Development of
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new reactions

Asymmetric reaction using amino acid or their derivatives as a catalyst,
environmental conscious asymmetric reaction using water as a solvent, and research about origin of chirality

Reaction using diarylprolinol silyl ether derivatives as catalyst

Ar_ Ar

This catalyst is synthesized in short steps from

0 1) CICO,Et Ar_ Ar TMSCI Ar_ Ar .
D)L K,CO3, MeOH WOH KOH E>)( imidazole EW proline. . . .
N OH ) AmgBr, THF N MeOH VAL DMF ARSI Substituents on aryl and silyl moiety are easily
H CO,Et H H modified.
Excellent enantioselectivity is obtained
; " " ; Ph  Ph
Michael reaction Ph Ph Michael reaction
N OTMS
OTMS
o Neo oh O H 10 mol%
Mowe < o PhCO,H Ph O
N0z - 5 oN_A +  MeNO, :
Ph H hexane, 0 °C Y H P> H MeOH, RT O2N\/\)LH
85%, 99% ee 90%, 95% ee
Angew. Chem., Int. Ed., 44, 4212 (2005). Org. Lett., 9, 5307 (2007).
Michael reaction Ph Ph Tandem Michael / Henry reaction
Ph
OTBS z
o H 10 mol% OTMS  onc,
p-NO,CgH,OH HO__O.__OH H 2 mol%
"o+ @ 2LgH4 Ph/\/Noz + PR
| T MO RT - THF, RT OH
Ph @ NO.
84%, 92% ee 66%, 99% ee
Angew. Chem., Int. Ed., 45, 6853 (2006). Angew. Chem., Int. Ed., 46, 4922 (2007).
Diels-Alder reaction e Ar = 3,5-(CF3),CgHa- Formal aza [3+3] cycloaddition
(?\‘ TS Ph  Ph
o Hy, ClOg o OTBS OH OH
5 mol% NHBoc H 10 mol% H
Ho+ @ OHcﬂb + Ph H o+ —— ", NBoc + NBoc
I Hz0, RT | Ph  (CHxCl), 70°C L L
Ph Ph CHO Ph Ph" Ph  Ph" Ph
exo : endo =80 : 20, 97% ee (exo) o B

Michael reaction

Org. Lett, 9, 2859 (2007).
Angew. Chem., Int. Ed., 47, 6634 (2008).

Ph. Ph
o OTBS 0
R? H 10 mol% SH
T N . Fon
3 toluene, 0 °C TN
R1 07" "R R \>—R3
o) o

a-Benzoyloxylation

Michael / cyclization reaction

up to 99% ee
up to >90% de
Chem. Asian. J., 4, 246 (2009).

AR

Michael / aza Henry / aminal

Ph  Ph
OTBS
H 10 mol% o o
Ph Ph
N o
(0] O Me
78%, 92% ee
Chem. Commun,, 3083 (2009).
Ph  Ph
N OTBS
H 10mol% iBu,NH
p-NO,CgH4OH p-NO,CgH4OH
MeOH, RT MeOH, RT Ph"

63%, 95% ee
Tetrahedron, 66, 4894 (2010).

formation / additional reaction

Ph/\/NOZ +

(0]
o
Me

Ph_Ph
.Ns
OTMS )'N A~TMS
H 10 mol% Ph TiCly Me. Ns
toluene, RT 1,4-dioxane CH,Cl PR “'Ph
; evapo

NO,

up to 99% ee
Single diastereomer

Org.Lett., 12, 4588 (2010).

90%, 94% ee, a.: p =34 : 66
Angew. Chem., Int. Ed., 47, 4012 (2008).

Formal carbo [3+3] cycloaddition Ph ph
OTBS

N 10moi% QMe
PhCOz o

CHZCIZ, RT R" o)

O~ "OMe
up to 99% ee
Org. Lett., 11, 45 (2009).

Michael reaction / isomerization Ph Ph
OTMS
0 oH H 10 mol% OH OH
J/ PhCO,H NaHCO; 0 i\)o
H + +

| ON MeOH,RT ~ MeOH,RT g RN

R NO, RO,
a
upto99%ee,a:b=9:1
Org. Lett., 11, 4056 (2009).
epoxidation
Ph  Ph
OSiMePh,
2 N 20mo% 9
R H + HOOH R H
hexane, RT ':(O

up to 95% ee
Org. Lett., 12, 5434 (2010).

Michael / Henry / acetal formation / additional reaction

Ph  Ph 0
o E’})(OTMS H R3 /\/TMS N
NO H 10mol% DBU TiCly R?, o
X2+ H]\
R R? H toluene, RT MeCN CH,Cl r* g3
; evapo Yo,

up to 99% ee
Single diastereomer
Angew. Chem., Int. Ed., 50, 3774 (2011).



Reaction using diarylprolinol silyl ether derivatives as catalyst

Mannich reaction

NHTs %
J\ +
R1NSO,Ph HL H
RZ
R' = alkyl
oraryl

Mannich reaction

Mannich reaction

NHTs Q

.
Cl\)\Sth HL H
R

Michael reaction

(e}
MeNO,
| H + or
RIOR2 EtNO,
Michael reaction
e}
R / H
+ MeNO,
N
Bn

Formal [3+2] cycloaddition

Ar, Ar Ar = 3,5-(CF3),CgHs-

QXOTMS
H 10 mol%
NaHCO3 NH O

1,4-dioxane or brine, 10 °C

up to 99% ee
Chem. Eur. J., 17, 8273 (2011).

Ar. Ar Ar = 3,5-(CF3),CeH3-
D)/\OTMS
H 10 mol%
p-NO,CeHCOH BZ\H o
———
THF, 4 °C Ph Y
87%, 98% ee

Angew. Chem., Int. Ed., 47, 9053 (2008).

Ar = 3,56-(CF3),CgHs3-

Ar. Ar

EWOTMS

H 10mol% Ts,
NaHCO3 NaBH, N

1,4-dioxane, RT MeOH H

R
up to 99% ee

Chem. Eur. J., 17, 8273 (2011).

Ph_ Ph

WOTMS o
N

H  10-20 mol% ;“\H
R2
3, rNo2

MeOH, RT R 7
R3
R3=H or Me up to 94% ee
Chem. Eur. J. 20, 12072 (2014).
Ar Ar
Er})/\oms ON—, OH
H 20mol%  NagH, £
IPrOH/H,0, RT ~ MeOH N

Bn

up to 94% ee
Chem. Eur. J. 20, 13583 (2014).

Ph  Ph
QXOTMS
o H 10 mol% O3N
10 mol% p-NO,CgH,OH NaBH
HJ\/\[(H + R\/\NOZ o 2064 4 > HO
CH,Cl, or MeCN, RT ~ MeOH ", ,OH

o

Cyclopropanation

0]

R
7‘)\»4 * BrONO,

Diels-Alder reaction

up to 99% ee
Eur. J. Org. Chem. 2015, 4320.

Ph  Ph
EQ)/\OSithMe
H 10 mol%
N-Me-imidazole R "“”\H
CH,Cly, RT j>

O;N
up to 99% ee
Eur. J. Org. Chem. 2015, 5747.

Ar = 3,5-(CF3),CgH3-

Ar, Ar
® OTMS
0 Hy ClOg
5 mol%
|H+@ - i JcHo + fL AR
H20,0°C R CHO

R

Domino Michael/Michael reaction

up to exo : endo =88 : 12
up to 99% ee

Chem. Eur. J. 2016, 22, 15874.

Ph
CcHO
Ph F
o) N otms
CHO 20 mol%
OO e
CHACN, -20 °C
0

up to 99% ee
Eur. J. Org. Chem., 2019, 678.

> ~on

[6+2] cycloaddition reaction

Formal C-H insertion

Ph  Ph
OTMS
v oo H 20 mol% MeNO, ON
DDQ NaOAc j\/[?\
Af)\/U\H THF MeOH Ar H

up to 95% ee
Angew. Chem., Int. Ed., 50, 3920 (2011).
Adv. Synth. Catal. 355, 3661 (2013).
Michael reaction
Ph_ Ph

NO 0] H 10 mol% Ph O

- NVO2 + A

PR )LH 1,4-dioxane, RT OZN\/\)LH
75%, 96% ee

Angew. Chem., Int. Ed., 47, 4722 (2008).
Michael reaction (1,4-Addition versus 1,6-Addition)

Ph Ph
o
0SiPh,Me
H N 10mol% s 5
. +MeNo, 1 TR NOz+ R
| MeOH, RT
RZ “R! R

100
up to 95% ee
ChemCatChem, 4, 959 (2012).
<Review>
ChemCatChem, 5, 3499 (2013).

Ph_ Ph
moms H
N . H
H 10 mol% ¥ @
D ————————— z —
4 H - H -
toluene, RT N £y
up to 99% ee
Concerted Mechanism
J. Am. Chem. Soc., 133, 20175 (2011).
Epoxydation

WOSlPhZMe

10 mol%

o]
R H
A6 !
| + HOOH
Z =N
Bn

NaBH4
toluene, RT MeOH
up to 98% ee
ChemCatChem, 7, 155 (2015).
Aldol reaction Ph Ph
E’})(OTMS
H 30 mol%
30 mol% S OH O OH O
it A A EO A EtO__A
O R! N” "N~ H * H
+ H H H P 3
COEt | R? T O R'R? O R'R?
polymer form ’ syn anti
Ar = 3,5-(CF3),-CgHa- (R'<R?)
uptosyn:anti=1:29
up to 91% ee
. X Eur. J. Org. Chem. 2015, 4316.
Diels-Alder reaction el Ar = 3,5-(CF3),CgH3-
r
@'}XOTMS
o H, CF3COZ
R @ 20 mol% 7
+
m)LH MeCN, -20 °C CHO =+ cHo
R

up toexo:endo=99:1
up to 91% ee
Chem. Eur. J. 2016, 22, 15874.

Domino Michael-aldol reaction

Ph. Ph
o
moms
0
\
.

Ar H o PhCO,H, H,0 AT
0 IPrOH, rt H 0

up to >99% ee
dr=>95:5

) ) ) Angew. Chem. Int. Ed. 2017, 56, 11812.
Domino Michael-aldol reaction

Ph_ Ph
WOSiPh Me
T i N 20mom OoN..
b
Ar/\)LH + ON p-nitrophenol (20 mol%)
H,0 (3 eq.) OH
0 THF, 1t H/\O

up to >99% ee
Org. Lett. 2021, 23, 6654.




Reaction using diarylprolinol silyl ether derivatives as catalyst

Double michael reaction
Ph
X Ph
- N OSiPh,Me j’\’\"e)\/?\/\
. 20 mol% MeO OH
N " R up to >99% ee
0OSiPh,Me R o .
H 5 mf)l% OMe NaBH, up to anti : syn = >20:1
0PN+ MeNo, __ M0(10eq) Meo/k/'\ | rBuaSHH
MeOH, RT; NO, Ph
_(I;F(I)(SMeh L Nenl—Ph
s 90% ee N OsiPhoMe OMey R
20 mol% )\/'\/'\/\
MeO OH
RMO up to 98% ee
NaBH, up to anti : syn =>20:1
Michael reaction n-BuzSnH Synlett 2019, 30, 442.
Ph
X Ph
H OTMS
o o +Bu 20 mol% Ar O (o} o NBn NBn
+ PhCOOH (20 mol% X o RN~ - -
AF/\)LH CFs\)j\s/Q/ ( ) Arg H » A o Ar Fooar 0 A
EtOH, RT CFs CF3 07 SR CFs3 CF3
up to 95% ee Org. Lett. 2019, 21, 5183.
Michael reaction
Ph  Ph
N OTMS
10 mol%
o] CO,Et ki ’ R; CO,Et
PhCOOH HO
H Z N0, NO,
toluene, RT
Ry R, Ra ' )
Michael reaction
up to 99% ee Ph
Chem. Lett.,, 2018, 47, 833. Ph
Michael reaction ” OTMS
Ph 10 mol% OMe Ph
o] Ph 9 Ph 2,4,6-trichlorophenol (1 eq.) MeO . _CN
H ” OTMS H NN toluene, 0 °C © Bn CN
o
Me 10 mol% O Ph Me. NH Bn CN ; acetalization 99% ee
. H,O CN ™ syn:anti=1:8
Ph MeCN, 0 °C H —> pp Eur. J. Org. Chem. 2018, 6843.
< _CN Me CO,Et CO,Et
syn : anti = 5:1
CO,Et 96% ee
ChemCatChem, 2020, 12, 2412.
Michael reaction
15 mol% 7.5 mol%
Ph  Ph HO,
0SiPh,Me D—COOH
o (0] ” ” Ph O
/ﬁH * H0, p-nitrophenol EtO,C. =
Ph EtOH/toluene, RT 96% ee
; PhsPChCO,Et syn : anti = 15:1
Angew. Chem. Int. Ed. 2018, 57, 1958.
Domino Michael-Michael reaciton
Ph
N Ph
H OTMS
10 mol% Q Mukaiyama Michael-Michael reaction
o) o) p-nitrophenol (100 mol%) CO,Et
+ H,0 (3 eq.) Ph
)I\/\COQEt R/\)LH - “CHO o -
i-PrOH, RT 4 ~A N
Ar H H OSiPh;Me
up to >99% ee 20 mol%
Chem. Sci. 2020, 11, 1205. + H,0 (5 eq.) PhsPHC=CO,Et EtO,C
Domino Michael-Michael-aldol reaciton OTMS MeCN, 0 °C;
= i~PrOH, reflux Ar o]
Q Ph up to 99% ee
)W N s Eur. J. Org. Chem. 2020, 34, 5596.
H
o 15 mol%
-nitrophenol
+ p(r(l)(;orzoﬁx o) Domino Michael-Michael reaction
H,0 (3 eq.) TsOH-H,0 O 20 mol% .
(@]
i-PrOH, RT toluene
R/%)J\H 80 °C a N Ph
o o GRCILS H O
up to >99% ee (0] Na,COj3 (20 mol%)
Chem. Lett. 2020, 49, 867. /\)J\ + Me | OFEt H,0 (5 eq.) OEt
Vinylogous Michael reaction R H .
- R, EtOH, rt R YR,
CHo
o N Ph up to 99% ee
H OTMS OH O >20:1 dr
R/\)I\H 20 mol% Eur. J. Org. Chem. 2021, 6670.
+ PhCOOH (20 mol%) PhsPHC=CO,Et
o O H;0 (3 eq.) PhCOOH (80 mol%)
CH,Cly, RT R x_CO,Et
up to >99% ee
Org. Lett. 2020, 22, 8603.




Asymmetric synthesis of biaryl atropisomers

NO,
6
Asymmetric synthesis of biaryl atropisomers — inversion of axialchirarity

Ph

Ph
Enantiodivergent one-pot synthesis of axially chiral biaryls

CHO
NO.
OH 2 (Br

Central chirality
Axial information

OTMS
10 mol%

DMF, RT

Ph
L X

N

HO._O.__OH H

o
e &

OTMS
5 mol%

Etzo RT

Central chirality
Axial information

& .
R aromatization
D —
e
A0
O,N

aromatization OHC O OH — O
98
96% ee

Chem. Eur. J. 2019, 25, 10319.

OH
Br

®

inverted
up to 99% ee
Chem. Eur. J. 2020, 26, 4524.

NH,4CI NBS AgOTf
R Ph _ —
xCHO Ph (S,)-selective aromatization
N up to 87%
: OTMS k
Hl 5mol% t-BuOK up to 99:1 er

NIS

(R,)-selective aromatization

One-pot transformation
Chirality transfer from central to axial

N

up to 84%
up to 99:1 er Chem. Eur. J. 2021, 27, 15786.

The effect of silyl substituents of diphenylprolinol silyl ether

The 10/180 exchanges existance in secondary
amine catalyzed reactions

Ph

R; O
N
0, \)\)LH
Ry
Ph
016 (3 Ph 18
cat. | OTMS H,0'"
H =— H S H
R4 H,0'® , cat. R4
Ph
0 @—‘—Ph Rss o, Ry O
HLH or Hl\ OTMS —>02N\/k‘)LH
Ry ( H R,
1

exchenge of oxygen is greatly faster than Michael reaction.
So, it is impossible to determine the reaction proceeds with
enol or enamine by containing of 180 of TM.

Chem. Eur. J. 2016, 22, 5868.

? > Ph
ﬁ Re face ﬁ -Re-face Re-face Ph
N NH
“Npy e
U [t R = SiMe3, SiPh,Me
ac @ :
B-Si-face p-Si-face Siface £
Type A Type B TypeG | Chem. Eur.J.20,17077 (2014).
The different reactivity of diphenylprolinol silyl ether
and diarylprolinol silyl ether —
N OTBS J)\ /H‘\
Mlchael type
o}
O T 04
_—
cycloaddition type
Chem. Eur. J. 21, 12337 (2015). L
Proposed mechanism of Michael reaction
Ph o
Ph
o) | NO, H OTMs H
+ —_—
\)LH Ph toluene Ph
NO,
T
" o}
: Q<o
PR N”Y>Ph
NO, H OTMs
H,0
H,0
Ph Q\‘fh Ph
N Ph N Ph (:)*
Z OTMS =S I OTMS H O'IPMhS
/ "
Ph PR (E)-enamine
NO, NO,
Ph O\‘fh J’NOQ
|
WG [P
T OTMS
NO, —_ |
& PRE Y Helv. Chim. Acta, 94, 719 (2011).
oo Helv. Chim. Acta, 96, 779, (2013).




Proposed mechanism of a, B-unsaturated aldehyde and
ketones via hydrid system of two secondary amine catalysts

Q‘Tﬂph M

OSiMePh,
Z 0o N OsiMePh,

| o}
Ph
D—COOH r "
il N
o) o WOSlPhQMe H Ph
H cocatalyst Ph O
| H o+ é H,0, p-nitrophenol Eto?o\/\/ké Ph
Ph EtOH/toluene, RT 96% ee Ph @+Ph
; PhaPChCO,Et syn : anti = 15:1 (® H_ph N OsiMePh,
Angew. Chem. Int. Ed. 2018, 57, 1958. : IN J)

OSiMePh,
J|) 09 Ph

Ph O
OHC
H,O
Ph
O«I—Ph

7.5 mol%
15 mol%

HO,
Ph Ph i

i Ph

OH pyrrolidine 0

— O

Chem. Sci., 2020, 11, 11293.

=0
s

Review
Pot ecomomy Time ecomomy Pot and Time economy

/Y\ o oH Time economy Pot economy
CO,Et 9//{

o] ABT-341 (1 pot)
TS Key catalyst
A g I 0’(
O, COzEt ¥\ Ph Baclofen (1 pot)
B AcHN H \ OH Z 5 Ph
NH, HO ACHN >y oH N otms Esstrafiol methyl ether
c Oseltamivir Corey lactone Ibuprofen NH, : (5 pots)
>37h >48h 16h HO
pot economy o o batch Oseltamivir Corey lactone PGE; methyl ester
60 min 152 min oL 1pot, 60 min 1 pot, 152 min (3 pots)
3 min

Chem. Sci. 7, 866 (2016). J. Org. Chem. 2021, 86, 1. flow Acc. Chem. Res. 2021, 54, 1385. Clinprost (7 pots)




Aldol reaction by diarylprolinol as a catalyst

up to 96% ee

In 10% EtOH Synlett, 485, (2011).

Ar. Ar

OMe
e o N 30 m(())IH"/ i MeO H i + i
HJ\/\H/H L i °_ _HC(OMe)s OMe %H HLH
R H DMF/H,0, RT R” O o) R

ChemCatChem., 5, 2887 (2013).

This catalyst is synthesized in short steps from

cF3
o) CICO,Et Q
a .
KoCOs3 U)\OMG CF3 MgBr proline. _ -
N H ~veon . N T This is effective organocatalyst of direct,
H o)\oa enantioselective aldol reaction.
0 OEt Diarylprolinol CF3~ Excellent enantioselectivity is obtained.
Ar_ Ar Ar. Ar
OH OH
c o N Cl  OH
o H 10mol%  NaBH, : o N 10 mol% J\ NaBH, oH
HT )LH DMF,4°C  MeOH OH 3 - > ) - 2
' H NMP, 4 °C : MeOH OH
Ao
82%, 98% ee 56%, 82% ee
Angew. Chem., Int. Ed., 47, 2082 (2008). Org. Lett., 10, 5581 (2008).
HO,, Ar. Ar
HO, & MeQ, «
R N p\l S
o H 30 mol% CHO @(o @b;lwle
o . )OL CICHQCOQH N N4 Y
R N . DMF. 4 T owRa “orips half f ¥ t of Ve
¥ . a halt rragment o =
\\OTIPS R= H, 73%, 85% ee ent-Convolutamydine E Madindoline A and B CPC-1
R = Br, 86%, 82% ee Org. Lett., 11, 3854 (2009).
A
0% 4
OH PhsP=CHCO,Bu : CO.Bu
N > R 2
i o H 10 mol% OH o E'Ozc/\r(\/
+
H EtO C/\HkH
Et0,C” “H RHk aq MeCN T MeOH, PPTS OH OMe
Polymer form EtOzc/\)\OMe
o R
up to 99% ee
CO,Et Org. Lett., 12, 2966 (2010).
n
PhyP=CHCO,E oH KoCO. o
Ar_ Ar e Clv:Y\/COZEt Cania MOOZB
QXOH R R
o Q H 10 mol% OH ©
CI A
CI\)LH HLH THF, RT \/\HLH
40 Wt i R R r oH oM o OMe
wt% in water HC(OMe)s, TsOH H e K,CO3 -
cl OMe
OMe R
L R up to 99% ee
Angew. Chem., Int. Ed., 50, 2804 (2011).
Ar_ Ar Ar_ Ar
o o " OH OH OH o) E'})(OH OH
H PhsP=CHCO,Et 2 + Ph3P=CHCO,Et
)\ . HLH H 10mol% Phs 2 CFS/Y\,COZB OH H H 10 mol% Phs 2 CO,Et
CFy” “OEt £ toluene, RT R o) R THF, RT 0O R

40 wt% in water

Ar Ar

(<o

N 10 mol% PhsP=CHCOEt

up to 99% ee
Chem. Commun., 48, 4570 (2012).

OH

PhyP=CHCO,Et

A CO,Et
EtOzC/W\/ 2!

R
up to 99% ee
ChemCatChem., 5, 2883 (2013).

" O/Y\/COQE'(

) THF, RT
up to 99% ee 39 wt% in water
Chem. Lett. 42, 1294 (2013).
Ar_ Ar Ar_ Ar

o} o} N oH OH o E'})(OH

+ % PhsP=CHCO,Et A CO,Et H Y,
/LH HLH H 10 mol% 3 2 m 2 Ok . HLH H 30 mol%
R’ R2 1,4-dioxane/H,0 R! R2 OH R toluene/MeOH

RT up to 99% ee 500

37 wt% in water

R
up to 99% ee
Chem. Lett. 43, 556 (2014).




Aldol reaction by diarylprolinol as a catalyst

Ar. Ar
% Cl3C(=NH)OB! N
= n -
oH o N 20mol% NaBH oH aCENH) o Nu ' u
. H 4 cat. TfOH Base )\(\ TMSCHN, /V\‘A
—_—
e N0 H oluen, RT__ MeOH CI3C/Y\OH ELO CI3C/Y\OBn —> HO.C OBn — > MeO,C OBn
Bn Bn Bn Bn Bn
96% ee Nu = F, N, 4-Me-CgH,0
synlanti=1:>20 up to 96% ee
synlanti =>20 : 1
ChemCatChem. 7, 1646 (2015)
. H
Al "Buli
1 >
OH OTBDPS
OH 1 N otomo%  namH, o S D o o 2 o
| + —_— o €e
¢ ﬁ)\OH H o THEM,0,RT  MeOH Y Y TOH Zwsi Y oteops
Cl Bn Cl  Bn TMEDA Cl  Bn c
i I
99% ee Meti NP oteops
Cl Bn
98% ee
T Adv. Synth. Catal. 358, 2345 (2016).
OH
N 20 mol%
o o H,0 (10 eq.) OH
NH v N _CHCOH (20 moi%) Ph3P=CHCO,Et S A CO,EL
Ph H N h O
o) THF, 0 °C o} R
97% ee
anti : syn=9:1
Chem. Asian J. 2019, 14, 4146.
Ar,
(o] OH H
o N b 10 mol% Bi(OTf); A
Ho+ L H 10mol% PhsP=CHCOMe OH 0 100 mol% NaClO, o0 o
O,N DMF, RT Ar Me (CHxCl),, RT Ar Me
96% ee d.r. >20:1
Chem. Eur. J. 2018, 24, 4909.
Ar. Ar
OH 1) MeNO, or EtNO, ><
¢l 9 o N 10 mol% NaOMe al Q NaOMe, 0 °C; al Q al = =
oo+ H i MeOH, rt R _DMDO,-90°C_ _ KGO AR
H DMF, 4 °C 2) Me,C(OMe), TMeOH.RT o}
PPTS >20:1 dr
CH,Cly, rt up to 99% ee
Chem. Lett. 2020, 49, 940.
A Ar 2 pots synthesis of syn-1,3-diol
OH
Cl O o N 0ol TBHP PhSeSePh Cl 9H OH O
b PhgP=CHCO,Et ;
H + o 3 2 __LiHMDS NaBH4 OFt
H DMF, 4 °C THFDMPU T EoH
>98% ee >20:1 dr Org. Lett., 2021, 23, 5896.
3 pots synthesis of anti-1,3-diol
Reaction catalyzed by proline
Direct catalytic enantioselective a-aminoxylation Aldol / acetalization reaction
0 N COOH o) COOH on
= 30 mol? \ONHPh e
H +  PhN=O H 30 mol% HZ N HO__O.__OH o) N 10mor% p-TsOH
Me CH4CN, -20 °C Me U I MeO
slow addition R™H DMF, RT MeOH
quant, 98% ee 0~ "OMe
Tetrahedron Lett., 44, 8293 (2003). up to 99% ee
Aldol reaction Org. Lett. 10, 1445 (2008).
0 D—COOH 0 0 E>_
H
o o CO0 oH

10 mol%

slow addition

.
PhN=0 H
—_—
DMF, 0 °C

é.

79%, >99% ee

WONHPh  CuS0,5H20 (cat)
—_—

30 mol%

é,m

87%
Angew. Chem., Int. Ed., 43, 1112 (2004).
J. Org. Chem., 69, 1548 (2004).

HN

MeOH, 0 °C

Three-Component Cross-Mannich reaction of aldehydes

D—COOH

OMe
o
Q N 10mol%
H + + HLH —_— CHO
i NMP, -20 °C
e
NH, Me Angew. Chem., Int. Ed., 42, 3677 (2003).
Adv. Synth. Catal., 347, 1604 (2005).

90%, 98% ee

anti: syn=1:>95 Nature Protocols, 2, 113 (2007).

N
R H =
A L
N DMF, -20 °C N

PhsP=CHCO,Et RMCOZEt
|

2
Ao R
up to anti: syn=>20:1
up to 99% ee

Adv. Synth. Catal. 356, 3106 (2014).




Reaction by proline-derived catalyst

Reaction by siloxyproline catalyst

s 7\
H TBSO,,
o E,}/\N@ CHO D‘CC’zH Thlstpateilﬁlst is n‘:pre
fo) N CFaCOZ_ H reactive than proline.
30 mol%
H 2 a-aminoxylation

o) NMP, 0 °C [e) 0

L J. Org. Chem., 72, 6493 (2007). ) H Ot PhN=0 —  » PhHNO,, H
Reaction by cystein-derived catalyst Ph Ph
( L-proline 24 h, <5%

CHO

10 mol% Ph
O o (¢]
acetons, 0°C quant, 99% ee
cis:trans=8.3: 1
J. Am. Chem. Soc., 127, 16028 (2005).
\ J

Mannich reaction

Ph

Siloxy proline 2 h, 50%, 99% ee

OMe MeO
g ° 1@
+ + _—
NH
)LH )j\ )\/[O]\
NH, Ph
L-proline 20 h, <5%

Siloxy proline 20 h, 63%, 96% ee
Adv. Synth. Catal., 346, 1435 (2004).

Reaction using two catalysts system

Reaction by prolinate salt catalyst
;

a-aminoxylation

proline Ksalt 4 h, 99%, 99% ee
Org. Lett. 19, 4155 (2017).
Mannich reaction

Balle

Michael reaction

7.5 mol%

o Q—COZK - 15 mol% HO,

0 aBH, PhHNO, ¥

. PAN=O H 2mol% ﬁ/\OH Ph O
H . . Ph
MeCN,0°C  MeOH, 0 °C Bn N N
Bn o o H  OSiPh,Me H OH Ph O

L-proline 23 h, 90%, 98% ee H,0, p-nitrophenol

EtO,C

Z
EtOH/toluene, RT
; Ph3PCHCO,EL
74%, 96% ee
syn:anti=15:1
Angew. Chem. Int. Ed. 57, 1958 (2018).

OMe CO.K
o} o N 5 PMP.
/k H 10mol%  NaBH,
ot +
=7 H‘\H NMP, -20 °C /Y\OH
TIPS T TIPS
2 L-proline 20 h, syn:anti = 5:1, 92% ee

proline K salt 5 h, syn:anti = 9:1, 99% ee
Org. Lett. 20, 2391 (2018).

.

Polymer supported Diphenylprolinol catalysts

X z
\\» PS-PEG-N; % %
Cus0, |
Co D> o PIPEA SO
- Ph _—
N rus pn  THFDMF N=N
{Jen ™R o i
N OAnt n
Q
N
H

Reusable

Immobilized on PS-PEG resin

high reactive PS-PEG type catalyst

A0

OT\/OJ‘(\N%

YN
Nz o,
’ Ph
Ph [ >+Ph
Ph N o
OAnt
in H,0 I
o
O Ph
H)H N2 N NO,
30 min

5:1 dr, 93% ee
Bull. Chem. Soc. Jpn. 2021, 94, 790.




Organic solvent free reaction

-"in the water" or "in the presence of water" ?

in water

"in water" : The participating reactions are dossplved homogeneously in water.

"in the presence of water" : The reaction proeeds in a concentrated organic phase
with water present as a second phase that influences the reactoin in the former.

Angew. Chem. Int. Ed. 45, 8103 (2006).

-Intermolecular aldol reaction between aldehydes in the presence of water

/\/\/\)ko . Hydrophilic part
Hydrophé\b\c part N COHl
H 10 mol%
¢ o o) NaBH, CloH
+
H HLH water, 0 °C MeOH OH
Me

97%, 99% ee
anti/syn=19 : 1
Angew. Chem. Int. Ed. 45, 5527 (2006).

-Organic solvent free asymmetrric aldol reaction between ketone and aldehyde

/\ o} o
2.5 g silica gel ! ©)LH é

v 749(1eq) 13.7g(2eq.)
Filtration
(60 mLACOEY) N0/ TBDPSO,,

COH

3.8mL (3 eq.)
2 days

259 mg (1 mol%)

Distillation 10 g (70%)
anti:syn=10:1
>99% ee
Angew. Chem. Int. Ed. 45, 958 (2006).
Chem. Eur. J. 13, 10246 (2007).

-Organic solvent free asymmetrric Mannich reaction with proline catalyst

TBDPSO, N-

.. ) .'}l
o OMe o N N-N PMPL
10mol% H H
MeO\HI\H + - ; MeO.

MeO water, 0 °C MeO

NH, 93%, 95% ee
syn:anti=4.6:1
Org. Lett. 10, 21 (2008).

-Effect of water on aldol reaction with 20 proteinogenic amino acid

20 proteinogenic OH O
aminoacid (30 mol%) X
DMSO and aq. DMSO o

N
<5-89%, 0-96% ee
positive water effect anti: syn=0.8-13 : 1

(Gly, Ala, Val, Leu, lle, Phe, Trp, Pro, Ser, Thr, Tyr, Cys, Met, His, Lys, Arg, Asp, Asn, Glu, GIn )

Synlett 1565 (2006).

:Organic solvent free Dry and Wet condition asymetric aldol reaction with proline catalyst

aldehyde-aldehyde

anti: syn=up to 14 :1
up to 95% ee

aldehyde-ketone

CO,H
(o} N OH O
g A s (cat) YL
+ 3 1 3
R R R
1
R" "H R? water (3 eq.) A2

anti : syn = up to >20 :1
up to >99% ee

Chem. Commun. 957 (2007).

Organic solvent-free aldol reaction|

f c o o
water phase H,0

40 mL, H
Cmcon (0™ O
N

H

-~ 7.9 mL 9.3mL
organic phase RT, 24 h (70 mmol) (105 mmol)
Cl QH e} CO,H

H

249

(30 mol%)

(o]
é Cl OH o
16.4 g (94%)
anti:syn=1.4:1

96% ee

-Self aldol reaction of propanal in water - reaction in water with proline-amide catalyst

high enantioselectivity

Chem. Commun. 2524 (2007).

-Organic solvent free asymmetric Diels-Alder reaction with proline derived catalyst

water

decantation then
1) 10 mL distillation
N W /\
Ph/\)I\H

——
(2.64 g, 20 mmol) (4.7 mL, 60 mmol) '
— OHC
5mol% CF3 CF3 Ph
CF3 exo:endo=82:18
3.29,81%
O 97% ee
N
H, OTMS CF,

ClO4 RT, 8 h
Angew. Chem. Int. Ed. 47, 634 (2008).




Application of High Pressure Induced by Water-Freezing to
the direct catalytic asymmetric reaction

The novel method of high pressure by water-freezing:
The high pressre (cat. 200 MaPa) is easilly is essily achieved

simply by freesing water (-20 °C) in a sealed autoclave.

-Mannich reaction

MeO.
N
o H cat NH O
H + + )j\ _—
MeO
NH, MeO
1 atm, RT 0%, -% ee

200 atm, -20 °C  99%, 96% ee
J. Am. Chem. Soc., 125, 11208 (2003).

-Baylis-Hillman reaction
Tetrahedron Lett., 43, 8683 (2004).

-Aldol reaction
Tetrahedron Lett., 45, 4353 (2004).

:Michael reaction
Chem. Lett., 296 (2002).

1,4-asymmetric induction using Cobalt alkyne complex

0]
MOM MesZnLi OMOM OH
MOMO,,A/LH —_— Q oM 0 il Y T
R/wel\H R H
R

_— (0C)3C6Z—"Co(CO)3
up tp anti : syn = 16:1

o]
H OMOM O NaBH OMOM OH
MOMO,,, 4 —_— z —4> < H
RVI\H R/W7(\H
R

s (0C)3C0Z="Co(CO);
up to aniti : syn =1:23
Organometallics 2008, 27, 163.

Research about of chirality

OZH
1) sllrred for24 h

"C02H 2) filtration N

prepared 10% ee 99% ee (L) solution

(L-proline excess)
Amplification of ee from initial low ee |::> The key to find out origin of chirality
Angew. Chem., Int. Ed. 45, 4593 (20086).




Metal-free oxidative transformations using O,

Nef reaction using molecular O,

0,
NO2  igyok JOL
R OR2 CH3;CN R OR?
rt
up to 95%
Proposed Mechanism ~ _____
{SET}~-0-0 -0-0 -0-0-
G %‘ G.4.0 o oO ? 040 (O 17(R2 OO
NO base S\E - NG N,’ (' N""¥o R2 o}
2 JL —_— JL J\ o” —» Jl\_’:__o—O B — E-J(z R —
ROR2 R R2 R R2 R R2 RTOR2 -NO;  Rt” “R2 R' "R -NO; R"" "R2
Chem. Eur. J. 2014, 20, 15753.
Oxidative amidation of primary nitroalkane and amine Proposed Mechanism
2 Oy .O O-N=0
1 HoN_CO,R* ’O’N'S COR? N Al -
R' + TN VY2 K o R? \/ 2 . R ! | }
NO R3 2 3 NO. NO, NO, RN
2 2 4 +1* I o NH,R' 0
Readily available No eplmerlzatlon )\ R | >R | Ay )L _—>
R”H base base " | o ('9 NO, R” X R” “NHR'
BocHN 0, (1 atm) BocHN O.\© RN f(x =10rNOy)
COOMe |, (1 eq.), K,CO3 (2 eq.)
2 q.), KabLOs q. COOM )\ o N I
Ph + HoN - — > py \/ e R 2 Q1
NO =P toluene/THP (1 .01M ‘ Chem. Eur. J. 2016, 22, 5538
1eq. 2eq. ' SPh T T ’
(1eq.) (2eq.) 68%
Angew. Chem. Int. Ed. 2015, 54, 12986.
Sterically demanding oxidative amidation of a-substituted malononitriles with amines
O, (1 atm)
CN 0, o Cs,CO3 (2 @
2CO3 (2 eq.)
Cs,CO.
R oN + HN@ 2003 E*LN@ N 4A MS (100 mg) N
R ® RY (R CHaCN (0.1 M)
Broad scope o 50°C,8h
Minimal waste up to 96 % (1eq.) (2eq.) 0%

Sterically demanding ester formation of a-substituted malononitriles with alcohol

CN 0, (0]
Cs,CO;
R >|)\CN + HX-R #» R >Hl\o®
R R
RY Rf

Broad scope
Minimal waste

Eur. J. Org. Chem. 2019, 675.

X=0,8 up to 96 %

Application to peptipe synthesis

O, H
PgHN—(A) CN Cs,CO. PgHN—(A) N_ . -OR
NOY T+ HN—(A),-OR 2003 N
CN DMF/H,0 = 6/1 0
RT
Direct cyclopropanation by light mediated single electron transfer
Blue LED Rig
KOt Bu 2
Ar +  AcO cN
CN DMSO Ar -
35°C CN
o v P
A/YCN blue light (465 nm) AN ON
CN SET CN
CN KOt-B
Ar/Y u +
CN 0 -[KNPhth]
o -[CO,l
AcO. 2 AcO_.
AcO. o R 2l
RoJ R4 ZNPhth
R; 2NPhth P

Autoinductive oxidation of a,a-diiodonitroalkanes Halogen bonding of N-Halosuccinimides with amines

0,
\Xl I (cat.) O>-<O I <:| also work
K No, & No, as catalyst
(0]
/\ o
JLORr N—I|
)’ HOR' ©
0-0
xNOg

|oo/

R NO,
Chem. Commun., 2018, 54, 6360.

Angew. Chem. Int. Ed. 2016, 55, 9060.

Broad scope

Tripeptide : Boc-Phe-Gly-Phe-OMe (18 examples)
Tetrapeptide : Boc-Phe-Gly-Leu-Phe-Ot-Bu (5 examples)
Unprotected amino acid : Boc-Phe-Gly-Phe-OH (4 examples)

Chem. Commun., 2021, 57, 4283.

Q. cN
N R
eN O 'R, )
- [ACOK] 'R
Jen fczN
CN AT
R, CN
Ry cross-coupling
Chem. Eur. J. 2021, 27, 5901.
YES

HO.

A

—_—

without H* : slow

Helv. Chim. Acta., 2021, 104, 2100080




Reaction using diarylprolinol silyl ether derivatives as catalyst

Mannich reaction Ar Ar Ar = 3,5-(CF3),CeH3-
E'}XOTMS
H 10 mol%
Tso
NHTs . 0 NaHCO; SSNH 0
R1J\SOZPh aLH 1,4-dioxane or brine, 10 °C R1)\HJ\H
R =Y
R = alkyl up to 99% ee
oraryl Chem. Eur. J., 17, 8273 (2011).
Mannich reaction Ar Ar Ar = 3,5-(CF3),CgH3-
WOTMS
H 10 mol%
l*BZ . i p-NO,CeH,COLH BZ\H o
Ph)\H H THF, 4 °C oh H
87%, 98% ee

Angew. Chem., Int. Ed., 47, 9053 (2008).

Mannich reaction e Ar = 3,5-(CF3),CgH3-
WOTMS
o H 10 mol% Ts
NHTs NaBH i
. NaHCO, aBHq N
Cl \)\ HLH N ’>\/\OH
SO,Ph 1,4-dioxane, RT B
R MeOH &

up to 99% ee

Michael reaction

Ph_ Ph

o moms o
N
MeNO, H  10-20 mol% H
| H + or T E—— RZNO
; s EtNO, MeOH, RT R ',I/ 2 z
R R R?

R3=Hor Me up to 94% ee
Chem. Eur. J. 20, 12072 (2014).

Michael reaction

o Ar_ Ar
D)(OTMS ON—
R ([ W N 20mo%  nagh P
+ MeNO, i a5
N 'PrOH/H,0, RT MeOH N
Bn Bn
up to 94% ee
Chem. Eur. J. 20, 13583 (2014).
Formal [3+2] cycloaddition
Ph  Ph
QXOTMS
o H 10 mol% O3N R
% p-l o
HJ\/\WH . R\/\NO 10 mol% p-NO,CgH,OH NaBH, HO—C
I 2 CH,Clyor MeCN,RT ~ MeOH , ~OH
up to 99% ee
Eur. J. Org. Chem. 2015, 4320.
Cyclopropanation
Ph_ Ph
E’\>)<OSithMe
o) H 10 mol% 0
R N-Me-imidazole R, ‘JL
H * B™NO, — - > H
CH,Cly, RT

ON
up to 99% ee
Eur. J. Org. Chem. 2015, 5747.

Diels-Alder reaction Ar = 3,5-(CF3),CoHs-

Ar_ Ar
YIS
o H, ClO;
5 mol%
|H+@ - il Lcvo + fL AR
H20,0°C R CHO

R

up to exo : endo =88 : 12
up to 99% ee
Chem. Eur. J. 2016, 22, 15874.

Domino Michael/Michael reaction

Ph gro
o) N otms
CHO 20 mol%
O e
CH4CN, -20 °C

(o)
up to 99% ee

Eur. J. Org. Chem., 2019, 678.

Chem. Eur. J., 17, 8273 (2011).

[6+2] cycloaddition reaction

10 mol% NaBH,4
toluene, RT MeOH
up to 98% ee
ChemCatChem, 7, 155 (2015).
Aldol reaction Ph Ph
l:}xoms
H 30 mol%
o 30 mol% S OH O OH O
Ar LAr 5 EtO. X
COzEL | R? e —— O R'R? O R'R2
polymer form THF, RT syn anti
Ar = 3,5-(CF3)y-CgHs- (R'<R?)

Diels-Alder reaction

Formal C-H insertion

Ph. Ph
OTMS
v oo H 20 mol% MeNO, ON
DDQ NaOAc )\/ﬁ
ATJ\/U\H THF MeOH Ar H

up to 95% ee
Angew. Chem., Int. Ed., 50, 3920 (2011).
Adv. Synth. Catal. 355, 3661 (2013).

Michael reaction

Ph. Ph
l:}xoms
0 H 10 mol% Ph O
P2 ' )LH 1,4-dioxane, RT OZN\/?\)J\H
75%, 96% ee

Angew. Chem., Int. Ed., 47, 4722 (2008).
Michael reaction (1,4-Addition versus 1,6-Addition)

Ph Ph
o]
Q)/\oslpthe
H o
- | + MeNo, 1 10mol% H 10 mol% R3 N02 + RS
| MeOH, RT
2

R? “R!
100
up to 95% ee
ChemCatChem, 4, 959 (2012).
<Review>
ChemCatChem, 5, 3499 (2013).

Ph_ Ph

moms H
N — . H
H 10 mol% Ny B
_— > — 4 H —
4 toluene, RT RN N B
0 =~ "
up to 99% ee
Concerted Mechanism
J. Am. Chem. Soc., 133, 20175 (2011).
Epoxydation

mOSPhZMe

\\
+ HOOH

uptosyn:anti=1:29
up to 91% ee
Eur. J. Org. Chem. 2015, 4316.

Ar Ar  Ar=35-(CFa)CeHs

@I}XOTMS
o N, CFicoP
R @ 20 mol% ;
R
jl)LH MeCN, 20 °C CHO  + CHO
R

up toexo:endo=99:1
up to 91% ee
Chem. Eur. J. 2016, 22, 15874.

Domino Michael-aldol reaction

Ph. Ph
mOTMS
mol’o
N
+
Ar H ON PhCOzH, H,0 g "
0 IPFOH, rt H’\O
up to >99% ee
dr=>95:5

) . ) Angew. Chem. Int. Ed. 2017, 56, 11812.
Domino Michael-aldol reaction

Ph_ Ph
o o E’});OSiFI’;ZMe O,
mol%
Ar/\)LH . OaN p-nitrophenol (20 mol%)
H,0 (3 eq.) H OH
o THF, it H’\o

up to >99% ee
Org. Lett. 2021, 23, 6654.




Reaction using diarylprolinol silyl ether derivatives as catalyst
Double michael reaction

Ph
N Ph
- N OsiPh,Me /OK'V'E)\/;"‘\/\
o 20 mol% MeO OH
N " R up to >99% ee
OSiPh,Me R o .
H 5 mf)l% OMe NaBH, up to anti : syn = >20:1
R o N VN H20 (10 eq) Meo)\/'\ | mBuaSHH
MeOH, RT; NO, Ph
CH(OMe)s { dfpn
TsOH 90% N .
o ee H  OSiPh,Me OMe R
20 mol% )\/'\)\/\
MeO OH
RMO up to 98% ee
NaBH, up to anti : syn =>20:1
Michael reaction n-BuzSnH Synlett 2019, 30, 442.
Ph
N Ph
H OTMS
o o tBu 20 mol% O Ar O ] o NBn NBn
+ PhCOOH (20 mol%) X o W N F - -
Ar/\)j\H CFs\)]\s/Q/ Ang H A o Ar Foar o A
EtOH, RT CFs CF3 07 SR CFg CF3
up to 95% ee Org. Lett. 2019, 21, 5183.
Michael reaction
Ph  Ph
OTMS
10 mol%
o] CO,Et - ’ Ry COyEt
PhCOOH HO.
H Z N0, NO,
toluene, RT
R4 R, Ra . .
Michael reaction
up to 99% ee Ph
Chem. Lett., 2018, 47, 833. Ph
Michael reaction ” OTMS
Ph 10 mol% OMe Ph
o D‘l*Ph Q Ph 2,4 ,6-trichlorophenol (1 eq.) VeO “_ _CN
HJH H OTMSO H T toluene, 0 °C ° Bn CN
Me 10 mol% O Ph Me. NH Bn CN ; acetalization 99% ee
. H,O CN ™ syn:anti=1:8
H —_— o
Ph MeCN, 0 °C L Ph Eur. J. Org. Chem. 2018, 6843.
~_CN Me ,Et COLEt
syn : anti = 5:1
CO,Et 96% ee
ChemCatChem, 2020, 12, 2412.
Michael reaction
15 mol% 7.5 mol%
Ph_ Ph HO,,
0SiPh,Me D‘COOH
o] o] N 2 N Ph O
/HH * H0O, p-nitrophenol EtO,C =
Ph EtOH/toluene, RT 96% ee
; PhaPChCO,Et syn : anti = 15:1
Angew. Chem. Int. Ed. 2018, 57, 1958.
Domino Michael-Michael reaciton
Ph
N Ph
H OTMS
10 mol% Q Mukaiyama Michael-Michael reaction
fo) o) p-nitrophenol (100 mol%) CO,Et
H,0 (3 eq.) Ph
— + 2 ., (0]
)j\/\COzEt R/\)LH - "CHO Ph
i-PrOH, RT R A N
Ar H H  OSiPhMe
up to >99% ee 20 mol%
Chem. Sci. 2020, 11, 1205. + H,0 (5 eq.) PhsPHC=CO,Et EtO,C =
Domino Michael-Michael-aldol reaciton OTMS MeCN, 0 °C;
= i~PrOH, reflux Ar o]
Q Ph up to 99% ee
)W N Lrus Eur. J. Org. Chem. 2020, 34, 5596.
H
] 15 mol%
-nitrophenol
+ ’1?660[20%2? o) Domino Michael-Michael reaction
H,0 (3 eq.) TsOH-H,0 o 20mol%
(o]
i-PrOH, RT toluene
R/\)J\H 80 °C A N Ph
o o H OTMS
up to >99% ee o Na,COj3 (20 mol%)
Chem. Lett. 2020, 49, 867. /\)L + Me | OEt H,0 (5 eq.)
Vinylogous Michael reaction Ry H
Ph R, EtOH, rt
1) 8 Ph up to 99% ee
N oTvs OH O >20:1 dr
R/\)I\H 20 mol% Eur. J. Org. Chem. 2021, 6670.
+ PhCOOH (20 mol%) PhsPHC=CO,Et
O O H,0 (3 eq.) PhCOOH (80 mol%)
CH,Cl, RT R x_CO,Et
up to >99% ee
Org. Lett. 2020, 22, 8603.




Asymmetric synthesis of biaryl atropisomers

Ph
H

/; OTMS

10 mol%
Asymmetric synthesis of biaryl atropisomers — inversion of axialchirarity

DMF, RT
Ph

Enantiodivergent one-pot synthesis of axially chiral biaryls

CHO
HO___O._OH

o

Central chirality
Axial information

Central chirality
Axial information

NO
@f " @

NH,CI NBS AgOTf
R Ph : —
XxCHO m,ph (S,)-selective aromatization
N otms

. 5 mol% t-BuOK
o

H NIS

NO,

(R,)-selective aromatization

Z N H—Ph
H OTMS O R
&) mol% R aromatization
- =
TEem T 0 -0
H H HO
OyN

aromatization OHC O OH = O
R
OH
Br
96% ee

Chem. Eur. J. 2019, 25, 10319.

inverted
up to 99% ee
Chem. Eur. J. 2020, 26, 4524.

02N ’

up to 87%
up to 99:1 er

One-pot transformation
Chirality transfer from central to axial

N

up to 84%
up to 99:1 er Chem. Eur. J. 2021, 27, 15786.

The effect of silyl substituents of diphenylprolinol silyl ether

? ) Ph
|5 Re face, ﬁ -Re-face Re-face %"
N NH
“&pn
= R = SiMe;, SiPh,Me
UNu
( 7 p-Si-face Si-face
p-Si-face B Chem. Eur. J. 20, 17077 (2014).

Type A Type B Type C

The different reactivity of diphenylprolinol silyl ether
and diarylprolinol silyl ether

Ph
N Ph (e} (0]
N oms J)(H /HLH
Michael type - -,
0 ey
O oy
| N Ar
R H OTES Hcﬁb Phﬁb
-_—
cycloaddition type
Ph CHO
Chem. Eur. J. 21, 12337 (2015).

Proposed mechanism of Michael reaction

Ph
0
Q\‘Ph

o] JNOz H OTMS H
+ R ———
\)LH Ph toluene =T
NO,
T s
. o)
A D*Ph \)LH
Ph N Ph
NO, H OTMs
H,0
H,0
Ph O\th Ph
N Ph N Ph N
Ph
S OIMS | o I OTms . otus
PR PR (E)-enamine
NO, NO,
Ph Q\J’h No2
oh N” ~-Ph |
S OTMS | OTMS] Ph
NO, .
Bh PRE Y Helv. Chim. Acta, 94, 719 (2011).
oNo Helv. Chim. Acta, 96, 779, (2013).

The 10/180 exchanges existance in secondary
amine catalyzed reactions

Ph
Ph Ry O'°
16 OTMS OZN\/'\HI\
i Ra~F " H0" R "
—_—
H + 3\/\No2 1
Ry 078
N
0, \/H)LH
Ry —
Ph
o6 %Ph 18
cat | OTMS H,0"
H H\H H
Ry H,0' R, cat Ry
Ph
o} Z@S-|_ R
N Ph 3\/\NOZ R; O
Hoor HI\ oTMS 4>02N\)\HJ\H
R, H R,
R

exchenge of oxygen is greatly faster than Michael reaction.
So, it is impossible to determine the reaction proceeds with
enol or enamine by containing of 180 of TM.

Chem. Eur. J. 2016, 22, 5868.




Proposed mechanism of a, B-unsaturated aldehyde and
ketones via hydrid system of two secondary amine catalysts

0, 0y
15 mol% HO,, 7.5 mol%
Ph_ Ph .D—COOH
i N
o o EWOSlPhZMe N
N cocatalyst Ph

H
J)L " é H,0, p-nitrophenol Etozc\/\/ké
Ph EtOH/toluene, RT 96% ee

; PhsPChCO,Et syn : anti = 15:1

Angew. Chem. Int. Ed. 2018, 57, 1958.

O
. Q:

0]

=z

Ph"”

Review
Pot ecomomy Time ecomomy
OH
A CO,Et 9
,@ °
B AcHN O\/
NH,
o Oseltamivir Corey lactone Ibuprofen
>37h >48 h 16 h
pot economy Iy I batch
60 min 152 min 3 3.
Chem. Sci. 7, 866 (2016). J. Org. Chem. 2021, 86, 1. f|$:n

Ph M
OSIMePhZ O+

(0] OSiMePh
H 2 o
H
/x( J)L

ph | OS|MePh2
OSlMePh2 |

OH pyrrolidine

— &

Chem. Sci., 2020, 11, 11293.

Pot and Time economy

Time economy Pot economy
/Y\ o Key catalyst ABT-341 (1 pot)
CO,Et QJ{ Ph  Baclofen (1 pot)
()“"Ph _
o

AcHN” N OTMs Estradiol methyl ether
R (5 pots)
NH, HO
Oseltamivir Corey lactone PGE{ methyl ester
1 pot, 60 min 1 pot, 152 min (3 pots)

Acc. Chem. Res. 2021, 54, 1385. Clinprost (7 pots)



Aldol reaction by diarylprolinol as a catalyst

o This catalyst is synthesized in short steps from
0o CICO,Et roline
ki0ds . (3 ome CF T wgs CF3 e profine ,
¥ “Meon N o This is effective organocatalyst of direct,
H o)\oa enantioselective aldol reaction.
0 OEt Diarylprolinol CFs  Excellent enantioselectivity is obtained.
Ar_ Ar Ar_ Ar
OH OH
c o N Cl OH
Hoo+ )0,\ H 10mol%  NaBH, @MOH Q H 10 moi% OJ\O NaBH, OH
3 = b
H DMF, 4 °C MeOH o 5 AN
' H NMP, 4 °C MeOH OH
® S,

82%, 98% ee
Angew. Chem., Int. Ed., 47, 2082 (2008).

56%, 82% ee
Org. Lett., 10, 5581 (2008).

HO,, Ar
Br,
R o N 30 moI°/ ", OH S\ EX
H o CHO o 0
o CICH,CO,H
o -+ I — = 5 —_— N N H
R N . T owra \“orips ) half f t of
TIP: x i a half fragment o .
\\OTIPS R= H, 73%, 85% ee ent-Convolutamydine E Madindoline A and B CPC-1
R = Br, 86%, 82% ee Org. Lett., 11, 3854 (2009).
A
A% or
OH Ph3P=CHCO,/Bu : CO,Bu
— 2
o) 0 N 10 moi% oH o E10,07 Y N
H R
+
PN H EtO c/\Hj\H
Et0,C” “H RHL aq MeCN R | MeOH, PPTS OH OMe
Polymer form EtOzc/\H\OMe
0 R
up to 99% ee
COzEL | Org. Lett., 12, 2966 (2010).
OH
Ph3P=CHCO,Et H K. O,
Ar_ Ar ° z C|\/'Y\/COZEt & VWCOZEt
o] o H 10 mol% OH O
Cl A
oy AN
40 wt% i R R M OH oM o OMe
wt% in water HC(OMe)s, TsOH 2 © K2C0;
cl OMe
OMe R
L R up to 99% ee
Angew. Chem., Int. Ed., 50, 2804 (2011).
Ar_ Ar Ar_ Ar
o o OH OH OH 0 EQXOH oH
oH N Hj\ H  10mol% PhsP=CHCOEL /'Y\/COZEK oH HLH H 10mol% PhsP=CHCO,Et CO,Et
H 3
cr ort f toluene, RT R o} R THF, RT 0 R
up to 96% ee 40 wt% in water up to 99% ee
In 10% EtOH Synlett, 485, (2011). Chem. Commun., 48, 4570 (2012).
Ar_ Ar Ar. Ar
OMe
o N o 2 0 E,}XOH oH
30 mol? MeO H + Ph3P=CHCO,Et :
HMI/H . o H 30mol%  HC(OMe), OMe \H)LH HLH H 10mol% Phs 2! EtOZC/\/Y\/COZEt
I R”>H DMF/H,0, RT N o] R THF, RT R
up to 99% ee 39 wt% in water up to 99% ee
Chem. Lett. 42, 1294 (2013). ChemCatChem., 5, 2883 (2013).
Ar_ Ar Ar_ Ar
o) o) N oH OH o ENBXOH
/LH + y  H 10mol% PhsP=CHCO.Et /Y\/coza OH . H‘\ H 30mol%  PhgP=CHCO,Et Ho/\‘/\/COzE'
R R2 1,4-dioxane/H,0 R R2 OH L H " oluene/MeOH R
RT up to 99% ee 50C up to 99% ee

ChemCatChem., 5, 2887 (2013).

37 wt% in water

Chem. Lett. 43, 556 (2014).




Aldol reaction by diarylprolinol as a catalyst

Ar. Ar
3 Cl3C(=NH)OB N
= n -
OH i N 20moi% NaBH, on 3ca(t TfO)H 4 B'\:;e \ TMSCHN ’
PN HL — e —> Ho C/H/\OBn ——2 MeO C/H/\OBn
Cl;C” “OH H toluene, RT MeOH CI3C/Y\OH Et,0 CI3C/Y\OBn 2 2
Bn Bn Bn Bn Bn
96% ee Nu = F, N3, 4-Me-CgH,0
synlanti=1:>20 up to 96% ee
synlanti =>20 : 1
ChemCatChem. 7, 1646 (2015)
! H
Al "BuLi
1 . X
OH OTBDPS
OH 1 N otomo%  namH, o 5 e o 2 o
¥ EELLLECC . b ee
Clﬁ)\OH H riemgo.rr - wWeor L X O 2msci N Y orsoes
Cl Bn Cl  Bn TMEDA Cl  Bn . o
99% ee [ Meli _ N oteops
Cl Bn
98% ee
- Adv. Synth. Catal. 358, 2345 (2016).
OH
H 20 mol%
o o H,0 (10 eq.) OH
NH PP CH3CO,H (20 mol%) PhsP=CHCOEt McozEt
Ph H .
fo) THF, 0 °C fo) R
97% ee
anti : syn =9:1
Chem. Asian J. 2019, 14, 4146.
Ar,
0o OH H
o N A 10 mol% Bi(OTf); Y
WO+ H 10mol% PhgP=CHCOMe OH 0 100 mol% NaClO, "0 o
O,N DMF, RT Ar Me (CH,Cl),, RT Ar Me
96% ee d.r. >20:1
Chem. Eur. J. 2018, 24, 4909.
Ar Ar
OH 1) MeNO, or EtNO, ><
79 0 N 10 mol% NaOMe ¢ 9 NaOMe, 0°C:  © 9 a 07
oo+ H o MeOH, rt R _DMDO, -90°C _ KCOs R
H DMF, 4 °C 2) Me,C(OMe), T MeOH, RT o)
PPTS >20:1 dr
CHCly, 1t up to 99% ee
Chem. Lett. 2020, 49, 940.
m 2 pots synthesis of syn-1,3-diol
r
OH
Cl O o N Lo TBHP PhSeSePh Cl (:)H OH O
6 PhyP=CHCO,Et i
H + H 3 2 __LiHVDS _ NaBH, ot
H DMF, 4 °C THFIDMPU “Eon

>98% ee >20:1 dr Org. Lett., 2021, 23, 5896.
3 pots synthesis of anti-1,3-diol
Reaction catalyzed by proline
Direct catalytic enantioselective a-aminoxylation Aldol / acetalization reaction
0 N oooH o COOH o
= 30 19 \ONHPh e
9y +  PhN=O H 30 mol% . HO__O__OH o N 1omol%  p-TsoH
Me CH4CN, 20 °C Me M MeO
R™H DMF, RT MeOH
0~ "OMe

slow addition

quant, 98% ee

Tetrahedron Lett., 44, 8293 (2003).

Aldol reaction

up to 99% ee
Org. Lett. 10, 1445 (2008).

(0] COOH (@] (0] COO
* N ONHPh  CuSO,5H20 (cat) OH o 0 \ OH
PhN=0 10 mol% K K O
DI:AF = - R! - HLH 30 mol% PhyP=CHCO,Et RH/Y\/COZB
s MeOH, 0 °C | o |
slow addition AcO R? DMF, -20°C AcO'N R?
79%, >99% ee 87%
up to anti: syn=>20:1

Angew. Chem., Int. Ed., 43, 1112 (2004).
J. Org. Chem., 69, 1548 (2004).

up to 99% ee
i ) Adv. Synth. Catal. 356, 3106 (2014).
Three-Component Cross-Mannich reaction of aldehydes

OMe
o OMe D—COOH /©/
Q N 10mol% HN
H + + HLH CHO
i NMP, -20 °C
NH, Me Angew. Chem., Int. Ed., 42, 3677 (2003).

Adv. Synth. Catal., 347, 1604 (2005).

90%, 98% ee
Nature Protocols, 2, 113 (2007).

anti: syn=1:>95




Reaction by proline-derived catalyst

Reaction by siloxyproline catalyst

-

o>

0
o H CF3CO,”
30 mol%
H
NMP, 0 °C

0

J. Org. Chem., 72, 6493 (2007). |

.

Reaction by cystein-derived catalyst

-

o (I
S
+
L-C cvo
2
Ph\n/\/\/\/CHO CF3CO,~ 10 mol% Ph
(0] 0]

0
acetone, 0 °C quant, 99% ee

cis :trans=8.3 : 1
J. Am. Chem. Soc., 127, 16028 (2005).

. J

TBSO,,

D—COzH This catalyst is more
N reactive than proline.

H

a-aminoxylation
(0] (0]
o+ PINO — PhHNo,,.HkH
Ph Ph

L-proline 24 h, <5%

Siloxy proline 2 h, 50%, 99% ee

Mannich reaction OMe

0]

PN

+

Ph” "H

MeO.
< .
—_
NH O
NH, ph)\/lk
L-proline 20 h, <5%
Siloxy proline 20 h, 63%, 96% ee
Adv. Synth. Catal., 346, 1435 (2004).

Reaction by prolinate salt catalyst
;

Reaction using two catalysts system

Michael reaction

a-aminoxylation
D—COQK
i N 2mol% NaBHq4 PhHNO,
y *+ PhN=O \(\OH
Bn MeCN, 0 °C MeOH, 0 °C Bn
L-proline 23 h, 90%, 98% ee
proline Ksalt 4 h, 99%, 99% ee
Org. Lett. 19, 4155 (2017).
Mannich reaction
OMe O— K
o o N co PMP.
/L H 10mol%  NaBH, NH
T +
FZ HkH NMP, -20 °C /kr\OH
TIPS
NH TIPS
2 L-proline 20 h, syn:anti = 5:1, 92% ee
proline Ksalt 5 h, syn:anti = 9:1,99% ee
Org. Lett. 20, 2391 (2018).

Polymer supported Diphenylprolinol catalysts

7.5 mol%
15 mol% HQ,
Ph y o}
Ph w
N . N
OSiPh,Me OH
0 o H =g i Ph O
H . H,0, p-nitrophenol Et0,C P
| EtOH/toluene, RT
Ph ; PhsPCHCO,Et
74%, 96% ee
syn:anti=15:1
Angew. Chem. Int. Ed. 57, 1958 (2018).

PS-PEG-N,
Cus0,
DIPEA
—_—
THF/DMF
40°C

Ph

§ OTMs

Reusable

s

o{’\/oh/\ NN\:;\O

Immobilized on PS-PEG resin

high reactive PS-PEG type catalyst
42

Ph
N Ph
H  OAnt

in H,0

0]

H)H + Ph/\/Noz

30 min
5:1 dr, 93% ee
Bull. Chem. Soc. Jpn. 2021, 94, 790.




Organic solvent free reaction
:Organic solvent free Dry and Wet condition asymetric aldol reaction with proline catalyst

aldehyde-aldehyde
O—COQH
N OH O

(o}
J?\ HL H (cat) ;
* H R H
1
R H R2 neat R2
anti: syn=up to 14 :1
. i to 95%
in water in the presence up to 95% ee
of water
aldehyde-ketone
"in water" : The participating reactions are dossplved homogeneously in water. O‘COZH
(o} N OH O
0] H (cat) H
"in the presence of water" : The reaction proeeds in a concentrated organic Jj\ + R3 —_— R! R3
phase with water present as a second phase that influences the reactoin in the R H R2 water (3 eq.) )
former. R
anti: syn = up to >20 :1
Angew. Chem. Int. Ed. 45, 8103 (2006). up to >99% ee
. . Chem. Commun. 957 (2007).
:Intermolecular aldol reaction between aldehydes in the presence of water
0 Organic solvent-free aldol reaction|
/\A/\)J\ « Hydrophilic part
Hydroph(;bic part N Co24 H,O (3.8 mL)
H 10 mol%
water phase ¢ 9 Q
cl o o NaBH, Cl OH D— ©)LH
+ > ———>» CO,H
H HL H water, 0 °C MeOH OH N
Me H 79mL 93mL
97%, 99% ee organic phase (70 mmol) (105 mmol)
anti/syn=19 : 1 Cl  OH CO,H
Angew. Chem. Int. Ed. 45, 5527 (2006). H
249
o (30 mol%)
-Organic solvent free asymmetrric aldol reaction between ketone and aldehyde
/\ ( ; Cl OH o
0} (o} =
2.5 g silica gel |5y H é
16.4 g (94%)
Distillation anti:syn=14:1
96% ee

74g(1eq) 13.7g(2eq.)

; ; Filtration
(60 mL AcOEt) TBDPSO,,
N COH :Self aldol reaction of propanal in water - reaction in water with proline-amide catalyst
2 days H
259 mg (1 mol%)
D—CONHZ
N OH O

S~ !“ 3
A E [0}
. S o OH O H (cat.) H
g f‘ H H > H
water
high enantioselectivity
10 g (70%)
anti:syn=10:1 Chem. Commun. 2524 (2007).

Distillation
>99% ee
Angew. Chem. Int. Ed. 45, 958 (2006).
Chem. Eur. J. 13, 10246 (2007). :Organic solvent free asymmetric Diels-Alder reaction with proline derived catalyst

water
decantation then

-Organic solvent free asymmetrric Mannich reaction with proline catalyst
o m distillation
TBDPSO,,, N- @
O_{ N oup oA =
~ (2.64 g, 20 mmol) (4.7 mL, 60 mmol) E
e OHC

N-N

OMe
Q 2 10mol% H H
b
MGO%H . . é - MeO

ter, 0 °C MeO o

NH, water, 5mol% F3C CF3 Ph

CF3 exo:endo=82:18
3.29,81%

MeO
93%, 95% ee
w 97% ee

syn:anti=4.6:1
RT,8h

Org. Lett. 10, 21 (2008).

-Effect of water on aldol reaction with 20 proteinogenic amino acid
o 20 proteinogenic OH O CIO4
Ho s aminoacid (30 mol%) - Angew. Chem. Int. £d. 47, 6634 (2008).
DMSO and aq. DMSO
O,N O,N
<5-89%, 0-96% ee

anti: syn=0.8-13: 1

positive water effect
(Gly, Ala, Val, Leu, lle, Phe, Trp, Pro, Ser, Thr, Tyr, Cys, Met, His, Lys, Arg, Asp, Asn, Glu, Glr)

Synlett 1565 (20086).




Application of High Pressure Induced by Water-Freezing to

1,4-asymmetric induction using Cobalt alkyne complex

the direct catalytic asymmetric reaction

The novel method of high pressure by water-freezing: = H OMOM 0O MesZnLi OMOM OH
MOMO,,. =z —_— H —_— H
R H

The high pressre (cat. 200 MaPa) is easilly is essily achieved Z
simply by freesing water (-20 °C) in a sealed autoclave.

(OC)3Co5—"Co(CO)s
up tp anti : syn = 16:1

(e}
-Mannich reaction
H OMOM O NaBH OMOM OH
OMe Meo MOMo,, — s s, : :
o CO,H ( R/VLH R/>7(\H

Q- *—’o** B

(0C)3CoZ="Co(CO);
up to aniti : syn =1:23
Organometallics 2008, 27, 163.

Research about of chirality
1 atm, RT 0%, -% ee

200 atm, 20 °C  99%, 96% ee E>—C02H

J. Am. Chem. Soc., 125, 11208 (2003). 7 1) stlrred for 24 h
-Aldol reaction -Michael reaction -Baylis-Hillman reaction "
Tetrahedron Lett., 45, 4353 (2004). Chem. Lett., 296 (2002).  Tetrahedron Lett., 43, 8683 (2004). —>
D-"COZH 2) filtration
N

H prepared 10% ee

(L-proline excess)

99% ee (L) solution

Amplification of ee from initial low ee |::> The key to find out origin of chirality

Angew. Chem., Int. Ed. 45, 4593 (2006).




Metal-free oxidative transformations using O,

Nef reaction using molecular O,

0,
NOz2  iguok JJO\
R OR? CH;CN R OR?
up to 95%

Proposed Mechanism

. “0-0- -0-0 2
Gt 6™ 0.+.0 6.+,0 0.0 0.0 R OO~ P
NO, _ base N e N ’o o ('\N:_\ 5o Lj\l(v’o\ R2 o]
O < P 1 -
R OR2 R1JI\R2 R1ll\R2 R1J\R2 J< -NOy R1JkR2 R"°R2 R -NO; R" "R?
Chem. Eur. J. 2014, 20, 15753.
Oxidative amidation of primary nitroalkane and amine Proposed Mechanism
R2 Os. .0 0-N=0
I, or le N Ar I
R1J\ s HNCOR' 22 R1J\[( \/COQR" : R/l‘\l —
NO =) 2t NO NO, NOz [ RN
2 2 4t +1* /{\ \ Q NH,R' o)
Readily available No eplmenzatlon )\ R I R | Ay ——
R”™H base base " | ° é NO> R NHR'
BocHN 0, (1 atm) BocHN O-\* R/;\‘ f(x— lor NOZ)
COOMe |, (1 KoCO;3 (2
> (1eq.), KoCO3(2eq.) COOM P o (oN
Ph + HoN —_— Ph v e R 2 Q.
NO. “—pp  toluene/THF (1:1,0.1 M) |
1, 20 h Chem. Eur. J. 2016, 22, 5538.
(1eq.) (2eq.) SPh
68%
Angew. Chem. Int. Ed. 2015, 54, 12986.
Sterically demanding oxidative amidation of a-substituted malononitriles with amines
oN o O, (1 atm)
2 Cs,CO3 (2 eq.)
R Cs,CO!
CN + HN® 223, . . 4A MS (100 mg)
8 R! @ CH3CN (01 M)
Broad scope 8h

Minimal waste up to 96 % (1eq. ) (2eq.) O%
A . Chem. Int. Ed. 2016, 55, 9060.
Sterically demanding ester formation of a-substituted malononitriles with alcohol ngew. Chem.
CN 0, 0]
Cs,CO
R%CN + HX-R =S, E%O®
R i
X=0.S Broad scope o
’ Minimal waste up to 96 %

Eur. J. Org. Chem. 2019, 675.

Application to peptipe synthesis
PGHN—(A) 0, PGHN—(A) Broad scope
GHAN=(A)n_ CN Cs,CO4 HAN=(A)n_ ~OR  Tripeptide : Boc-Phe-Gly-Phe-OMe (18 examples)
N/Y + HN—(A)—OR DMF/H,0 = 6/1 N/\ﬂ/ (A Tetrapeptide : Boc-Phe-Gly-Leu-Phe-Ot-Bu (5 examples)
CN F\?T - o Unprotected amino acid : Boc-Phe-Gly-Phe-OH (4 examples)
Chem. Commun., 2021, 57, 4283.
Direct cyclopropanation by light mediated single electron transfer
Blue LED Rig
KOt Bu 2
AT L Ao cN
C DMSO Ar -
35 °C CN
H ®
N . _CN  HI Q. cN
Ar/\e/c blue light (465 nm) Ar)\/c L Ar/ﬁ/c R,
SET O Rz
CN CN CN R
N KOt-B -
o /\(C Ot-Bu . Y on - [ACOK] R,
CN o -[KNPhth] & Ar CN
Ao Q AcO -[CO2] ACOYRZ N
c = > .
R. ~
Rz(l) R ZI{lPhth—l R cross-coupling
R; 2NPhth +

Autoinductive oxidation of o,a-diiodonitroalkanes Halogen bonding of N-Halosuccinimides with amines

0,
‘Xl I (cat.) O>-<O L also work
£ No, & No, as catalyst
(o}
N—I|
’) HOR' °
OXO
. R7'NO,
0-0
0, X /
NO,

Chem. Commun., 2018, 54, 6360.

Chem. Eur. J. 2021, 27, 5901.

HO

A

without H* : slow

Helv. Chim. Acta., 2021, 104, €2100080




