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FRE = A FHBSRE:

Central chirality Axial chirality Planar chirality Helical chirality

Schiaffino (2004) & Szumna (2010)

Bohmer (1994)
X W

b QP A

OH OH HO

R
Inherent Chirality . curvature '

Bohmer, V.; et al. J. Incl. Phenom. Macrocycl. Chem. 1994, 19, 17-39.
Schiaffino, L.; et al. New J. Chem. 2004, 28, 1198 -1199.
Szumna, A. Chem. Soc. Rev. 2010, 39, 4274-4285. 4
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For research on retinal, see: Woody, R. W.; et al. J. Am. Chem. Soc. 2008, 130, 6170-6181.
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FRE = BAHFREARTE

Skeleton modification

Cai (2022)

[Pd(cinnamyl)Cl], (5 mol%)
L (20 mol%)

>
Cs,CO3; (4.0 equiv)
DMF, 100 °C
De novo synthesis g
u
Wang (2025) : | A R '
Me .Me ' .
R R ‘Buy N N L NS o2
A X~ 20 mol o Fon
NI N /l N/IN Cat. (20 mol%) _ R1-(\ \>_1 L 2 0" ©OH .
Cl)\N/)\N \N N)\\N)\N N,Me Cyclohexane, reflux —/< N R

PEETE

| H
M R? Me OR3 -
© © U R=4-PhCeH, |

(1) Cai, Q.; etal. J. Am. Chem. Soc. 2022, 144, 22858-22864. (2) Wang, M.; et al. Org. Lett. 2025, 27, 4603-4608.
For recent reviews, see: (1) Zhang, F.; et al. Chem. Soc. Rev. 2025, 54, 10856-10879.
(2) Tong, S. Acc. Chem. Res. 2025, DOI: 10.1021/acs.accounts.5c006009. 6



oxygen through the
annulus rotations

-

Extended side-arm

Liu (2025)

[Pd(allyl)Cl], (5 mol%)

-BOH): L (12 mol%) :
+ R_' > 1
Z Cs,CO5 (5.0 equiv) ]
TBME, 70 °C ;

Liu, R.; et al. Nat. Commun. 2025, 16, 2370.
For review on pillar[n]arenes, see: Ogoshi, T.; et al. Chem. Lett. 2019, 48, 1278-1287. !
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Kinetic resolution

Kawabata (2021):

racemic

Desymmetrization
o) R'

N

W 2025 -
ang (2025) oo ~( R at (10 ot m-(\‘( o

N\ O R2 + NuH C52003 (20 equiv)» N>8 / \>—R2
CI—(\ >_N Mesitylene, -15°C NG _(\ g —N
&o &o

Kawabata, T.; et al. Nat. Commun. 2021, 12, 404.
Wang, T.; et al. Angew. Chem. Int. Ed. 2024, 63, €202411889.

ent-OAc
40% ee

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

........................................
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Bioactive molecules

Material science

Host—Guest Chemistry

57 = [t el T Ligand for asymmetric catalysis
O
OCF
NH -’\\l Me ) \\// 3
S
Z ND
Me O%_ 7\
N N—Me
\_/
Telenzepine Representative analog of MK-7725 Chiral ligand

For reviews on application, see: (1) Wong, H.; et al. Synlett, 2013, 24, 2188-2198. (2) Zhu, Q.; et al. J. Org. Chem. 2025, 90, 5307-5322.
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Traditional method

QO ()
0 \ R

Chiral resolution
or
Chiral auxiliary

X = heteroatom

Ring Construction (Dynamic) Kinetic Resolution Desymmetrization
Q0 Q O
’\/b — — Do O —>>
O prochiral chiral

rac DKR KR

10
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The First Report:

Rajca (2001): (-)-Sparteine and CuBr, mediated coupling of 2,2"-dilithiobiaryls

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

(-)-Sparteine

CuBr,

R N NN 4

- o o oEmom o om oW

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

50-60% ee

Rajca, S.; et al. Tetrahedron, 2001, 57, 3725. 12



Saddle-shaped scaffolds (X = heteroatom)

Intramolecular

Cycloaddition cyclization Other strategies
[2+2+2] SeAr Inner-bond-cleavage
[5+3] SWAr & S\ 2 Condensation

[4+4] Esterification

13



l 2.1.1 A B % [2+2+2] 3R Am Ak

Shibata (2009)

N\ [Rh(cod),]BF 4 (10 mol%) E o By

Cy-binap or QuinoxP* (10 mol%) N, P

- . peeilives]
X DCE ] Lo _ !
——Rr 5 ;o N F;/ :

: . : By !

X =0, NTs, C(CO,Me), 10 examples e . L ‘

45-86%, 75-99% ee

Selected examples

Cy-binap: 62%, 95% ee Cy-binap: 45%, 96% ee Cy-binap: 80%, 75% ee Cy-binap: 56%, >99% ee
QuinoxP*: trace QuinoxP*: 59%, 83% ee

Shibata, T.; et al. Angew. Chem. Int. Ed. 2009, 48, 8066. 14



l 2.1.1 A B % [2+2+2] 3R Am Ak

\\ [Rh(cod),]BF4 (10 mol%)
Cy-binap or QuinoxP* (10 mol%)
— o
X DCE
N—R
X =0, NTs, C(CO;Me), 10 eXxamples N mmmmmaaee e mmm—————aa-

45-86%, 75-99% ee

Plausible mechanism

R
\ \
N S
= [Rh] — N Il
X — h
=R

Shibata, T.; et al. Angew. Chem. Int. Ed. 2009, 48, 8066. 15



l 2.1.1 A B % [2+2+2] 3R Am Ak

Shibata (2019)

[Rh(cod),]OTf, <_
or [Rh(cod),]BF, /
| | (S)-ToIBINAP
-
©\ Toluene, 40 °C orrt
Z=S§5,0

5 examples
79-89%, 12-86% ee

60%, 44% ee — -

; S l R2 [Rh(cod),]BF,4

(S)-TolBINAP

S
©/\ I -
\\ o ‘ S Toluene, 100 °C

4 examples — —
21-47%, 47-93% ee

Shibata, T.; et al. Asian J. Org. Chem. 2019, 8, 970. 16



l 2.1.1 A B % [2+2+2] 3R Am Ak

/,"I X \\‘\\ ____________________

Shibata (2016) CO,Me [Rh(cod),]OTf (10 mol%) \/ \/ E :
I . X (S,S)-BDPP (10 mol%) : Me Me :

[ ocen % i .

CO,Me 1 ) : PhyP “PPh, 1

R R :

MeO,C  CO,Me

X =8, Se 12 examples N e e e ;
45-98%, 68-95% ee

R® CO,Me pTTTTTTTT T %

¢O-Me . O = [Rh(cod),IBARF (10 mol%) 2 : :
R X (S)-MeO-BIPHEP (10 mol%) : -

+ ' '

||| N "~/ COMe ' Meo PPh, !
CO,Me O DCE, rt ' MeO ! PPh, |
X=8§, 80, 8 examples e ,

36-64%, 65-81% ee

Shibata (2025) OO
O O [Rh(cod),INTf, (10 mol%) :
I . (S)-BINAP (10 mol%) < @ N E OO 5
// \\ > \\‘\\ ""/ : PPh2
CO,R? OO Toluene, 80 °C Q ' l l PPh,

R20,C R’ :

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

21 examples
Shibata, T.; et al. Angew. Chem. Int. Ed. 2016, 55, 4552. 17-99%, 4-84% ee
Shibata, T.; et al. Chem. Eur. J. 2025, 31, €202501193. 17



l 2.1.1 A B [5+3]3R Mk

Jiang (2024)

: 9 :
HQ ' Bu Bu
X O pre-NHC (15 mol%), Sc(OTf)3 (20 mol%) E :
R1 | \ ' N :
| — + /LH > : 9 e \N | ;
” s z DMAP (1.0 equiv), DQ (3.0 equiv), ' AN NN/ !
\ ¢ R 4AMS, THF O : + :
R? : BF, . . :
' Bu Bu
: O :
47 examples ' pre-NHC DQ l
41-94%, 54-99% ee RS /
Selected examples
ph ¢ N\ on &/ N\
\
O NH o NH
MeO,C Br
74%, 92% ee 80%, 92% ee 90%, 95% ee 60%, 98% ee 72%, 99% ee

Jiang, B.; et al. Nat. Commun. 2024, 15, 8474. 18



l 2.1.1 A B [5+3]3R Mk

HO i
0 _NHC (15 mol%), Sc(OTf)3 (20 mol% :

R1—: A A pre (15 mol%), Sc( )3 (20 mo 1 : O/\r/N\

Z~N * _ZH . . v 3 N—@
N s 2 DMAP (1.0 equiv), DQ (3.0 equiv), : N~/
\ 52 R 4AMS, THF : *
R? 5 BF,
47 examples : pre-NHC

41-94%, 54-99% ee N

Control experiment

HQ
O A O q pre-NHC, DQ, DMAP
+ / H L.
N / 4 AMS, THF
O o
without Sc(OTf)3

81%, 80% ee
Standard condition:
93%, 97% ee

Jiang, B.; et al. Nat. Commun. 2024, 15, 8474.

pre-NHC, DQ, DMAP

4AMS, THF
without Sc(OTf)3

63%, 0% ee

19



l 2.1.1 A B [5+3]3R Mk

O

e
@ * ?}NN\Q
g5

Breslow intermediate |

(0]
5/¥N
\

ll\NvN
NHC

[Sc]

Jiang, B.; et al. Nat. Commun. 2024, 15, 8474. 20



| 2.1.1 SRR B [4+4]3F Rk

NBS (1.2 equiv),
R Cat. (10 mol%), - ] -
Yan (2025) Toluene, -50 °C RT\BF
I - |
OH O — - — —*
2 =~ OMe R2_| N ¥
R = H L Br B %
N ’l:(
L - N---0 g Br Br} VBu 0
N U s, o ( \

z o\ H, /& ; |\ 1./ o@\o

NS \QL"'H /i 5 N
O \\\\ /O s ~ =N

\H /
R4 TS1: VQM + o-QM TS2: vQM + VQM TS3: 0-QM + 0-QM
AG* =24.9 kcal/mol AG* = 41.5 kcal/mol AG* = 35.0 kcal/mol
NG
R3_
94 I I [
o0
2 ZEAS N, ZRE G
R3 ;/R2
D E{oo\’Bu Bu—? 0 O \Bu Nl
%o PMP Br Br Br PMP PMP
R* b
Br Cross-cycloaddition product Homo-cycloaddition product
24 examples
21

66-88%, 81-98% ee

6 examples
65-77%, 81-91% ee

Yan, H.; et al. Angew. Chem. Int. Ed. 2025, 64, €202416873.



D212 5 FAsts: SHEFERRAL

Yan (2021) e mmmmeemeenseeseeeeeeeeeeeeeeeea, ‘
E OMe .

NBS (1.0 equiv) 5 H{ LN 5

Cat. (10 mol %) ' H '

' z NH '

DCM, -78°C P | N\@/CF3 :

1 \ _— 1

' V/ AR "

: ¢” "o :

: CF; :

19 examples
46-92%, 84-97% ee

Selected examples

88%, 95% ee 89%, 96% ee 82%, 91% ee 89%, 97% ee

Yan, H.; et al. Angew. Chem. Int. Ed. 2021, 60, 21486. -



D212 5 FAsLss: SHEFLCRRAL

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

E OMe l

0 N NBS (1.0 equiv) ; H N :

2 1 1
R Cat. (10 mol %) ; ’ ;
' z NH '

DCM, -78 °C ! | N CFs

! NX = !

1 : 7N\ :

R : 7 X :

19 examples
46-92%, 84-97% ee

Control experiments & Isotopic labeling experiment

O Br
N ) NBS # NBS
| | Q A» No Reaction cat

950
DCM, -78 °C /° DCM, -78 °C

SN OO

0.44: 0.56
kH/kD =0.87

Yan, H.; et al. Angew. Chem. Int. Ed. 2021, 60, 21486. 23



| 212 HFRIFESR: THEELRKRE

Yan, H.; et al. Angew. Chem. Int. Ed. 2021, 60, 21486. 24



D212 5 FARRES: FRBMREAL

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

Miller (2025) : Ph :
L Ph N HTN ;
o RS Q +R® : N _ :
N N ' K '
R1LE S \ B RS Cat. (10 mol%) Vi \ / A : O 3 l\{ 5\1 :
T o CaO (2.0 equiv) 5 ' ~ H H '
N > RIS NI R : AN N& :
| R4 Toluene, rt = ' P :
/|S|§O 2/IS|§OR4 ' .
2 R 1 1
R® 0 0 ! :
7 examples E :
11-95%, 66-88% ee S /
Selected examples
O, Me O, Me O, Me O, Me O, Me
N N N N N
O,N O,N O,N O,N D O,N
N N N N N
s Cl H Cl H H :
Ms Me Ms Me Ms CI Me Ms Ms H
88%, 84% ee 83%, 88% ee 11%, 74% ee no reaction <10%, ~80% ee

Miller, J.: et al. J. Am. Chem. Soc. 2025, 147, 4624—4630. 25



D212 5 FARRES: FRBMREAL

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

3 3 :
L/ QA R : N — :
W XN s Cat. (10 mol%) W N A ' O)\N N '
L L ; i 1 5 ' 3 '
R ‘ JR” K05 (20 eC|U|v)> R ~ | | R : s L :
HN N : AN N :
Cl | 4 EtOAc, -20 °C I R4 ' \P :
RZ/EQO R2/ﬁ\\o E E
(@) (0] : :
6 examples E ;
62-98%, 78-92% ee Y e cemcemcecsecameemseseesemmemmm———- /
Selected examples
e} ,Me o) lMe O lMe 'e) ,Me 9) lMe
9
T T T T Y
Me Me Me Cl
Ms Ms SO,Pr Ms Ms
98%, 92% ee 62%, 90% ee 92%, 88% ee 96%, 84% ee 100% conv., 0 ee

Miller, J.: et al. J. Am. Chem. Soc. 2025, 147, 4624—4630. 26



0212 5FAFRES:

Miller, J.; et al. 3. Am. Chem.

Soc.

major: dp*-ar- =

2025, 147, 4624-4630.

Transition state

charge
matching

497 A
minor: de+-as- = 5.62 A

AR B

\I

Me o
\\//
charge ©- C|§’ \/ Me

matching @)_

major: de--ci> = 4.57 A
minor: de+ci> = 5.51 A

\
t 7, \
BUjl/ ( \\\ \‘ II
‘0

27



D212 5 FRrts: FRELBILAL

Vesely (2025)

R3 pooTTTTTETTETEEs s

NHC (20 mol%) o

]
Cs,CO3 (1.2 equiv) \
4

- \
DQ (1.2 equiv) - : ﬂ
DCE, 10°C i ;

R?C / \ ; Ph

24 examples
43-99%, 18%-94% ee

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

@)
NHC (20 mol%) S =N BF4
NaOAc (1.0 equw)> -“N\¢':l_\Ar
DQ (1.2 equiv)
EA, rt DQH,
Br

DQ

21 examples
54-99%, 2%-99% ee

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

Vesely, J.; et al. Chem. Sci. 2025,16, 17369-17373.
Chen, X.; et al. Org. Lett. 2025, 27, 12343-12349. 28



§2125FAFRES:

Yang (2025)

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

NHC (20 mol%)
NaOAc (1.0 equiv)
DQ (1.0 equiv)
DCM, 4 AMS, 0°C

NHC (20 mol%)
DBU (1.0 equiv)
>

DQ (1.0 equiv)
DCM or DMF
4 AMS, 0°C

R3
\Il\

— O
A7 N\

34 examples
40-99%, 80-98% ee

R1
R2 /
TN\ 7|
— (0] N\
| O
R3/I/
ent-2

34 examples
60-99%, (-80)-(-98)% ee

Yang, X.; etal. J. Am. Chem. Soc. 2025, 147, 30747-30756.

T R EAEA R

TS_NaOAc_major
AAGF = 0.0

TS_DBU_major
AAGF = 0.0

TS_NaOAc_minor
AAGH =1.2

TS_DBU_minor
AAGF =0.8

29
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213 K% 5%

Fukui (2024) Reaction B 0

R Phl (5 mol%) R JTTTTTTTmTmmmmmmmmmmsmmssmmsemssemses “
=/ Reaction A m-CPBA (2.0 equiv) O | 7 ;
0 < RuCl3 (6 mol%) CH,Cly, 40 °C 2 Q ' Q :
“ NalO,4 (1.5 equiv) > : Mes\NJl\/O O N-Mes
> Reaction C ' H H H !
CH3CN/ACOEt/H,0 Ar*l (5 mol%) O O : Bn Bn :
rt. m-CPBA (0.5 equiv) : Me '
HFIP (10 equiv) E :
DBC DCE, 0 °C © ' Arl :

CBBC ~  “mmmmmmmmmmmsmmmmsssssmsssssemeooooes

11 examples
3-41%, 50-96% ee

Selected examples

0 0 : :
E E CaHg E E CaHo p-tolyl E E ptolyl O ‘ 5
O I C4Hg O I C4Hg p-tolyl ! [ p-tolyl : :

o) o) ' '

O ............................ -1
A: 95%; B: 92%; A: 74%; B: 58%; A: 83%; B: 86%; A+B: 59%
C: 41% (brsm: 89%), 94% ee C: 38% (brsm: 81%), 96% ee C: 33% (brsm: 80%), 87% ee A+C: 15%, 71% ee

Fukui, N.; et al. J. Am. Chem. Soc. 2024, 146, 29383—29390. 30



N
=
w

T

LA R8s B3R

HNR, (5.0 equiv)

o) 0
| | N N
O O Pd,(dba)s-CHCl5 (10 mol%) O O O Q
NIS (8,0 equiv)
y

>

CLIC

o)

rac-1
(PP)-2a (> 99% ee)

5 1 ¥ K

g (CPL)/10-2

Fukui, N.; etal. 3. Am. Chem.

‘BuONa (10 equiv)
H,0 (20 equiv)
Toluene, 120 °C

[HP('Bu)3]BF4 (20 mol%)
O L0
g O

rac-9: 59% vyield
(P,P)-9: 65% yield, 99% ee

conc. H,SOy, 0 °C O O
I I
(0]

rac-2: 58% vyield
(PP)-2: 55% yield, > 99% ee

10

197 102 (PP oM
1.0 - 5.4% | ShEFRE
0.5 4 5 eg—o——alm
3 e
i N
—05 v ‘l
—1.0 - B
iy (M) CIE(x.y)
-, T I I | | | - 023’ 058 10° 161 10? 10°
400 Soa/n m600 700 ( ) Luminance (cd/m?)

Soc. 2024, 146, 29383-29390. 31
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J 213tk Rabfrsid

O
Yang (2024)
o E NH, : E R :
(R)-CPA (10 mol%), additive 3 OO o 9
Toluene (0.5 M), 25 °C + : =
: 7 OH
Ns > 5 : o '
loouli
\O : :
NJ\N E R :
H H i R=24,6-(Pr)3CeHy 1
Ph O 0O” "Ph e :
4
Selected examples (?Without phase separation
Entry additive Yield/% eel% ples ( P P )
Me Br
1 4 A MS (50 mg) 7 42
2 4 (10 mol%) 43 64
3 3 (20 mol%) 84 70
_ 38%, 98% ee 40%, 99% ee
4 3 (20 mol%) & phase separation 60 93 2(61%, 66% ee) 3(60%, 67% ee)

Yang, X.; et al. Chin. J. Chem. 2024, 42, 1953-1959. 32



b W11 W

2.1.3 -

Cross experiment

‘\)(L‘
“Cs
~0
1a (1 equiv)
(R)-CPA (10 mol%)
+ > 2a, 68%, 68% ee
Toluene, 25 °C
O 0
LI CLIC
. 3a, 17%
39 (0.2 equiv)
SF-NMR analysis
i i (R)-CPA (10 mol%)
39 (20 mol%)
L - Lo -
N‘\C F NH; F Benzene, 25 °C
~0
1g 39

Yang, X.; et al. Chin. J. Chem. 2024, 42, 1953-1959.

LAl R BRI ARG A

2ag, 8%, 61% ee

O

0L

349, 67% recovery yield

yield (%)

100 :
. =—vyield (1g)
Reaction process o yield 22)
+—vyield (3g)
80
N
>
60
[ ]
40 g
20
A b -
- )
Ak ol
0 — = == = = - =
T T T T 1
1000 2000 3000 4000
time (min)
33



LAl R BRI ARG A

]
N
=
w

=\

H H 1
H S A
NH — A\NH /O NH; O N "0

I
Ar Z
/ N Ar Ph
Pph” N
N

Ph” TNNG N ]
~ o Int-4 Ar = 4-F-Ph 1
Ph Ar Ph Ph
=N_ _N=
CPA
2 .
central-to-inherent chirality transfer .C”
HN” 0 N™ Q
-H Ph
N~ O
NH; O\/D ©/Ii\h ©/u\
P~ Ar
H

AN 9] (610) 0]
©/kPh Ar NH, OsAr HN” ¢ O
FVH,
Né T @N i
Ph

Yang, X.; et al. Chin. J. Chem. 2024, 42, 1953-1959. 34
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J 213tk Rabfrsid

Zhu (2023)

@ o 1) CPA (10 mol%),
R NH,

Ard
. THF or THP, 50 °C
R NH, A >
@ 0~ "Ar 2) Phase seperation

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

31 examples
28-99%, 0-99% ee

R=2,4,6-(Me)3C6H2
or 2,4,6-('"Pr);CgH>
or C6F5

o
O
I

Zhu, Q.; et al. CCS Chem. 2023, 5, 982-993. 35



b W11 W

H AR es R EEN

213

Zhu (2022) Pd,(dba);-CHCI3 (2.5 mol%)
@ Josiphos (10 mol%)
CsOPiv (1.0 equiv) or -I

@ Cs,CO4/RCOOH (1.0 equiv)
Toluene, Ar, 80 °C,1 h

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

;ié

P L L]

52 examples
33-99%, 4-96% ee

(Phl
—__N= _
N= Pd(0) — </ \ \ /> _
0 OPiv PhPd = PivO
Q Ner O M
= LS
Ni JOPiv CN iV
bd N _Pd<
0 Y \\( OPiv
U’ PN Ph
Q Ph | P M
/Ni I NC, P P
N=Q N _Pd
i Lo,
N Ph

Zhu, Q.; et al. CCS Chem. 2022, 4, 2897-2905. 36
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I 2.2 FHHyE B C-HEA

Yang (2024)

(-)-1a, 47%, 94% ee
3a, 46%, 94% ee
s=115

Yang, X.; et al. Chem Catal

(/7 \

(-)-1b, 47%, 93% ee
3b, 46%, 94% ee
s=111

. 2024, 4, 100827.

(R)-CPA ' Ar
bz 30 molu :
+ N=N (10 mol%) . + :
/ ' O\
Cbz CHClIs;, 40 °C : o
CbzHN-NCbz : OO
2a 3 ] Ar
:  Ar =9-(10-Ph-anthracenyl)
24 examples 24 examples !

e

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

40-49%, 65-99% ee 35-48%, 75-99% ee

Selected examples

Me
A Q
N H
ZAN \
MeO
© Me
(-)-1j, 43%, 86% ee (-)-1p, 44%, >99% ee (-)-1r, 41%, 65% ee
3j, 40%, 97% ee 3p, 40%, 97% ee 3r, 42%, 75% ee
s=183 $>348 s=14

(-)-4b, 48%, 99% ee

5b, 47%, 99% ee

s=1057

38



l 2.2 h A FHHEk: C-HEAL

Control experiment

Q Me (R)-CPA Q Me (R)-CPA
! Cbz . H Cbz 0
N + N=N_ (10 mol%) » No Reaction N Me +  N=N (10 mol%) » No Reaction
/ /
0 ‘ Cbz CHCls, 40 °C 0 ‘ Cbz CHCls, 40 °C
Racemization experiment Formal parallel KR process
Q H Q H R)-CPA (10 |°/
,N ,N Ve (R)- mol%)
(/ \a (/ \a 0 Q 0 Q
CbzHN—NCbz
AG* = 27.3 kcal/mol AG* = 30.2 kcal/mol ()-3a' )-1a, 46%, 97% ee  3a, 42%, 94% ee

Cross-over experiment

CHC.3,4OOC°

CbzHN—NCbz
Cbz=N~NHCbz
(-)-1a, 34% ee 3a, 93% ee (-)-19, 39% ee 39, 99% ee
Yang, X.; et al. Chem Catal. 2024, 4, 100827. 39

(x)-3a' ()19



I 2.2 FHHyE B C-HEA

- ¢NH e | Q D ()
0 ‘ /N=N’ /_NJH_“O\\ O /N o
CbZ 0 H—O'P\O ! rearomatization _

i —— ' — (/' (/ \
(+)-1a, favored N NfN’\

.\ Cbzl Cbz CszN\N H CbzHN—NCbz

Cbz

Q H - - - - thermodynamically favored

N Dual H-bonding activation Int-A high stereoselectivity

(-)-1a, disfavored

Transition State

Cbz

N=N
CPA cat. || cb/ favored TS

C bzl,\l—N HCbz
N
byproduct
reversible

steric repulsion (-)-1a

Yang, X.; et al. Chem Catal. 2024, 4, 100827. 40



D22a&ah ¢ 50 K% ARBRR

H H

BUO,C _D__CO,'Bu
* | |
Me N Me
H
racemic
Q Q H Q N
N
Me OMe
78%, 91% ee 70%, 88% ee 72%, 88% ee

Yang, X.; et al. Chem Catal. 2024, 4, 100827.

(S)-CPA
(10 mol%)

Qe
AV

CHCl3, 30 °C

(+)-1a
9 examples
64-78%, 85-95% ee

N e e m e e e ... -————--

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

Selected examples

NH
0 =
Me

70%, 88% ee 70%, 88% ee 69%, 93% ee 74%, 95% ee

41



2.2 NN FHH R

Mei (2024)
1 1
060 R'0,C COzR RT0,C, CO,R! PR \ PR \
HN={ \-NH ~ ©Boc C5 or C6 (10 mol%) f 00 ; 00 j/ : C5 m : ; C6 m :
+ CO,R! > N N or NJ( N ' / N ; : / N
CH3CN, rt ' oH | ! ;
© ¢ ’ e L
' MeO ; ! ;
with C5: (S)-3 with C6: (R)-3 ; SN ; ' \ ;
13 examples 13 examples o : . N™ K
90-95%, 90-97% ee 65-99%, 88-99% ee
Selected examples
CO,Me t t t
MeO,C 2 tBUOzC CO5'Bu tBUOQC CO,Bu BuO,C CoztBu BuO,C COztBU

Tl

WN

&7 :

90%, 97% ee

92%, 92% ee

Ph Ph Me Me Cl

93%, 95% ee 99%, 99% ee 89%, 96% ee

Mei, G.; et al. Nat. Commun. 2024, 15, 4580. 42



2.2 N/ FHH R LA

Ee maintenance experiment Kinetic experiment
COZtBU tBUOzC COztBU 00 tBUOzC COztBU

00 j OBoc DMAP (10 mol%) \f 00 HN—{ \—NH ~ QBoc t C5 (10 mol%) \f 00

HN N + COztBU o N »_N + COZ Bu ' N »_N
CH3CN, rt CH3CN, rt
5 1.2 equiv 5
(x)-1a 2.4 equiv
(S)-1a' (S)-3a (S)-3a
99% ee 95%, 99% ee 95%, 98% ee
100 DKR a . . N . N el

Racemization experiment

+3'¢l

L)

CO,Bu  1Bu0,C CO,Bu 80

00
HN={ \NH HN={ )N N={ )N

5

ee (%)

T

1a 1a' 3a 20 +
AGY = 23.3 kcal/mol AGY = 28.2 kcal/mol AGY = 32.6 kcal/mol
at 30 °C in acetonitrile at 80 °C in acetonitrile at 125 °C in xylene 0F
0 20 100 150 200 250 300

Mei, G.; et al. Nat. Commun. 2024, 15, 4580. 43



Mei, G.; et al. Nat. Commun. 2024, 15, 4580.

00
HN=4 Y=NH m
N
I
(R) MeO _
|
N
ﬂ dynamic
OBoc
CO,Bu
00
HN={ \NH
(S)

TS-R favored

TS-S disfavored

tBUOzC

Sp2'

~

C6

2nd j
alkylation ole;

00
N—4 Y=NH

0

(R)-1a' (R)-3a
t 1y
CO,Bu - BUO,C CO,Bu
00 g alkylation f 00
N WNT - > N/
(S)-1a' (S)-3a
44



D223 s ses: St

COsR’ s .
R 00 R, 00 ; R, 0O : m
"N Y-NH OBoc C6 (10 mol%) N—{ =N . N NH ] ;
+ CO,R’ : ' HO., :
7 ) T (W) TAVEE ’
:MeO /l E
: N
4 2 (R)'5 (S)'4 " N K
40-49%, 83-95% ee  43-49%, 90-99% ee ~ "-TTTTmmmmmmsssssses
Selected examples
1y
C0,'Bu CO2Bu CO,'Bu CO,Bu cofBu By CO,'Bu

NFNS NJZ’OTS C ooy @N O I NJEOTS 2 003
0 0 0 N

MeO OMe
5: 46% yield, 91% ee 5: 49% vyield, 90% ee 5: 46% yield, 90% ee 5: 49% vyield, 90% ee 5: 88% vyield, 87% ee 5: 90% vyield, 93% ee
4: 47% yield, 99% ee 4: 46% yield, 90% ee 4: 48% yield, 95% ee 4: 43% yield, 97% ee DKR DKR
s=111 s=58 s=70 s=80

Mei, G.; et al. Nat. Commun. 2024, 15, 4580. 45



022 &5 %55 K% C-OMBHK

. ,OH LOAr e ‘
Liu (2025) N CuBr (10 mol%) N 1 :
| | ' Bn Bn !
PE L (12 mol%) : .
[ ¥ .5 - TS
Ar—I—Ar NaHCO5; (1.0 equiv) : S/lN NIJ E
Acetone, 25 °C, 48 h N 5 z
\ / : Ph Ph
t - 42 examples
AG 27.7 kcal/mol 35-90%. 40-99% ee
Control experiment
OH OPh
N,OH ,OH NI' NI’
I |
NaHCOs3, acetone O O + Ph,IBF, NaHCOs, acetorE O 0
> 12 h
12 h \— \—
\ // \ // N\ 7/ \_7
+)-1 9 +)-3
(+)-1a (99% ee) 61% ee (*)-1a (99% ee) (+)-3a
Entry L yield/3a ee/3a
CuBr, NaHCO, O 0 1 without L 60% 66%
Acetone, 12 h
\5 —,,, 2 (S, S)-L5 65% 96%
3 (R, R)}-L5 64% -80%
(+)-1a (99% ee) 5% ee

Liu, R.; et al. Nat. Commun. 2025, 16, 2505. 46



lz 2 AN N FHHEBR C-OIBH

— —*
AGsoI
(kcal/mol)
— %
Bn_ Bn
00
24.2 [
'y N N\)
/ TS-0A™, o %
- S . Ph Iljh,/ B Ph
BF4 S, 1¥===-Ph
Ar—I—Ar N Br BF, -
A \_Ph
J . Int3' TS1'
— %
0.0 / minor enantioselective path Bn_Bn
Int1 ' 1.0 i O‘n)xn’
n Bn Bn 93 - Tor N-Ph coupling path $/
Bn_Bn 0 . ’ O-Ph coupling path (major)
|
O (0] N N
[ \) VAN
N, N~ Ph 7% Ph
Ph C|u Ph BF4_ Br Ph
Br
TS2
47

Int3

Liu, R.; et al. Nat. Commun. 2025, 16, 2505.



| 22 MBI FHHE%: C-HER

A
| Pd(OAc), (10 mol%) S .
Zhang (2025) Q\l L-Pyroglutamic acid (20 mol%) f E
N AgNO; (2.0 equiv ' o
QUG - o e Ay
CH4CN (2 mL) 5 H OH |

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

Q 90 °C, 36 h, air

racemic 22 examples
22%-98%, 79%-99% ee

Kinetic isotope effect experiments

Buo

I Pd(OAc), (10 mol%)
Boc-L-Leu-OH (20 mol%)

0O i
N AgNO3 (2.0 equiv)
+
O O D \)LOtBU >

{Amyl-OH (2 mL)

Q D 3.0 equiv 90 °C, 1 h, air
0.1 mmol

O>L
>=o
=z

2

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

7 7
N D XN Pd(OAc), (10 mol%)
N Me D N Me L-Pyroglutamic acid (20 mol%)
O .
O O + O O + AgNO3; (2.0 equiv)
D \)I\OtBU
Q D Q CH3CN (2 mL)
90 °C, 7 h, ai
4.0 equiv AN ar
Me Me
0.05 mmol 0.05 mmol

Zhang, Y.; et al. Chem, 2025, 102730. 48



Iz.zfsb SR C-HER

X
~-N

| Pd(OAc), (10 mol%)
L-Pyroglutamic acid (20 mol%)

N =< Rt /\Rz AgNO; (2.0 equiv)

\ Yy >
CH,CN (2 mL)
Q 90 °C, 36 h, air

Ve mmm e -

racemic 22 examples
22%-98%, 79%-99% ee
Kinetic isotope effect experiments
4
yZ | Y | BuO O/
N D XN Pd(OAc), (10 mol%) |
N

Me D Me L-Pyroglutamic acid (20 mol%) N M

. e

OO ST A, e |

D \)LOtBU r
or 5 CH3CN (2 mL) _

90 °C, ai S or

Q Q 4.0 equiv » air 3 2

Me

0.01 mmol 0.01 mmol 2.10:1

Zhang, Y.; et al. Chem, 2025, 102730. 49
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Liu (2024)

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

NNHTs
Pdy(dba)s (5 mol%)

Ar ; !
C O Ar L (10 mol%) | OO Ph>_ :
O + L — —> COO : Osoy i Ar
Br LiO'Bu (3.0 equiv) N o~ }_ i |
W N/ OO PR Coj

Dioxane, 50 °C
50 examples

45-83%, 80-97% ee

Zhu (2024)

NNHTris
Pd(OAc), (7 mol%)

OQO Ar L (14 mol%)
+ >
v, ;

LiO'Bu (2.0 equiv)
X=Cl, Br DME, 60 °C

22 examples
68-85%, 90-97% ee

EtO
[Pd(n®-C3Hs)Cll; (4 mol%)  Et0,C_ _CO,Et !
/\)O\AC + © L (10 mol%) :
X >
Ph Ph ) o DCM. 1t Ph Ph
Et

94%, 95% ee

Liu, R.; et al. Nat. Commun. 2024, 15, 3353.
Zhu, Q.; et al. Chem Catal. 2024, 4, 100904. 51
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Liu (2024)
; Q
QT Y2 N oA
* N JR
O 2%~o 4 AMs, CCI4

40 examples
33-97%, 64-99% ee

Selected examples

N m e mmmmom

NO, NO,

L <@

0
o=‘:s
N

ON ON ON HN~N N

Y YD o0 oo Gy
87%, 96% ee 87%, dr: 3.4:1 58%, 81% ee 80%, 64% ee 76%, 75% ee 38%, 73% ee

98% ee (84% ee)
MeO

Liu, R.; et al. Angew. Chem., Int. Ed. 2024, 63, €202319289. 52
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V4

I A=
Cycloaddition

(Dynamic) Kinetic

X /. Resolution
+ E—

Intramolecular -
Cyclization (/ \d .\ e
/. X = heteroatom
- X — Saddle-shaped TAN
scaffolds

Desymmetrization

Ring Extension

®
|
TP
. a,_ Develop new strategies g Z) Q
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f ez

Radical Pathway...
Pal (2025)
R1
\_NH N N
R1 FeC|3, DDQ \ / N
A e
| N CH,Cly, rt NNy \
R X
R1

More Substrates

R FG
Q 0 Desymmetrization Q 0

—»

(/ \ (/7 \

CP-TADF Materials

Zheng (2025) By

CN 5 M8PN

Q t{ Y EQE.., = 10.5%
0 N \ Q lg| up to 7.0 x 1073
®
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B SRS R AR

Vesely (2025): NHC catalyzed desymmetric esterification to access inherently chiral calix[4]arenes with an ABCC substitution pattern

NBP (2.0 equiv)
C8 (10 mol%)

Toluene/DME, -20 °C

Vesely, J.; et al. Nat. Commun. 2025, 16, 4443.
Yan, H. et al. Angew. Chem. Int. Ed. 2025, e202518659. 57



M FE: P16

||||

chira : L
Rh cat. Z=0 N\ 8 r\FFI’
3 — "',,'l% » © Mez
Rh Q low
= temp.
\ 2 S
N\ R A
R1 A
y |
high b FJh P )
3 A '
Rh_ Q temp . \ < ~.
R2 S .
A’ B'
Int1-A
Int1-A"
favored

58



B P27, 29

CF3 CF3
A A \
TN S
H H N.':\P H H N%P
S131 S13m
OMe /\
2a: 96% conv., 80:20 er 2a: 57% conv., 90:10 er
Biological activity in inhibiting the growth of plant Biological activity in inhibiting the growth of plant
30 pathogens (Xoo) ( 50 pg/mL) I : pathogens (Xac) ( 50 pg/mL) B
(enr)-2 renn=2
(rare)-2 ) :
I BT 80 BT 2
IC
? TIC
60 =
1P b £
2 I ¥ 60 I
: i
40 "
E E a0 I [
: |
!m I - 5 2| Wl ) I
0 I
0
2n r 25 22 BT TC 2a 2 g il BT IC
Compd. Compd,
20 I 59




AG/(kcal/mol)
J % Pas

- B ) ) ) -
HN )
(o]
F1C
L FSC
1b-a -
L —ITs20 — —'T1s24 B N
1S20-b 31.7
TS20-a23.1"
| — \ |
F1C /
HN
TS24-a 10.8
H OH ’:=:‘.
Oﬁ “‘go s l,;f"T824.b 9.9%
\ 35 " 19272
0.0 B — l:‘
Cat. ) ) (
1/3 [Pd(OACc),]3 \«O H‘o\{/ \
O0—~>pd D —— 26-a-4.3 “:
7N {\
o 4
20 “
o-H \\
\ 1
\
|
TS20-a

28-b-17.5
Buo. o
4

C-H activation

| -
x N /\
N

"~ Pd=0

\

A

OH
olefin insertion

q
-

Y

R-H elimination

-

60



