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Progress in Asymmetric Catalytic Synthesis of C—N
Axis Chiral Compounds

Chen, Wanting' Zhong, Xiongwei' Xing, Jiale Wu, Changshu Gao, Yang™
(School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006)

Abstract Enantioenriched C—N axial chiral compounds are ubiquitous in many important field, such as natural products,
chiral drugs and chiral ligands. Therefore, efficient construction of C—N axis chirality through asymmetric catalytic synthesis
has attracted more and more attention and research interest. In this review, the recent progress in asymmetric synthesis of
C—N axis chiral compounds has been discussed, mainly from three aspects: desymmetrization of prochiral molecules or
kinetic resolution of racemates, atroposelective functionalization of C—N axis, and atroposelective C—N coupling reaction.
The topic focuses on the evolution of asymmetric catalytic system and the key factors of chiral control. The existing problems
and future development direction of this field are also discussed. This paper is a timely and systematic review and will

stimulate more extensive research interest.
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a) Natural products, bioactive molecules and chiral ligands containing C-N axis chirality
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(b) Asymmetric catalytic synthesis of C-N axis chiral compounds

(1) desymmetrization of prochiral molecules &
kinetic resolution of racemates

(2) atroposelective functionalization of C-N axis

2.1 atroposelective N-H bond unctionalization
2.2 atroposelective C-H bond functionalization
2.3 atroposelective aza-cyclization

2.4 atroposelective carbon cyclization

(3) atroposelective C-N coupling N
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Scheme 1 Enantioenriched C—N axial chiral compounds and asymmetric catalytic strategies
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Scheme 2 Desymmetrization of N-aryl maleimide

Ar
OI\/QO o OI\A\O
N [RhCI(C3Hy)2] (5 mol%) N
L1 (5.5 mol% 1
R + AB(OH), ( ) R
KOH (0.3 equiv.)
2 dioxane/H,0O (V/V = 10/1)
R2 60°C,5h R2
1 3
7 Ph 96% ~ 99% ee
dr=91/9 ~ 98/2
Ph (R R)
L1

B3 Bt N-J7 3 DRI AN RR 1,4- 00 S 18
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Scheme 4 Rh-catalyzed asymmetric hydroarylation of N-aryl
maleimide
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Scheme 5 Rh-catalyzed asymmetric carboamination of norbornene derivative
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Scheme 7 Pd-catalyzed asymmetric hydrosilylation of N-aryl maleimide
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V. fl BEL i e A AR 0a) EAR Rl A AR R R, A 4-2K
Fe3-T I -2-FRAE N s SRS, Wk TR E R Diels-
Alder (D-A) B, 32| HA LRI C—N fFHib
“¥)(Scheme 9b). TEMLHELIERST, T HALFIFIE K
T U Jle P Bl A7 A2 B E BT B ) 25 (Rl o PELASE 490
fie WAL BEFE /NIRRT HE B, £¢dlt, Mukherjee 25U10<IF)
FF YRR Z AT A VDAL IR AT V-5 85 5 ke It S e (1)
[4-F213R 0% B B4 AL ) Wi (Scheme 9c), oy %) Btk 5
PR A B T V-7 2520 2K — F R .
Bencivenni i & 2H U101 33 — 20 44 1% 5K WS ¥ R 3
(DHQD),PYR {2t (1] o- B IR G HR, 2-5 3 -2- 2K 2 2. 1R
BUAK o- GBI T BR SRR AZ AR N-2-B0U T 2 28) 4ok
I V. 1) Miichael JIER 25 X #5846 [ N2 (Scheme 10)M12. X}
T N-GBUT ek )-3- IR FL 2 mg | el M fd FH =2 T Je g C4
VE AT AT AR AL SR
2015 4, 75 /0N B 021R] B F M R AL
Sc(OTH)s 45 & WAL T KRR 3-HUR-2-F2 2
M| o 2 5 110 5 SR 5 S ¥ Jin e 25 X PR 4K S Y. (Scheme 11).
FEHEM RIS AR B g 2B i, RO AR U5 1 F0 St

352

http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TR EEAL, [F] Ay 2-30 G| R AT B SR I % F) e ik o5 4
Sc M ARBCAL . 1X —BE AL A3 45 B SR B T % 4>
B R LR P AR 2200, SR AN BE i DX St 13t A A= A
AT 27 FEAE A 2R A% R Si T HE L5 Rt

2019 4F, Chi 23R HF PR EIHC)
AR — 2K H RS AT T 12 7 N-J5 58 SR I S % (1) 40 1
[B] H3 1% Stetter [ WA aldol 454 SN, SEEL T N-753: 5
SR NP e (1) %) W B 14 2 X R k(Scheme  12a). 1% M.
AA P ERMCRATEER WU B, DA R AF R ek
PE. B S, Biju SRR R PO EES ER I E 25
(PDOVWEEALT, 528 TH R Stetter J< M aldol 45 &
DL S SN (Scheme 12b). 1% N A1 -1 NHC #1461
Stetter J2 W & X Bge #EVE (1) e g 2D 3R,

Chi PREHIIGE—DHRE T —Fh &8 R 5% NHC
TEALSE AL TR AR 2 2 FHUE(LUMO)E AL 0%, Sl T N-
5 2 R S PR 0T B 32 A 4 25 X FR AL I B (Scheme  13). 2K
FEIRIBEAE NHC AT DQ 2840 T AR Rt A i v ] 4
34-A, BTk, BIFMST N-J5 IR 34-A KT

Chin. J. Org. Chem. 2024, 44, 349~377



Chinese Journal of Organic Chemistry

\O _C1(20mol%)
18 @0 mol %)

toluene, r.t.

(a)

\
1 75%, 70:30 dr, > 99% ee
a
b
(b) o B T\
o X
X—N"(p)
(20 mol%) Ar,“.(S).- _‘\\\Qo ....\\
\ 20 (40 mol %) (s) (R)
toluene, 40 °C
1a o 21 )
N
() o 0 Bu o
H
| . [N (1) C2 (20 mol%)
R2 (2) DABCO, O, R2
R o} R R 5 B
23

Ar= 3,5-M6206H3

)E HOZC NHBoc O\ﬁ
OTMS
MeO

20 Cc2

B 9 V-5 L SR I FAY o ke A ke
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Scheme 10 Desymmetrization of N-aryl maleimide via Michal addition
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Scheme 11 Sc-catalyzed desymmetrization of N-aryl maleimide via Michal addition
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Scheme 14 Desymmetrization of 4-aryl-1,2,4-triazole-3,5-dione
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FIPRFE, KWK 7= W TE 25 W0 A 27 A0SR 1) Vs 78 8L FH AR
fH. 75N ITERE AL S S DL R IR 2 5 11 Suzuki 77 B0 [ B
o PR STARK RS R AR B AR B

2021 4, Kwon BRI P2HRIE T F R ML N-J5

(R)-L6 (7.5 mol%)

DMF, 0 °C

R2
@ O Br
N Pd(OAc), (5 mol%)
/)\Bl’ NaBH, (1.5 ~ 2.5 equiv.)
N~ "R’
49

N standard conditions
PN :
N~ “Me NaBH, (x equiv.)
rac-50a

PArz
PAFZ Ar = 4-MeO-3,5-’Bu206H2

L6

FEMIWE Bk BEVE Pictet-Spengler S W (Scheme 20).
I BB IR G e BT A4 B 1K) -0 2D
SRR, N-D5ER 5] NSRG4 5 B AU ik
SRR, XTSIl mo R B R BOCERE . 2R
N ELAG B B E R B 521 5 m 1) 77 28 DL RO il ik ¢
PE.

EARAERHRIE 7 F AR NHC it A e
Tt 0l T M T ik I T e A B T Ak 30 ) 2 AR A
(Scheme 21), @ MLEFEMEM & CRl -1 N-J% Tk RZ.
TEARH IR, %R JFORHR B — 1) R B AR (dr >
191 1).

2 C—N B REEE M EREFK
2.1 PBEFEEEM N—H B8R

T AE C—N Hlr ) P o 7 | BT B e A B2 8t B
Ae A = AR B K AL RE, ATTFEAS C—N 3 B
HHEss, s&r=tE C—N HiFMER) n —HERER.

2002 4F, Taguchi SF2%RIE 1 2R TP 0UBE O A4 i
AR FIASKTRR N-J A JR AL S A C—N il m) =14
N-75 FE i P2 ) (Scheme  22a), 1H 1% W Ik 8 1 45
ZE(m 44% ee). ZIUREAPPIE—DIE T FH o-F2
FEBEZ FIAKTRR N-M A0 OB, Re i DA R 4 i) AEXT
WOk 4 B A5 B — 2[R I BAG HOFHERT C—N Hi
PRI AEXS LR (Scheme 22b). I EBLIE L8 1E AR
A, A PR AH PO SR AKX RR N-Jis A A S B2 )
o ik B B T 1 B 5 84% ee fH(Scheme 22¢). #E—4
M, Kitagawal* NI i 55 POl 73 0 4 H T NLP-

R2 R?
d” ©5Li
+
N/)\R1 Y
50 51

R2=H, Me, 'Pr, up to 90%, 99% ee
R2= OMe, CI, up to 68%, 59% ee

(@] Bﬁ (o]
C
N/)\Me * N/)\Me

50a 51a

NaBH,4 = 1.0 equiv.: 50a, 22%, 38% ee; 51a, 54%
NaBH,4 = 1.5 equiv.: 50a, 76%, 56% ee; 51a, 7%
NaBH, = 2.0 equiv.: 50a, 48%, 73% ee; 51a, 7%

B 17 AR Z R

Scheme 17 Pd-catalyzed debromination hydrogenation desymmetrization
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(@) o) (1) Peptide cat. €11 (10 mol%)
NBS (3 equiv.), tolunene/CHCI3
N OH Me
)\ Br

)\ acetone (5%), 0 °C, 3 h
Z
N” ~Me (2) TMCHN,, MeOH, 15 min
52a, AG* = 78.6 kJ/mol 53a, 86%, 94% ee
N OH NmOH
Br —_—
pZ Br
N)\Me N/)\Me
54a, AGT = 148.4 kJ/mol 55a, AG¥> 209.0 kJ/mol
S USRI Q ? BeE
CLy O™ d GO e
N H : Br E N/)\H Br
52b, AGt = 31.8 kJ/mol 1 54b, AG* = 92.0 kJ/mol 55b, AG* = 153.4 kJ/mol ! 53b, 80%, 30% ee

(c) Kinetic resolution process

oF .../<
standard
)N\ OH  _ conditons MeZN;(E
N/ H ;Z_J

52c, AGt = 111.2 kJ/mol

58

84%, 12% ee (3.0 equiv. NBS) c1 NMe,
14%, 86% ee (0.5 equiv. NBS)
B 18 T2 IR AL Rk 2 1 5 v AR
Scheme 18 Chiral peptide-catalyzed atroposelective bromination
6]
O““H N-X (CI, Br, 1) 0= RS
R1 | ! 1
(1.1 equiv.) N R
: O ~
(R)-C12 (10 mol%) X
tolunene/n-hexane o)
56, exo lower energy 4AMS, rt, 12h 57, up to 95%, 96% ee
g CIoC
O._-0O
o P\OH Ar = 1-naphthyl
1 ‘ C
O Bu Al (R)}-C12
', endo higher energy
BIRX 19 TVEEBR M A0 B 0k 5 1 5 LR AR
Scheme 19  Chiral phosphoric acid-catalyzed atroposelective electrophilic bromination
1
R R | Ar
e Saco e
/
T N =/ N NH | 0.0
= c13 9 N | -P3
N (1 0 mol A)) R2 : O~ ~OH
R2 Dyanmic kinetic resolutin ' ‘O
' Ar
59 E c13
I

up to 99% ,98% ee Ar = 2,4 6-tricylcohexylphenyl

B 20 FHBEESEM: Pictet-Spengler ¥

Scheme 20 Atroposelective Pictet-Spengler reaction
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R2

=z
T

O

//

R1
// “NH

fon

[allylPdClI], (2.2 mol%)

,\\o:L
NNy
BF, SN+
O:N Mes|
C6 (10 mol%)
(S)-60
BR 21 P NHC #LB) 12555
Scheme 21 NHC-catalyzed kinetic resolution of anilides
O
[allylPdCl], (2.2 mol%) OO
L7 (4.4 mol%) PAr,
THF, rt. ©/ PAr,
0 9¢
AN
(O L7: Ar = 4-MeCgHy
up to 44% ee
0 (0]
1) NaH, THF
R N A R N/\/
(2) [allylPdCI], (2.2 mol%)  MOMO gy T MOMO Bu
R-BINAP L7 (4.4 mol%)
~OAc drup to 15.9/1
65a 65b
RZ_~_ OCO,Et 0 Y,
[allylPdCI], (1.25 mol%) R11LN/\/\R2 OO o §~--Ph
L8 2.5 mol% By ! P—N
KOEt (1.2 equiv.) ! O Bn
toluene, r.t. O
63'
up to 84% ee L8
/\/OAC N
R1/S\N/\/

L9 (4.4 mol%)

NaH (1 equiv.)

Ph, Ph
o Y 0
©/‘Bu Ph,R NH HN PPh,
R2 67 Lo

THF, -20 °C
up to 91% ee
X 2 :
S g
Pdadbag (2.5 mol%) 3 NN !
L10 (5 mol%) AR j NH HN
Et;N (2 equiv.) R § PPh,
DCM, 0 °C 68 3 pth
up to 99% ee ‘ L10
25:1 dr

B 22 ASIFFR N-4i P J2 A A e oy 7 e /At e e

Scheme 22 Synthesis of atropisomeric anilides through enantioselective N-allylation

itk L9 A1 L10,

(Schemes 22d F1 22¢).

2018 4F, ZEgZ i P IaE T X ZE T H U (DHQ-
D),PYR 1AL IIBERE XS FR N-IG 34k S N, i
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LB A PR 225 B ATIBA 1 D9 s P B4 1K
FR, T R R ST I T IR K N T R A S

%o B 58 P 4 Ok f BEL e S5 #9 4 (Scheme 23). 74)

RIS AL SR RE M A2 3 22 Fh R R M52, e vt R
SRR, A R BH BLR IS, 2RV B A B A &

FEIBE e S A =4, I HLRE S BEAT — & ML A T8OK.
132 1 el Lt — DR O R AMERTEY), e R
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0] (o]
HNJ\RZ €3 (15 mol%) R%0,C NJ\RZ
‘Bu 5 o\)L MeCN/DMSO, -10 °C By
+ oS CO,R® cis:trans > 99:1
up to 98%, 81% ~ 98% ee
R! 0 R!
61 Bu0,C, 67
DIA__/\NJ\Ph
CH2N2 N\/ I
(0]
BuO,C N
\ﬂA 68, 0.83 g, 83%
I > 20:1 dr, 94% ee
o
S—pn
tBUOgC N
95%, 94% ee .
AG*=29.1 keal/mol
tip=13.2h i
112 Reductive 69, 70%, 91% ee
Heck

97% chirality conversion

BR 23 WETH YIS HR N-J5 T8 2L

Scheme 23 Asymmetric N-allylation catalyzed by double quinine organic bases

SRPEMIANE G 3 1 H LIRS ki 69. AT/
Y 68 T UM N T O i, AT BAgad J

- RBFR.

IR P S T R A T AL BRI N-

BeHeAl SR, B R T G e A 5 ) (Scheme 24)126).
07 TR RN O Jr A AL R FE B B T R R SLAR A 2
FasE k. A e JR - BUART LI S AR E L B4
BRI TR e i WOg B (T1a~T1e).

Ar\|OP|
Ar” ~NH

Me R

R1
70

Representative products:

Ar (I?
BocO  CO,R2 Ar:P\N/\n/COQRZ
Me R
C14 (10 mol%)
toluene, -20 °C
up to 99%, 93% ee R!

71

Et
HO, E?

A

Z

N
C14

hydroquinidine

MeO.

Ar\(|?

Me

Ar” P\N/\n/
R

Me

CO,/Bu

Measured in toluene

71a,R =1, 98%, 92% ee
AG* =30.3 keal/mol (100 °C)

71b, R = Br, 60%, 80% ee
AG* =29.2 keal/mol (95 °C)

71c, R = Cl, 83%, 56% ee
AG* = 28.6 kcal/mol (85 °C)

(0]

i
ﬁ::P\N/\”/COfBU
Me iPr

71d, 78%, 11% ee

TS-I-major

TS-I-minor

Bu
\
(0]

0
— H’V
N
) ,o’H' N

steric
repulsion

-N

~Me..
\P\\
H

Scheme 24

360

http://sioc-journal.cn/

B 24
N-Allylation reaction of phosphamides catalyzed by hydroxyquinine
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2005 4F, Taguchi BRAZH 27227013 T8 1 A0 A1 T 12 XURE
T A P A 0 S IR 1) N O AN O, v b e R P
i C—N Hli ) F-PEWEIZ =) (Scheme 25a). 2021 4F, Z4x
R R0 2 127300 ok AT A 1 AN St R e 5 S I A s S ABA 1)
B PR P2 20 (Scheme 25b). 2 I & Al Zhao i AZH 1281
43 99 4 P T A R A SIZ B i R e AN R T PO R A S
JS7, R B IR P M A RS T R TR e (Scheme 26).

2012 4F, Maruoka R ZH 2OHR & T M 24 2 VF AR
FERB AR, (AL A0 LT R I A X FR - N-Joe Ak
IO, T B 0 1R A AT S AR R M () STAR A BHL,
75 31| Ry 0 B 4 1 OB (Scheme 27).
2.2 Bﬂﬁﬁﬁi%’lﬁ C—H E&EHL

[FA: B T I C—H B E R L 5] N B
(a) o
Arl
R1JLNH Pd(OAc); (3.3 mol%)
Bu L6 (5 mol%)
BUOK (1.4 equiv.)
R2 Toluene, 80°C
61
® o) Ar?l, CO
Pd(OAc); (5 mol%)
Me)J\NH 2

L11 (12 mol%)

up to 84% vyield
up to 95% ee

Hantzsch ester
Cs,CO3 (2.0 equiv.)
61 Toluene, 0 °C

o
up to 70% yield Bu® "0
up to 88% ee L1

(48 K 2 AL AR AT P2 AR C—N F k. syt
S 3O T 1 A XL P R DR 35 AR R Jr T A o ki
BRI IAL I B, A R T BRI (Scheme 28a). % W
{8 H] PA(OAC) 1E AL R4, L-FEA &R L12 1F T4k
B A, EIR R ) BB 25 A T v = Z 0 R e £ A R
HARF=Y). B T IIGRIRER . TR LA SR S s AL
WA, 1% NIE TT LA RS R e B A e LA S 245
FIRIR =W IR ATAY). VIR0 7T 3R I T+ 1 M B IR
R B EA X PRI BE P IR B OB E A 15K
W 38 m] - BH e i 5 1 B B AR O 7 2 4k (Scheme
28b)B0I) f LAY [ B (Scheme 28¢)3%¢).

K F PR NG, SR B R B ST [
HUAR N-J5 BE Rk g IR AN KRR 4 [ N (Scheme 29). HH

O P Bu 2
‘ P Bu
< ; OMe 2

(R)-DTBM-SEGPHOS (L6)

R2

o
c
OAO O/\

72

Me_ Me

X
Ce (OO
@ PPh2 1N ad

2

B 25 ABAEALEEIL O ARTTR N-J7 340/ B AL

Scheme 25 Pd-catalyzed asymmetric N-arylation/acylation of amides

@) Q
O\\S/R1 Ar/\)J\OCOZ’Pr
HN S C15 (10 mol%)

DIPEA (2 equiv.)

3AMS
Toluene, 35 °C

o}
X
%

66
(b) (@] (o]
Q R R3JI\OJ\R3
HN- S €16 (10 mol%)
X o Na,CO; (2 equiv.)
S 2 o
| R 4Ams
CMPE, 25 °C
X=Brorl
66

\\ R1

Ar N \\
QO

up to 98% yield
up to 98% ee

of.?
R ‘N

C[N\\) 'Ph

R2

up to 94% yield
up to 88% ee

B 26 T 1A R AL O BEL S $E 1 N-TH AL S

Scheme 26 Chiral thiourea catalyzed atroposelective N-acylation
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BHUE ik 5t
0] Ar _©
R*Br r OO Br
HN™ 7 °R® €17 (2 mol%) \NJ\%RS e
2 . 2

Ny R KOHRequv) \ R “-Hex

O Thean T ef 0
7 Ar
76 77 _ ¢
up to 99% yield Ar = 3,5-[3,5-('Bu),CgHa],CgHs

up to 96% ee Cc17

B 27 TR AXTR N-Fidk il

Scheme 27 Chiral phase transfer catalyzed asymmetric N-alkylation

Pd(OAc), (10 mol%)
L12 (20 mol%)
AgOAcC (2.5 equiv.)

KeN A H + 2R

2.1
R X | up to 99%, > 99% ee
76
(b)
Q H
Y N N Pd(OAG), (10 mol%)
R —.\¢N 5 R* L12 (20 mol%)
M * W Cu(OAGC),, AgSO,
rR2— |
NS
76
0

s

TIPS

TFE/DME, 50 °C

H
N. Br Pd(MeCN),Cl,
X 3
R1NN/\(])/ R ‘ (10 mol%)
H

L12 (20 mol%

R1_|
) N
R2

oA oo

H

o
| H L L
N. -pyroglutamic acid
R1:_</\H\ N7 RS L12
~

N ) o C\\—/( 0
RZ_\ | _l'\l N_R3
0—FPd.__
79 o / '©/.
N, H

T H g
A N/\ﬂ/ “R3

g TIPS
—

80

Bz 28 AL I PRI A B H REI L

Scheme 28 Pd-catalyzed asymmetric C—H functionalization

R1é\l_§\CHO

Pd(OAc), (10 mol%)
L13 (30 mol%)
N 3 AgTFA (2 equiv.)

R1\l \
KN)\CHO R3

Rz\@/H + Br—==R

81

HOAc/toluene (V:V = 2:1)
55°C, 72 h, N,

R2 4

L13

82

B 29  FIEGHEL A AT RS
Scheme 29 Chiral auxiliary group-directed asymmetric C—H alkylation

Tt 1) 23 TR A7 BELAE G0N, 7 BEAE il R A7 51 N Az BHL
R A3 [T DA J 7 A i 28 o T e R i A 45 4. 1%
SO L-BUe R B TR, 1, |IEREE It
TE T 4 i, 8RR, REFEMA IS,
ST i e AR R U, T R A AR R
SIS, Z RN B R EREEEEA M, ee (E
5 51 K 99%.

At 1 55 AR R A 3203 T A A 2 5 R il B
(1) C—H Bk, SEIL T N-J5 FE05| R s 1 2 X ik
1k(Scheme 30). KRM&MMMOIAEE, H AgTFA 1E%&
FICAF L-BUT -5 2 B N IC AR, 0T LS AR AT
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RAZBHZE ] N-J5 0GR ) 7724k . $2 8 PR Seia R
WY, Tk R THC AT S5 7 PR XSS X e 642 A 5
SN, BOH TUERIEBRECARI, A AN 3 A7) 5
k. Hi, Ackermann PRI AR A AEAL LI T
SRABLAI AN Fkhs B A S 7 LB AT S A S .
SRR A PR IE TR AL U ) AR AR
B SR A M A T N-05 5505k (Scheme 31). 1%
S SEAE FUEFA T PEBERR L1519 TCAR, B BL 96% %t
WRIEFEVESAT H AR Y. N2 AHRAN, R,
I BT AT S8 A5 ik
AL, ZEMARRBPHRIE T 1 Cp*Rh(IIDfElL
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@ R~ R!
) Pd(OAC), (10 mol%) = \
N\ AN 8 — NH,
CHO Ré L14 (20 mol%) >\~ ~CHO A
N ~ BQ (10 mol%), O, " R WOH
N7 T RROR NaHCO; (2 equiv.) Z Y o)
R HFIP/ACOH, 35 °C, 60 h RY L14
83 84 L-Vanline
b 1 R
®r Ri= e S
N\ N~ ~CHO Pd(OAC), (10 mol%) =\~ ~CHO
L13 (20 mol%
Me + ZOR? ( ) 2 RZ N AN\ Me + 85
R'—\ AgTFA (2.0 equiv.), N, R |
O NaHCOj3 (2 equiv.) X
. 0
rac-85 TFE:HOACc, 60 °C, 48 h 86
B 30 FHEEHEE S 1 A5 PR S e 24 1E
Scheme 30 Chiral auxiliary group-directed asymmetric C—H olefination
RL— 1=
N Pd(OAc), (10 mol%)  RYZ R
\ \ L15 (30 mol%) N N ~g
N~ TH PR Cu(OAc), (2 equiv.) N -0
A NH2 MTBE N NH: o P on
R 40°C,24h, 0, R R = 3,5-BuyCeHs
~ R
87 88 L15

B 31 AR RIS AR S SR S
Scheme 31 Pd-catalyzed amine-directed asymmetric C—H olefination
RIANKIRR 1,2-BRIFE G S BE. 2 Jse 2 A Y s P Rl T [ P 34 KN 3 ) 25
AW 90 AE N2 DhRe R, AT LA I RHE A LR
TR R REHML W), R, ZRNA]
L IE 3 /1587 o AR s 3 154 08, AR5 X AT

B A2 BEL = A C—N il ] 12
Kitagawa 5050 i A AR K] 1,4-00 R L A R R
I3 F PO BRIG M C—N RIS, il T 10 V05
FE W IR 7= 47 (Scheme  33a). #1114 X0l FE A (R 10 1)

2012 4F,

A0 e Ik BEVE A B R B B AT HR O T P RN A T P )
B2 = )(Scheme 32).
2.3 MEEEFEMHEREIMR R

TiMEATEEMI Z 5 N-PAE ORI 2 5 B2 1

Cp*Rh-2 (4 mol%)

AgSbFg (16 mol%)
A~On i
| N 7 HNSOAr PivOH (1 equiv.)
% 90 THF, 40 °C, 24 h, N,
89
prochiral
L
R N Yo Cp*Rh-3 (3 mol%)
AgSbFg (20 mol%)
>N
| PivOH (1 equiv.)
Z THF, 40 °C, 36 h, N,
rac-89

up to 99% ee
>20:1 dr

B 32

Buchwald-Hartwig i1 52 W 458 il Sz AR e 38 14 1) G 20
B, BEJGE, %0 PO T 8L A s SEBL T SENE -6-
T 213 2 - P A B D D v 20 B (Scheme 33D).

X N SRR B8 T AR AT BINAP (L17)f#4k 5

up to 98% ee
> 20:1 dr

NSOgAr

Cp*Rh-3

FEMEALAS X TR e A 3 il T PR AN s T4

Scheme 32 Rh-catalyzed construction of axial chirality and central chirality via asymmetric carboamidation
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BT FREHR

@@&

:»@

QQ

Pdy(dba)z (5 mol%)
(R)-MOP (L16) (10 mol%)
Ko,CO3 (2 equiv.)
1,4-dioxane, reflux

up to 51% yield
up to 72% ee

Pd(OAc), (5 mol%)
(R)-L6 7 5 mol%)
K3POy4 (2 equiv.)

toluene/dioxane, 80 ~ 130 °C
up to 95%, 77% ee

Pd(OAc), (5 mol%)
L17 (7.5 mol%)
Cs,CO3 (1.2 equiv.)
Toluene, 60 °C

up to 98% yield
up to 99% ee

O,
g
A5
€,
fj

OMe PA” PPh,

PPh, PPh,

=4 MeO 3,5~ (tBU ZCGHZ

(RyLs S) BINAP (L17)

Bz 33 AL B BRIk B C—N (B IR SR
Scheme 33 Pd-catalyzed atroposelective C—N coupling

T ANIS PR C—N i BBk e e R e 5 EAA i V-0 SR ok P ALY Catellani ZR7 S N7, A4l 4 N-07 ZE JENE

& F- AL &0 (Scheme 33c¢). BE)E, Zi S RIE T
N-75 FEW| W | N-75 BE kg DL K2 N-5 25 g R ) P AN G P
{{A}&[ﬁd]

72 Al b, AR e TR ZH O o AR AL
Ullmann S SEHL T ZRAL A K FR & i (Scheme 34). %
SNASEFH CuTe A7) B A T 1 34 O i 1) At g Pt e i
A, R TE IR A, H B SRR mok B, =
W) SEARAL 2 S8 A I R A 1 05 f P e, B 5 kg
A A A7 A 5k AR TR A 4 bk i T e 66 Ak T B /) 67 L HE
Jx.

2021 4, JEREMEURE A ARIE T AR PR R UK A

| Dge
N
SRR
100

CuTc (5 mol%)
L18 (5.5 mol%)
NaOH (3 equiv.)
dioxane, 45 °C

O |
A
@ OR‘I \/N N—

fiil(Scheme 352)P7). % S22 N7 1 A0 TF- 1 Bl M 1)
R, H— PRSI T IR N-J5 BB A A R
EAE. A, 2R S E IR PR IE T AR AT T R
PRHZIBEICAR L2040 X e 15 P 4 Bk e S RSl 3712
2-ZR L S| WEpR-1,3- - (Scheme 35b).

2015 4F, Kitagawa VR4 BSIRIE T HLAE A & %
R BRI 3 F RIS SR, R N-J5 5 05| bl 5
AL & 9)(Scheme 36a). 7E PACly/R-segphos FIfHEAL T &
BTt 5-endo MU EEMIWEIR, FEH C—N Hli ) (0] ik
BN B H. B RA — E R, A
FLARA A KA FHEE AR, [RIB R IR B 2R dE B

R2
728\ o Q o

= R

101 F L18 F

B 34 HfiEAL P e £ C—N fRIBAL v
Scheme 34 Cu-catalyzed atroposelective C—N coupling

364 http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2024, 44, 349~377



Chinese Journal of Organic Chemistry

REVIEW

(a) H RS
(j 103
H R2 Pd(OAc), (10 mol%)
R N TFP (22 mol%)
L19 (50 mol%)
K,CO3 (2.5 equiv.)
102 MeCN, 70 °C
() e co

PdCl, (5 mol%)
L20 (12 mol%)

@
Bu Bu
(@) (0]

PivOH (1.0 equiv.)
K,COj3 (1.2 equiv.)
PhCF3, 45 °C

105 up to 99% yield
up to 97% ee

R3 @Rz
up to 98% yield

104  upto>99% ee

N = O

¢ H 11
Bu : S.
N7t
Cr
PCy2
106 L20

B 35 AUAEALPHL ek £ Catellani [ 82/ Bk S

Scheme 35 Pd-catalyzed atroposelective Catellani reaction/carbonyl insertion reaction

EtOH, 80 °C

%
\Q&

/
_C18(2mol%) _

87% ~ 99% yield
12:88 ~ 1:99 er

©\/O PdCl, (5.0 mol%)
L6 (7.0mol%) _

R3'\
=

B 36  HuR Bk SR B ML R
Scheme 36 Atroposelective aza-cycloaddition reaction of al-

kynes

W TR A o R R ZH SO T T I R R 4 Ak
P 1R 43T N BEL IR B 4 5-endlo-dig A 5 8 A6 22 2k T
PEN-F5 B =4 (Scheme  36b). THEALZEEW, %%
N AT 8 28 7 T A 0 R o, 81 e I e A= s e o ) A4
TR L T A A A

2010 5, Tan UEAZHPONE T FHEATAEAL T SEBL T bR
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BT 737 PIASKTFR Michael I WAL 2
C—N il T4 N-75 1 N B 7= #)(Scheme  37). DFT
THELAL 22 R BH % N T A6 28 7 T PR T Ak ) B ) 7 4
A3 B FVE B H (A144, PRl IS 77 Michael SR
NS FHER R, bt MUE R A R N-75 55 O B

Bu— /l:> "Bu

0
H €19 (10 mol%) N By
« Bu THF, rt. N
N t
H Co,'Bu
109 Co,/Bu / 110, 67%, 89% ee
t
BquC/I\_>:O Michael
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BK 37 TG B 71416 /Michael ITRRFF AL S B
Scheme 37 Chiral guanidine-catalyzed tandem isomerization/
Michael reactions of alkynes

5T, Yan PRARZH ORI T 1-28 08 2 A Ak )45
KT GHK di 7 (PEA/CsPbBrs NO/E N AR ARG AL 7,
SEHL T N- 5 0] Wk B S A A (1) v X B B 1 B
(Scheme 38). HLHLAF 7t 7 B — 0% B IR P A FPE 40K
AT (454 B BT STAR 3R, PIRh R 7Y 2 8] 17
7E 10 kJ/mol BEEZE. #2 K, Wi e tb A A
Gy F I S5 A RS R IR, AR Il T 1 -5 JEE g

Doerfler Z5HRIE | 0] WOGHIFPERERR AL 1) 7T
P BBE R S5 LA B N-75 356 W TR L %% S A4 4 (Scheme
39). 7£405 nm FOGHRT, MFE R AR, A Z 50
PRI R R AR, B2 ROk, 7ET-HERBEER(S)-TRIP HIfELL T
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2020 4F, EMAHREAWIRIE T F ML N-JF
S S5 1 R (18] AN R R Al S BB 9 /A R SO, K R
36 5V A 7 A T P W — SR IR =) (Scheme 40). 1
HALZER ] C—N BRI R T B2 AR e s 2

T, ZRBHBI N ARIE T F 1 Cp*Rh L N-Fi
SRR 2R P R M I . e T AR P T 2 ) Bl S B A BELTE
3% P 1 R AL S AL R il 1 V-5 3 S 1 R (Scheme
41). BRI AR R =R e S s C—C
IR, R RAETIE Cp Rh HIfE AL i i v me ik £
PER O-8k 53 5 AR A4S 2 SRR =), A BRI, TR
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NH
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chiral perovskite C20

Photocatalytic
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PR W B VAT BRI, AE 7N 9% N BE(HFIP)
133 SRR =), TAE ﬂ%h@&m¢ﬁﬁkﬂﬂ
. IXTTEEEIAEE HFIP & T B At Es
DCM H& 7 T i S,

SRR B ZH BT Co/Salox B AL BT FR B
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C—C fl C—N XHFHEM AWM =R moi Wk 2
Ak %N AT 518 CoSO4TH0 NEALF. (S)-
Salox JNFPEECAE, KM SFAFIRA, BA Rk E
PRI AN TEZ RGO SR R B, %R SR
PRFFEL 7= S LA B . IR FPE =) B
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RN 24 C—N P, @A R i
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B 38 Ll AR N—C TR LAY
Scheme 38 Photocatalytic synthesis of N—C axial chiral heterocycles
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40°C, 24 h
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0

115
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Scheme 39 Chiral phosphoric acid catalyzed atroposelective intramolecular acylation reaction
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=
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B 40 SEAEA A PR VB A/ SR IR AL S5 8

Scheme 40 Rh-catalyzed asymmetric C—H activation/acetylene insertion annulation

% H
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o NH I AgSbFg (16 mol%)
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Scheme 41

Rh-catalyzed C—H activation and atroposelective annulation

+R2 COSO4 7H20 (10 mol%)
L21 (20 mol%)
Mn(OAc);3 2H,0 (1 equiv.)
PivONa'2H,0 (2 equiv.)
"PrOH, air, 50 °C
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\ N \\/ \Rz
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1
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B 42 Co/Salox A FKIAS BRIk LB A0/ AL S RE

Scheme 42 Co/Salox-catalyzed asymmetric C—H activation/annulation

BgAz. 2017 4, EHR ISR HZ L) Paal-Knorr
e & R, DAARAT IS A 1,4- B Rl E5
A KA BRAR AL HUAREE (R IR M s R L T, Jdid o7
) i 7K PR AR S RE, A 8 95 % FIVSL 5 A1 98% ) ee 1R 25 ik
N-7% JE 0 v il AL & ) (Scheme 43). = 980 R 82 22k
A B T3 = R S = 2RO WOE B, A AR R T LA
AW, WL R EZ R, AR, KREG R
MEFI R e & ek OB, T LA A op B
Y

ALl kb, PRE UG 2 O TE T AR R IR T
g C23 itk 2,3-“ MR B /K A4 F5IELA & 13- =
] (1) = 2H 73 B e 2 TR T IR A IR R A S T V-5 JE ]
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k(Scheme 44). fEiZMH, FVEBERRIE 7)) S 5
Y A7 504 B b TR AR R 2,3- T R g 7K & 1) AS ok R
aldol [N, I HL7E J5 22 (1) 83 BRI AL S B HoRs T AL
EHF M=)

Miller PRARZHBHRE T =5 £ W SR 48R — i
) 23 PO B 7K 46 G s 2 S0l T 11 N- 05 5k 2R I R e
(Scheme 45). C(2)-XJFR AL EE T+ VA R Bl I 2 75 = BR AT
AL mT LR 452 s S IS AR e B 1, DARE e (R0 ik
FRIEAF 2 N-T5 Bk 4.

TERAM TR A R T, N-J5 3R Q008 —fin]
PURH 1,3- Al & Wit il 73 1 18] 4 & Ak s S A 2t A
FE N-FFFIRFEBK M (Scheme 46)48). 1% e b i S KA

http://sioc-journal.cn/ 367



BIHEFE
CO,R!
NH, 7\
0 COR' e €22 (10 mol%) X
SN Fe(OTf)3 (10 mol%)
+ RSL R2
Ar ! CCly/cyclohexane S
= R3|_
o} MgSOy,, 0 °C T
123 124 125
up to 95% yield
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ER 43 FPEBER M IEE R Paal-Knorr R
Scheme 43  Chiral phosphoric acid catalyzed atroposelective Paal-Knorr reaction
o o
HO
Ar OR’ R'0,C
HO OH o o (R)-C23 (5 mol%) 1 RS
— + CH,Cl,, NaSOy,, 65 °C Ar Ny
NH, up to 93%, 99% ee R2
o
BIR 44 TVEBEER I A B GE £ 1 B AL S L
Scheme 44 Chiral phosphoric acid catalyzed atroposelective nitrogen annulation
‘5 Bu
X u @
N
FsC™ N ‘ cLuome) Ty C24, 99%, 92% ee
HN toluene FoC C25, 99%, 88% ee
60°C, 24 h @
127 128
\/_~ O
Ar = R1
O Me N HEN R
O.__OH PO~ )YK 0
N N A
o ™o Ho © ! ° N i
Cr o "
Ar NMe,
C24 (R)-TRIP C25 pThri (*R)
Ar = 2,4 6-('Pr)3-CgH, Fmoc-pThr-DPro-Acpc-Chg-NMe, (pThr1)
B 45 70 T A ARa il 31k N-J5 B R JF ok
Scheme 45 Construction of axial chiral N-arylbenzimidazole via intramolecular condensation
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rZ ] o o0 o R L )R H-0-P-0
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S O
R2 SN
O OOt
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130 R2
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CO5R H R4
= 2 =
) Y
X R® .0
N, H
R {j

R2 \H\ 0 o
R, )
131

up to 89%, 98% ee int-129B

B 46 N-J5 3L IR TR K (K 0F UG 61 5 Pl

Scheme 46 Enantioselective synthesis of N-aryl benzimidazoles

ST IRAE AR B A, 2Rk, 15T IEBERR
TR R AR R BN N, F S, I e Y M 2R
1RBTF R, VR RR AN % A4 int129-A [
BEAE AT DU P2 W0 M SEARE R . b gb, S0 o ) 4
SRR int129-B, 18IS T EEBER (AL R SR AZ N RO
N AR BB S I Z R N I R

Seidel HRAIZH RIS T P IR 1 1b 2-TE 36 28 F g
FT5 W AT AR 20 TN, e Xof Bl 438 1 b A5 Bl LA R s
FHEM C—N HFTER N-75 5 57 05| Wk B 7= ) (Scheme
47). F5 AR IR T FEBHAS T C—N $hi B s 2 e
AR TR DGR, 1Z RN PT F T mariline A ASXTHR G K

R R A O IE T YRR (AL N- ﬁﬁtﬂéﬂﬂ%
Pl EL @ 5 A0 A7 1) of e 3% ¢ 7 45 B (Scheme 48). 1% X B
I P 410 g 35 25 VF I fe AR 7 35 T ) 48 5 SN 7 AR T i o
[k, TEFVERERRAE AL T A AR ST B I R e B2 15 3]
TR R . 4 95 SRR, ATLLZE DDQ HI4AL T
RAEFOF R F N LA R TN V-5 R vEm
WRER . % S AT PASEZY 2 MR B R, R T
eupolyphagin [F2& B FIH 4- FAEAR B 1 D SN S

NH,
CHO Bu
Me *+
© R

132 124

toluene
0°C, 10 min

W, CABCERYETE AR N-— 46 FF R IOE T 1k O I A 1 R 1L
7, BTLLERE C—C B Wi 15 1) F R AR 1K V-5 Sk
MRk AR 77 420 (Scheme 48b).

Chi WA EHE T T NHC L5281 Helis g
FE B R ATT A2 420 ) BB TR A S A B i e BTG R 1) N-0
FEIGEIEE BH e S A4 4 (Scheme 49). 1% Mt 1E#F T T
BRIR 737 138 AE A XNEEAZ AR AN v rh E) 4, S5 5%
RN A B 531 N R Ab S ARG E N-75 S DR R AT AR 7).
TEZAR RN Sc(OTHs 15 Nk 5 MR H R T2 7N
T e IR 1) R A

Dieter MEZHHE T F M NHC #EALELLIGREAT
AR P2 AR B N- 2% 0 35 R PR3 4 43 o e Jse 1z
(Scheme 50), & B A7 A0 TF- 1 R0 il T 1 1 B ZCHB R
PR AR AT A A B SR
FE R AL, FOJEAE AR B N-Z4 0 PP R % A ST ik s 3¢
PESERZ N B, P2 A 2R 1 R AR 140-B, 55 8
Bk P R G A S 9 A9 1) LA R a0 T 0 Al T 1)
WEIAFE). O Ak AR R S AR T AR S Y R R
G, M5 BRI 1 AR X BRI B (dr>20 1),

C21 (1 mol%) e” ;N 0 g ;;

@ @

R =H, 133a:133a’' = 7.5:1
133a, 93% ee; 133a’, 92% ee

R =Cl, 133b:133b' = 6:1
133b, 90% ee; 133b’, 90% ee

B 47 557151 W PR BEL 256 6 15 A

Scheme 47 Atroposelective synthesis of isoindolinones
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Scheme 48 Enantioselective synthesis of N-aryl quinazolinones
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Ph)J\NH NHC C5, base )\
= H 4 S)\N “oxidant, Sc(OTfH; Sc(OTf)3
Ph 99:1 er
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SEEEN o s
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Bz 49 NHC fiEfb P TE L BEVE L & BRIERERT A0
Scheme 49 NHC-catalyzed atroposelective annulation to thiazine derivatives

2022 4, EORREAPHRE T PR EA R SRERRR2 2 2RI B N R R T N-T BRI
A AE JE 2R A BRI SN 2 C—N Bl g 4 N- FH 7 #)(Scheme 52). JRAL™4E [{FHEF Rh(I)/(R)-DM-
75 FEWK M (Scheme 51). WAMZETEZ M HACE] T2 H  BINAP LI LK Ag-C21 i Es b FfEH, Xt
YER. 1 JefF ok il on A 2 i A Aok s AL I N, 1 FEH PRI SLARGEFEE R B SR . S ] —Fh
VRN AAT P A G TR, 3R SRR S5 A i A PERCAR S EO BB R AR 22 T BRI, 2 TR
AL 2 K B 2R AN, Hi)zfjlibﬁﬁﬁ’]%k% FP 2 (4] 2 T B () I PRI, [ AT DAAS B4 ) S A
TG BRI ). TR BRI 4y 1 A S E HERENE, RIS R A T 2 2 H
TR ) H R R e . L FEL AR

2015 4, Ollivier SFEURIE T — AL AN 3k 52
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C52003
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aza o-quinone
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R4 o R o \|/
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B 50 NHC fEAGFHBEIEFRNE3 + 4R 0 B L
Scheme 50 NHC-catalyzed atroposelective [3+4] annulation
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145
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X= o, up to 97% ee Ar = 9-phenanthryl  Ar = 2,4,6-Cps-CgH,

B 51 N-J57 525 IR R B et £ 15 Bk
Scheme 51 Atroposelective synthesis of N-aryl naphthoimidazole

[Rh(cod)Cl], (2.5 mol%)

L22 (5 mol%) 7 OO O O Ar
Ag-C21 (5 mol%
z Osc. 9:c21 (6 mol¥) N PAr, 0.0
N (1) Hy, rt, 1h | PAr P
|| || + R (2)Ar, rt, 15h N0 2 0" “oH
catalytic species R OO
Ar
DCM, r.t.18 h
146 147 52% ~ 96%, up to 96% ee ©/ (R)-DM-BINAP 122 - 4‘:2/_1P o
Z = C(CO,Me),, NTs, C(CH,0OMe),, CH, 148 Ar = 3,5-Me-CgH r=2,4,6-Prs-CeH,

B 52 BEMEAL P FRE R[22 20 A
Scheme 52 Rh-catalyzed atroposelective [2+2+2] cycloaddition

24 FANEEIRMRE(8) LR R F103 A Xk R g S B O A/ B RIA AL SR, A R I A
S, 7 N S A g C—N BT C TR Scheme 54).
SR, PART I, EE R T Tty e R, RRUNIBIL R FREREGIS TR
ConR . N RSB A B G St e CEFBARLREA 0 (P DA
WML Ri(Scheme 53). BRI AR iy e TATPRIASON, WIREALESIL T €N W
B, T LTERER R T R, s, e PO AR S W f
-2 AL KR 5 5 ORI 18 P TRIBATHUR 1 EM FIUABRCIFIER I
BRIFIRE TR SR, (B F bl Tty e 0 ACHIY Click SRR i
A B B e S Hi T TR C—N i) Tk = eS| AT AE W) (Scheme  55).
Yoot 4. B T o g, PRI TS0 Tol BINAP (R, SR
’ LRI, M, AT BTH P R
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Scheme 53 Rh-catalyzed asymmetric C—H activation/cyclization reaction of N-aryl indolinone
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Scheme 54 Rh-catalyzed asymmetric C—H activation/ynamine insertion annulation
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Scheme 55 Rh-catalyzed atroposelective Click reaction

2006 4, Tanaka BRAA SHRIE T #EME1L 1,6- B Al
Tk BRI e 11 0 7 1D [2 4 2 20 3R 0 i e o7 A4y 28 kT 1k
75 F WL (Scheme 56a). T WU RLAAXT 56 C—N 4
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Hsung Z5080-58 it — 35 1| F 55 FE BRIk e A5 Je B2 i 47 55
LT OB P 1 P I X B ik B M S A (Scheme
56b). %= LT VR TFPE NO-BOS B
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LA 25 8] A7 L P fie A0 55 A 4 751 ] DL i AS ok R
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A T AR 2 1 — 05 B IR IES 508 05 B4kl R, &
HMEAL T 5 A5 Bl ik C—N BB A i -7 3 15| Wbk
HF LAY (Scheme 57). O T MG SR ES Eh (1 S N v
Pk, WS ER 538 bR Em A s R, PRIRRR ) 77
A IE .

Wencel-Delord 5003 it 4] #4112 XU e ik
PRSEIL T A 75 AR AT — S WA X R C—N
156 2 . (Scheme 58). AN S B 26 A A K — & M| Mk C(7)
A Y RAL BB A FI T3 FPE R OR . 1R SR I
IR R A ARG A ORI, M 20% ee HIBCAAT] LIS 3
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F£ H =1 homo-F VLG &Y B A H S AL PE.
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Scheme 56 Rh-catalyzed atroposelective [2+2-+2] cycloaddition with ynamide

3
Mes—I—BF, RN
0 Cu(OTf),Tol (10 mol%) _
R! S @ Cs,CO4 (1 equiv.) NT
A Y 3 2 3
Tol + R3F 1 SOpTol
\©/ P NF N Tol /DMSO (V:V = 2.5:1) R plo
, H 19 ~23°C, 18 h
1§9 up to 99% yieid, up to > 95:5 dr 18
160

BIK 57 ST T 0 A X RR T A S v

Scheme 57 Enantiopure sulfinyl iodanes induced Cu-catalyzed atroposelective aryl amination
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Scheme 58 Cu-catalyzed asymmetric C—N coupling reaction

P SR 2 7 S it R /e 7 o e = 42
R LE T 0T B AT A R i FE (Scheme 59).
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Scheme 59 Ir-catalyzed atroposelective synthesis of enamides
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