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Cahn-Ingold—Prelog priority rules

CIP rules apply, considering that the substituents in front have priority over the ones in
the back.

CC ge B¢
PPh, O h
I I PPh, Ph OH

Ph OH Br

@

3
2 OH
: : 1
. OH

P
(S)-BINAP
(R)-VAPOL

A
\%




ML 4% 149 AR

HO,C | NO; —> O,N l CO,H

-
O>N 0 CO,H O,N l CO,H

Christie and Kenner, 1922, first report

L (2 I

o/ \0/ \o X X
o O o

CO = 0C

X
OO X = PPh, (BINAP)
_ _ X = OH (BINOL)
DonaldJames Cram, 1987, Nobel prize Noyori, 2001, Nobel prize
a) G. H. Christie, J. Kenner, J. Am. Chem. Soc. 1922, 121, 614-620.
b) Donald J. Cram, J. Am. Chem. Soc. 1973, 95, 2692-2693.

¢) R. Noyori, Angew. Chem., Int. Ed. 2001, 41, 6398-6401.



C-X 4 049 [R5 F-# 4K

Atropisomers around C-X bond

Q. Q9

N 1

&

R
( q ( C
: Roger Adams, 1931, first report
biaryls styrenes E anilides X=0/S (0]
: C-N bond .0/C-
: on C-0/C-S bond \)I\N/\/
OH 0 ! ‘Bu

HO
o

oph, \ active e>éample
O ;0& Y™ oy

OH Osamu Kitagawa, 1997, first optically

@
5
2

N
' H
OH O OH : OMe H3C N CH2M9
NOB?FT(I;:_NAM Knipholone chiral ligand Murrastifoline-F | / Cr(CO)s
a) X. Li, etal., J. Am. Chem. Soc. 2018, 140, 12836-12843. ]
b) R. Adams, et al., J. Am. Chem. Soc. 1931, 53, 374-376. Uemura, 2000, first
c¢) T. Taguchii, et al., J. Org. Chem. 1998, 63, 2634-2640. enantioselective Synthesis 8

d) M. Uemura. et al.. Ora. Lett. 2000. 2. 1907-1910.
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N-HE ft F 1L

i i LS
R" "NH 1”\' X 1”\
‘8 4 R N ’\/\ Pd'v\P R N 4
! Bu *j o ‘\Bu "lower ee"
P 30-53% ee
R2 R2 R?
"achiral” - —
B 7] o
(o] Ar
J]\ | R1JLN,AF
R N,Pd - p .
. *j _— Bu  “higher ee"
>| Bu P 89-95% ee
R2 R?
Pd(OAc), (3.3 mol%) o
(R)-DTBM-SEGPHOS JJ\ Pd(OAc); (3.3 mol%)

Q (5.0 mol%) "
ll\ ) ll\ _Ar

R “NH 'BuOK (1.4 equiv) R" °N
t > tBu
Bu PhMe, 80 °C, 2-6 h
r2 Ar-l )

Ar = 4-nitrophenyl
40-84% yield
88-96% ee

T. Taguchi, et al., J. Am. Chem. Soc. 2005, 127, 3676-3677.

Y< (S)-BINAP
Z° NH (5.0 mol%)
x ‘Bu Cs,CO; (1.4 equiv)

PhMe, 80 °C, 2-24 h

[ :[ Nz
N (o]
Bu

‘s,
‘Bu

13-95% yield
92-98% ee

10

T. Taguchi, et al., J. Am. Chem. Soc. 2006, 128, 12923-12931.



CuTC (5 mol%)
L (5.5 mol%)
NaOH, dioxane

I NH HN F
)= —
N N_
92-99% ee . F L F
—_ 2-
- weak
steric repulsion
B strong steric
r (—&R R) repulsion
B o % Q0 o % 00

product

NaOH

downward
amide

e

11



Me

HN

Me

(o)

A

Ar
|

X = Me, Et, OMe
Y = Me, Br, |
R3=Bn

+ R4/\/\

LIRS

Br —m» Me

0 :
RS 5 > ¢
°N ~ “R':
PTC R2 :
(2 mol%) X I : Ar
é :
KOH (2 equiv) ; OO
iPr o ] /"Hex
2 Y : +N
-20 °C ' "Hex
- -
~ _R5 ' Ar
(o] :
PTC Jj\ ' Ar = 3,5-[3,5-'Bu,-
(2 mol%) N™ “Ar . CeH3]2-CeH3

RS KOH (10 equiv)
Pr,0
R*=H, Me, CO,Et -20°C,48 h
R®=H, Me

I PTC -

Me

K. Maruoka, J. Am. Chem. Soc. 2012, 134, 916-919.
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LIRS

o)
(DHQ),PYR

(0]
2
. -
R1

CO,R?
! Hl/ *”  CH,;CN/DMSO =9/1 N
Z -10 °C | SR

Z
) o o)
t ‘Bu0,C NO, ‘BuO,C
BuO,C NJK@ 2 \n/\N)k@/ 2 2 \"/\N
? By é/tBu ‘Bu OMe
AG* = 27.3 kcal/mol AG”* = 28.5 kcal/mol AG# = 27.0 kcal/mol
ty2=1.12h t2=6.61h t2=0.66 h
(o] (o]
0 'Bu0,C 'Bu0,C
\"/\N
! NO, NO;
i, NO, | Br
AG* = 27.5 kcal/mol AG* = 29.1 kcal/mol AG* = 28.4 kcal/mol
t1/2=1'53h t1/2=13.24h t1/2=5.14h

Measured at 80°C in isopropanol.

X. Li, etal., J. Am. Chem. Soc. 2018, 140, 12836-12843.
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Ar” SNH Arsll
Me R2 OBoc hydroquinidine Ar” N &

CO,R® (10mol%) _  me R2

toluene, -20 °C

R1
R' = Me, Et, CI, Br, | R
R?=H, |, Br, CI, 'Pr
Ortho-substituted halogen groups of aniline can
form weak hydrogen bonds, which are helpful for the
stereocontrol of the reaction.
attractive
Bu“ hydrogen bonds
oL ,
}\)‘NIH/ o o) ! L=1,Br L = iPr, ‘Bu
J S | \ — S— 1 Ph ' . ’ ’ ’
” p.\) R. P i High e.r. Low e.r.
R o N “Ph
w0 | Me L | substituentL: | Br iPr  ®Bu
+ e.r. value: 96:4 94:6 56:44  rac
repulsive
But\ steric repulsion
oL |
NB\‘ P
i O 1H
; H.
o) /
14

X. Li, et al., ACS Catal. 2020, 10, 2324-2333.



J

(DHQD),AQN
(®) or (DHQ),PHAL

NHSO,R' ?,cone @
e : & 1
@ 10-20 mol% - N\SOZR’I + NHSOzR

o * 15 examples

n.0 up to 99% ee
R"S<NH Boco/\n/CozR . 0 CO,Me P
R?2 RS | _ y, R1_'S":
N
R2 R3
R4 20 examples
Achiral . up to 98%, 95% ee
R

15
Y. Zhao, et al., Nat. Commun. 2019, 10, 3061-3069.
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Observation of axially chiral sulfonamide Exploration of the configurational stability of sulfonamides

: CO,Et 1
e : TS~NH 0B ?/ I
oC !
MeO : 10 mol% B-ICD Ts :
O CO4Et A ¥ RZ . CO,Et o ) ~N :
1 1 2 1
Me : CH,CI, R R :
N‘ : 24°C,2h :
Ts ' :
i I OH : :
1:2dr(increased to 1:1in 12 h) TS\N ee (%) ee of sulfonamides vs time
E By 80
: 70 "'-\MM_”
! 60 S —
: T
; 50 —~—
5 CO,Et 40 ' = oy
: 30
! Ts
: N 20
' Me | 10
E 0
New axially chiral entity? E 2h 10h 24 h Time

16
Y. Zhao, et al., Nat. Commun. 2019, 10, 3061-3069.



1.8 1.
RTZNH co.r (DHQ:PHAL (10 mol%) RS-y
R2 R + Boco/\"/ 2 > 2 R3
CH,CN, CH,Cl,
-20 °C
R3
ﬁ/COzEt CO,Bu CO,Bn CO,Et CO,Et CO,Et
. Y J J J J
S N TS\N Ts\N Ts\N Ts\N Ts\N
|\©/Me I : Me I\©/Me | Me I\©/Me I\©/IPI'
Me Me Me Cl Br |
85%, 92% ee 80%, 92% ee 98%, 92% ee 81%, 91% ee 78%, 91% ee 80%, 92% ee

(o)

o CO,Me co,Me co,Me o co,Me
Me—'s"io é":o MeO ° O,N é":o
N N N N

& G OG- T

85%, 87% ee 76%, 90% ee 83%, 93% ee 80%, 91% ee

£$0

17

Y. Zhao, et al., Nat. Commun. 2019, 10, 3061-3069.
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_h Ph
LR L
L — o N

t
‘Bu Butj

B c
[RhCI(C2H,).]2 Ph
¢<=\A\ (2.5 mol%) S
(R,R)-Ph-bod é\/_\A\
0= ™N770 (5.5 mol%) o o
‘Bu > N
PhB(OH), Bu

KOH(0.3 equiv)
dioxane/H,0 (10/1)

60 °C,5h 96% yield
96:4 dr, 99% ee

R. Shintani, et al., Tetrahedron. 2007, 63, 8529-8536.

[Si] R" Exchange

Reductive R"

M W|th Si-H ellmlnatlon H
" R’ R' R
H

H
reduction
insertion
[Si] _R" ; . H " Reductive -
|/ insertion S

|_|v|| _—

N\ L R'
[Si]
M = metal; L = ligand

Sl_ul P —

[

sp® central chlrallty

Qral ligand
Qiral ligand

sp® central chirality
+ axial chirality

L. Xu, et al., Nat. Commun. 2020,

elimination
- M—g_ e [Si]—g_
RI
H R’

H
Si-C coupling

Si——C Coupling

- ;j:i

OMe ‘\H

Ar “'SiAr,Me

19
11, 2904-2913.



R? o
Net o, I L (6 mol%)
2.S|H
R* \ o
Toluene, 50 °C, 18 h

Pd,(dba); (3 mol%)

>2>_<§<
o o
\W4
g
I
O

Ar = 3,5-(CF;),Ph

L

Ph,MeSi

9

/o

82%, 94% ee, d.r. = 95:5

Ph,MeSi

Dgt
(0] N o

/oZ>

97%, 94% ee, d.r. = 99:1

Ph,MeSi

/)\_1 Ph,MeSi
>
(o) N o Me O;Zj\\

/o

85%, 92% ee, d.r. = 95:5 95%, 94% ee, d.r. = 99:1

Ph,MeSi

521 AN
\ H
o N o Si

60%, 89% ee, d.r. =92:8

Ph,MeSi

94%, 95% ee, d.r. = > 99:1

Ph,MeSi

(0]

90%, 93% ee, d.r. =>99:1

92%, 94% ee, d.r. = 96:4

Me ‘Bu
AN
Si \SI
Me ‘Bu
(o] S o S

95%, 95% ee, d.r. => 99:1 37%, 92% ee, d.r. =>99:1

L. Xu, et al., Nat. Commun. 2020, 11, 2904-2913.
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x X ARG

CF,
HO S
ne () S
“N” N CF
oa\N)%o HN—=N Q H H 3
OH L /&
+ tBU > o= 0
Et,0, -78 °C, 30 min

82% yield, 99% ee

L
e E ~
OH
R
R Attack a Attack b N S ©/
O-N O T
Fo -€--------- B Fo -------- N- R
N~ ‘ Ns N
Nu" N < ag N Nu
H SR b NH
\ y,

Desymmetrization
remote control of
axial chirality

21
B. Tan, et al., Nat. Commun. 2016, 7, 10677-10687.
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R' = R?
Desymmetrization
O o
Jl\"/u\ CPA
1 .
RO OR + R N 2 . . 2
R' = R? OH
Kinetic resolution RO,C CO;R
Eto,c_OH 5 ]
k 1
N J\ CPA (5 mol%) B L
By +  Et0,C” “CO,Et . N : [O 0.0
c-hexane, rt By :
5 ' c R
: R = 2,4,6-(Pr);CgH,
Eto,c_©OH 5 R
/ﬂ\ 0 ﬂ EtO,C : ‘O
o N :
N Ph . )I\ CPA (10 mol%) \ Ph ; \ E N ’/o
‘Bu Et0,C” “CO,Et .~ o : 0.0
c-hexane, 30 °C E
5 ' ‘ R
E R= 2,4,6-("Pr)3C6|.|2
rac " l

22
B. Tan, et al., Nat. Commun. 2019, 10, 566-575.



x X ARG

Application

L (4 mol%)
[Pd(n3-C3H5)Cl], (2 mol%)

Et0,C.__CO,Et

LiOAc, BSA, Et,0 Ph Ph

L (6 mol%)

[Pd(n3-C3Hs5)Cl], (3 mol%)

>

K2C03, MGCN, 40 °C

95%, 97% ee

HN__
/\/‘\
Ph Ph

75%, 91% ee

Eto,c_OH

EtO,C
[
N

t _PPh,

L, 99% ee

iPro,c_OH

Pro,C

] \
N

t ,PPh,

L, 99% ee

Mechanism

EtO,C
I\ o)
N
o, 0 Etoch\cozEt
B (%
o OH

*
o, o
T—0o -U‘\o
R
é}

o
=
O--..
o—
m
0
e
N
L

23

B. Tan, et al., Nat. Commun. 2019, 10, 566-575.
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FLAEM JEC-N4E

o)
RZO’[( 0

N |
NH,
NH
OH ICOZRZ dihydrocupreidine 2
+ N=N (20 mol%) OH
o TEET A
-20 °C, DCE
N
R1 NaH |\
Toluene Z
| 18-crown-6 R Y/
% N
/ 110 °C @
Cr(CO)3 e
Cr(CO);
Mes—I—BF, (CuOTHf), *Tol (15 mol%) @
(o] Cs,CO; (1 equiv) N o
1l —_— 1]
MeO S +
° “pTol N Tol/DMSO MeO S pTol
OMe OMe

a) K. A.Jagensen, et al., Angew. Chem. Int. Ed. 2006, 45, 1147-1151.
b) M. Uemura, etal., J. Org. Chem. 2007, 72, 3394-3402. 25
c) F. Colobert, etal., ACS Catal. 2018, 8, 2805—2809.



FLAEM JEC-N4E

Mes—I—BF, L (20 mol%) R
R! CONH, Cu(MeCN),BF, (10 mol% N /

NEt;3 (1 equiv) CONH,
BF3 +(OEt), (1 equiv)
DCM/DMSO (4 : 1)
25°C,18 h

eO N Q ﬁ :Z )
Me N
MeO CONH, .
©/CONH2 IPrO©CONH2
OMe

o'Pr
76%, 98% ee 64%, 98% ee 34%, 78% ee 74%, 96% ee 74%, 88% ee

|=3co CONH, Me CONH, Me CONH, CONH, Me N
CONH,
Me

54%, 92% ee 32%, 80% ee 54%, 80% ee 68%, 90% ee 52%, 96% ee

\/

ey

CONH, CONH,

Me N Br N
MeO Meo\©

26
F. Colobert, et al., Angew. Chem. Int. Ed. 2020, 59, 8844-8848.



FLAEM JEC-N4E

phenanthryl

o. O

~
o-P

H
N CPA (15 mol%) H
N”" “Cco,Me CHCI3, 50°C, 3 A MS N

5
;

~OH
1 e 1.5 eq phenanthryl
76%, 93% ee CPA

. MeOZC_N _~
T CC G
®) s H H

mnn — " 'N\
§ °~P<° H asymmetric \N’N‘COZMe chirality » N CO;Me
@ -0 \0----H~ addition > N transfer - N,
2 N

C Ar central chirality axial chirality
27

B. Tan, et al., Angew. Chem. Int. Ed. 2020, 59, 6775-6779.



FLAEM JEC-N4E

0

NH
H R3-N”
H
H CPA N
AN
R1_' = | \_RZ ' et R1:— - 2
1 VR
Z Z RS N Z N>
\N’z \R3

Boc Boc BOC‘ Boc‘ Boc‘
\ 1
H NH NH NH NH
Bocap Bocay Bocap BocsN Bocay
\Q \Q ! \Q MeO \Q Ph \Q
92%, 93% ee 81%, 93% ee 82%, 94% ee 93%, 92% ee 71%, 92% ee
Boc‘ Boc Boc B Boc‘
NH A \ oc NH
s NH NH NH s
Bocayp S ~ Boc;N'
N BocsN Boc“N Bocay

OO0 00N COMNY g LR

7%, 92% ee 47%, 92% ee 90%, 93% ee 51%, 92% ee

91%, 92% ee

28

S. Zhang, et al., Nat. Commun. 2019, 10, 3063-3012.



FLAEM JEC-N4E

CPA

(0] HN No
- R 0 HN o
9\0 v Bocy «NHBoc o0 + o
NH H N’
H
CJ Q PO .

" “n

t1/2 rac — 26 min

t1/2 rac - 4257 min t1/2 rac — 30886 min

R *
(o) _q
/\P/ o\ o R
o/ \ P/ v
Lo N\ A -COR
H H_ _COR -~ 0
rll N Dual H-bond control |]| /AN
_7/ OO “R? “\ —_— N
[ CO,R'
\_/ o Dual H-bond

ni—n interaction

\ /o

,P

7'\

/0 9 n-m interaction
H H. _CO,R’ & dual H-bond
r!l ” concerted control
@ A =
CO,R'

S. Zhang, et al., Nat. Commun. 2019, 10, 3063.
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o [Rh(cod),]BF, 0

X R3 (10 mol%) ZJL _R3
R2” N~ (aS)-xyl-BINAP R® N
| | | | + (10 mol%) R' SiMe;
I -
R R! DCM, rt, 15-24 h R
SiM93
X
17-79% yield
79-98% ee

— 0
/)—Ph “N” “Ph

* Rh(l)* Ar PO A -Rh(l)* Me SiMe,
E—— Me Me >
' \H/
Me
Nl X X
Me Me

31
K. Tanaka, etal., J. Am. Chem. Soc. 2006, 128, 4586-4587.



ISk 3 A

Do

RN/ 75 2R

Br PPh;, TFA, CCl,
X -
NH, NH;

Me

Tol, 120°C
OMe

@Uch

o

Pd(OAc), (5 mol%)
L (7.5 mol%)
082C03
Toluene

98% yield, 92% ee 5

MeO
\©‘l CF3 /4@
)\\
N N
H

Me X

PPh,
PPh,

N
@x

'U
V

OMe

F\

= (S)-BINAP

LY

P.Pd.B
* 4

p r
e

Me
OMe
oM
j:\F3 Base
Z -
N N
P~
MBr Q{ ?d'Br Me
P ¢
o

Me
CF,
[:;:1hﬁ/l§N

P-
Il’d. Me 32

R. Liu, et al., Angew. Chem. Int. Ed. 2021, 60, 21718-21722. P



; TFP (22 mol%)
R\\ ! N
| + R
Z O Br K,CO3 (2.5 equiv)

MeCN (0.1 M)

RAIR/ 5 2R

Pd(OAc), (10 mol%)

N'" (50 mol%)

70°C, 36 h

g

78%, 97% ee

85%, 0% ee

g

62%, 92% ee

OEt
s
N
Y

67%, 5% ee

98%, 0% ee

Q. Zhou, et al., Chem. 2021, 7,1-16.

4SS
2

43%, 92% ee

o
Dats
—
Y
CF;

52%, 91% ee

66%, 95% ee

ey
N
Me
W
C02M9

n=161%, 92% ee
n=252%, 88% ee

33



s M% s
O Me

CF;
Me CF3
92% ee 0% ee 93% ee 95% ee 0% ee
AG* ¢ = 30.5 kcal/mol AG* ot = 21.7 kcal/mol AG* ¢ = 38.5 kcal/mol AG* ¢ = 33.8 kcal/mol AG* ¢ = 26.0 kcal/mol
{ o OH i 5:?
O \ OH \ < )
N 2 e VO
— Me N - == <‘" Y
= "5 . = TR
e = s N
Me
DFT optimized geometry 92% ee 0% ee N ——
AG* ¢ = 33.0 kcal/mol AG* ot = 25.9 kcal/mol P 9 y
N TBAF N 'ProH, 70 °C, 3 h N
Me > Me¢ > Me
OQ THF, rt, 24 h OQ AG* ot = 26.7 kcal/mol OQ

92% ee 70% ee 0% ee
Q. Zhou, et al., Chem. 2021, 7,1-16.
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X

\]

MK A RN IR

Pd/chiral NBE*

| R3
H cooperative catalysis
1
axial-to-axial
Br O

chirality transfer

PdO Lb/ COR P

* axial-to-axial
chiral NBE* chirality transfer

Pd'X intramolecular
> amidation

axially chiral Pd complexes

35
Q. Zhou, et al., Chem. 2021, 7,1-16.



CO,R?
CPA (10 mol%)

2 NH !
O  COR 2 Fe(OTf)s (10 mol%) I\ ;
AN N > AN N ,
| + | SR ceieycion | :
, o — slcyclohexane [ 7 ;|
R’ MgS0,,0 °C R' SR
SN 1
coMe COMe COMe CO;Me COzMe
N N N
N
‘Bu ‘Bu ‘Bu ‘Bu By
Br
95%, 96% ee 91%, 95% ee 93%, 95% ee 94%, 96% ee 90%, 92% ee
CO,Et CO,allyl CO,Me CO,Me CO,Me
I\ B T\ T\ B
N N N N N
©/Bu Bu Bu ‘Bu ‘Bu
Br Br Br Br Br
I NO, ~
94%, 96% ee 90%, 95% ee 93%, 95% ee 83%, 98% ee 86%, 93% ee Ph

B. Tan, et al., J. Am. Chem. Soc. 2017, 139, 1714-1717.
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MK 2

Do

)=

RN/ 75 BR

NHC (20 mol%)

DMAP (100 mol%) Ph
DQ (200 mol%
Sc(g'l'(f)3 (20 mol)%) j\ /j’:i
N >  ph” "N N Yo
H furan CHs
H;C™ "CHj 5AMS CH,
30 °C

HsC” “CH,

Z. Jin, et al., Angew. Chem. Int. Ed. 2021, 60, 9362-9367.

(o)

NHC

/N\
;-N—Mes

N

BF,

‘Bu

37



NS =S (B F 7 N 7 8

Do

N

HO :
ROzc :
o o MH2 o o CPA /i :
‘Bu (10 mol%) Ar N ;
Ar OrR * + - By |
HO" "OH DCM :
Nast4 :
65 °C 5
O o
Ph)HI/U\OEt o O o 0)
0) CPA EtOHO Ph EtO Ph CPA
o HO
H
H 20
o N
ﬁ/ | _
(o] fo} HO
OH

o)
EtO,C EtO,C EtO,C
\ — /i _ /
N tautomerization Ph
N Ph \ﬁ ﬁ» Ph N -

X. Lin, et al., Angew. Chem. Int. Ed. 2019, 58, 15824-15828.
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MK 2

RAIR/ 5 2R

X

\]

E 9-anthryl
. i -
o uji) ’ DDQ, CPA (10 mol%) ; 0. .0
+ : -PZ
N @ > : 0" “OH
N CHCI;, 0 °C, 96 h : 00
NH, ' 9-anthryl

CPA

Cl

Bu
(o)

95%, 97% ee

‘B

: 0
N

~

N

96%, 92% ee

Br

u

be {0 {0 {0 {0
A .©@©F©%Qm%ﬁ%“£$©m

95%, 94% ee 99%, 94% ee 90%, 91% ee 96%, 95% ee
6Bu:© (;Bu:© 6Bu:© OtBu:©
ci N" cl N/)\©\ ci N//K©\ cl N//KCrOMe
Cl F Me
94%, 93% ee 97%, 95% ee 98%, 93% ee 95%, 94% ee

39
B. Tan, et al., Nat. Commun. 2017, 8, 15489-15498.



‘Bu R’
tBu O
DDQ, CPA (10 mol%) :©/
Cﬁ - A - = )

c-hexane:CHCI; = 1:1
MgSO,, 60 °C, 96 h

‘B ‘Bu t

L 0 L0 A0
s elice
N’J\ MeO N//k N//l\

83%, 83% ee 95%, 82% ee 75%, 89% ee
‘Bu Br ‘8 Br t
N Me N N”
82%, 89% ee 80%, 85% ee 80%, 95% ee
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B. Tan, et al., Nat. Commun. 2017, 8, 15489-15498.
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C-HE ft B 1L
@_/t Ph (R)-Rh (5 mol%) Q_/i
fo) | | AgNTf; (20 mol%) N (o]

- Ph

'PrcO,H, Ag,0

Ph  DCE, N,, 70 °C, 36 h OO Ph
Ph

Ph

o [ Qg
N <0
=0 AgNTf, (20 mol%)> N~ 0 - A, @Rh-Cp
. - or
t 'Prc0O,Ag, D,0 Rh-Cp = .

H/D D/H = AT Prco,

o
DCE, N,,70°C, 36 h (50% H) (50% H) N Ar Rh Ar
1 Ar
cp It
[D,] 92% yield
Ar—=—Ar Ar

AgNTf, (20 mol%) N~ O o N “Rh.
- Ph 2

o N ~0,C'
N . _ AT iprco,H A OCPr
'PrCOzH, Agzo N\ Ar
X Bh o H/D Ph Ar
Dsg DCE, N2, 70°C, 36 h g0 1) OO . Ar
1
D Ph cp
D Ph
[D3] 64% yield 42

J. Wang, et al., Angew. Chem. Int. Ed. 2019, 58, 6732-6736.



50 °C

I :

L Pd(OAc), (10 mol%) N N- BN ]

! N L (20 mol%) | '

= + A co,Me » ~=N ! COH

ipr H 2 ipr X _CO,Me ' 07 'N
AgOAc (2.5 equiv) : H

TFE:DME = 1:1 (0.1M) ]
. L

rac
98%, 97% ee

HN ipr
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B. Shi, et al., J. Am. Chem. Soc. 2020, 142, 18266-18276.



C-HE f& B 1L

Pd(OAc), (10 mol%)

ﬂ\ R®  [-tert-leucine (30 mol%) Q
| AgTFA (2 equw) CHO
R2
HOAc: PhMe = 2:1
Br 55°C, 72 h, N,
F\Lc o 4/1 BY BN
N HO 1ips C"'° TIPS N “CHO 1pg N C/"'O TBS
<o O ool
37%, 98% ee 67%, 64% ee 66%, 98% ee 50%, 97% ee

61%, 98% ee 87%, 98% ee 63%, >99% ee

B. Shi, et al., ACS Catalysis. 2019, 9, 1956-1961.
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NBS (3 equiv)

(o) @\ peptide (10 mol%) o BrﬂBr
r
N OH oM
d:\ PhMe/CHCl; (9:1, 0.01 M) N e
N™ Me rt,1h NZ Br

then TMSCHN,, MeOH

:MezN;fO HNJ\)
E /

a) S.J. Miller, etal., J. Am. Chem. Soc. 2018, 140, 868-871.
b) S.J. Miller, etal., J. Am. Chem. Soc. 2015, 137, 12369—-12377. 45
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C-N4& 2l F M 69 # 18 Kk

--------------------------------------------

------------------------------------------

N ' Qoo
1 1 . 'l \\
H ' Direct N-C ;

1 axis formation O\ /O

----------------

N : N-H functionalization

l Desymmetrization

------------------

arene synthesis | O/

-

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

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

C-H functionalization . N

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

De novo N%O
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C-C bond C-X bond N-N bond
developed underdeveloped rarely developed

Bond length of stereogenic axis in various (hetero)biaryl atropisomers

C-C atropisomers C-N atropisomers  C-B atropisomers N-N atrobisomers
C-C bond: 1.48 A C-N bond: 1.44 A C-B bond: 1.58 A P

Challenges(C-B) Challenges(N-N)

Longer C-B bond length Weeker single bond
Limited structural diversity Deplanarization

Lower axis rotation barrier Lower rotational barriers
No enantiocontrol mode Less stable conformation
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OH Ph

o N)§0 CPA (10 mol%) H

CHCI3, 0 °C, 15 min

®

Ar = 4-Bu-Ph
87% yield, 95% ee CPA
OMe o_ 0
Py
~
HZO  OY._ ——
' on OH —> Directing group
5 Y
\_"!‘ '/-\ Potential H-bond donor ; :
.B N Axial rotation
HN N
S
(o)

R R —>» .
B restriction groups
— 1

W

Plausible
unreactive stereocontrol
model
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B. Tan, et al., J. Am. Chem. Soc. 2021, 143, 12924-12929.



X
L*Pd° Yo,c_OH ,
YO,C ]
O\ /O reductive elimination ox:datlon addition ﬂ 2 h ' Me Me
'|3 Me” SN R o Cu(OThylLigand  Me” “N“ R! ! O~ I\o)
U 1
L*Pd"OR RZ_N. R® * YO,C” “CO,Y ™ RZ_N_ R?! N N
. . L*Pd"X \ ) ® : 3
Atroposelective 4 4 ' /V
Miyaura Borylation R R R RS |
Vv for Axially Chiral Organoboron ' Ligand
transmetallation o o
RO-Bpin CO,Et
CO,Et
L*Pd"OR anion exchange /AR\
Ph™™y quinidine Ph / \
| + BocO\)Lco ‘B —_— N
Meo\n/N“H *TH coHel, MeO \r!li)L
e t
B—Bpin n o \ﬂ/ CO,Bu
(o)
v

a) Q. Song, etal., J. Am. Chem. Soc. 2021, 143, 10048—10053.
b) R.Liu, etal.,, JAm Chem Soc. 2021, 143, 15005-15010. 50
c) Y.Lu,etal, Chem. 2021, 7, 1-15.
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