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Introduction

Deracemization: effective asymmetric synthesis with chiral labile molecules
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» Deracemization achieves 100% vyield, bypassing asymmetric synthesis bottlenecks.
» It converts accessible racemates into enantioenriched products unreachable currently.
» Structural identity avoids purification, enabling direct use for labile molecules.




Introduction

Deracemization of Allenes
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Deracemization of Allenes
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Deracemization of Amines
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Deracemization of Alcohols

OH catalyst* Q catalyst* OH
A - | N - L
R R' non-selective oxidation R R' enantioselective reduction R R'
not isolated
[RuCly(benzene)]s (1 mol%)
(R)-BINAP (2 mol%)
(R,R)-DPEN (2 mol%)
OH Cyclohexanone (2.4 equiv), 110 °C, 1 h O then H, (10 bar), 20 °C, 4 h OH
o
Ar R Cyclohexanone (0.6 equiv) Ar)j\R Ar R
KOBu (8 mol%), THF, 60 °C, 20 h
@)
OH Ru cat. (2.0 mol% OH < Ar / Pr
Ni-CdS (5.2 mol%), Ru cat. (2.0 mo
( °) ( °) > /L @] P CI Ru cat.
Ar R '‘BUOH/H,0, H, (10 atm), Blue LEDs, RT Ar R R Ar = 3,5-dimethylphenyl
R = 4-methoxylphenyl

@)
Ar Ar
@)

Adair, G. R. A.; Williams, J. M. J.* Chem. Commun. 2007, 2608
Zhang, Z.; Hu, X.* Angew. Chem. Int. Ed. 2021, 60, 22833




Introduction

racemate

[TilVL*]

hv .

Deracemization of Alcohols

i
J R -scission ) R
L LMCT — > )\\, g - o T, Lo
f ~

" ]
" .
4 *
L

OH
TiCly, chiral ligand, blue LEDs
redox-neutral conditions \ ,
enantioenriched

O H

S

[TilllL*]

'
4
.

CCC

0
O v/
/P\

I l @) OH
R
for cyclic alcohols

Bn

Bn
O] O
Ph -Ph
M )
N N—/
h

PH P

w

for acyclic alcohols

Wen, L.; Ding, J.; Duan, L.; Wang, S.; An, Q.; Wang, H.; Zuo, Z.* Science 2023, 382, 458




Introduction

o) 0O
: R
[Ir(dF(CF3)ppy)2(bpy)]PFs (2 mol%) : X
szNkN/‘@\ 3 (§ moI°/i), 4(5 mgl%) RZ“‘NJJ\N@\ |
\ i Rs - : S @]

Ph3;CH (25 mol%), MS \—< Rs O\P//
R4 THF, blue LEDs, 35 °C R = o~ \O,
racemate enantioenriched "NBuy4
1 o 029 Aan : \
UpP 10 J47 ee : R
o . 3
4 \ charge PhSe
electron transfer Ly recombination ‘\ 5
-e \ / + e -/ HAT :
* : O
|I'" O O\ //O PhS—H ; ----- llll/ R|
Y

o C
* P
C - 0~ “OH

P. * "
< R
@) O : N HN
i HS
0 o) o) § 0 O
R A+/Q R k+/@ J‘I\ /Q ' HN
S~ ' ~ ' R ~ H m
°N° N "N° N R fast, S slow 2N° N /NH R
- ) R R 0

. . [ ]
enantioselective ‘—<

R, Rj proton transfer R4 PG

Y

(R)-radical cation (S)-radical cation

Shin, N. Y.; Ryss, J. M.; Zhang, X.; Miller, S. J.; Knowles, R. R.* Science 2019, 366, 364




Introduction

+ PFg
= ‘Bu—l
NN
Rh cat., blue LEDs, Ph~N DI
P /”,""Rh‘“N’
up to 97% ee -l \C‘
one-pot, single reaction -N Me

single diastereomer ) ]
mixture of diastereomers
TII stereoselective
Ph H*-transfer

hv

|
Ph

Zhang, C.; Gao, A. Z.; Nie, X.; Ye, C.-X.; lvlev, S. I.; Chen, S.; Meggers, E.* J. Am. Chem. Soc. 2021, 143, 13393

11



Introduction

OH

o R o ~R
Hs o

N BP (50 mol%), $2 (20 mol%), A3 (80 mol%) N ; o
@ 'BuPh/D,0 = 3:1, 390 nm

non-racemic
racemic up to 96:4 er

OH

D
o R Ph”"* >Ph O R

~
r]l | v r?l
Ar Ar
racemic \ / R
BP SET/PT electron and thiol

HAA HAD

catalysis or PCET H-atom shuttle catalysis
o * R h O *+ R

N Ph)'\Ph "™ _~ pn N\ NS R*S " \\—_/ N
| | = " gp '
Ar Ar
1 v i

Yan, X.; Pang, Y.; Zhou, Y.; Chang, R.; Ye, J.* J. Am. Chem. Soc. 2025, 147, 1186

12



Introduction

—

acid or base | via
— N '
H G :

vversatile synthon  weasy racemizable

Loaded
(S)-2ac
>99% ee

elution through
— silica gel

5 min: 67% ee

ee (%)

20 min:46% ee

enol or enolate

Iy

Bu
N7

NH; K Tf,NH

cat 1-1

100 4 0
A
804 H™ X (S)-2ac
* . BocHN L
60 A " TEA
® TFA
® 4 A cat1-1 + PhCOOH
40 4 A
® A
A
A
20 4 B A -
- A
O+—r——3—3 3 5 5 5 5 ppb

0 12 24 36 48 60 72 84 96 108120 480
time (min.)

13



Introduction

Traditional approach to preparing a-Amino Aldehyde
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Project Synopsis

Deracemization of a-Amino Aldehyde
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Optimization of Reaction Conditions
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Then quenched with Wittig reagent
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Ir(dFCF3ppy),dtbbpyPFg (1 mol%)

N7
NH, K THNH |
; PhCOOH (100 mol%), Phl(OAc), (0.5 mol%)

cat 1-1 MeCN, 20 W 400 nm LED, 0 °C, 4 h, Ar
Entry Variations from standard conditions Yield (%) Ee (%)
1 none 87 92
2 no C4H,CO,H 76 11
3 C¢HsCO,H (10 mol%) 83 83
4 without PIDA 91 71
5 PIDA (10 mol%) 79 77
6 IBX (0.5 mol%) 82 73
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Optimization of Reaction Conditions

0 @)
Standard conditions
HBocHN Then quenched with Wittig reagent g BocHN
rac-2a (R)-2a
Entry Variations from standard conditions Yield (%) Ee (%)
7 CgHslI(OCOCF,;), (0.5 mol%) 87 90
8 CeHsl(OH)OTs (0.5 mol%) 83 85
9 Ir(ppy); 78 46
10 [Ir(dtbpy)(ppy),IPFs 79 55
11 [Ru(bpy);]Cl, 83 rac
12 25 oC 81 49
13 no photocatalyst 80 rac
14 no amino catalyst 77 rac
15 no light 83 rac
16 stilbene (100 mol%) 82 9
17 in air 69 19
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Substrate Scope
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Substrate Scope
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Transformations
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Mechanistic Studies
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Ir(ppy)s 59.5 0.35 46
[Ir(dtbbpy)(ppy)-]1PFg 50.1 0.66 55
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Mechanistic Studies
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Proposed Mechanism
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Proposed Mechanism
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Summary

Deracemization of a-Amino Aldehyde

0 O 0 C-C/C-X
R ' R bond formation S
H > = Further derivatization
up to 91% yield, 93% ee
NHBoc NHBoc
racemate enantioenriched

» Developing an effective deracemization of chirally labile a-amino aldehydes;

» Synergistic chiral primary amine and hypervalent iodine catalysis under visible light irradiation;
» Mechanistic studies verified a photochemical Z-E isomerization mediated by PIDA.
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The Last Paragraph
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Representative Examples

O Mechanistic studies were then conducted to elucidate the possible origins of deracemization..
(elucidate : [#1RR ; L BH ; fiRF%)

O Time-resolved Stern—Volmer experiments exhibited a similar pattern, where benzoic acid could
shorten the lifetime of the excited photocatalyst from 1733 to 1433 ns, while PIDA showed only a
marginal effect. (marginal: 3484 ; VB ; TS B 1B /D)

O The synergistic protocol enables the on-demand synthesis of chiral a-amino aldehydes with high
enantioselectivity. Mechanistic studies verified a photochemical Z-E isomerization mediated by
PIDA that drives the deracemization. (synergistic: #1[E1EFH BY)
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