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Introduction

a) Conventional molecular chiral elements
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central chirality axial chirality planar chirality helical chirality

b) Inherent chirality (Bohmer 1994)
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cyclotriveratrylenes tribenzotriquinacenes sumanenes

Yang, X. et al. Eur. J. Org. Chem. 2023, 26, €202300738.
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Introduction
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Szumna, A. et al. Chem. Soc. Rev. 2010, 39, 4274.
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Introduction
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Su, C.-Y. et al. Int. J. Mol. Sci. 2011, 12, 429.
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Enantioselective Cyclization

R3 R4 R Pd(OAc), (30 mol%)
)\ (R,Sp)-JosiPhos (60 mol%)
A NN NN NaO?Bu (3 equiv.) L /(
B N/ N)l\)\N)l\N/ N NH dioxane/toluene (1:2)
r
| | | , | reflux R2 e
Me Me Me R2 Me Me Me/
up to 67% yield
up to >99% ee
Tong, S.; Wang, M.-X. et al. J. Am. Chem. Soc. 2020, 142, 14432.
R2 R? Bu Cat. (30 mol%)
)§ R' N CCl,4 or CCly/cyclohexane
NI N NI N (v/v = 13/7), 0 °C, 12 h
P A —
Cl N N (o) N N NH K,CO5 (0.6 equiv.)
: I\I/Ie OR3 I\l/le 0°C,60h
up to 70% brsm L Ar = 9-Anthracyl )

up to 98% ee

Tong, S.; Wang, M.-X. et al. Chem. Sci. 2024, 15, 3610.
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Desymmetrization

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

Y

Cs,CO;3 (4.0 equiv.)
DMF, 100 °C

up to 86% yield
up to >99% ee

CMD

Cai, Q. et al. J. Am. Chem. Soc. 2022, 144, 22858.
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Desymmetrization

PdBr, (10 mol%)
Ligand (20 mol%)

Rb,CO5 (3.0 equiv.)
THF, 110 °C

up to 86% yield
up to >99% ee

1,5-palladium

~

migration

Tong, S. et al. Chem. Sci. 2023, 14, 827.
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Prospect

CPA-catalyzed Enantioselective Povarov Reactions

NH,

+ RCHO + \/R'

Enantioselective Synthesis of Inherently Chiral Calix[4]arenes
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Optimization of the Reaction Conditions

NH»
PhCHO
2 CPA (5 mol%)
3 AMS, solvent, T °C
+ -
/ then DDQ (3.0 equiv.)
n n n . NHR
O"Pr O"PronprPro g MeCN, -20 °C
1a 3a'R = Boc
3a R=Cbz

Y

0
O\P//
1 o
Rl
(R)-A1: R' = H;
(R)-A2: R' = 9-Anthranyl; (R)-A4: R =R" =F; (R)-A6
(R)-A3: R' = 2,4,6-('Pr)3CgHy; (R)-A5: R'=Bu, R" = H; R' = 2,4,6-('Pr)3CgHy;

)-A7: R' = Ph;
)-A8: R' = CF3;

)-A10: R' = 2-Naphthyl;

(S
(S
(S)-A9: R' = NO,
(S
(S)-A11: R’ = CI;
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Optimization of the Reaction Conditions

NN Entry2 3 CPA Yield [%0] Ee [%]
C\l 0 (@) (R)-A1: R'=H;
SH (RHAZR'= 9-Anthrany; 1 3a’ (R)-Al 65 13
X0 OH  (R)-A3:R' = 2,4,6-(Pr);CeHy;
PP 2 3a’ (R)-A2 62 50
"
3 3a’ (R)-A3 31 40
4 3a’ (R)-A4 60 43
5 3a’ (R)-A5 13 43
6 3a’ (R)-A6 trace -

(R)-A5:R' = Bu, R" = H; R' = 2,4,6-(Pr)3CgHy;
aia (0.1 mmol), 2a (0.2 mmol), 3 (0.2 mmol), CPA (0.005 mmol) and 3 A MS (50 mg) in
DCM (1.0 mL) at 25 °C for 24 h. Then DDQ (0.3 mmol) in MeCN (0.25 mmol) was added
at -20 °C for 12 h.
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Optimization of the Reaction Conditions

Entry2 3 CPA T [°C] Yield [%] Ee [%)]
1 3a’ (S)-A7 25 72 51
2 3a (S)-A7 25 75 75
3 3a (S)-A7 -20 73 89
4 3a (S)-A8 -20 82 91
5 3a (S)-A9 -20 72 92
(S)-A7: R' = Ph; 6 3a (S)-A10 -20 82 99
(S)-A8: R' = CF
(S)-A9: R' = NO,
(S)-A10: R' = 2-Naphthyl; 7 3a (S)-All -20 70 96
(S)-A11:R' = C;

21a (0.1 mmol), 2a (0.2 mmol), 3 (0.2 mmol), CPA (0.005 mmol) and 3 A MS (50 mg) in
DCM (1.0 mL) at the designed temperature for 24 h. Then DDQ (0.3 mmol) in MeCN
(0.25 mmol) was added at -20 °C for 12 h.
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Optimization of the Reaction Conditions

(S)-A10: R' = 2-Naphthyl;

Entry2 3 Additives  Solvent Yield [%)] Ee [%]
1 3a 3AMS DCM 82 99
2 3a 4 AMS DCM 70 97
3 3a 5AMS DCM 75 84
4 3a No MS DCM 78 88
5 3a 3AMS Toluene 72 94
6 3a 3AMS THF 65 95

ala (0.1 mmol), 2a (0.2 mmol), 3 (0.2 mmol), (R)-A10 (0.005 mmol) and molecular sieve
(50 mg), solvent (1.0 mL) at -20 °C for 24 h. Then DDQ (0.3 mmol) in MeCN (0.25 mmol)
was added at -20 °C for 12 h.

14



Reaction Scope

| /
OR OR QR RO X NHCbz

1 3a

4b, R = Me, 65%, 99% ee
4c, R = OBn, 63%, 96% ee
4d, R = OMe, 61%, 98% ee
4e, R = SMe, 62%, 98% ee
4f, R = Ph, 71%, 99% ee
49, R = CF3, 72%, 97% ee
4h, R = NO,, 80%, 94% ee
4i, R=F, 74%, 97% ee

4j, R = Br, 70%, 97% ee

| /
O"Pr O"Pronpy’PrO

(S)-A10 (5 mol%)
3 AMS, DCM, -20 °C

then DDQ (3.0 equiv.)
MeCN, -20 °C

(S)-A10: R' = 2-Naphthyl

4m, R = Me, 42%, 95% ee

4n, R = OMe, 47%, 91% ee
40, R =NO,, 51%, 84% ee
4p, R = Br, 50%, 91% ee

O"Pr O"Pronp{'’PrO O"Pr O"Pronpf'PrO

4k, R = Me, 71%, 93% ee
41, R = Br, 80%, 98% ee
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Reaction Scope

[ [ | [ | [
O"Pr O"Pronp/'PrO O"Pr O"Pronpf'PrO O"Pr O"Pronpf'PrO O"Pr O"Pronpf'PrO

4q, 43%, 95% ee 4r, 68%, 94% ee 4s,61%, 92% ee 4t, 51%, 91% ee

| / ol
O"Pr O"Pronpf’PrO O"pr Onpronprnpré O"Pr O"Pronpr'PrO

/ /
O"Pr O"Pronpy'Pro O"Pr O"Pronpy'Pro

4u, 67%, 97% ee 4v, 62%, 95% ee 4w, 65%, 97% ee 4x, 71%, 99% ee 4y, 43%, 95% ee

16



Reaction Scope

CHO

/
O"Pr O"PronpfPrO O"Pr O"PronpfProO

4z, R =H, 75%, 98% ee
4aa, R = Br, 90%, 98% ee

4ab, 82%, 98% ee

O"Pr O"PronpfPrO

4ac, 67%, 97% ee

4ad, 67%, 96% ee

0"Bu O"BupngBuO

4ae, 75%, 95% ee
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Scale-up Reaction and Synthetic Application

a) Scale-up reaction

NH,
‘ﬂs O PhCHO
)Q’ o> ‘« 2a

O"Pr O"Pronpf’Pro X NHCbz
1a
(1 mmol) 3a

b) Synthetic application

TBAF
THF

/
O"Pr O"Pronpy'Pro

4a (99% ee)

4a
(S)-A10 (5 mol%) 624 mg (71%, 99% ee)

3 AMS, DCM, -20 °C

4a

then DDQ (3.0 equiv.) 0.1 mmol (82%, 99% ee)

MeCN, -20 °C

O"Pr O"Pronpy’PrO

O"Pr O"Pronpf'Pro O"Pr O"Pronpy’PrO

6a, 81%, 98% ee 6b, 85%, 96% ee
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Calix[4]arenes as Chiral Organocatalysts

CSCl,
e
(1S,2S5)-7 or
] (1R,2R)-7
oo @NM% O"Pr O"PronpyPrO O"Pr O"PronpPrO
6a, 98% ee NH, 7 8,52% 9, 53%
9] Ph §C02Me
1) Cat. (15 mol%) {
©: /—Ph 0 acetone, -60 °C
>— + o
0) 2) TMSCHN,, MeOH, r.t.
10 11
P
Entry2 Cat. Yield [%0] Ee [%)] Dr NMe,
S
1 8 75 82 >20:1 O:/N)]\N/ A
2 9 72 46 >20:1 H H
13
3 13 68 68 >20:1 Ar = 3,5-(CF3),CgH3
. J




Study of Mechanism

1a  PhCHO Standard
, 2a conditon

\/NHCbz
3a

/
O"Pr O"Pronpf’PrO

1,3-cis-14 (dr >20:1)
82%, 97% ee

INT-1
Favored

DDQ (3.0 equiv.)
MeCN, -20 °C

Y

O"Pr O"Pronpy'Pro
4a (88%, 99% ee)

INT-2
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Summary

Organocatalytic Enantioselective Synthesis of Inherently Chiral Calix[4]arenes

RCHO A10 (5 mol%)
3 AMS, DCM, -20 °C
+ '
then DDQ (3.0 equiv.)
R MeCN, -20 °C

(S)-A10: R' = 2-Naphthyl;

B Organcatalytic synthesis of chiral calix[4]arenes;
B Intermolecular synthesis of inherent chiral calix[4]arenes;
B Enantioselective Povarov reaction in inherent chirality;

B Excellent enantioselectivity and remarkable luminescence properties.
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Writing Strategy

»The First Paragraph
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In general, chirality is classified into central, axial, planar, and helical
chirality. Inherent chirality was first coined by Béhmer in 1994 to describe
the chirality arising from calixarene scaffolds. During the last decade,
tremendous efforts have been devoted to constructing inherent chirality. As
a remarkable framework for achieving inherent chirality, calix[4]arene has
developed into a privileged molecular structure in the fields of enantio-
selective catalysis, chiral recognition and sensing, and circularly polarized
luminescence.

Although inherently chiral calix[4]arenes have broad applications in chiral
functional materials and devices, their enantioselective synthesis is still in
its infancy. The main method for obtaining enantioenriched calix[4]arenes
heavily relies on chiral high performance liquid chromatography (HPLC)
separation or diastereoselective synthesis with the aid of chiral auxiliaries,
which significantly restrict their applicable research.
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Writing Strategy

»The Last Paragraph
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In conclusion, we have achieved an enantioselective
three-component cyclization to access inherently chiral
calix[4]arenes bearing a 1T-extended structure. The se-
guent enantioselective Povarov reaction/oxidation pro-
cess proceeded smoothly to give structurally diverse
calix[4]arenes with excellent enantioselectivity.

Both the gram-scale synthesis and synthetic trans-
formation of calix[4]arene-based chiral catalysts have
demonstrated their potential applications. In addition,
the investigation of the photophysical and optical pro-
perties of the synthesized calix[4]arenes showed that
they have remarkable fluorescence luminescence and
CPL bearing a |g,,,| value of up to 1.2X103.
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Representative Examples

® Inherent chirality was first coined by Bohmer in 1994 to describe the chirality arising

from calixarene scaffolds. (vt. $5mh, €1i%)

® In addition, introducing substituents ranging from furan to thiophene gave inherently
chiral calix[4]arenes in moderate to good vyields with excellent enantioselectivity.
(M...... HE5)

® Stepwise reactions were conducted to elucidate the stereo-control mechanism of this
enantioselective synthesis. (vt. R, 1%BA, ##FF)
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