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Functionalization of carboxylic acids via radical generation

Shimizu, Yohei
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A novel direct a -functionalization of carboxylic acids was developed by
utilizing boron catalysts and visible light energy. One-electron transfer with a reactant proceeds
from a photoexcited boron enolate in the reaction system, and a bond formation reaction at the a
-position of the carboxylic acid proceeds via a radical intermediate. The a -allylation reaction,
which is a carbon chain introduction reaction, and the o -amination reaction, which is a heteroatom
introduction reaction, were developed, and the versatility of this method was demonstrated.



late stage

J. Am. Chem. Soc. 2015, 137, 7075.

(@ ¢
(0]
E
E BJ\OH
/ Rl R2

0 B] cat. o[B!
Rl\HJ\ base 1
v OH — 5 R%\O/[B] Q ’ FG_LG](?
R
hv o Bl Q
_ » (G
1mzEE K07 T gl "
(FHRE) RIR? R R
a
0-
a a
a
LED a
a 4
BINOL
L1

DBU



(ACO)4BZO (10 TOI%) Entry Ligand Yield (%)
o Ligand (20 m_ol %) o 1 L1 69
DBU (2.4 equiv) ithout ligand
HO)S/Me . SO,Mes blue LED o 2 rnz out ligan 7
Ph Ph toluene/THF, 15 °C, 11 h; PH" Me py, 2 L3 25
1a 2a Mel (6 equiv) 3aa 5 L4 43
(2 equiv) NaHCO; (6 equiv), rt 6 L5 8
. 7 L6 56
[ L O 5
OH OH OH

tBu
L1

SO G

(Ac0),4B,0 (10 mol%)

L1 (20 mol%)

DBU (2.4 equiv)

blue LED

toluene/THF, 15 °C, 11 h;

Mel (6 equiv)
NaHCO; (6 equiv), rt

(0]
MeO
Me ph
M 3ea

e X
47% yield

from naproxen
3ha

52% yield

!OH IIOH
|
L5

L6

MEOW
Al R

r Ar2
3

o
MeO
Me ph
Br 3fa

69% vyield

O

from loxoprofen
3ia

54% vyield

4
(o]
HO)KVR + Y\SOZMES
Art Ar?
1 2
a,a-disubstituted acetic acids
(e}
MeO X=H(3aa) 65%
Me pp, X =1tBu (3ba) 37%
X = OMe (3ca) 43%
N X=Cl(3da) 51%
(o]
MeO
Et pn
3ga
67% yield MeO
2-arylallylsulfones (Ar* = 4-CI-C6H4)

(o]
MeO
At Me At Me At Me At Me

3db 3dc
45% yield 65% vyield O
B
2
B Cc
C-C

3dd
68% vyield

DBU

o]

®
DBU-H
Ar

R
308U A%

® 9
DBU-H
S0 <"
A R
1-DBU

a

70% yield

3df

69% yield

3de

®
DBU-H
[BI\

®
+M
,)g/ f
[Bl~ R'
Bl &H OJ\( - @
(6] . B Ar \\/
A

8 Y\SOZMes

R
low conc.

Ar' 2
2'©

single-electron
transfer

radical-radical w MesSOz
e WJ’“’/
N\,
1
[B] c’

J. Am.



Chem. Soc. 2020, 142, 4517. TEMPO

a
a
4
2
4f
BINOL
3,3 L8
5
(Ac0)4B,0 (10 mol%) ;
0 Ligand (20 mol%) O | aminating agent
Ho)K('VIe + RO,S0-NMeBoc 22U 29 €auV) Ho& NMeBoc: 0,0 Meg o
Ph 4 _ té)liet:\e (0.04 M) Ph° Me /©/S\O,NMeBoc \\S/iO,NMeBoc
1a (2 equiv) biue LED 5 ' 4a: X =Me
¢ X 4b: X = OMe ;o Me
4c : X =CF; 4d
Entry  Ligand  Aminating reagent Yield (%) O\\S,/O NMeBoc 0.0
1 L4 4a 1 E O o ~s7”_NMeBoc
2 L4 4b 5 : OO °
3 L4 4c 23 ; ‘
4 La 4d 9 | de af
5 L4 de 29 i
6 L4 4f 67  Ligand
7 - af 38 ; F o0
8 L3 4f trace : L7: X =Br F R 0
9 L7 af 47 i OH 1g:x=cl N
10 L8 af 81 ! OH Lg:x=F OH
11 L9 4f 57 ! OO MeO F
12 L2 af 62 ; X Fo

Q

C-N



5 5 1 0

Murayama Hiroaki Heike Yoshito Higashida Kosuke Shimizu Yohei Yodsin Nuttapon Wongnongwa 362

Yutthana Jungsuttiwong Siriporn Mori Seiji Sawamura Masaya

Iridium- Catalyzed Enantioselective Transfer Hydrogenation of Ketones Controlled by Alcohol 2020

Hydrogen- Bonding and sp3- C-H Noncovalent Interactions

Advanced Synthesis & Catalysis 4655 4661
DOl

10.1002/adsc.202000615

Sun Kai Ueno Masato Imaeda Keisuke Ueno Kosei Sawamura Masaya Shimizu Yohei 11

Visible-Light-Driven a -Allylation of Carboxylic Acids 2021

ACS Catalysis 9722 9728
DOl

10.1021/acscatal . 1c02558

Sawamura Masaya Shimizu Yohei Niizeki Ryotaro Higashida Kosuke Mejri Emna 33

Synthesis of C,N,N-Cyclometalated Gold(111) Complexes with Anionic Amide Ligands 2021

Synlett 288 292
DOl

10.1055/a-1673-9236

Tanaka lIbuki Sawamura Masaya Shimizu Yohei 24

Visible Light-Induced Reductive Alkynylation of Aldehydes by Umpolung Approach 2021

Organic Letters 520 524

DOl
10.1021/acs.orglett.1c03927




Kitabayashi Akito Mizushima Sho Higashida Kosuke Yasuda Yuto Shimizu Yohei Sawamura Masaya -

Insights into the Mechanism of Enantioselective Copper- Catalyzed Ring- Opening Allylic 2022
Alkylation of Cyclopropanols

Advanced Synthesis & Catalysis -

DOl
10.1002/adsc . 202200157

19 3 6

Kai Sun

a -Functionalization of Carboxylic Acids Driven by Boron Catalyst and Visible Light

19

2021

118

2021

Development of Silver-Catalyzed Asymmetric Aldol Reaction by
Computational and Experimental Methods"

33

2021




2021

Yohei Shimizu, Kai Sun, Masato Ueno, Keisuke Imaeda, Kosei Ueno, Masaya Sawamura

a -Allylation of Carboxylic Acids Driven by Boron Catalyst and Visible Light

13th AFMC International Medicinal Chemistry Symposium (AIMECS2021)

2021

Satoshi Sakai, Koji Imai , Akane Fujioka, Kosuke Higashida, Yohei Shimizu, Masaya Sawamura

Development of Silver-Catalyzed Asymmetric Aldol Reaction by Computational and Experimental Methods

The 12th CSE Autumn School & The 9th ALP International Symposium

2021

Taiki Fujita, Chen Hongyu, Mina Yamane, Yuya Morita, Hideoki Nagai, Tomohiro Yamamoto, W. M. C. Sameera, Shigeru Yamaguchi,
Yohei Shimizu, Harunobu Mitsunuma, Motomu Kanai

Boron-Catalyzed Chemoselective Enolization of Carboxylic Acids and Its Applications: Mannich-Type Reaction, Allylation and
Aldol Reaction

13th AFMC International Medicinal Chemistry Symposium (AIMECS2021)

2021




Satoshi Sakai, Kei Uchiyama, Koji Imai, Akane Fujioka, Kosuke Higashida, Yohei Shimizu, Masaya Sawamura

Silver-Catalyzed Asymmetric Aldol Reaction between bulky dialkylketones and isocyanoacetamides

4th ICReDD International Symposium

2022
Online
2022
102 2022)
2022
102 2022)

2022




102 2022)

2022

DFT

102 2022)

2022

EMNA MEJRI, Ryotaro Niizeki, Yohei Shimizu, Masaya Sawamura

Synthesis of C,N,N-Cyclometalated Gold(111) Complexes with Anionic Amide Ligands and Application to Catalytic Reactions.

102 2022)

2022

Yohei Shimizu

Carboxylic acid-selective a -functionalization enabled by boron catalyst

The 11th CSE Autumn School & The 8th ALP International Symposium

2020




Yohei Shimizu

Chemoselective a -Functionalization of Carboxylic Acids

2020 Dalian University of Technology-Overseas Partner Universities Series Online Exchange Conference

2021

101 2021)

2021

Sun Kai, Masato Ueno, Yohei Shimizu, Masaya Sawamura

Boron-catalyzed a -Allylation of Carboxylic Acids Driven by Photoirradiation

101 2021)

2021

101 2021)

2021







