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Introduction

Representative Chiral Ketone and Chiral Aldehyde Catalysts

a) Chiral ketones for catalytic
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Introduction

Chiral Ketones for Catalytic Asymmetric Epoxidation

1 ) 1
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Introduction

Chiral Aldehydes as Tethering Catalyst
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Introduction

Chiral Aldehydes for Catalytic Asymmetric
a-Functionalization of Primary Amines
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Introduction
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Introduction

Vitamin B4 Family
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Introduction

Vitamin B, Mediated Biological Transformations
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Introduction

Representative Vitamin B, Based Catalysts
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Introduction

Asymmetric Biomimetic Carbonyl Catalysis

o 0
i} Kj\)l\ Cat. (0.2-1 mol%), NaHCO, /\)I\
+ > 1y
I oBu A CHCI4/H,0, 10 °C A Y OBu
Cl NH,

28 examples
up to 94% yield, >20:1 dr, 99% ee
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Introduction

Asymmetric Biomimetic Carbonyl Catalysis
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r

tBUO2C

.‘\‘\\NHZ
Cat. 2 (10 mol%), DMAP \I

>
DCM, -20 °C

=z
23 examples

up to 86% yield, >20:1 dr, 97% ee AN

g

o

OH

u

<
O B
O
oYY WY
H
o)

Cat. 2

J/

Ma, J.; Gao, B.; Song, G.; Zhang, R.; Chen, W.-W.; Zhao, B. Angew. Chem. Int. Ed. 2022, 61, 202200850

16



Introduction

Asymmetric Biomimetic Carbonyl Catalysis
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up to 84% yield, >20:1 dr, 99% ee

N

Ar” TNH,

+ Cat. 4 (5 mol%), DBU or DBN
'

PhMe-DCM or CCl,-DCM
Na,SOy4, -15to -5 °C

NH»

N

46 examples
up to 92% yield, >20:1 dr, 99% ee

Ve

|\

NS

o

OH

OH
O

OH
Cat. 3

J

Ji, P.; Liu, X.; Xu, J.; Zhang, X.; Guo, J.; Chen, W.-W.; Zhao, B. Angew. Chem. Int. Ed. 2022, 61, e202206111

\.

N/
g =
N

w—®u

Ny

OH

H

Cat. 4

N

Hou, C.; Peng, B.; Ye, S.; Yin, Z.; Cao, J.; Xiao, X.; Zhao, B. Nat. Catal. 2022, 5, 1061

17



Project Synopsis

O]\ Chiral Carbonyl Catalyst H,N 4 S
/\) > @) > { S
R2 \ R3 R3 NS ey

Classic N-addition /\NH 0
-
J\/U\R3

Strong N-nucleophicility R’

Two Challenges: 1. Low acidity of a C-H bonds
2. Interference of classic N-addition
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Optimization of the Reaction Conditions

/\N H, O N:O(:IO(T g::ﬁ)i)v.) s
o Ph)]\/\Ph SO:jl’fgf 030 Ph/Q S oy
1a 2a 3a

Entry 4 Solvent Yield (%) Dr Ee (%)
1 4a DCM 41 10:1 83
2 4a Hexane 80 >20:1 81
3b - Hexane - - -
4 4b Hexane 61 19:1 -69
5 4c Hexane 55 >20:1 39
6 4d Hexane 42 >20:1 66
7 4e Hexane ol 5:1 94
8 Af Hexane 55 >20:1 98
9 49 Hexane 45 >20:1 95
10 4h Hexane 50 >20:1 98

aReaction conditions: 1a (0.15 mmol), 2a (0.10 mmol), 4 (0.010mmol), H,O (40 pL) and NaOH (0.10 mmol) in solvent (0.30
mL) at 35 °C for 24 h unless otherwise stated. The ee values were determined by chiral HPLC analysis. The dr values were

determined by *H NMR. "Only N-addition product was observed. °2 equivalents of 1a. 920 yL of H,O. ¢80 L of H,0.

(R)>-49
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Optimization of the Reaction Conditions

P o,
Ph Ph)l\/\Ph Sohlze(gf 3500 Ph/Qwi\Ph
1a 2a 3a

Entry Solvent Base (eq.) H,O (uL) Yield (%) Dr Ee (%)
11 Hexane NaOH (1.0) 40 55 >20:1 98
12 Toluene NaOH (1.0) 40 44 >20:1 98
13 THF NaOH (1.0) 40 35 >20:1 92
14 Hexane NaOH (0.5) 40 72 >20:1 98
15 Hexane LiOH (0.5) 40 57 >20:1 98
16 Hexane KOH (0.5) 40 70 13:1 98
17 Hexane CsOH (0.5) 40 68 10:1 98
18¢ Hexane NaOH (0.5) 40 83 >20:1 98
19¢ Hexane NaOH (0.5) 20 70 19:1 97
20¢ Hexane NaOH (0.5) 80 86 >20:1 98

aReaction conditions: 1a (0.15 mmol), 2a (0.10 mmol), 4 (0.010mmol), H,O (40 uL) and base (0.10 mmol) in solvent (0.30 mL) at 35 °C for 24 h unless
otherwise stated. The ee values were determined by chiral HPLC analysis. The dr values were determined by H NMR. POnly N-addition product was
observed. €2 equivalents of 1a.




Substrate Scope

P h N 'III§\©

3d: 92%, >20:1 dr, 99% ee
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Substrate Scope

Propargylic Amines
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o, f-Unsaturated Ketones

3p (R = F): 88%, >20:1 dr, 98% ee /O
3q (R = Cl): 82%, >20:1 dr, 98% ee Ph N mﬂi\Ph
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. N Ph N Ph o N Ph . N Ph
3y (R =F): 86%, >20:1 dr, 98% ee
3z (R = OMe): 70%, >20:1 dr, 98% ee a: 75%, >20:1 dr, 99% ee 3ab®: 84%, >20:1 dr, 98% ee 3ac’: 83%, >20:1 dr, 98% ee 3ad®: 74%, >20:1 dr, 98% ee
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NS,
3w (X =0): 91%, >20:1 dr, 99% ee

3v: 72%, >20:1 dr, 98% ee X (X = 8): 90%, >20:1 dr, 98% ee
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Substrate Scope
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3am: 61%, >20:1 dr, 91% ee 3an: 60%, >20:1 dr, 92% ee

..:,,',/ /\

Ph/O

——
N —pp

3ag (R = Ph): 60%, >20:1 dr, 97% ee
3ah (R = "Pr): 68%, >20:1 dr, 99% ee

3ao (R = OBn): 61%, >20:1 dr, 92% ee
3ap (R = Bn): 70%, >20:1 dr, 98% ee

a,f-Unsaturated Ketones
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3aj (R = 'Pr): 56%, >20:1 dr, 92% ee
3ak (R = cyclobutyl): 64%, >20:1 dr, 91% ee

3ai: 68%, >20:1 dr, 97% ee 3al (R = "Bu): 62%, >20:1 dr, 92% ee
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Substrate Scope

3at?: 61%, 96:4 dr
from Citronellal

Chiral ¢,-Unsaturated Ketones

Me
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N \\Ph Ph
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from Estradiol

24




Synthetic Applications

1a

)
/\)I\ ¥ /\NHZ
Ph N Ph Ph
2a
1.040 g
(3 mmol)
O
CC O
MeO F Br
2ab
1.110 g
(3 mmol)

Gram-Scale Reactions

(R)-4f (10 mol%)

35°C, 24 h

gz NH,
zZ 1a
Ph

(S)-4f (10 mol%)

NaOH (0.5 equiv.) B
Hexane/H50 (15;4)
50°C, 36 h
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Hexane/H,0 (15;4)
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N —py

(2R,3R)-3a
1.318 g, 82% yield
>20:1 dr, 98% ee

(2S,3S)-3ab
1.130 g, 78% yield
>20:1 dr, 98% ee
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Synthetic Applications

Ph
(2R,3R)-3a

98% ee
Ph/O :,,”\\ ( (Y )

N ~pn

H, (1 atm), Pd/C

PrOH, 35°C, 24 h

6: 94%, 98% ee

Synthetic Transformations

H, (1 atm)
Lindlar Catalyst

EDA, DMF, rt, 24 h

(2S,3S)-3ab
(98% ee)
Ph

DIBAL-H
THF, 0°Ctort,1h

7 (single isomer): 93%, 98% ee

Ph

Ph

A~ MgCl
THF,-78°Ctort, 3 h

8 (single isomer): 91%, 99% ee
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Mechanistic Investigation: Impact of Water

/\NH , 9 Nagl-(n(%.ngﬂ;ﬁ)iv.) &
o Lo T omem T el e
1a 2a 35°C 3a
Entry Additive Yield (%) Dr Ee (%)
1 H,O (0 L) - - -
2 Bu,NCI (0.2 eq.), H,O (0 pL) trace - -
3b 18-Crown-6 (0.2 eq.), H,O (0 uL) - - -
4 H,O (10 pL) trace - -
5 H,O (20 uL) 23 >20:1 92
6 H,O (40 uL) 40 >20:1 92
7 H,O (60 uL) 49 >20:1 92

aThe reactions were carried out with 1a (0.20 mmol, 2.0 equiv.), 2a (0.10 mmol, 1.0 equiv.), NaOH (0.05 mmol, 0.5 equiv.), (R)-4f (0.01 mmol, 10
mol%) and additive in THF (0.3 mL) at 35 °C for 24 h unless otherwise stated. Isolated yields were based on 2a. The ee values were determined by
chiral HPLC analysis. The dr values were determined by crude *H NMR. PKOH (0.2 equiv.) was employed instead of NaOH.
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Mechanistic Investigation: KIE Studies

H H

1a (1.0 equiv.)

Ph

D D

/NHZ

1a-d (1.0 equiv.)

Ph

2a (1.0 equiv.)
(R)-4f (10 mol%)

NaOH, Hexane/H,O (15/4)

35°C,5h
48% yield
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Proposed Reaction Mechanism

Carbonyl Catalysis

(R)-4f
l NaOH
Ph

N. Ph

~» \Q
N .z lila
O/
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Summary

. O (R)-4F (10 mol%)
F NH> Rz/\)]\R3 NaOH, Hexane-H,0

50 examples

R2

3- [\ )"""1
R™ SN "_

35-92% vyield
up to >20:1 dr and 99% ee

R1

» Mild Reaction Conditions » Broad Substrate Scope
» Outstandiing Diastereo- and Excellent Enantioselectivities
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Writing Strategy
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Representative Examples

® Second, the classical N-addition may disrupt the desired a-C conjugate addition.
(disrupt, v. F 7, EL)

® The synthetic transformations of products 3a and 3ab are depicted in Scheme 3.
(depict, v. fEikk, 1#2R)

® For the step from intermediate 13 to 14, control experiments indicated that hydrolysis
dominated the process and amine exchange between 13 and 1 played a negligible
role for the conversion. (negligible, adj. A~ BB/, TE—IEH, & Xid:

nonnegligible)
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