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Total Synthesis of Bioactive Compounds

epoxyquinols oH o CPC-1, ent-convolutamydine E, and
o o H NMe wno, half segment of madindoline A
<\__/7 ’ \/U\q — O —, O OH  CHyCl,
CO,Me H 0°C
OH (¢] HO,,
ML Ar
oxidative dimerization Me™ "H N Ar R
R + H OH HO
o] Ar=3,5-(CF3),-C¢Hs /@\)QCHO
(o]
o /CE%:O ooHCoH | »
oH R N_ DMF “otips
5 o] OTIPS R=H, 73%, 85% ee key intermediate
_ (o] R=Br, 86%, 82% ee
-Me "
syn Me o
exo-homo
Br
HO, «~_OH
- o
(o]
MH Meo H Me fVIH o el _o Br H
€ € i ent-convolutamydine E
epoxyquinol A epoxyqumol B epoxyqumol Cc epoxytwinol A N Y
Bu
angiogenesis inhibitor madindoline A Org. Lett. 2009, 11, 3854.

Angew. Chem., Int. Ed., 41, 3192 (2002); Tetrahedron Lett., 43, 9155 (2002);
Tetrahedron Lett., 44, 7205 (2003);J. Org. Chem., 69, 1548 (2004);
J. Org. Chem., 70, 79 (2005) ; Org. Lett., 8, 1041 (2006).
Review; Eur. J. Org. Chem., 23, 3783 (2007).

El-1941-1, EI-1941-2, EI-1941-3 formal total synthesis of nikkomycin B

three-component cross-Mannich reaction
0 mol%

TBSO.
cat. Pd(l) o 0 e Q'COZH TBSO\@ \©\
benzoquinone A Pr I NH O
—_—T

o |
TBSO O NH, -20°C O e \ Me
syn:anti=14:1, 96%ee

OMe

JPr JPr
o HO™ o TBSO.
HO OH HO O HO O \©\
EI-1941-1 EI-1941-2 EI-1941-3 LIAIH(O'Bu); NH OH
—_— I
ICE (interleukin 1-p converting enzyme) inhibitor THF, -78°°C 0 |
Org. Lett. 2004, 6, 4535. \ Me nikkomycin B
J. Org. Chem. 2005, 70, 9905. antifungal activit
Tetrahedron, 2005, 48, 11393.
azaspirene, pseurotin A, synerazol, FD-838
Me _Me OHC Ph " \/\ fe)
9 Q"o MgBrz OEt, € o\\OMe Ph HO, ¥-NH
— i —» | Et O Ph
— B S
Et/\)I\OMe Et‘\_§*0Me \85/ Ty
TBSO

Et'l HOH O  4TIPS

'

Eta~o~00 R oQL k ool 1
X Ph N | N ph
me” ' QHOH Et HOy OH ove Me
S

OH
azaspirene pseurotm A

synerazol
angiogenesis inhibitor neurite outgrowth in PC12 cell antifungal antibiotic

diffrenttiation of leukamia
antifungal antibiotic

J. Am. Chem. Soc. 2002, 124, 12078. Org. Lett. 2003, 5, 2287. J. Org. Chem. 2005, 70, 5643.
(+) - cytotrienin A Bioorg. Med. Chem. Lett. 2009, 19, 3863.
o

Asymmetric cross
g O aldol reaction

0 10 mol% &
Me CO,H Me Me
HJ\/ N 2" NaBH, HO o
OH" - O, — \\'k W O,
HO PMP* 0

Y o neat, 4°C,48h  MeOH i) )
| / 64% (3 steps)

After Recrystallization
OMe >99% ee, > 99% de
No column chromatography

1) Grubbs 1st cat.
—_—

2) Amberlyst 15

OMe 0 (+) - cytotrienin A
apotosis indcing activity in HL-60 cell

Angew. Chem. Int. Ed. 2008, 47, 6657.




fumagillins, ovalicins, panepophenanthrin

@ -aminoxylation

10 mol%
o
N COoH ONHPh
—H .
o° o
)
>99% ee
[o}
ij + PhN=0
oo
—/
ONHPh
—_—
10 mol% oo
COdco
H >99% ee

epolactaene, NG-391, lucilactaene

LDA

Me
CH4CHO

_78°C Bu0” 0

formal total synthesis of fostriecin

[o]

H ZnBr,, "BuLi

(-)- oseltamivir (Tamiflu®)

1 st and 2nd generation

5 mol%
( > Ph EtO.
ph EtO” Ft\n/COzEt
\)L N oms
H cchzco2 Cs,C03
NO ; EtOH, rt
fBuozc/\/ 2 tBu0,C
(ClOCl), TMSN; NH,
TFA cat. DMF pyridine  AcOH  zn TMSCI  gas bubbling

iK2CO3

6-reaction "one-pot"” sequence 81%

i
BuochOTBS — s> HO N oTBS —————>
Me THF-HMPA Me

OTBS
,,‘ OH
[
>
(o} OH
(o] RK-805 fumagillol FR-65814
angiogenesis inhibitor immunosuppressive effect
\
70 7 Colle 7Oote e
) o ‘/\l/w/\//J‘Me (‘\]/W/\/\Me
(0)
/. | Yy oMme Ny ‘OH
O~ o o
oTBS ovalicin 5-demethylovalicin
angiogenesis inhibitor
Angew. Chem., Int. Ed., 45, 789 (2006),
ReView; Chem. Eur. J. 2010, 16, 3884.
p
HO Me
o e
OH Me\Mei OHO
ol Me o ~ E—
H,0O
OH o
A0 panepophenanthrin
ubiquitin-activating
- dimerization L enzyme inhibitor

Chem. Asian J., 1, 845 (2006).

Me
S
tguo” o M 1

epolactaene Me
neurtie outgrowth in SH-SY5Y cells

Chem. Lett. 1998, 313
J. Org. Chem. 2002, 67, 9443.

neuronal cell-protecting molecule

Tetrahedron, 2002, 58, 9839.

1,4-asymmetric induction

OBOM
OPMB

lucilactaene
cell cycle inhibitor
in p53-transfected cancer cells

Angew. Chem. Int. Ed. 2005, 44, 3110.

C (co allylSnPhg (CO);
W 9BOM Co,(CO)g ¢ c)fo-CO Jbom TiCl(OPr), Co— Co “Bbom
< —_—
N OPMB CH.Cl HW/\OPMB CH,Cl, \/\)As/\/\OPMB
Mé OH O Me OH OH Me OH
60%, syn:anti=92:8
1,3-asymmetric induction
\ OTBDPS
Me \\_/_—_/_ OTBDPS
Z Me,X?\)OL —

e A

single diastereomer

o

aHO,PO0 OH (Z
= A Z OH
Mé OH

fostriecin

PP2A inhibtor

Chem. Eur. J. 2010, 16, 10150.

NO, N

AcHN™
NH,
(-)-oseltamivir
\__neuraminidase inhibtor

Angew. Chem. Int. Ed. 2009, 48, 1304.
Chem. Eur. J. 2010, 16, 12616.
Eur. J. Org. Chem. 2011, 6020.

Total yield : 60%

Org. Lett. 2008, 10, 1405.




(-)- oseltamivir (Tamiflt? )
3rd generation

10 mol%

O"'PhPh EtO. #

o N |_ EO \n/COZEt
H  0siPh,Me

0. CO,Et
O e it | Y
H N AcHN/\ HCO,H Cs,CO;3 TMSCI gas bubbling AcHN .
© NO, CICgHs i EtOH, rt KoCO4 NH,
(-)-oseltamivir
"one-pot" operation : 34%
Chem. Eur. J. 2013, 19, 17789.
ABT-341
10 mol% EtO. HN =
)oj\ { S EtO” 'A Co,'Bu /\Nr /
Me” “H Ph T \<
. N omms ; CFs
Fj@(\/"loz Cs,CO;3 PryEtN CF;CO,H TBTU Zn
F F 6-reaction "one-pot" sequence : 61%
ABT-341
DPP4 selective Inhibtor
. Angew. Chem. Int. Ed. 2011, 50. 2824.
Prostaglandin E4 methyl ester
5 mol%
Ph 9 O
o N ""'|—Ph (MeopP I~ o~ O,N
H 4+ 0N A~ A~~~ H otms PrEN LiCl, 'Pr,EtN CO,Me  (-)-DIPCI
H i CO,Me HO R —
o) = NN
3-reaction "one-pot" sequence : 81% o
O,N DABCO H,0, aq. Zn ~o~~_-CO,Me
CO,Me AlO3  then/Pr,EtN  NaOHaq.  NH4Clag. {j\/\
HO P 3
oH Ho
4-reaction "one-pot" sequence : 25% PGE, methyl ester
Total yield : 14%, 3 pot
Angew. Chem. Int. Ed. 2013, 52. 2824.
(-)-Horsfiline and (-)-Coerulescine
20 mol % Ar = 3,5-CF3-CgHj-
Ar
\
H OTMS N
Zn R 4
m DBU _ MeNO,, H0 AGOH Na, NH; R
—_— —_— > fo)
then IPI'OH then THF, -78 °C N
H,SO4 aq. H,CO H
R =OMe R = OMe, 90% R = OMe, 95% ee R = OMe, 46% R = OMe, 80% (-)-Horsfiline: R = OMe
R=H R=H, 89% R=H, 94% ee R=H, 69% R=H, 77%
(-)-Coerulescine: R=H
4-reaction "one-pot" sequence
Total yield
Three "one-pot"” operations (-)-Horsfiline : 33%
.. (-)-Coerulescine : 46%
(S)-ethOSUXImlde Chem. Eur. J. accepted for publication
10 mol%
Ph o
[o} N Ph
H H OTms H
| + EtNO, ——————  MeO.
MeO. 2 g
o O NO,
dr=1.2:1 (S)-ethosuximide

87%, 94% ee

Total yield : 13%
Chem. Eur. J. accepted for publication
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Reaction using diarylprolinol silyl ether derivatives as catalyst
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Development of 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

Ary Ar

0o 1) CICO,Et Ar Ar Ar, Ar I
K,CO;, MeOH OXOH KOH imidazole profine.
OH ") ArMgBr, THF N MeOH N DMF N O™
N ’ / H H modified.

H CO,Et

Michael i
ichael reaction P PR

) H 10 mol% Ph O

Ph/\/Noz + H OZN\/\)I\H
hexane, 0 °C H

85%, 99% ee

Angew. Chem., Int. Ed., 44, 4212 (2005).
Michael reaction Ph Ph
0 H 10mol% 0
J)\ @ p-NO,CgH,OH J)\ J)\H
H +

o | T MeOH.RT o @

84%, 92% ee
Angew. Chem., Int. Ed., 45, 6853 (2006).

Diels-Alder reaction Ar = 3,5-(CF3),CgH3-

Ary Ar
E)’\}XOTMS
o] H, ClO4
0,
"o+ @ Smal% _ onc + Ph
| H,0, RT
Ph Ph CHO
exo : endo = 80 : 20, 97% ee (exo)
Org. Lett, 9, 2859 (2007).
Angew. Chem., Int. Ed., 47, 6634 (2008).
Michael reaction
Ph_ Ph
oTBS %
o 2
R H 10 mol% SH
[ gl RN
3 tol .0°C v o
- 0PNy R oluene R \>—R3
o) (0]
up to 99% ee
up to >90% de
Chem. Asian. J., 4, 246 (2009).
a-Benzoyloxylation
Ph. Ph
WOTBS
[¢] o ) (@]
H 10 mol%
N J_o__pn Ph_O,, HL
HLH P 0T THF, RT bl H
(¢] O Me

78%, 92% ee

. o . Chem. Commun,, 3083 (2009).
Michael / cyclization reaction

Ph Ph
OTBS
o H 10 mol% Bu,NH
@ p-NO,CgH,OH p-NO,CgH,OH
H o+ .
| MeOH, RT MeOH, RT Ph"

P 63%, 95% e

Tetrahedron, 66, 4894 (2010).

Michael / aza Henry / aminal formation / additional reaction

Ph_ Ph
-Ns
N omvs )lN A~TVS
2 H 10 mol% Ph TiCl, Me. -Ns
Ph/\/NOZ * HLH | RT 1,4-di CH,CI g
toluene, ,4-dioxane -
Me ! evapo Cl ppe Ph

up to 99% ee
Single diastereomer

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

This catalyst is synthesized in short steps from

Substituents on aryl and silyl moiety are easily

Excellent enantioselectivity is obtained

Michael reaction

+ MeNO,

Tandem Michael / Henry reaction

P N0z +

HO\(O/\rOH

Formal aza [3+3] cycloaddition

Ph. Ph
OTMS
H  10mol%
PhCO,H Ph O
MeOH, RT OzN\/\)LH
90%, 95% ee
Org. Lett., 9, 5307 (2007).
Ph Ph
oTMS OHG.,
H 2 mol%
THF, RT PR OH

NO,

66%, 99% ee
Angew. Chem., Int. Ed., 46, 4922 (2007).

Ph_ Ph

NHBoc H

[¢]
H +
s

Ph

)\ —_— NBoc +
Ph  (CH,Cl), 70°C L
Ph" Ph

Eh?)/\onas oH oH
10 mol%
NBoc
PE N ph
o B

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

Formal carbo [3+3] cycloaddition Ph ph
OTBS

10 mol% OMe
PhCO,H ¢}

CH,Cl,, RT R™ (e)

MeO”™ ~O 07 “OMe
up to 99% ee
Org. Lett., 11, 45 (2009).

Michael reaction / isomerization Ph Ph
OTMS
o oy M 10mol% OH oH
J/ PhCO,H NaHCO3 (o] 6)
H + > +

| ON MeOH,RT ~ MeOH,RT g RN

R NO, RO,
a b
upto99%ee,a:b=9:1
Org. Lett., 11, 4056 (2009).
epoxidation
Ph. Ph
E>)<osnv|eph2
Q N 20mol% Q
R H + HOOH R H
hexane, RT :

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

Michael / Henry / acetal formation / additional reaction

Ph_ Ph o
o OTMS H” °R3
NO. H 10 mol% DBU
1R 02+ HL
R 2 H toluene, RT MeCN
R ; evapo
NO,
up to 99% ee
Single diastereomer
Angew. Chem., Int. Ed., 50, 3774 (2011).



Reaction using diarylprolinol silyl ether derivatives as catalyst

Mannich reaction Ar Ar Ar = 3,5-(CF3),CgHs-
E'}XOTMS
H 10mol% T
NHTs 0 NaHCO, _ NH o
SO,Ph HKH 1,4-dioxane or brine, 10 °C RVYLH
R? R2
R' = alkyl up to 99% ee
oraryl Chem. Eur. J., 17, 8273 (2011).
Mannich reaction Ar, Ar Ar = 3,5-(CF3),CeH3-
E'}XOTMS
H 10mol%
.Bz 0o Bz«
N . )L p-NO,CgH4CO,H NH O
Ph)\H H THF, 4°C Ph H

87%, 98% ee
Angew. Chem., Int. Ed., 47, 9053 (2008).

Ar, Ar
DXOTMS

Mannich reaction Ar = 3,5-(CF3),CgHj-

o H 10mol% Ts
NHTs NaBH N
+ NaHCO; 4
cl
\)\SOQPh RHL H 1,4-dioxane, RT MeOH l>\5/\0H
R

up to 99% ee

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

Michael reaction

Ph Ph
o
MeNO, N 10-20 mol% ?LH Z
H o+ - >
| o MeOH, RT 1%, NO,
) EtNO, : R™
R R3

up to 94% ee
Chem. Eur. J. accepted for publication

[6+2] cycloaddition reaction

Formal C-H insertion

Ph_ Ph
E’})(OTMS
4o H 20 mol% MeNO, ON
DDQ NaOAc 0
Ar)\/u\H THF MeOH Ar)\/u\H

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

Michael reaction
Ph  Ph
OTMS
10 mol% Ph O

oN AN

75%, 96% ee
Angew. Chem., Int. Ed., 47, 4722 (2008).

N
0] H

Ph/\/Noz +
H 1,4-dioxane, RT

Michael reaction (1,4-Addition versus 1,6-Addition)

Ph. Ph

0
OSiPh,Me
N
| H H 10mol% s 3
R3 +MeNO, — ,,/Noz +R
MeOH, RT
| R2

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

Ph_ Ph

OTMS
H 10 mol%
_—
toluene, RT

T

A

N H:H

I ”
up to 99% ee

Concerted Mechanism
J. Am. Chem. Soc., 133, 20175 (2011).

Reaction catalyzed by proline

Direct catalytic enantioselective a-aminoxylation
o) D‘COOH o)
HJ\ +  PhN=O N 30 mol% HJH,.\ONHPh
Me CH3CN, -20 °C Me
slow addition

quant, 98% ee
Tetrahedron Lett., 44, 8293 (2003).

0] COOH o

+ PhN=0 u 10 mol% «ONHPh CuSO4 5H,0 (cat) WOH
DMF, Towroc MeOH, o°c

slow addition 79%, >99% ce 87%
Angew. Chem., Int. Ed., 43, 1112 (2004).
J. Org. Chem., 69, 1548 (2004).

HN

Three-Component Cross-Mannich reaction of aldehydes

COOH
H 10 mol%
CHO
T R 20°C
Me

90%, 98% ee

L anti : syn=1:>95

Aldol / acetalization reaction

OMe
HO_O<_OH 0 H 10 mol% p-TsOH
+ > MeO
R™ "H DMF, RT MeOH
R” "O” "OMe
up to 99% ee
Aldol reaction Org. Lett. 10, 1445 (2008).
o o N COOH oH
R1\HLH . Hj\ H 30mol% PhP=CHCOEt ! SUCOsEL
| H |
DMF, -20 °C 2
AcO” R Ao R
up to anti: syn=>20:1
up to 99% ee

Angew. Chem., Int. Ed., 42, 3677 (2003).
'Adv. Synth. Catal., 347, 1604 (2005).

D<COOH

Adv. Synth. Catal. accepted for publication

Nature Protocols, 2, 113 (2007).

Reaction by proline-derived catalyst

Reaction by siloxyproline catalyst

s O
LA

CF,CO, 10 mol% Ph

CHO

Ph MCHO

O

o
quant, 99% ee
cis:trans =8.3:1
J. Am. Chem. Soc., 127, 16028 (2005).

acetone, 0 °C

e 7\
TBSO,,,
EY\ (:] oo OCOzH This catalyst is more
e} N reactive than proline.
Q N crcos N
30 mol%
H ~a-aminoxylation
o) NMP, 0 °C 0 0
J. Org. Chem., 72, 6493 (2007). H + PhN=0O - = PhHNO"‘HLH
Reaction by cystein-derived catalyst Ph Ph
L-proline 24 h, <5%

X . A o
Mannich reaction oMe Siloxy proline 2 h, 50%, 99% ee

MeO.
9 . +i_,<lm

Ph™ "H

NH, Ph
L-proline 20 h, <5%
Siloxy proline 20 h, 63%, 96% ee
Adv. Synth. Catal., 346, 1435 (2004). )




Aldol reaction by diarylprolinol as a catalyst

This catalyst is synthesized in
proline.

This is effective olganocatalys
enantioselective aldol reaction
Excellent enantioselectivity is

CICO,Et
K,CO4

O “VieoH

Ar,

Ar Ar, Ar
OH OH
cl o N Cl OH
0 10mol% NaBH H N o
W L H 4 4 ©/\/\OH , 9 H._10 mol% oJ\o NaBH,  OH
H DMF, 4 °C MeOH o H AN
, H NMP, 4 °C MeOH OH
A, ”
82%, 98% ee 56%, 82% ee
Angew. Chem., Int. Ed., 47, 2082 (2008). Org. Lett., 10, 5581 (2008).
HO, _ An Ar
Br HO, « MeQ, «
HO R S
N 2 OH S S
R 0 o H 30 mol% CHO /@jg/ Cb:é \ll\‘Me
o . )L __ CICH,COMH > Br N N H N H
R N W oW ) half f " t of e
OTIPS x : a half fragment o .
LOTIPS R=H. 73%. 85% e ent-Convolutamydine E Madindoline A and B CPC-1
R = Br, 86%, 82% ee Org. Lett., 11, 3854 (2009).
A
OH Ph3P=CHCO,'Bu : CO,'Bu
> R 2
)OJ\ O H 10 mol% (?H o EtOZC/\"R/\/
.
H EtO,C H
EtO,C” "H Hl\ aq MeCN 2 I MeOH, PPTS (?)H OMe
Polymer form EtOZC/\‘)\OMe
R
up to 99% ee
COZEt Org. Lett., 12, 2966 (2010).
OH OMe
Ph3P=CHCO,E! 2
Ar, Ar 5P=CHCOAEt Cll A om KoCOs ?}Y\/COQEt
e
B OH R R
0 Q H 10 mol% oH O -
Cla_~ —
0|\)kH HLH R \/\HLH
40 Wit in water R I o OMe
s,
o In water HC(OMe)s, TsOH OH K,COs 2
cl o COsEt | —————> OMe
\/Y\/ L
L R up to 99% ee
Angew. Chem., Int. Ed., 50, 2804 (2011).
Ar Ar Ar, Ar
OH o] Er}XOH oH o 1 EQXOH o
= A PhyP=CHCO,Et 2
. HI\H H  10mol% PhsP=CHCO,Et FSC/\‘/\/C%E‘ OH H H 10 mol% PhsP=CHCO;l CO,Et
Foc OBt J toluene, RT R 0 R THF, RT 0 R
In 10% EtOH up to 96% ee 40 wt% in water up to 99% ee
Synlett, 485, (2011). Chem. Commun., 48, 4570 (2012).
Ar Ar Ar
OMe
OH o o MOH OH
i o} N 30 mol% Ts0H MeO H + b % PhsP=CHCO,Et :
HM(H . H ©  HC(OMe)s OMe \I])LH HJ\H H 10mol% N3 2 EtOQC/vY\/COZEt
3 R”H DMF/H,0, RT R” O 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
H " H 10mol% PhsP=CHCO,Et A COoE OH H 30mol%  PhsP=CHCO,Et Ho/\/\/COzEt
> H /Y\/ . HLH
R! R? 1,4-dioxane/H,0 R! R? OH R toluene/MeOH R
RT up to 99% ee 500 up to 99% ee

ChemCatChem., 5, 2887 (2013).

37 wt% in water

Chem. Lett. 43, 556 (2014).




Organic solvent free reaction

-0

+"in the water” or “in the presence of water” ?

“in water” :
“in the presence of water”

the former.

/\/\\/\/ﬁ\

Hydrophoblc parrt

=N

in water

: The participating reactants are dissolved homogeneously in water.

: The reaction proceeds in a concentrated organic
phase with water present as a second phase that influences the reaction in

+Intermolecular aldol reaction between aldehydes in the presence of water

in the presense
of water

Angew. Chem., Int. Ed., 47, 634 (2008).

« Hydrophiic part

O‘COzH

H 10 mol% oH
NaBH4 z
> OH

Ko,

+Organic solvent free asymmetric aldol reaction between ketone and aldehyde

MeOH Me

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

water, 0 °C

2.5g silica gel

Filtration
(60 ml AcOEt)

2 days

Distillation

»alile

749(1eq) 137g(2eq)
TBDPSO,

{Pcon
H
259 mg (1 mol%)

OH O

/ 10 g (70%)
™ 9(70%)

anti:syn=10:1
>99%ee

Angew. Chem., Int. Ed., 45, 958 (2006).
Chem. Eur. J., 13, 10246 (2007).

MeO\(E
H

OMe

iMe
NH2

SO

positive water effect

- Organic solvent free asymmetric Mannich reaction with proline catalyst

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

TBDPSO,, -
a
NN PMP~.
H

H

10 mol% H

MeO.

[}
water,0 °C OMe

93%, 95% ee
syn:anti=4.6:1

Org. Lett., 10, 21 (2008).

O

rganic solvent free Dry and Wet condition asymmetric aldol reaction with

*aldehyde-aldehyde O—oom
)
+
H Ri H
R H Ro neat Rz
anti : syn=up to 14 :1
up to 95% ee
Idehyde-ket:
aldehyde-ketone O‘OOzH
j\ (ﬁ\ H (cat.) QH
+
Rs R1 R3
R H Ry water (3eq.) R2
anti : syn =>20 :1

up to >99% ee
Chem. Commun., 957 (2007).

‘ Organic solvent-free aldol reaction |

% H,0 13 8mL) ©)‘\

= H20 (40 mL) 70mL
(70 mmol)

water phase

N
H
organic phase 249
(30 mol%)
Cl oH o

98% ee

Distillation

- Self aldol reaction of propanal in water — reaction in water with proline-amide catalys

O—CONHZ
N

(cat.)
—_—

Water

high enantiosel ectivity
Chem. Commun., 2524 (2007).

- Organic solvent free asymmetric Diels-Alder reaction with

water

)

D

i
\

Ph/\/CHO

@

(2.64 g, 20 mmol) (4.7 mL, 60 mmol)

RT, 8h

Angew. Chem.,

L com

14.6 g (94%)
anti/ syn=1.4/1

roline derived catalyst

decantation then
distillation

roline catalyst

&

(105 mmol)

OH O

t

OHC

Ph

exo:endo 82:18

3.29,81%
97% ee

Int. Ed., 47, 634 (2008).

20 proteinogenic QH
amino acid (30 mol%) H

& DMSO and aq DMSO

<5-89%, 096% ee
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).




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 pressure (cat. 200 MaPa) is easilly is essily achieved

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

Me Q‘COZH Me0\©\
H

H cat
* /ﬁ\
H

1 atm, RT
200 atm, -20°C

-Mannich reaction

MeO N
MeO

0%, -% ee
99%, 96% ee

J.Am. Chem. Soc., 125, 11208 (2003).
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Research about of chirality

Proposed Mechanism of Michael Reaction
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Amplification of ee from initial low ee The key to find out origin of chirality
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