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Transition Metal-Catalyzed Asymmetric Addition of
Organoboron Reagents to Imines
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Chinese Academy of Sciences, Shanghai 201203)

Abstract Chiral amines are important building blocks in organic synthesis, they also present in numerous natural products,
biologically active compounds and pharmaceutical agents. In recent years, the use of various organoboron reagents in transi-
tion metal-catalyzed reactions has attracted considerable attentions because of their ready avilibility, low toxicity, good air and
moisture stability as well as high functional group compatibility. This review summarizes the remarkable progress and ad-
vances in transition metal-catalyzed asymmetric addition of organoboron reagents to imines over the past few years, providing
an overview of the recent achievements in stereoselective synthesis of a-chiral amines by using chiral auxiliary or chiral catal-
ysis strategies. At the present time, rthodium-based asymmetric catalysis has proven to be the most efficient and reliable ap-
proach to furnish highly optically active a-chiral amines. Varieties of chiral ligands including monophosphines, biphosphines,
amidomonophosphanes, phosphoramidites, phosphites, dienes, sulfur-olefins, phosphorus-olefins have showed the great poten-
tial in many asymmetric additions of organoboron reagents to imines, enabling the access of both secondary and tertiary
o-chiral amines with good to excellent enantioselectivities. On the other hand, important progress has been made in developing
effective palladium catalysts mainly based on chiral pyridine-oxazoline and phosphine-oxazoline ligands. However, future
studies in this area towards the objective of developing more efficient, practical and general methods remain challenging.
Keywords asymmetric synthesis; chiral amine; metal catalysis; asymmetric addition; organoboron
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Figure 1 Synthetic strategies for a-chiral amine
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Figure 2 Bioactive compounds with a-chiral amine motif
1.1 5T RS

Ellman /MASITE 2005 408 T 8L T BERC K42
BEF) I7 FEAN M T N-FUT 5 RS A Ji (4 AN Bk
B N(Eq. 1), ERIKTTTE S, FE KIURNIR S
S SR BE S B, T HAT B B P R A A, DN
FINER L & RAL 5 107 IR BRI Tk, UM%
I SR A . FE T XA, EIEAE 6 h WS
TN ZRB A FLR B 5 A — D BRI, RARKE
B e E] T 96%. fERMENEE A, KITCR
Pl RS R SRR R R R SR SRR YR IVALS
FABE TR LRI, seab, IR Tk —

Y

N~ SSo Q)

I
R“J\H

Selected examples:

dioxane, 70 °C

R1/I\R2

70% ~ 96% yield, 92% ~ 98% de

HN /S\\O
OMe

76%, 96% de

S
HN O

SO

96%, 94% de

Ph" " ph

86%, 92% de 86%, 92% de
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HN/S‘O HN™ ~O
%/Til\ %/T:l
CFs3 cl

71%, 96% de 71%, 98% de

73%, 92% de 80%, 96% de
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SEIR T DA e 4f Rk S T B i T3 3R AT AN X RR 7
T — 88 I S, [RIREEAS T AR I BRI 6 DA R A7 A4 ok 4
PE.

[F4E, Batey <5 R F8MUR0S, KIE T —EHH
AR ZR 0 BRI R 6T e =BT I s e 1)
ANKEFRINER S, A EG Ellman /MR RSiAA R, A5
MR, IS IR, &BAE =R R A)
HEAT I B8 BUAS 55 FRO AL 3R 0 [R) B A1 755 14D =l ko g e 36 e
(Eq. 2).

2006 4F, Ellman /NAPSHRGE 7 — 88 T 55 5
TER X 2 B BRI V% (AN XS BRI RS v, 1 a- 05
EHARMER, BET 61%~90%IFE, 96%~98%
de. WFFLRIN, TR T P b EUAR IS 1) Hi P AR 0 s B
B RATARIEBEVE RIS AN, B = AEAN [ 6 s B 2%

AR AT DL A 1 G I T i P S B R K AR R O, 7E
NaBH, M) &t T &30 545 BT g2 BE0E, [w] ] BLJ7
i 5 = &R s R A9 = N 3 K (Bq. 3,
Scheme 1).

ST FIRER 77015 5 805, Ellman 250 5 X seBl
T RE AT Y 5 GRUIIN PR X O A I U Y e g s T I frg
IR, AT — RIS CF AL o- AN A
J¥g. BN B JEEADOE R B, A A A P s 25 e R
BIRe AR 45 . 4 R NSRS K4 10 mmol B, {5
SRBEEUAS [FIFE I 2 X de fH(Eq. 4).

F T 4 2 R L S L R AR b 08 K B B &
A S e 2 SRR AR B SNz, R e 381 7 Ab— T B
R g AU GR AT e e s SO, BSE, 25 BMIDA
PR R AR AR, A R AN BR Jafs B4 s S AT A

é [Rh(cod)(CH3CN),] (5 mol%) HN/é\\o
O, Et3N (2 equiv. 2
N0, ream, _EtN 2 equiv) 2)
Py dioxane/H,0 (VIV = 1/2) R'” O R2
R 'H 2 equiv. rt,2h .
o 44% ~ 99% yield, 83% ~ 97% de
Selected examples:

p-Tol p-Tol \
p-Tol
/(>/k ©\/'\ /\/'\p Tol

C

59%, 98% de 73%,97% de  60%,89% de  58%, 97% de  99%, 91% de 83%, 92% de 47%, 93% de
’\:360 Rh(acac)(coe), \f
5 mol% N
Meo. ! +  AB(OH) (5 mol%) HN™ 70 @3)
H ] dppbenz (5 mol%) MeO\n/\Ar
fe) 2 equiv. dioxane, 70 °C
61% ~ 90% yield, 96% ~ 98% de
L pv -
N S- + Cl
O//S\NH o 0°°>NH NH3

H L-Leu-OMe OMe HCl/dioxane OMe
N _HClidioxane |

T OMe EDC, HOAT, DCM o

2 0 cl

al o Cl
Y 98% de _ 95%, 98% ee
83%, 98% de NaBH, . dloxan;a/HZO,
N\ MeoH 0°c  HOHN\ 0°C N~
_S. R
0™ 'NH 0" NH
OH

Cl
81%, 98% de

91%, 98% de

B 1 FEHEARNE AT AL

Scheme 1 Derivation of the arylglycine ester product
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R? HN R
NS5 [Rh(cod)(OH)l, (2.5 mol%) " P v @
P dppbenz (5.0 mol%)
1 . R2
R H NEt; (2 equiv.)

H,O/DMF (V/IV=3/2),60°C  44% ~97% yield

90% ~ 98% de
Selected examples:

C@«

82%, 98% de CI

91%, 98% de 70%, 96% de

O’S NH Me \(

_S=o
o HY P
M NN
al e Ph pr
75%, 98% de 78%, 98% de
~
S= HN
HN O s
Cys A~ Ph N e
"Pr Me

64%, 96% de 97%, 92% de

5 98%MIHAN 98% del'. M Lb Ao ik SuU I R B 11
4558, FIH] BMIDA B 7] 6 AN SERE B WO 2 de
EASEE T b TS R AN FRAR Y 22 B AR 0 ik 7 A ik
HLF 07 I B T 2 5 R BN, JE AT DUBRAS B e I
#(Eq. 5).

R3

BMIDA%W R3 HN" S0

\% R? R4)\/'\ R
R2

_Se 0
JNI\ “o [Rh(gg%gn?](zs_(g'gqg?%f)up to 98% yield, 98% de

R H K3PO, (2 equiv.) Y ®)

H,O/dioxane (VIV = 3/2), 60 °C &

HN" TS0
BMIDA
X R‘l
|
R5—, _ RS—:

Me up to 89% yield, 96% de
/Nl
BMIDA = %B\\ci o
0™ ™o

PAAZAS T B A S5 B2 A 25 B, Ellman /b1
I 6 20 27% S LD SEBL T RIRF=H)(—)-Aurantio-
clavine )@ ARG B, 1T SCRRIRIE 75 22 13 28
SN H S <1% (Scheme 2).
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2 X o)
S 2
OTs )\/BMIDA ? OTs

[Rh(cod)(OH)], (2.5 mol%) Y~

A\ dppbenz (5.0 mol%) N\
N K3POy4 (2 equiv.) N
Ts H,O/dioxane (V/V = 3/2), 60 °C Ts
H
y N
2 steps
- = N
—_—
N
H

(-)-Aurantioclavine
27% overall yield

B3R 2 (—)-Aurantioclavine HI & AR A

Scheme 2  Efficient asymmetric synthesis of (—)-aurantiocla-
vine
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Tt 56 A 7 U5 R 100 B L 4% 1 T {8 Hi B RO, (BB A A
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H HNT

Me I I Ph ! ! Ph

86%, 72% ee 8% 92% ee
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O (0]
1 Rh(acac)(CoHgy)2/L1b IFl’Ph
PPh2 6 mol% HN 2
N N
| + (APBO)s MS 4 A i,
Ar' H 1,67 equiv dioxane/n-PrOH  Ar Ar (8)
' ' 80°C, 12h  ypto 96% yield

me up to 99% ee
ave
R Me
9)
NHBoc

Select examples: L1b

_PPh, _PPh, PPh2

@ ﬁ@.ah

96%, 98% ee 88%, 95% ee 93%, 99% ee

PPh2 PPh2

C|Ph FsC Ph

85%, 96% ee 83%, 90% ee

Pth PPh2

92%, 97% ee 84%, 92% ee

(disfavored)

(
NN Ph
*Rﬂo S T

— 9
Rh o Ph“'P\ (6] 9)
Ar/Ph\/N‘P‘Ph Ph
Ph
TS-2
(favored)
(90%~96% ee) (Eq. 10).
11 I
PPh; Rh(acac)(C,H,),/L1b HN/Pth
N' + PhsB (6 mol%) : (10)
AT H 3 KF/Celite A Ph

t-BuOH, 100 °C
84% ~ 92% yield
90% ~ 96% ee
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1.2.2 ‘?"F&-Hgﬂ&: Ea4$ PG Rh(acac)(coe), PG
2005 4, Ellman /N2H ] (R,R)-DeguPHOS £}y F ’i +  ArB(OH), Wﬁﬁﬂmxz HN (12
PERCAA, SZI T B T 15 S5 001 ot 5 PP S e 0 R™H 28QUV ioxane, 70°C, 200 R AT
R, ST 87%~97% A1 88% ~ PG = diphenylphosphinoy! (dpp) %~ 9

94% ee (Eq. 11).

ArB(OH),
PPh,

0 ,
I Rh(acac)(coe), (5 mol%) I 1 PhyP, J
PPh, | s
N/Pph2 L2 (5.5 mol%) HNT 2 Z—j )

)'\H 1 equiv. Et;N, 3AMS

: N
Ph dioxane, 70 °C, 24 h Ph™ A E Bn
87% ~97% yield (RR)-DeguPHOS
Selected examples: 88% ~ 94% ee L2
F’th PPh2 PPh2
97%, 94% ee 93%, 88% ee 87%, 88% ee

FHEG T %, i 7 S0 e T 1R 25 5 1 B P sl
AT BRI A B R A B B ARG N, BT LA X
PR 55 F Al S AR A S B, 3 T B3R I B A A AL A
A, Ellman NI MBIRFTE, BIhSEEL T B AL
T DeguPhos i3k [ 75 S0 R 6T A i 4 SV e P9 AS o R o
BN AR DG BC AR SR el i m E) 1.4 01, A]
PLAS R B i S 7 (R UACR R STAR IR B, T ELAE R AL
FRAEAL TR S IR, AR 90 min f& F N E & h T LA
AR G 5 A8 N IR IE MR, &
T 24 70 (1 1 107 V. e #48 e 7 I B HR 4 HE R A 1 i e A
MLIEFEME(Eq. 12).

2006 4E, Feringa, Minnaard 5" il 7 N,N- - F 3%
AL & AN KB 05 B S . FE eyl FHh, R
PR 5111 MonoPhos 54 [T & 70t RE M40 S b I+ LS
82% ee, 45 AL TGN L AT KB iE, KIL
ol = FF AR R IR A A I WP I e L3 2 e i O AR, TR B
AT, WRAETUMERE 1.3 equiv., N AEEE
72%~98%WH K 82%~95% IRt ik Btk A LA,
SN St IV JE 49 5 B T 1 P A R 2 [ A7, BEL A %o
B, A E M RBRE. ML Ts 2B, Pt B NN-
PP R ST A W] AR SO R 2% A T B {6 b 5
(Eq. 13).

[F4E, Zhou U0V 3 BV A TR i 2 TiC 4 ] DL 3k
— A A A T T R T X 2R R R ST e ) AN R R s
Ri(Bq. 14). WFFRM, SR A A5 e R4 R 2 iR
K, PA[Rh)/L4 BCAEYI R, KE AN 58]
DB A5 58 1 WAL R (56 %0 ~ 85%) AN} I 6 3 4 (8 5% ~ 96%
ee). VEH N NECAR HF MR IR B 3L pr e i i ok i —
TH A0 BT (R STAAR 338 B RS o ok s PR AE .
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or 4-toluenesulfonyl (tosyl)

Selected examples:

94%, 95% ee 96%, 91% ee 89%, 91% ee

Pth Pth

80%, 90% ee 89%, 86% ee 75%, 84% ee

Pth PPh2

S, L

79%, 95% ee 85%, 82% ee

~N N7
| Ar?B(OH), (1.3 equiv.) &
502 Rh(acac)(C,Ha),/L3 N2 (13)
| 0,
A )\H Acetone, 40 °C, 4 h Ar1/'\Ar2

72% ~ 98% yield

OO 82% ~ 95% ee
o)

~_ H
O/P—N@OMe

\/ \/ \/ \/

so2 soz so2 302
e

91%, 87% ee  81%, 91% ee

Select examples:

98%, 94% ee 97%, 92% ee

2009 £E, Yamamoto A1l Miyaura 25215 1 1 X4 30 i
WEE AR LS, W90 T HAE B AL I 07 RN R X N-Ts J
N-Ns 2 H I e (1) AS PR o s o (0 8, s B AT DABR
5 61%~99% IR K 18%~99% Xt ik £ E. 1
HANN IR AT REAFAE — B ML BTG R, RN I BLER
W e R L AN S AN A AT A AR 2 1 R R o
REEURK T 90% ee (Eq. 15).
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Ar?B(OH),
Rh(acac)(CyHy), (3 mol%) Ts
NI/TS L4 (6 mol%) HN”
- X 14
AT H 4 equiv. KF ArlT AR (14)

toluene/H,O (VIV = 1/1) )
56% ~ 85% yield

85% ~ 96% ee

Selected examples:

@C cm “‘%

76%, 93% ee 84%,85% ee  75%, 92% ee 65%, 93% ee

-|Z
|IZ
|IZ

PG Rh(acac)(CoHg)2 (3 mol%)
PG
N~ Ar2B(OH), HN™ (15)
A A
AT H N-Me-BIPAM (3.3 mol%) A7 AR
DME, 50 °C, 18 h

61% ~ 99% yield
18% ~ 99% ee

WG

~N
P\
NMe; MezN

N-Me-BIPAM L5

2016 4F, Kim 5P H R IO Sk 0B Ik i 28
e AA 16 JlTh oL -5 1 A 1) 075 S xof 7 2 1 W0 e (1)
KRR N, B T 65%~98% WK LA K 87%~
96% ee (Eq. 16). MWJEVIEN KRG, WHZFE R T L
(VAR I FR RS BSOS X6t Js I S AN G, B2 F A A
W HL - R KA BELERAR 22 1) 75 A BRI e AN R R A2, %
HRBINSTE.

é o Ar?B(OH), é o

NI/ 2 Rh(acac)(CyHs) B3mol%)  HN~ 2
(16)

A H (R-L6 (75mol%)  aAf1” AR

toluene, 25°C, 3 h
65% ~ 98% yield
87% % 96% ee
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1.2.3  FrEUHBLAR
1.23.1 Iat#Rr AR

2004 4, Hayashi /NHP9 VOB T UG 1F LA
F AL (055 FERIET X N-Ts AR5 (1) H RS W AN
WEARINER SN 1, FIFH Cy XFRBIR[2.2.2]-3F — 4 L7a,
AT DUECAR AR i g R (e 98% IR, 99%
ee), T HJRADE R AR L, i DA A 55 30 _E HUAR
1 255 () R 200 6 e B 18] 7 48 R e P VL A PR
WE(Eq. 17). SHERBMEARAMLL, FHEIUGTEX
N I H TE AR 75 6 e A MR AN e B . P
TR E Ts PRy LU, A1k T Hob—
FA[3.3.1]-F =i B F XA A& L8, K3 T
X N-Ns (Ns=4-fiFf 5 Gl 1 58 ) I Jie 1) A o R 05 2k 4k,
EUAS T H5e e 96% IR, 99% ee 1 (Eq. 18).

TS [RhCI(CoHa)sl,/LT7a e
| + 5 (3 mol% Rh)
APBO), — 0T A7)
Ar1)\H ( )3 dioxane, 60 °C Ar1/'\Ar2

KOH/H,0 94% ~ 99% yield

95% ~ 999
E Ph % % ee
7

Ph
(R,R)-Ph-bod”*
L7a

Selected examples:

HN/TS HN/Ts O HN/Ts
/©/'\Ph ©\)\Ph O Ph
Cl OMe

98%, 94% ee 95%, 98% ee

98%, 99% ee

@%f@f@

99%, 99% ee 99%, 99% ee 97%, 96% ee

Yo o,

Me

96%, 99% ee 98%, 99% ee
_Ns [RRCI(CoHa),]o/L8 _Ns
N 9 HN
)I\ + (APBO), (3 mol% Rh) (18)
Ar' H dioxane, 60 °C Al /'\Arz
KOH/H,0

up to 96% yield, 99% ee

Ph

L8 (R,R)-Ph-bnd
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B prevy——
ST R LB SRR, 0 Eq. 19 R, MR RACCHIAD  Afo o A?
G R A B0 5 S SRR 5 10 IR MO T A A A emen I, RO @Y
RO7S, BT TS b b sl N e R
KUk bR R, O, TS-2 Atk st 94% ~ 99 % o6
WA, WHTREEEI RN S MR, 0 101 = szt dr
‘\g\ Me g ° OO
N L9b
Osg" %)
O
tace PP SRR b AR e 3 WA,
b Z/MHCY S B T ETERE A BB B A — b A e R A
Sl T BB N-BUT SERRE R (B, 22). fR7E

Cl
TS-1 (disfavored)

Cl Cl

O\ N\\)v § {11 Ph
si-face © _— H (19)
Q Q(S)

TS-2 (favored)

BFWUAR[2.2.2]-C HB 42, Hayashi NAPYZ J5
MINRIE T —28 C PRI FPERUA B /R L9a. % AC 4
TE 75 B U B Xof 75 255 18 ST e 1) AN R s sz I+ [) A S
AN T ARE A TE N, AT AR R R LEE
0.3 mol%, [ J7YSL & ISt il 4 4% 1k 47 4% L A 7 (90% ~
98%I K, 97%~99.5% ee) (Eq. 20). %A AEA mfElL
TP 0 DRI AT REAE T 5 NIRRT R S I, U B i sl
By, BRTHERL, BTSRRI RES,
JIT LAAZRC AR R I H B 4 PR A v

NN [RhCI(C,Hy),],/L9a N
0,
A+ (aBO), (0.3 mol%) 1 (20)
Ar'” "H KOH, dioxane/H,0  Ar'” A2

o]
60°CA2h 999 ~ 98% yield

o Me 97% ~ 99.5% ee

A7)
Me

Me
L9a

FRXUAECAR L9b, 7EAH R R NAA R T, Wood-
ward ZEPVSC LT R L 0 A 1 XU X AR 95 JE A
DA v 0 Sz A I B VA3 B AH R FPERE R — e LA,
XL FEYILEIEIE /K A R B 264 T BABE 2 — S84 R
RN FHE 05 B R, (N A AN [RIFE B 1R v e b 2 AR
(Eq. 21).
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FiC A L9b et ) 57 BEAL S SEZEAE R, #8233 %
KRS BUCRRRFEAR, A REBHE, B G
FAEXUE L7a NECAA, ST DA H s .

Ar?B(OH),

\ 7/ \ 7/

d ¢
NI,S\H/Bu [RhCI(C2Hy)o)o/L7a or L9b HN/S\H/BU 2
A" TH KF (3.8 equiv.) Ar1)\Ar2
Toluene/H,0

32% ~ 90% yield
76% ~ 98% ee

BT ORI TR BCAAR L9b SRIW H R () = i
3% 1, Morimoto 551 7 — AN H3 B AS G R 55 3L,
— EEEAIA G SN T T 1 I Rk AL A Y A
B %5 iR T — AR SR AT, R Dy AR R R
T2 R NI, RS AR TE TR B, JRAE
PEUF, PRI RN 22 Al B 3 AN (Bg. 23).

s (DABOH), Ar
| [RhCI-L9b],, KOH Y
N H Xylene, 60 °C, 2 h R P NTs (23)
RT _ (2) R'CHO, dppp
Br K,CO3, 130 °C %

51% ~ 85 % yield
85% ~ 99 % ee
2007 4F, Lin Fl Xu Z28HR0E 7 — R/ B2 T
RUFR[3.3.0155 49 (145 TAEXUGBCAR L10, 4> 7 A
DB (P IR 0 P AE 2 ) b R, FEfEE R, PR
W5 A8 X i 5 4 i A TS A T AR 3 — AN %o e I ) e 8
AR AR F IR, TS AL I 55 7 B T
(Ao R 57 56 I s RE A AR LA 75 (e i 8 8, L
?ﬁﬁ#%%%#%ﬁ%f%%~%%w@qmy
At A1 7 i 356 P 2 RS IV R0 R BB AR v 28 AR I
&,fmﬂm&fmﬁT%Tﬁ )55 30 S A P Tk
B4k, T DA G SR A0 R T R | WL A
@qw)ﬁL%wA%¢}ﬁ$ﬁWME%ﬁE@%
75 9 R L A DR M .
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_Ts Ts
N [RhCI(C2H4)2]2/L10 HN
M+ APBOH), ———————— (24)
Ar! H toluene, EtsN Arl Ar?
55°C,4~5h
65% ~ 97% yield
Ph H 98% ~ 99% ee
L10 t B :;
H pn

Selected examples:

/Ts HN/TS
‘ :CI ‘ “OMe i ‘ “OMe C|/©/L

65%, 99% ee 93%, 99% ee 81%, 99% ee

C,/(TS /Ts 1 HN/Ts
MeO II II Cl

74%, 99% ee 97%, 99% ee 91%, 99% ee

©/\C/00Me
N
# Ts

ArB(OH), O
[RhCI(C2H4)o]/L10

55°C,4~5h Ar

Toluene, EtsN

Ar = p-MeOCgH,4 85% yield, 99% ee
Ar = Ph 75% yield, 99% ee
Ar = p-BrCgH4 55% yield, 99% ee

HE— SR R B, R IER/KHF,/H,0 214 &
itk 22 7E T R3.3.0]-3F A L10 (2T,
AT LASEELNS N-Ns P fi ) mod B #6057 Fn sk, DA
B 96% IR 99% ee 15F AN ) — 75 3 F fli = 4 L)
(Eq. 26).

NN [RACICHIA10 S
2|
AH)I\H + Ar‘B(OH), KHF, Toluene/H,0 Ar1/kAr2 (29)
40°C,3~4h

up to 96% yield, 99% ee

BEJS, 12 ME A A 28 S R T T 5 B R ot g ke
MR HI AR FRIN B SE vy, P ' 2 40 e v W] LAIS
F] 99% ee (Egs. 27, 28). {HAG 41, NN AEIRLT
HiE T B Ak R, & AL S Friedel-Crafts
TG ME LA a-05 e 3-W5| Wk AR I R A & P4 it 1
ANE R TT . F]HT TR ) 2-W5 Wk, 1%
SRR F AR RO R AR B bR 05 FEAL P (72% M,
98.5% ee).

2010 4F, Lin, Feng Z5PMHRIE T B 4h—2 ¢, X FRI
[FJ I B B AN IR G5 4 B T HEXUR A, R R
W&%ﬁ&@%ﬁﬁW%ﬁME&MTﬁ%M& L
JUT-HR R BT E B RCE, ESL IR/ G X
M%?ﬁﬂ%%%ﬁﬁ%w%?h@qw)
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T
H S

_N  ArB(OH),
N [RhCI(CoHa)lo/L10
11
R KHF,, Toluene, 55 °C

N
Cbz Cbz

Z

H ArB(OH),
[RhCI(CoHg)],/L10

"Cbz "KHF,, Toluene, 80 °C

Ts T
N [RhCI(CHa)22/L 11 HN S
1)I\H+ Ar“B(OH),

(29)
KHF, Ar1)\Ar2

toluene/H,0 (V/V = 4/1) ]
559C. 5~8 h 98% ~ 99% yield
90% ~ 95% ee

y Ph

Ts -
/ O HN Ts
[ :[ Ph O Ph
Me

98%), 96% ee 99%, 95% ee

HN/TS HN/TS '
MeO II II CF3; MeO I I

99%, 94% ee 98%, 90% ee

H N/Ts /Ts
! *@
Me

99%, 93% ee 98%, 94% ee

Selected examples:

/Ts

99%, 94% ee

3

g S g B ANt R 55 6 B AR 2D, — SR N,
5 AR B — NG MR = 1 AT BB AR 5 5 JE K s I
R, [ s AR 2R AR B G FH R sk LA /> Bl fs2
MR, 2011 48, Lin /NHPR IR AR /8 1R &4
[Rh(L10)(OH)], ] LAIRJ 3 2t BN, iR &Ry
TIERIINAR RERE— PR Ml R B ) SR AT L P A
uF, B R A Mk B AR IR .(87%~99% YA,
91%~99% ee). &iH MG 7> T WML KRS, %7
ERT DL T FE 2-07 ML be fe 2-75 FEIRIE AL G
I T AN KRR i (Eqs. 30, 31). BRAb, %ML 1A & AR
W T N-Ns Wfi%, [ R# AT DU R4 IR (87%~

http://sioc-journal.cn/ 1597



BIKE

rad

SZiR SR

Rh(OH)(L10)]>
Ts [ Ts
NI ATB(OH (3 mol% Rh) HN
+ _—
R)\H "BOH)2 dioxane, 4 A MS R/'\Ar (30)
70°C

87% ~ 99% yield
91% ~ 99% ee
Selected examples:

93%, 99% ee 98%, 99% ee
j/kph

94%, >99% ee

/T
HNT'®

HNTS
on &Yk%
Et

93%, >99% ee 95%, >99% ee

T
HN/Ts HN S

BnO\/\/'\Ph Cl/\/\/'\Ph

90%, >99% ee 90%, >99% ee

_Ts (1) ArB(OH), )
NI [Rh(OH)(L10)], (3 mol% Rh) n
C'W N Ar o (B1)
H  (2) K,CO3, H,O DMF Ts
rt or70°C 73% ~ 84% yield, = 99% ee

n

n=1or2

99%) FHAR HARF5 B BRI FEE (> 99% ee).

2010 4F, Du /PNHPHRIE T 2RI T PR 2 E 42
{160 T B 14D T 1 SO0 0 T A B A A 110 55 JEE 18 TV B P AS S5
PR35 FE N R SR P R . WE TR R, O ARy I 2E
HEE L 3,30 A AR X A 7] (6035 1 AN ST A i 3 1 A W
SIEZE, 2 330 CHURE, 2GR LA
HEA S RE. IS () SR IE B SR, 1 AR R BT
38 FH T 45 PR AR S 67 e S L B R 2RI R, 24k
FAGE BRI I, e N F% % 48% (Eq. 32).

SO
I/SOz ABOH [RhCI(CyHg)olo/L12 HN"YT2 )
+ Ar _ >
Ar1J\H 2 toluene/EtzN Ar'” AR

0,
30°C. 40 480, ~ 82% yield

Ar  70% ~84% ee

ooV
S9h
Ar

Ar = 4-MeOC6H4 L12

2014 4, Wu /NAPHRIE 75— C) SR P0G
BOAAR L13a ik (168 fh A 0 05 S0 R 6T 5 2 e IV fr P A
MEFRINES R B, 1% % B[R] B 38 A T N-Ts &2 N-Ns MEJi 3
IENE /b A G S S R B SR S 0 ) SRR i g A
1 h fEn] 584, T LLLL 56%~99%U3, 90%~99% ee 15

1598 http://sioc-journal.cn/
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BIFME SR T LY. R 5N EE
Hl, o= mes i L8 A o] T F 0
RS 4L & WA U(Eq. 33, Scheme 3).

E BE
A

I+ ArB(OH), i > (33)
AT H Et;N, MeOH A AR
30 5C or 60 °C
R =Ts or Ns 1h 56% ~ 99% yield
90% ~ 99% ee
R
'/
R
R' = 4-NO,-CgH,
L13a
PhB(OH),
N/Ts [RhCI(C2Hg)2l2 (1 mol%) HN/Ts

L13a (1.2 mol%)

| .
H
OTBDPS 30°C, 1h

EtsN, MeOH

Qﬁ
OTBDPS

96%, 95% ee

(1) TBAF/THF HN

(2) DEAD, PPhg, THF R

(3) Na/Naphthalene Ph
61% for 3 steps
96% ee

BR3 TR SRS K

Scheme 3  Synthesis of tetrahydroisoquinoline

1.2.3.2  F3F ARk AL B 7 AL RS2

T U LA AN I FH T 1 S0 ke ) A Rk 7 4k
SN, R 34 B - i R AN Bk 0 44 DA R TR S 4k
SR 2012 4E, Lam /NAPHRIE T8 b T M XU R
AACAE O 4D 35 S0 PR 80 1% ST P AS X6 B 0 1l S B2 (Eq.
34). fERAIMEE A, DR E A RY), BRI
AT CUBR) & A, BP0 ee [EHATER, UL
55%. FREBNTEMMIEM RN II P C=N Wi Z/E
PRI AR AT RERE IR, VB3 2K T BL C=N RU 4 2 [
SE IR FRDR A IR A S0 A9 s B JER P8R A7 A Mo BRI B4 (Bq.
35). BAR, RNERAE TR R, ASFE
P13 S BT S5 P AR T 0 i (R AN S Bk, 9 FLgh
HE 28 S T IR (50% ~94%) LA K% H 16 (0 ik 12 4%

KF3B g,
n-FC  [RhCIL)], (1.5 mol %) NH

34
)I\ MeOH (5.0 equiv) Ar/k/\n (34)

dioxane, 80 °C, 24 h

D

Me

up to 80% yield
up to 55% ee

Me
Ph
/
h"Me
L14
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KF4B
0.0 (2.0 equiv.)
-S. [RhCI(L14)], (1.5 mol%) X7 NH
MeOH (5.0 equiv.)
dioxane, 80 °C, 24 h R1 R2

Selected examples:

O\\//O o\\//o
O "NH O " °NH

, “
//\Cy 1= Me
Me

94%, 99% ee 94%, 94% ee

\//

O"""NH

L, 2 “NH
oo O
Br Me

92%, 98% ee

O

N2

68%, 90% ee

PE(94%~99% ee). (EfF MR, TEAH R BAK F
T, TR B B Vi (1) AN X6 B J A e B B AR
68%EFN 90% ee.

R A AR R AT DLk — 25 T AN AR A 2R 1L
S5z NEBTL ) R 7 T 35 R T A A P 0 7 35 R
B R AR il T e IV e e I e 34 THMM&J%&

RIS 151 97 %ISR, 98% ee (Eq. 36). K4 14 2 U R
@ﬁﬁﬁ%ﬁk%ﬁ%ﬁﬂﬂ@&ﬁﬁ@%ﬁa, KN H BE BT 28%
ee, IF B IX B G0 R AR o oo, (H BRI IR IR A

=
HE.

TR I R BN, E-crotyltrifluoroborate 5 MV JZ I il f&
FEB R AW, M Z-crotyltrifluoroborate 5 ¥ i il
5 WA B E B P24, B, AR R e v 42
P T 7S IR IERS. 3 — 20 AR SR 45 R 3R I R B
HRO TR S BE P Fh CE P B AR (Scheme 4).

2014 4, Lin, Feng S8 LS/ XUIR[3.3.01F XU 2%
BV, BTN SEIL T4 2 S R A JEFRIR A 2R
FRE ST e s AR IR B PE D A, 19 81— R ViE Toe 524l
[T I T HZ(97%~99% ee) (Eq. 37). JNHAT1RUF 1)
556 //B G VA | I = w0V W L9 2 I 7 N 5
IR I 2K 0 HE S M R A 2 Be AR e I 45 SR, D9 3

PR AR R £ 2 () Az BELAR R P B e 7 A8 95 A A 4
S,

JUF RN, Wu /NHPHARE T XURSEL AR L13b {2k
4D s 525 TR 0 0 248 R S S e (P AN X BRI RS, iR
TN, BB T 73%~97%HICER 72%~
99% ee. MIE=PIik 5 J5 45> T N Mitsonubu 3 AT LA
F T 2047 75 5 A 1 i s e S5 44 & W 1) & i (Scheme
5).

74\/BF3K ‘g
\// R3 X/ N NH
X IN [RhCI(L14)], (1.5 mol%) UKR?
4
UW MeOH (5 equiv.) R'R2 (36)
THF, dioxane up to 97% vyield
Selected examples: 55°C, 3 h up to 98% ee
\\ //
O\\ /7 B \\S// 9
o> TN O<S-NH o=
P N e PTNH
@ D N e
cl e M
\——O Ph e
87%, 96% ee 94%, 98% ee 65%, 94% ee 88%, 97% ee 83%, 93% ee
? 2
0" "NH O:/S~NH O:/S~NH
N N ....( N ....f
= Me
Me ph MeMe pphMe Me
89%, 6:1 dr, 99% ee 68%, 19:1 dr, 97% ee 75%, 95% ee
9 o Il
= 1] =
o‘,3~r\\1 o B [RhCI(L)], (1.5 mol%) Oss_\H O<S-NH D
N7\)\Me + S MeOH (5 equiv.) N4 N7\/\/§(
THF, dioxane Me D D Me D
Ph 55°C, 15 h PR Ph
the reactive intermediate: ’ 1 1
RhL L,Rh D
A( n n' 2
B4 AR
Scheme 4 Deuterium labeling experiment
Chin. J. Org. Chem. 2017, 37, 1589~1612 © 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1599



BHE R SR
R4
KFsB% ,
R Ph
Ns 4 H
N~ R2 SNH R L 37)
N ' 9y [Rh(OH)(L10)], (1.5 mol%)
| Z
R-C KsPOy or KF A%
toulene/H,0 58% ~ 98% yield
Selected examples: 97% ~ 99%% ee
NNs Me NNs NNs Br NNs Me
= Me /@)\/\Bn @/‘\‘/\\
MeO Me MeO 0
98%, >99% ee 99%, >99% ee 71%, 98% ee 58%, >99% ee
NNs Me
=
" 7O @(v OJVW@L
FsC Me MeO cl
92%, >99% ee 93%, >99% ee 91%, 99% ee 90%, >99% ee
R2 [RhCI(L13b)], (1.5 mol%) Ts. ) ,
NTS MeOH (5.0 equiv.) NH R : R
o e A )\)\ . ;
Ar” H 5 Toulene, 100 °C Ar R '
R 15~ 144 h R3 R
(2.0 equiv.) R =4-CF3-CgHy
73% ~ 97% yield, 72 ~ >99.5% ee (L13b)
KF3B._~_ OH
(2.0 equiv.) Ts< Ts
NS [RhCI(L13b)], (1.5 mol%) NH (1) Hp, Pd/C, MeOH/EA N -
- ' H MeOH (5.0 equiv.) Ph/k/\/OH (2) DEAD, PPhs, THF Q

Toulene, 100 °C 88%. 94% ee

15~144 h 45% for two steps
92% ee
B s FHBEHERNEGRSTE
Scheme 5 Synthesis and derivation of chiral allylic amines
1.2.4 &R FHEEAR (RBO)s
40131 [RhCI(L15)], (5 mol% Rh)

2011 4, Shintani. Hayashi 2"+ 7 —3 103 NI/Ts KOH2(0.2 N H,;l/Ts .
ARIBEIEECAE, TERG MR 75 SRR T 2 FY I IV I ) ANt R)\H dioxane/H,0 (V/V = 50/1) R (38)
M N A, B T A S R, IR RN EY) 60°C,6h 71% ~ 93% yield

89% ~ 97% ee

TN EARGE, ANGE T 55 3R 44 55 SR IR, e
17 S0 it RE BT 5 4 () 485 R (B q. 38).

2013 45, Xu /AP LU SR VB, Rohse
LT AEMEAL S 5 LB ER X 7S JC PR IR Tk Ik 1 IV e 1 A Xt

B

L15
Selected examples:

Ph
thp\N@/

FRMMEOR B, IR AT, RO RI AT = 20 1 43 1 1
BT, DM T I (93% ~99%) 15 5] — R 11T Pt 3
Al [R5 FAL = H(97%~99% ee). K S B il I 25 1) 43 #r
ISR R 3 A1 1 2 (a1 BELAE R A 45 R
P FZ (PR 58 Al ) T AR FEIE & R AL E B HFTR), 1X
FE, HIEMNIRE re-THER, TS 2RI B 7= 4(Eq.

/Ts
71%, 95% ee  83%, 96% ee

Pt 1 o5 FE X NON-—

39, K& 3).
SR, Xu 2SRt SeBl T L FRARA L1 AR MonoPhos JEHLENE A L3,
1600 http://sioc-journal.cn/ © 2017 Chinese Chemical Society & SIOC, CAS

73%, 96% ee

S

/Ts

86%, 89% ee

S

Y ik B IV P AN R T
JR S NE(EQ. 40). SXAN S R JERAE BAVE AR I, o T

VSIS A

Chin. J. Org. Chem. 2017, 37, 1589~1612



Chinese Journal of Organic Chemistry

REVIEW

N

ArB(OH), O/S\NH

N
| [Rh(coe),Cl],/L16 (39)
R N TH  aq.KF (1.5 molL) R VA
= toluenefr.t. A H

93% ~ 99% yield

97% ~ 99% ee
) i
Il
N/S'l/%
(TN
L16

Selected examples:

N

O~

\\ /, \\ // \\ /,

o, o Sl

96%, 99% ee 98%, 99% ee 98%, 99% ee
o 0O

\\ // \\ // \\ //

@@uﬁ o

93%, 99% ee 99%, 99% ee

98%, 97% ee
0 0

\\ //

e

96%, 97% ee

\

O/S\NH

i,

98%, 99% ee

OH
N (Ar

;o ) e
o” \Ar
B

si-face (unfavorable) re-face (favorable)

B3 R S 2
Figure 3 Proposed reaction transition state

Mt Rk L6 AR FFHEXURB I /& L1201 iy Jm) P
P, i S ER A A, AT e R AR B & Ah 05 5
FR =, B SE 38 G Headi F T 57 o AR A7 U 1)
Y, FTEAZRTE 97%~99% ee KM e IR BRIEFEIE. (EAF
—ARIE, 2R MEN T N-Ts WA AN FRTT
BB, H 2T, MAALA F2 OB IE L 4
INESRE, 3 BDGAEEEE R 99% ee HIAHRL ™), FHEATE
FREEAY R I IR 97 IR 254 53 F Solifenacin DL K& A
NZ EEZE DI #EH T KRR P(S)-(+)-Cryp-
tostyline IT F = 20 E& (Eq. 41). 1ZF 70 W A 3 25
FPEER T 1-7745-1,2,3,4- TS T PEmlE 248 it T
—NE L AR BRI
12,5 FH &gk Buik

2012 4F, Zeng /NHHRIE T AL T XCBM:
AR C A 12 T3 F) 7 o 10 1 ) 2 12 G T I 22 P AN S5 ko
JS(Eq. 42). A2, 5207 Lu N ARE F 75 2R

N’302 ) [Rh(coe),Cl] (1.5 mol%) HN’SOZ & /
N+ esox : W N (40)
A7 H (R)-L17 (3.3 mol%) AP AR ; H
Toluene, 60 °C
52% ~ 95% yield L17
90% ~ 99% ee
Selected examples:
\N/ \N/ \N/ \N/ \N/
Me HN"S
‘)\‘\ q i l Me MeO II II Me O)\©\
91%, 99% ee 96%, 98% ee 85%, 98% ee 52%, 98% ee
95%, 98% ee
MeO O
i N
N OTBS O N\n/o,,,, : MeO Me »
R _J R e - 0 7 “
~ 2 i
O// \\/ O N i O
Ar 5 OMe
99% ee 99% ee ' OMe
Solifenacin 99% ee
(S)-(+)-Cryptostyline II
Chin. J. Org. Chem. 2017, 37, 1589~1612 © 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1601



BHE LIRS R
Ar?B(OH),
1 1
AT PA(OAC), (10 mol%) o \L \L
| L18 (10 mol%) =S (ArBO) =S
EtO EtO 0=5, 3 0=S,
\W)\H CHaNO3, 50 °C \W)\A@ (42) N [RhCI(cod)], (2 mol%) NH Ar
(¢] (6] X NaOEt (1.2 equiv.) 7N o (43)
. i 0 RIL
% é%] 14% ~ 85% yield Ry CH,CL/EtOH (VIV = 4/1) S Ay
N N ] 57% ~ 99% de CPh; 0°C, 18 h CPh3

i-Pr “iPr

L18
Selected examples:

OMe
o AT
L
HN
HWULK:L
F

59%, 94% ee

EtOOC)\Ph
93%, 97% ee

OMe

HN

HN
EtOOC EtOOC \ S
/
MeO

48%, 84% ee 62%, 93% ee

BT RN, RSAE PA(OAC)y WULE PP 4
CAREEIYEEEE i e i SN N
PRS2 S B A S ARG FE A, [N AT LR e fiE A 771
SNIETE. A2 10 mol%MIEALFINE T, % Bixt T &
LT IR RE AL (R A R, (ERT T i1 R S W
AT M TR

2 FEIERRHIAS R0 AR

T IV 2 22 AN X6 TR i s 2 7T LA 38) 5 2R e ST Ak
O o-TFHERE A S, (EAH LL TR B A%, W S
SN ROR AR, 5 L BT SN 9 ) 2 ) X 43 2
ZIN, BT DB S G N7 A S 3 e % o B M
2.1 FHEFIREE

2011 4F, Ellman /N 3RE T 82 AL S 55 S0 6
HELRUT SR I U i (1) AN KRR 05 64k Sy, DAB il 7 2%
BT A0 1) 305 0 3-SR . s B AE — AR AL
TNFFRIEEAT, B Bz bR EAR S 07 T b EAR
S SIS AS K, BL 65%~92% SR Al Fp 25 B4 1)
SR (88%~92% de)f3 3 H kR ¥(Eq. 43).

2.2 FHEAKRE
22.1  FHWUBBK

2006 4, Shibasaki, Kanai Z:* i 7 Cu(T)/La(IIT)
AL PR [ 2 -DuPhos {72 3 [ 7R 3 4500 e 1 s o
MERE A SRR N, BA 76%~98% %, 23%~93%
ee 133 T — R -5 H-FIG N EIRMNAYI(Eq. 44). 7

1602 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

65% ~ 92% yield
88% ~ 92% de

0%2
!
B Ph

0
“ph CuF-L19 (1 mol%) HN)
)I\ La(Oi-Pr); (1.5 mol%)
R! LiOj-Pr (30 mol%)
t-BuOH (1.0 equiv.)
toluene, 0 °C

76% ~ 98% yield
23% ~ 93% ee

Cyclopentyl-DuPhos
L19

Selected examples:

92%, 89% ee

NHBn

Sy e

88%, 92% ee 98%, 23% ee

PRI T A Sy S A 751 R DA 8 B v S R M B ST A
R, AR 73 B 0T DU 80 0 1 S i
(s A EE D IR B . SR S T LA IBX AL
PR T4, B R R IS VR R, P RS
TRFF.

2015 4E, Jarvo ZE1HRIE T AR M1 T Walphos {23251
R 0 TS T T R A DR 8 D IV e (R0 AN BRI R, 1y
BT — RIVEERTFER O a-77 B/le - m b = 2k
&, BT 90%~98% ee (Eq. 45).

JUF-[FIi}, Kong, McLaughlin 25474508 T — /824
0] Walphos i 33 1) 75 Ji 2 Jes SR o B R 1t i 7. fie
FRIAS RR IR RE, 75 5 STV fiz B i s ) IV e 247 e 3 FH
TUCR M, BRT 40%~99%I0%, 88%~99% ee (Eq.
46).
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AgPFg (10 mol%)
o QP 120 (12 mol%) Oy 0

\S\/N KOt-Bu (20 mol%) SSNH //
as"

HOt- BU (1.1equiv.) R=Ary, heteroaryl, alkyl
DMF, r.t., 18 h

F30\1$ _CFs

69% ~ 89% yield
90% ~ 98% ee

76%, 98% ee 89%, 94% ee

4

o/ b4

222 FHHIE LK

2010 4, Shintani, Hayashi 2" 5 kscl T 88410
TORUER[2.2.2]F PR R T AA AT a3 0 DY 5 60 K770 5
V% 0 AS S R0 R R R, BL 53% ~97% I Wi A
94%~99.5% ee 132 | — BRI E o-ZEMFEH O
Jiz. F T ST e 1) S VRS, BT DAME R T SR %R
775 SR A DY 5 FE A AR, OB A B XU 4 S Y AL
P TR BRI, AR AR R IE N (Eg. 47).

1R IR b, %NS S SOR BRT LR E N2
T il 4% (1) 5 5 G R ARk A DY 5 B, I BRI

8 RS B R A G BRI Ns, B[R] B 38 i
?%%%%ﬁﬂwﬁw%%ﬁﬂﬁ@ﬁ, BIRe IS R i B = AL
[P e B M (Eq. 48).

2012 4E, Nishimura, Hayashi®" X B3l T C)-%F
FREGF-HEXUGRCAR L9 23E 1 FL oA 7S T H IR 1k
U A X RS B Ak S . [RIRE, AH R BE M IR L A4
AL TR ZE e 2, EHAEAL TR, FTRARL 70%~93%
IR AT 93%~99% ee $R1F— RIS ZERFEF LT
Ik P T fre A i 9 R 2R A S ). R IR IRl P B
PPN EH TIRE Z IR a-— )5 FEHL

84%, 98% ee 88%, 96% ee
25 R*—B(OH), 2.0
N5 Rh(acac)(CH), (5 mol% Rh) HN-S; @)
. J_ 0
ai P 5.5 mol% L20 (WAL phos) RZ“"'/Q

2-Me-THF, 60°C, 14 h

Selected examples:

R' = aryl, 58% ~ 99% yield, 88% ~ 99% ee
R" = alkyl, 40% ~ 82% yield, 93% ~ 96% ee

2.0 2.0

— HN/S/ -8~
O Sl 0 e W

F
75%, >99% ee

84%, 88% ee

65%, >99% ee

N/Ts [RhCI(L7b)]»
0,
/m . Ar4BNa (5 mol% Rh)
R R' MeOH (2 ~ 3 equiv.)

dioxane, 60 °C, 20 h

Selected examples:

53% ~97% vyield
~99.5% ee

HN-S,
O . o]
MeO

82%, 94% ee

Ts ,
j E /6/;“
. /7 @7)
R' '
Ar .

Ar
Ar=4-C Fgca H4
L7b

HN Ts HN/Ts
"Me \'''Me ' 1Me
Ph Ph
83%, 97% ee 82%, 94% ee 64%, 98% ee
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TsHN Ph \'Me  pp \'Me  pp\'Me
F Me

97%, 99.5% ee 86%, 98% ee 63%, 95% ee 95%, 98% ee
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BHLE =R SR
N PG [RhCI(L7b)], un-F8
B (5 mol% Rh)
ArBF3K
ROR T : MeOH (3 equiv) RAA'_R' (48)
(0.3 mol/L) (3equiv.)  gioxane, 80 °C, 24 h
71% ~ 95% yield
Selected examples: 92% ~ >99.5% ee
T TsHN Ph TSHN, ph

HN
\''Me
Ph
Cl

84%, 98% ee

&S et

77%, 92% ee

CI

95%, 99.5% ee  88%, 99% ee

FALE DT =557 HE U A
RUOAN RS TR B B 2 3R H PR X

FRIGTFE R, X2
o, ZEHEATN =
(Eq. 49).

2013 4E, Xu NHPR R T 5 B SCBESE A 1 T
T Pt fi — I S P AR, R T P - B AR X T B9 18 ot AR B
FE AT FR 55 B4 R BE R, B RSEIL T & 2l T (AR
97 4 5 AR = G R AR 1140 R 0 i Ay TP R g e P 1 2%
AH A W i e o ok 3 45 1 . R PR TR B BR S A L1,
SRR AN A ko] LLEAT, P i i s B i
1N 99% ee (Eq. 50). iX HLF-PERRAEC A L 2 BTRIE
(YU B WUBRHC A, 285 A6 5 e B, & oAl L 5 1, i
LR R 6 75 L 1l 46 S R B B4

N

R

Me
71%, 95% ee  80%, 95% ee 91%, 98% ee 80%, 97% ee

TEPERIR =R Z5H 5y T+, H TP e ek P R
IR, i — ﬁmﬁn¢Xu[mﬂ%mHMEu$
BT PE /B A LA 0 O AR, 3 e BAPR e T —
ERE A 75 AR B, BRIDSEIL T — &5 PO T
PEFRG ) 2,3- 2 5-1,2,5- 08 k-1, 1- — SE AL R ot
WO PR A R N AEIE R A 4 F T kAT, IR K&
ee THIFIE 99% (Eq. 51). P24 — B3R N A PL s
5 1 T e 5 92 ASE LI P o- BV R IR, N
X R EEAEW I A B T B 0 B B 5 i
FH EE T BB R, e S5 EAR P AR T STV e P AS %o R
TR Bk, 38 I B B A Ak, Xu ANHPTSCR
FFHEREIA L16 mRIhsedl T8 R HoTAIN T

1,2,5-W8 MR- 1,1- AL E AR R T AR IR N-RE IR AR 0 I I AN X R D7 B SO, RS £
0]
EN ”o o\\S”\
S\N NH
I (: fH--'Arz
@ Al (Ar?BO)3 Ar'
or [RhCI(L9c)], (5 mol% Rh) or
0.0 K3IP(I)4 :11 Ie(zt.nv-) O‘\S"O @ (49)
s’ t-amyl alcohol, dioxane ~S<NH
o N 60°C, 12 h ? .
v p-Tol R = i-Pr
Ph Ph Loc
70% ~ 99% yield
Selected examples: 93% ~ 99% ee
o) [0)
Oy Me O\\S”\ OMe O\ P
“NH NH S*NH
Ph Ph

OMe
99%, 97% ee 98%, 95% ee

Oy %
S

OMe

92%, 98% ee

97%, 97% ee
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70%, 94% ee 71%, 99% ee

O\\Suo O\\S/(/)
“NH “NH
\"'p-Tol \''p-Tol
/0 /S
= T~
97%, 99% ee 99%, 93% ee
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0,0
\ /,
Q.0 4
By NH
N AT
R’ -
R A[Rg(,j“bi”é/ 'g: R' = Aryl, COOEt : O 0
or r4BNa or ArB(OH), or N/S"’ (50)
0.0 KF (1.5 mol/L)/toluene, 80 °C 0.0 ' H
s os7 !
0N . or . 0" NH !
| Dioxane, CH30H, 80 °C L16
R2 \Ar
RZ
R?=CF3 H
26% ~ 99% yield, 85% ~ 99% ee
\ / \\ /O \ /,O \\S//O
NH NH OMe NH NH
/ F Ve
EtOOC EtOOC EtOOC Ph
Y e cl
90%, 99% ee 35%, 95% ee 76%, 90% ee 90%, 97% ee
Q.0
WH o, 0 o\\S//o
0" NH N O
40y (O LEC
Vo CFs CF;
cl
85%, 97% ee 88%, 98% ee 81%, 99% ee 84%, 99% ee
ArB(OH),
O\\S,,O [Rh(coe),Cl], (1.5 mol%) O P
NN L16 (1.5 mol%) N\’ “NH
\
)—( KF (1.5 mol/L), DCM, 40 °C H”"Ar 1)
R R R R
70% ~ 99% yield
Selected examples: 94% ~ 99% ee

o\\,/o o, 0

\\//

)

\\//

o)

How H0w How 55

98%, 97% ee 91%, 99% ee

o\\,/o 0P

91%, 99% ee

94%, 99% ee

N
S
@ @ N
/1O
Me Me c

84%, 99% ee

J T — R o Air 57 FE A e ik B PR 46 T A I e B o
FREE PR, SR AR R RE I E, T RS
ARSI 0TS AU R, JE R 7 4 (R I i 6 1 T e A
99.9% ee. FNZT HEAL, TP SIS TR T
P r o F DG S0 55 A R % 5 58 T A R Ak 5 0 1) e 28
Ik FEVER &, J7EIFEIREIL T NMDA 5 i
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70%, 96% ee

FR115427 B’JP%O@NWJ\ & i (Scheme 6).

b5, 20 B S S IO, FE AR IR 0 R T A4
L16ﬁi£7< Xu S S ST AR SRR T LA % v W
FRIAN X PR 97 FE AL SO, AR LA S5 B0 0of Wik i B4 (il
99.9% ee), MIIHH T — RINJLFIeA4H) 3,4-—
SARIF(1,4]- B0 -2- I LA Sz — S M WR I R 24k 5 P (Eq.
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52).

0,0 75 HE R IR e — e B A B AR FRVE PR R AR
FEY). B BT S ORI K BTSSP R
AR, SR S R AR TR G B R AR DA I )
. Xu NAPRE KR T — IS R F B e A,
FIFTFRESE IR L21 SeBl T84 R 1,2,5-M8 —
WBR-1,1- S IR IV Jig R AN PR 07 A0 S N, AR TR ) 2%
PR, A R T — RS TR 5 B R
(IR 2 I BEIR A Je 4- 258 08-2,3- 2 41-1,2,5- M- 1,1 -
TEARAEYIETE 99% ee). ZTIRERERIR. RE
RFEHE)" SEAfiE#EME S, Pema i i nT T HER
SR TFNE a,0-— 07 FEEELRRAT AW & B CA S &8 28
ZINHIREE, FEEIRSEILT Merck AR IRIER BACEL
#1171 (R)-iminohydantoin [ {# 14 /4 % #% & % (Scheme
7).

B, Xu 25 R FR F M R ek, sl 7 55 56
WX o B-ANHOFNERR B LA 2 1) 7328 1,4-F0 1,2-00

o
\/N (ArBO)3, [Rh}/L16
KOH (1.5 mol/L), DCE, 60 °C
alkyl
Q.0
s ArB(OH),, [Rh]/L16
0" 7N ’

| KHF; (1.5 mol/L), Toluene, 100 °C AT
alkyl alkyl

17% ~ 96% yield
97.6% ~ 99.9% ee

BN, IR T R e 2 Al R I B 5 SRR )
FERERE A TG, C =X R T I XUGELAR L7e & T LR HC
P L6 7E S H 2 I HH AR e 14 e A A AR X Bl dg 438 12k
TRGr= P 42 15 SR A JE RT DAAR B S T O
It B A VY IR 544 1 T 14 < (Scheme 8).

— MR, TR PR ZE I AR A AT B
B R. 2013 4E, Hayashi £ Nishimural®” DLICIR 2 45
W Jiie e s B 247, ) B P B KA R R R A R
SRR A N-BRIEE %, SEIL T [Rh(OH)(L22a)], LT
(1) v 0T WA FEPEAN X FR 5 BN AR (91%~98% ee), FT
B B B = 05 B B S AR A0 1R T S ] R
Ak & 0(Scheme 9). HIF 7T BR, 356 FH vy M 1O P2 S B 4%
B YINE AT S S RS (1 B, B2 S S B ke
FUREARFRIEF, RIS SO 75 58 ik 7).

FE3E— 25 BRI 5 ™, o 3 R B R i R
BLEEY) M [Rh(OH)(L22a)], F T 5 S A AF Xof ARG Py ] B
FARBETHE 0 PRI AN KR % e, 4 BE AL T s i) £

o0

N’

g HN
NH phi.,//
\''Ar -
alkyl

41% ~ 99% yield FR115427
90% ~ 99% ee
P 0.0
ONH —
— NH
AF alkyl

B 6 AR V- Jok HA ot ok IV ) AN k57 AL
Scheme 6 Asymmetric arylation of cyclic N-sulfonyl aryl alkyl ketimines

(ArBO)3

[Rh(COE),Cl],/L16

X._O
CLJ
N 0,
X=0,NPG 60°C

Selected examples:

dioxane, K3PO4/MeOH

Cr L,
N Ar (52)
H

28% ~ 99% yield
95 ~>99% ee

N
H

99%, 99.7% ee

I\I/Ie

CLr O
N
H

69%, 99.9% ee

99%, 99.9% ee

79%, 99.7% ee
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98%, 99.7% ee
l\llle I\I/Ie

Crr B8
N F N
H% N Ph

80%, 99.6% ee
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@EO o /@io o ©:o o
N% cl N% le/\/APh
H S H H

28%, 95% ee

I|3n
CCx
H
OMe

69%, 98.9% ee
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SN R '
SL (1) Asymmetric arylation ~ Ar'_ NH, '
MeN” N . . 7/ - Ar
H (2) Ring opening Ar2 CONHMe : (@)
o A ' : o )
Jeen
LS .
[Rh(l)yL21 MeN" NH ) LAH
2> S Ar '
Ar“B(OH), g . L21
45% ~ 99% vyield
Selected examples: 66% ~ 98% ee
o\\ //O O\\ //O o\\ 4 O\\ o
O MeN” NH@ MeN"" NH
|l o axll ol
o 0 \/O
45%, 98% ee F 91%, 66% ee
95%, 96% ee ’ 90%, 85% ee ’
O\\ //O O\\ //O O\\S// O\\S//
N NH MeN" "NH N7 NH
EtO (0] EtO
95%, 99% ee %, 989 Cl %, 999
o o 87%, 98% ee 94%, 98% ee 95%, 99% ee
HN Me
(0] v
N
o0 on O Ph_\\\\\NHMe MeO ' .
MeN N|-.|A ) — i NMe NH Q d
} < N I
o A \\<o 0 O @
99% ee 99% ee (R)-iminohydantoin

BACE1 inhibitor

B 7 TR IA T A T IR B i A B 55 24k

Scheme 7 Simple phosphite-olefin as ligand for asymmetric arylation of cyclic ketimine

O\\S//O 1,4-addition O\ o 1,2-addition O\\S//O
N / - ~
0 N @ Ar2B(OH),, [Rh]/L ON AR ArB(OH),, [RhJ/L ) NHAr
/ | W A
X N X
R Q 0] RT 1
= _ g = Ar
N~ //6 up to 83% yield
70% ~ 99% yield .
Ar = p-CF3CgH4 82% ~ 99% ee up to 99% ee
Selected examples: L7¢c
O\\ //O \\ ,/ \\ // o\\ //O
@ o’ “NH @om
' l I R
©/\ Phpr
99.5% de 83% total yield 93% de 68%, 99% ee 62%, 99% ee

BR8 ML o, - NERFRIREE L K)Z 5 ARSTFR 1,4-F0 1,2-J0%

Scheme 8 Rh-catalyzed stepwise asymmetric 1,4- and 1,2-addition of a,f-unsaturated cyclic ketimines
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BHMNE LIRS
(Ar?BO)3
NH [Rh(OH)(L22a)] (5 mol% Rh)
1,4-dioxane 'AI'
Ar! OH 80°C, 24 h
o 99% vyield
98% ee

ArzB(OHk\

Select examples:

@“
/ Ht
Ar!

r

65% ~
91% ~
Ar?-[Rh]

R= Ferrocenyl
L22a

87%, 96% ee 89%, 93% ee

BR9 3-F5H-3-5H-1-

A3, R RT DA B R R v U 3R (70% ~ 98%) A K¢
e S B IR B (91%~99% ee) (Eq. 53). FTfR%) a-
TS HE T B4R I T R AL T LATE ee {EERFFIY
THOL R G2 & & R TR A k.
JAUKI, Lin, Feng 255156 XUFR[3.3.01F M WUA T
& L10, BiG MR AR R Rh(OH)(L10)], F TR
PR i 077 T S fie P 0T 3 36 1 0% A S B, SR T —
%%Almﬁ$ﬁ¢bmﬁ@W%%wé%%%ﬁK
KHFRE K, B S 98% ee (Eq. 54). W KIIEFEHE
R T 1) 5 J A0 T M A T A7 S K50 mT DA 29 it
TR s, AT 8 s UL, L 224 d5l oL 1) %5 S
Z 5 B, WCRATEE 2T B, B R R ke
BE AR 19407 BH 22 ) e IR A B R s e [RDRE,
FEYITE LAH 560 TR, v RIS BDEEENER -2

o, 0 [Rh(OH)(L22a)],
X'S‘N v oL (5 mol% Rh)
\/,k AR t-amyl alcohol
1 0 Y

Ar
X =CH,, O, NPG

Selected examples:

toluene, 60 °C, 20 h

S|

96%, 97% ee

R R F) A X 7 57 4K

Scheme 9 Asymmetric arylation of 3-aryl-3-hydroxyisoindolin-1-ones

SERE.

2015 4F, Nishimura 2 RIE 7% M 5L e84 Fh
[Rh(OH)(L22b)], fH fb PR Bk SV e B (1) A= %o R 75 B4k
S, SEBL T — R BT 5 B PR A Ik e N T
KAV EBER, 3T 83%~97% ee (Eq. 55).
F%Tu%mi%w LA 25U A5 3 ee (AR TR a,a-

75 3 -a-N-F B G SE BRI,

223 FhEA REK

2013 4E, Zhang /NAPUYRIE T H AT,
Mt —E RBP4 23 2 3 ) AR R 077 R S fie 1) A e R
T AL RNAEZS RS R REAT, LR A )

Pd” A AL Pd", (RIS 3 AR 1 ) = 9 2B R 7 DA S
Bin s AP 3R, IR iR (Bq. 56). SN JEA)
R
o . O
\S// F
Ar' R
70% ~ 98% yield R = ferrocenyl
91% ~ 99% ee L22a

\

@ o

97% 94% ee

oL

O/S‘NH

e A
Ph

98%, 93% ee 1% 98% ee 98%, 91% ee

1608
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\\ /,

oO

II@_ t BuOOCN\/k @_

Ph

84%, 95% ee 84%, 95% ee

93%, 92% ee
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O
/
Ar—B\
0 S0

(0]
1 0
N-S_ _ [Rh(OH)(L10); (3 mol% Rh) /
/k/o MeOH (4 equiv.), dioxane alkyl \‘\./\/O (54)
80°C, 48 h Al

alkyl

19% ~ 99% vyield
92% ~ 98% ee
Selected examples:

HN-S 2o 20 2o
Me' HN-S, HN-S, HN-S]
>m o I
N
() MeO MeO HO

O

>99%, 92% ee 39%,98% ee  63%, 99% ee 41%, 95% ee

[Rh(OH)(S,S)-Bn-tfb)],

O, Y (3 mol%) O, pe
o" N ArB(OH), 0 7 NH
' U KPO, (55)
N COOt-Bu K3PO, XN 1COOt-Bu
R_'/ 1,4-dioxane R_I/ Ar
60 °C

Bn  84% ~99% yield
83% ~ 97% ee
ot
F
e
FF

Bn
(S,S)-Bn-tfb  (L22b)
Selected examples:

Qé,,o Qé/,o
O °NH O" " °NH
+1COO¢-Bu +1COOt-Bu
® U -om O OQ
MeO  OMe

96%, 95% ee
94%, 86% ee

N\ //O O\\ /,O
O"""NH O NH
Me . 1COO0¢-Bu I 'COO¢-Bu
Me cl Me

94%, 94% ee 99%, 84% ee

TG PERLS, W T IR L RE AR R R, BT 3
RRALAT B B IR T s 2 WA 25 A8 % AT 1T S (R R i,
MU 2- AR RR I S NAE 48 h R AU 15%
IR R,

S JSE PR SEAR 6 % AT DL I 40 AR AR R (Eq.
57), ¥ mALE KRR, 55 5 Ak T UEREIRIA (XS
oz, T 3 2 D) JCEE e 3 A6 A7 5 BE IRC 2, Dt S 34
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ArB(OH),
Q.0 [PA(TFA),] (56 mol%) 0
L23 (7.5 mol%)

/\N
TFE, r.t. ~ 40 °C .

Bu Ar Bu

MeOOC N .
| 15% ~ 96% yield
_ 0 72% ~ 99% ee
Y
N—
) AN

t-BuNicox (L23

0
NH (56)

N

H

Selected examples:

99%, 94% ee 74%, 96% ee 89%, 90% ee  99%, 93% ee

\\/O
2
. 0
0o NH WP
W, O\
5% R O 'NH
NH N L
~“Me
3 OMe ©);h
Ph OBn
COOMe

99%, 96% ee 90%, 93% ee 58%, 95% ee

MeOOCm
N ‘NS%-H

ArB—Pd\ t-Bu
=\ __0

N
SS
(¢]
MeOOC S | disfavored
\\fN\/’\\(O
N \ O o)
/N—%H \\S//
A A S B T NH
=N
R
1l favored

A° R

SO, J:H S AR RCT B A H, FERBULES 1T
L], Ar AWTERZN) Re TEIHETL, 15-3AH A5 (1)~
.

2014 4F, Lu, Hayashi 252 MB 458 T 44k O PROIRER
TG AR RR D5 364k, ML TLeHA REY), 75 JTCHRRIE
i (4] I 7 3 o AR, AR P W A B 4% 5 2 T AR B
BT, X 2T TR S B -TE R, it -IE
WAERBR O WU S5 1Y) 2 B A AR B, TP BT ek i
& i-Pr-Phox AJ DAZS i IR BEZE AL, (H1S —1E1 2,
SN S R InY) AgBF.,, AgSbFe, KsPO, K J5i 1 H3 47 1)
IS RN PR e, — LB R R A
Wietk, RIS T % AgBF, 8% AgSbFe S K;PO,
B TR A A DA R A S AR R P R 1. TE S E 1)

http://sioc-journal.cn/ 1609
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AR LA TR, SN K HR AT AERASAR i I s A
55 F X R 3R (96%~99.9% ee) (Eq. 58).

2015 4F, Zhang, Xie Z S RIE 7 M 4R ML Tt
Mg -TEIRIRC AR 123 2 38 () AR Bk S0 e 55 1) AN AR 5
Ak S BE. A A 2R BE ST S B0 ST 44 0k B 35 4
(95%~99% ee), {ENFT RALBHT7 FEMER « 4757 FEMH AR K
7 A I EEL T 5 ) 5 SRR S LR 2 AN TR R FE 11
NF%. DFT 53R B S B Hh 05 B4 N R IR — 20 0 ) B
(R PRTEE, G P 1 2 1l () DG B 25 (Bq. 59).

TE— Z HEE AR A R AN S Bk 57 35 n B AFF 7t B A3 S
2 Ja, Lassaletta, Fernandez, Monge 53k —35 %417 —
FEH A 1 F e - AR, BRI N T 2 i RGE
FFPAIRE B R W, 505 & W Fe . Felk
HUARIE Fie % s e ) IO 58 (1) AN %o R 75 a4 S A, B

HUAS T ARR Rt fe, F 2 gl W e ) — B — AR
PR A, I 55 R AT It BT AR A
JRINHIARIE. Flt, Zhang /NHIVE I x JEC A Fh | A
U G PR PR A ik ) TR A 2 22 D I 2R 81 M i g — S e
WAREC A R0 28, B T AL T JF B A SRR
ASSETRRINB IS, W50 &I, In-Pyrox AFAREAM, 4K
W53 | AT i 2L 23 )R 2,6- SR AT ik
TR PpE I, E =R SRR, 70 CHAMET, BT
5T 90%~98% ee (Eq. 62).

IL.\—I:I %Eé

BT a-FUERAEATHLE R 2Pt 78 i) E 2
. WEEFAT EATHI AN FR & OTVE R R R A
ﬁ ER BN, He T PR L A SR ) I

3

13 7L R B A e 35 4 (Egs. 60, 61). Ji T A AT BT 1) 00 I i F) AN B I e e 6 #E 3-+-
E ORIV 4 R e 0 11 T STV fie P A %o A sl 4 >k
ArB(OH),
C%S‘D PACI,[(S)-i-Pr-Phox] QP [:;:l\T/O
0"N 9 O"7NH
! (5 mol%) " Phop &\;} (58)
R additives R r PH \P TS
7 /
CICHgtgHZCI cl \CI
65~70°C,12h
48% ~ 99% vyield PdCI,[(S)-i-Pr-Phox]
Addtive: AgSbFg/K3PO4 or 96% ~ 99.9% ee
AgSbFg/proton sponge L24
Selected examples:
O\ //O Oy // // Oy //O
“NH
S SO @4 Lo~ &
99%, 99.5% ee 99%, 98.6% ee 51%, 99.9% ee 51%, 99.9% ee
\\ /, O\S,,O 80%, 99.2% ee
O"""NH
‘1 O LSO
65%, 99.6% ee 68%, 97% ee
o, 0 0 | MeOOC._~
o SN Pd(TFA), (5 mol%) oS NH ' |
| L23 (75 mol%) , N/ O, (59)
R—Efir)\COOMe ArB(OH), R%EfiTJ\éggM 5 Q\)
I -
% TFE, 60 °C, 24 ~ 36 h > ° 2
529% ~ 99% yield : t'Bi’z’\gwx N
Selected examples: 95% ~ 99% ee
O\\ ,/O \\ // \\ // Me O\\S,/O Me
0" "NH ’ \NH / \NH o \NH
.-u\@’F
COOMe COOMe M OOMe OO COOMe
eO
90%, 98% ee 74%, 99% ee 98%, 97% ee 96%, 98% ee
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S Pd(TFA), (5 mol%) o0
"N L25 (7.5 mol%) NH (60)
@R ArB(OH), \"'R
TFE, 40 °C, 12 ~48 h Ar

70% ~ 99% yield

R = Aryl, Me, Et, COOEt 869 — 9708 e

N—N
L25 Ph
o, 0 Pd(TFA), (5 mol%) o, 0
N’S\N L25 (7.5 mol%) N" " NH (61)
\ \
1>—< , ArB(OH),, TFE 1)—(-.,,R2
R' R 60°C, 24 h R' Ar
R', R2 = Ph, Me 70% ~ 95% yield
92% ~ 96% ee
o < -
X 0=s
O/S\N ArB(OH), AL i
/ Pd(TFA), (5 mol%) N
_— 1 |
R'—— O In-Pyrox 6 mol%) R _ o (62)
Z N TFE, 70°C N
’ \
R R
R = 2,6-Cly-benzyl 51% ~ 97% yield

j E 90% ~ 98% ee

In-Pyrox (L26)
Selected examples:

Ph, NHSOzt-Bu_ Ph, _NHSO,t-Bu Ph.  NHSO,t-Bu

(¢} (o} (e}
N N
\ \ cl N
Br R R R
60%, 91% ee 80%, 94% ee 95%, 94% ee
rO

. NHSO,t-Bu

97%, 93% ee

NHSO,t-Bu

@E%

85%, 96% ee

Me
S
\ Br Me
=~ ,NHSO,t-Bu NHSO,t-Bu

@E'%@E%

51%, 8% ee 82%, 93% ee

NS

NHSO,t-Bu

82%, 92% ee

ZHER OIS THORIEERE, JCHR AT K
J& 7 — Z 5 v R TR S A R T S S AR R R A
i, s 7 a2 RIS R RO SRR A
MUBFBCAR . XUGHECHAR S TRARECIR . BRIGECIR. & & ik

Chin. J. Org. Chem. 2017, 37, 1589~1612
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LES R, ERMELIRNR, TR R
PR T JC O R ) A P RO R 6 4, 1 L7 )
WFAEGU, SRR SROTE, @ NESIRZ,
N 6 B JR AR O A B P ) T A AR A T
AT RROFAXT LS. O, TR AR
AR 25 SRS AR AR AL S N AR AR BB AR i, (2
HRTLERT FTRRBER BE LI 1 Tt — R R . A
TR, HERM T IEEE . SRS rA
WU 0T S AN BRIt A ARA R 5 Jm
I 7R, BTt Bl B e R R R AR, TR SE Y
EALIR R, S0 RS MBI R SR, SRR ZHEIERIA
BUBIATR], D50k Feimi s b A pLIE. Bl AT A o0
IS (R AN IS FRAE AL (B AR AT AR AR, AR IX

AU I BIE FTA K UG B R R JEE.
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