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Control of transition state in metal-supported-catalyzed reactions with organo
catalysis
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We have designed a new catalﬁst system constituted of optically active
Broensted acid and metal-supported catalyst, in which each catalyst activates the substrate and
molecular hydrogen. Furthermore, the catalyst system has been applied to the asymmetric
hydrogenation of quinolines and imines.
The hydrogenation of 2-phenylquinoline was attempted with various combinations of the Broensted acid
and metal-supported catalyst. We found that chiral BINOL-based phosphoric acid or sulfonimide
allows the hydrogenation to proceed with a moderate enantioselectivity. In particular, the chiral
binaphthyl-based sulfonimide bearing 3,5-di(tert-butyl)phenyl groups at its 3,3"-positions exhibited
the highest enantioselectivity, giving the desired product with 36% ee.



¢y

@
2

o

5% Rh/C @\/\/L
2 toluene N Ph

40°C H

5% Rh/C

1
3
2
X
= |
| 7
~
N Ph
3 4 efc.
58% 20%

@

Ph

2- 1

( )
(entry 2)



(entry 3) Rh/C

Rh/C 3
(entry 3)
2 (entries 4 and 5)
X 5% Rh/C, acid A
N Ph toluene, 40 °C H Ph N Ph
1 2 3
yield, % ('H NMR)
entry acid convn, % 2 3 2:3
1 - 100 28 63 31:69
2 MX, (X = Cl, Br) 0 0 0 —
3 Yb(OTf), 100 81 10 89 : 11
4 +-BuCO,H 100 40 52 40: 60
5 (PhO),PO,H 91 59 21 73:27
6 CF5CO,H 100 73 17 81:19
7 CF5SO3H 100 85 14 86: 14
6 Ru/C
1 2
3 6
3,3 6d 19% ee
1,2,3,4- 2
- 3
6
R CF;  i-Pr O O
R= -
L, | Dm0 Ly
3 “OH CF;» FPr , O '
OO 6a 6b 6c 6d
R 0% 13%, 10% ee  7%,9%ee  20%, 19% ee
6 2:3=21:79 2:3=3169 2:3=3565
6 7
1 7a 3
10% ee 2
3,3 7 3,5- (tert-
7c 3 2
(36% ee) 4-(tert- )
7e 21% ee 92% 2
R CF, Ph t-Bu
NH
S0, CF; Ph » tBu )
OO 7a 7b 7c 7d 7e
R

64%, 10% ee 53%, 0% ee 22%, 36% ee 8%, 36% ee  92%, 21% ee

7 2:3=7822 2:3=7723 2:3=>99:1 2:3=>991 2:3=>99:1

@
Ru/C
7c Te



5 6 7 10% Pd/

Te
5 8
4% ee 6
6 6 6c
36% ee 8 3,3"
4-(tert- ) 61
44% ee 21% 8

10% Pd/Al,O3, acid
— N + H2 NH
toluene, 30 °C

Ph
5
i-Pr
: Q @m Q
OO fe} CF3, i-Pr +Bu »
-0 6c 6e

l O o OH 24%, 19% ee 20%, 2% ee 11%, 36% ee  10%, 1% ee 1%, 4°/o ee

S D O O O e

20%, 2% ee 28%, 17% ee 21%, 44% ee 8%, 16% ee <1%, 7% ee

3°C
10
63%ee 8



6 6 0 1

Kuwano Ryoichi Yokogi Masashi Sakai Ken Masaoka Shigeyuki Miura Takashi Won Sungyong 23

Room-Temperature Benzylic Alkylation of Benzylic Carbonates: Improvement of Palladium Catalyst 2019

and Mechanistic Study

Organic Process Research & Development 1568~1579
DOl

10.1021/acs.oprd.9b00210

Jin Yushu Makida Yusuke Uchida Tatsuya Kuwano Ryoichi 83

Ruthenium-Catalyzed Chemo- and Enantioselective Hydrogenation of Isoquinoline Carbocycles 2018

The Journal of Organic Chemistry 3829 3839
DOl

10.1021/acs. joc.8b00190

Kuwano Ryoichi Makida Yusuke Matsumoto Yasutaka 28

Palladium-Catalyzed Decarboxylation of Benzyl Fluorobenzoates 2017

Synlett 2573 2576
DOl

10.1055/s-0036-1588572

Makida Yusuke Usui Kazumi Ueno Satoshi Kuwano Ryoichi 46

Palladium-catalyzed Benzylic Substitution of Benzyl Carbonates with Phosphorus Nucleophiles 2017

Chemistry Letters 1814 1817

DOl
10.1246/cl.170901




Ryuhei lkeda, Ryoichi Kuwano 22

Asymmetric Hydrogenation of Isoxazolium Triflates with a Chiral Iridium Catalyst 2016

Chem, Eur. J. 8610-8618
DOI

10.1002/chem.201600732

Yusuke Makida, Masahiro Saita, Takahiro Kuramoto, Kentaro Ishizuka, Ryoichi Kuwano 55

Asymmetric Hydrogenation of Azaindoles: Chemo- and Enantioselective Reduction of Fused 2016

Aromatic Ring Systems Consisting of Two Heteroarenes

Angew. Chem. Int. Ed.

11859-11862

DOl
10.1002/anie. 201606083

22 9 16

WON Sungyong, JIN Yushu, KUWANO Ryoichi

Kinetic Resolution of Axially Chiral 1-Arylnaphthalenes through the Arene Hydrogenation with Chiral Ruthenium Catalyst

100

2020

Enantioselective Hydrogenation of Carbocyclic Arenes with Asymmetric Catalysis

The 18th Asian Chemical Congress

2019




Asymmetric Hydrogenation of Pyridine Ring in Azaindoles by Chiral Iridium Catalyst

124

2019

Switching Chemoselectivity in Asymmetric Hydrogenation of Azaindoles

International Congress on Pure & Applied Chemistry Yangon 2019

2019

Hydrogenation of Heterocyclic and Carbocyclic Arenes with Asymmetric Catalysis

The International Symposium on Frontiers in Catalytic Chemistry

2018

Chemo- and Enantioselective Hydrogenation of Quinoline and Isoquinoline Carbocycles

28th International Conference on Organometallic Chemistry

2018




65

2018

122

2018

Switchable Chemoselectivity in Asymmetric Hydrogenation of Azaindoles

14

2018

Control of Chemoselectivity in Enantioselective Hydrogenation of Azaindoles with Chiral Metal Complexes

13th The International Symposium on Organic Reactions

2018




Control of Chemoselectivity in Asymmetric Hydrogenation of Fused Heteroarenes

6th Japan-UK Symposium on Asymmetric Catalysis

2018

Iridium-Catalyzed Asymmetric Hydrogenation of Pyridine Rings of Azaindoles

6th Japan-UK Symposium on Asymmetric Catalysis

2018

99

2019

Ryoichi Kuwano

Asymmetric Hydrogenation of Heteroarenes

ISPAC 2017

2017




Ryoichi Kuwano

Enantioselective Hydrogenation of Nitrogen-Containing Heteroarenes

OMCOS 19

2017

Ryoichi Kuwano, Yushu Jin, Ryuhei lkeda, Kazuki Hirasada, Yusuke Makida

Chemoselective and Enantioselective Hydrogenation of Quinoline and Isoquinoline Carbocycles

ICCEOCA-12 and ARNCEOCA 3

2017

Ryoichi Kuwano, Yushu Jin, Ryuhei lkeda, Kazuki Hirasada, Yusuke Makida

Enantioselective Hydrogenation of Quinolines and Isoquinoline Carbocycles

IRCCS-JST CREST Joint Symposium

2018

Ryoichi Kuwano

Enantioselective Hydrogenation of Heterocyclic Arenes

ISPAC 2016

2016




Ryoichi Kuwano, Masahiro Saita, Yusuke Makida

Chemo- and Enantioselective Hydrogenation of Azaindoles

C&FC 2016

2016

Ryoichi Kuwano, Ryuhei lkeda, Yusuke Makida

Enantioselective Hydrogenation of Carbocyclic Arenes

1KCOC-13

2016

Ryoichi Kuwano

Catalytic asymmetric hydrogenation of carbocyclic arenes

Pacifichem 2015

2015

Ryoichi Kuwano

Enantioselective Hydrogenation of Heteroarenes and Arenes

5th UK-Japanese Symposium on Asymmetric Catalysis

2016







