinoline and norbornene
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BB AT &, A B A NI 258 B T M s B B Ak 98
BF, ONELAT S i e R PR, X AT BESE BT 98 NI
PEB 2R LR SR &R A0, [RITT ARSI AT (1) TP
). 2 N A A T I g e DA R XSk B, X
BRI 2 BRI LS B AR B ) g 7 iz,
VIREFEAE, B AEXTFR SRR B PN okt fie v R4 Hth 58 1 i
b, I HXTTHEM IX R 28 IRt R R I th sffe 25, i ix —
J5 VA B TV S TR T P mT LA AR 2 RE AL i,
I S U A TR, Bl S B S AL AT B —
FABA mCE AR TR Y. ShAh, JET A
Y& 77 3 W LA A D ek I PR B T, R T U B A2 1
.

B S5 AL SEER R I I B 2o T g R a4, 24
i SR S TR BT, & R HEELL 38%[IK
FRASBXF B, FFH TH NMR At 00 21 7 5 B )
Ni-H ##0. M5, fE&HH T v Re i = S HLEE(Scheme

19, b): J& 1 S 5l kAR S B A R G R Rl A, B
JE 1% e 5 S AR AL N R A AR S 1R B
JCH A TN, I #E IR AR gloR a4 T, gk i R A
B-H WS EEHERRR BAsr=4). FARR LSRR
PP If R Sk B TR R4, JFHN4S KIE N
2.8, U W I P S B I R S R T R SR T D
[F4E, ZURE LIRS BT R Ak R % 5 0 42 1)
Pt SEABIBE S BE, SIZEIL T IR — SR AN X Bk K. (Scheme
20, a). T Ni(COD), i &, f# F — fir & {16 7
NiBroedme 4 1 35 F ZIGBENBCAR TR, 815 R
BT H o Wk B L 1% R N B BT IR
BRI, AT DA A Ba S Ik R DY SNt et 2 45 1 1) g
Ji; o, B4 T B IE DL R B 2K 20 iR
VIR BETE S AR R S AL R4k, 2R R A LS
IR B PE S R e, & — 15 2 HEE ).

(@) Mts.. s Ni(COD), (10mol%)  is.
NH %R 98 (20 mol%) NH
R1LH TR K3POy (80 mol%) RTONARE
o}
06 o7 THF, 80 °C 99 R2
Mts Mts. Mts Mts.. Mts
S NH S NH S NH S NH S NH ome MiSsyy
Zph th O/Y\Ph Ph" N Ph th ph A
Ph S Ph o) Ph ™S ™S
COzMe
Me
85% yield, 90% ee  76% yield, 93% ee  64% yield, 83% ee  78% yield, 88% ee  83% yield, 94% ee 86% yield, 94% ee
7:1dr
b) Catalytic cycle
(b) ytic cy , kﬁ . - Mts
R MtS\N’ / R J\
R3 % R" “H
Mts\N | R2 R R2
Lo+ [
R H R?
R1
s L,
Mts- |
. NiCL, SSNH Ni'L,
initial step | Mts
1 R?
R In
reductive
Mts._ R3 elimination
R + I | MtS‘NH Mis. ) S-H elimination
R2 A s NH Ni'L,
R /\/\R ; _ s
R2 R R
R2

v

B 19 BRAELAIRZ S5 A BRI A TR I BTk

Scheme 19 Nickel-catalyzed asymmetric dehydrogenative coupling of amine and internal alkyne
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(a) le)

Mts. NiBraedme (10 mol%) s O ) Me Qo

NH 102 (20 mol%) NH P s S
R1J\H T A PhB(OH) (12equiv)  RITN"Sa | MeO O OMe " "
1 . e e
100 101 KO I.3u (1.2 quiv.) 103 Mis
anisole, 60 °C 102
Mts Mts
Ph 'NH Me

Ph NH ‘
Ph O

93% yield, 89% ee

PhMA(j

96% vyield, 86% ee

Mts, Mts,
NH (@) NH
MeOZC
U C

78% yield, 85% ee 90% yield, 89% ee
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Nickel-catalyzed asymmetric dehydrogenative coupling of amine and styrene
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