
O
Hg

Hg
O

O

R
O

R
O

O

R

O

R

R2
Hg

O

O

R1
R2 O

O

R1

P
O

OHArO
OH

P
O

OArO
OH

P
OAr

O

OH

JOC, 1963, 917.
JOC, 1963, 2024.
JOC, 1964, 1385.
Bull. Chem. Soc. Jpn., 
1965, 1954.

Ph CN

O O O

CNPh
NC Ph

R3
P

O

CNPh
NC Ph

Ph

NC Ph

CN

R = OEt

R= nBu

PR3

OEt

O

PPh3

Me
Me

CyMgBr

Cl

Cy
Cy

other supervised works
JOC,19666, 32. TL, 1966, 6247. TL, 1967, 4281.

R1 R2

O
BrMg

R1 R2

ON N
COOEtEtOOC

Bull. Chem. Soc. Jpn, 1968, 1491

PR3

Ph
Hg

Ph

C7H15

I

O
OHC7H15 JACS, 1970, 395.

C7H15 I

Br

C7H15 I
CN TL, 1972, 487

LiCuBu2

Hex/Et2O = 5.7:1
> 90%

CuCH2CN

THF

1968 Corey lab
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Supervised Work (Mukaiyama)

Supervised Work (Corey)

TL, 1969, 23.

Key Words
organo sulfur, selenium, silicon chemistry, organo copper 
chemistry,Mukaiyama aldol, homoenolate, natural product synthesis, 
bioactive molecules.

Top Five Most Cited Papers
Carbon-carbon bond-forming reactions of zinc homoenolate of esters. A 
novel three-Carbon nucleophile with general synthetic utility,
JACS, 1987, 109, 8056–8066. (154 citations)

Enantioselective total synthesis of (–)-taxol,
JACS, 2000, 122, 3811–3820. (128 citations)

Enantioselective total synthesis of taxol,
JACS, 1988, 120, 12980–12981. (118 citations)

Me3SiCl/HMPA-accelerated conjugate addition 
of catalytic copper reagent. Stereoselective 
synthesis of enol silyl ethers of aldehydes,
TL, 1986, 27, 4025–4028. (112 citations)

Chlorosilane-accelerated conjugate addition of 
catalytic and stoichiometric organocopper 
reagents,
Tet, 1989, 45, 349–362. (104 citations)
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R

O

PhS SPh

Li
R

OLi
SPh MeLi

SPh
R

O
SPh

CL, 1972, 291.

Ph
S

Li

Ph Ph

O
Ph Ph

HO
S

Ph Ph
TL, 1972, 649.
TL, 1972, 737.

1. MeLi
2. P(OAr)2Cl 100 ºC

OAc
SPh

SPh

SPh SPh

SPh

RR = Me, 0 ºC, 40:33
R = nBu, –30 ºC, 62:14

LiCuR2

CL, 1974, 625.

Interest in Organo Sulfur and Dialkylcopper Lithium Chemistry

Synthetic Utility of "F– "

OTMS
Me

O
Me

O OMe O
Me

PhTBAF, 
MS4A

THF

O
Me

"naked enolate"
JACS, 1975, 3257.

* TBS group was utilized in synthesis of prostaglandin in 1972

Alkyl-X

O

EtO

O

EtO

TBAF (cat)
enal

TL, 1976, 1699.
TMS
TBAF (cat)

Tet, 1983, 975.
ACIE, 1976, 498.

tBu

TMSO Me
tBu

O
Me

TMSO Ph PhCHO
TBAF (cat)

JACS, 1977, 1265. JACS, 1982, 1025.
JOC 1983, 932. Org. Syn., 1983, 61, 122.

Me

O

Me

OTMS

91% (E/Z = 14:86)

Me Me

Me

O

Me

ETSA
TBAF (1 mol%)

0 ºC

Me

OTMS

Me
84%97%

95% w/ LAD, HMPA

Me

OTMS
Me

ETSA
TBAF (cat)

LiTMP,
TMSCl(Z) (E)

TL, 1978, 2079.

TMS
OTMS

Me

O OTMS
Ph

OTMS
acid/base sensitive

O

Ph

OTMS

52% w/ Me3SiF (2 eq)
3% w/o

Ph

Ph Ph

O
S

Ph
P

OO

stereoelectronic control
exclusive axial attack

OTMSO ETSA (1-1.1 eq)
TBAF (0.003 eq)

no solvent
rt

98%
distilled

JACS, 1976, 2346.

O
Me

OTMS
Me

OTMS
Me

2:86:4

ETSA
TBAF (cat)

THF
reflux

ETSA
TBAF (cat)

THF
–78 ºC

tBu

Me

O Zn
O

Ph

competitive
stereoelectronic/
chelating effects
ax/eq = 56:44

PhCHO
ZnCl2

Me

Me
O

Me
Me

Me
O OTMS

Ph

ETSA, TBAF;
PhCHO

one pot
52%

tBu

O

tBu OH

Me
O

Me

Me

COOEt

COOEt

Mukaiyama-Michael
stoichiometric TBAF

TMS
OEt

O
ETSA =
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R OR'

O
R' = H or TMS

Na, TMSCl

THF R R

TMSO OTMS

R

TMS TMS

OTMS

R' = H or TMS
Na, TMSCl

ether or benzene

TL, 1976, 1591. CL, 1976, 993.
Bull. Chem. Soc. Jpn., 1978, 2391.

R OH

TMSTMS

HCl

OTMS

TMS
R'

JACS, 1977, 4181.
TL, 1979, 4095

O

TMS
R'

Cl

O
R'

TMS

NCS

BuLi
R OLi

TMSTMS

R OTMS

LiTMS Ph

O

Ph

OH

TMS
R'

Cl
δ−

δ+
β-Si effect

OMe
O

OEt Me

TMSO TMS

TMS

Na, TMSCl

TL, 1977, 2001.
J.C.S. Chem. Comm., 1977, 76.

OTMSTMSO
O

Ph

OH1. PhCHO, F-
2. TFA

O

O

JACS, 1977, 961.
JOC, 1977, 4166.

CL, 1978, 1431.
JACS, 1984, 1759.

Org. Syn., 1987, 65, 17.

R R

OMeMeO

BF3•OEt2 1. DMP, LA
2. MeMgI
3. Pb(OAc)4

Me

O

O
Me

MeMeO
Me

O

O

Me

O

O

O

OH

Me

Me
OH

(Z)-lanceol

O
OAc

OBzOBz

O

OBzOBz

OTMS

O

SnCl4

LiHMDS,
TMSCl;
NOCl

BzO BzO

OH
COOH

NC
O

OBzOBz

BzO
NH

O

O

showdomycin

1. NH3,MeOH
2. TFAA

J. C. S. Chem. Comm., 1980, 251.

OEt

OTMS

R = CH2CH2Cl
R' = Et

Na,
TMSCl

SnCl4

Reductive Silylation

OTMSTMSO

Utility of 1,4-dicarbonyl surrogate

O
O

O

O
Nu-

RMgBr/
enolate

O

JACS, 1979, 2208.

Li

Ph

LiO

Me
O

Me
Bu

Ph
Ph

Me
BuBr

Me

NaO Na

TMS

BuLi

Homoenolate

OR

OTMS

RO

O MM

JACS, 1977, 7360.
J. C. S. Chem. Comm., 1979, 708.

JACS, 1962, 4604.

R TMS

O

R TMS

MOVinylMgBr

R

TMSO

Cl O

OR

Na, TMSCl

M

R

OTMS

R
R

OTMS

R

CH2I2,
Et2Zn M

R

TMSO M

O

(–)(+)
(–)

Me

Me
O

KOtBu
250 ºC

(+)-camphenilone

racemic
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TL, 1984, 5307.
JACS, 1985, 5495.

Et TBS

O 1. vinylMgBr

2. BuLi;
                                  ;
TMSCl; enone
TMS Cu•SMe2

Me

OTMS
Et

OTBS

* require this specific Cu(I) source
* TMSCl as the key additive

Me

51%
OTBS

C7H15 COOMe OH
OTMS

Me

Me

1,2-addition
56% + 11% desired

O
OTMS

Me

Me
Ph

acid chlorides

R

TMSO Mg R

C5H11 100:0R TMS

MgO

a b

a:b

63:37nPr

Me

Cy 50:50

35:65
Me

TMS

0:100Et

Et

0:100Ph

Et

0:100Ph

iPr

R

TBSO Mg

R TBS

MgO

c d

R = Me     c : d = 60:40
R = Et       c : d = 15:80
R = C7H15 c : d =  6:82

TL, 1984, 5307.
JACS, 1985, 5495.

Mg homoenolate

R TMS

O

R TMS

HOVinylMgBr

R

TMSO Li
BuLi

(1.1 eq)

BuLi (6 mol%)

TMSO Li

Me

Me
TMSO

Me

Me

Me

"enolate dance"

SM

95%
Z/E = 98:2

R

OLi

TMS–20 ºC
JACS, 1977, 7360.

J. C. S. Chem. Comm., 1979, 708.

TL, 1980, 2745.
JACS, 1984,1773.

C7H15

O

COOMe

TBAF

OMe

OTMS
Me

O
O

Me

Ph O
O

Me

Ph
O

O
Ph

Me

OPh

Me

29       :          32       :        28(rac)   :       11(rac)

1. TiCl4
2. PCHO

3. KOH
4. -H2O

TiCl3O

iPrO

Ti(OR)4 (0.5 eq)

R = iPr or tBu

TiO

iPrO

Cl Cl
OiPr

O

iPrO
R

R

OH

Ti
Cl
Cl

Cl

O

EtO

Cl
Ti

Cl

O

OEt

ClOEt

OTMS TiCl4 Br
COOEt

HO
COOEt

Me

O

EtO

O Ti O

✓ X-ray

E+

R

O

Cl

Cl

R
R
R

Cl ClCl R

R

*TMSCl from homoenolate 
preparation accelerates the 
addition to aldehyde

R

O

R

Ti homoenolate

Scope and limitations

Ring cleavage regioselectivity

ketone

JACS, 1986, 3745.

O

JACS, 1983, 652. 
JACS, 1986, 3745.

Organometallics, 1993, 2845.

OMe

OTMS
Me

TiCl3O

iPrO Me

TiCl3O

iPrO
Me

Cu homoenolate 1,4-addition

Homoenolate vs alkoxide



Yuzuru Kanda Baran lab Group Meeting
12/2/17Isao Kuwajima

Me

AcO

Me

H

H

H

H
Me

Me
OMs

COOiPr

TiO

iPrO

Cl Cl
OiPr

1.

2. MsCl

Me
O

O

1. KOH(aq);
    HCl (aq)
2. pTSA

Me
OH

1. LDA; CH2O
2. MeLi

OH

Me

Me
OH

Me

HO

Me

H

H

H

H
Me

OH
OH

Me

Me
OH

depresosterol

Me

H

O

O
O

O

O

Me

Me

JACS, 1985, 2138.

OEt

OTMS

EtO
O

Zn
ZnCl2

Et2O

O OEt

Et2O

EtO

O Zn O

OEt– Et2O
TMSCl +

JACS, 1984, 3368.

Zn homoenolate

X
Me

OMe

O

1. NBS
2. NaI

X = OH
       I Zn, DMA/benzene

1. TMSCl, Na
2. ZnCl2 EtO

O Zn O

OEt
Me

Me

> 95% e.e. TL, 1987, 337.

OEt

OTMS

Ph

O

OEtPh

1. ZnCl2

2. PhCHO

O

OEtPh

ZnZnCl2

> 98:1
JACS, 1987, 8056.

TMSO Ph

OTMS

COOEt

CuBr•SMe2,
TMSCl,
HMPA

RO
O

Zn
2

Br
COOiPr

HO
COOiPr

R

OBn

TMSO COOEt
homo-reformatsky

prepared from
ZnI2 (cat)
RCHO

Br2

O2

JACS, 1984, 3368.
JOC, 1985, 2804. TL, 1986, 83.
JACS, 1987, 8056.
TL, 1988, 1541. Me

cojugate addition

Me

COOMe

COOiPr

O

tBu

SN2'
✓ allylCl

Negishi

CuBr•SMe2,
HMPA or DMF

acid chloride

O

Ph COOEt

CuBr•SMe2,
TMSCl,
HMPA

Me
O

OEt

Me COOiPr
SN2 with acetal

CuBr•SMe2,
TMSCl or BF3•OEt2

Ph

COOiPr

Ni(cat) SN2
✓ allylCl

EtOOC

Hex O

COOEt

Hex

carbonylation
*no racemization

Pd, CO

Pd or Ni

COOiPr

O

H

Me
Me

H
OTMS

O

H

Me
Me

H
OTMS

Zn(Ch2CH2COOiPr)2,
CuBr•SMe2 (cat),
HMPA, BF3•OEt2

iPrOOC

Me

O

Me

H

H

H

SinPr3O
Me

Me

O

Me

H

H

H

O

OH OO

cortisone

OH

mCPBA

JOC, 1986, 4323.
JACS, 1989, 6257.

Org. Syn., 1996, 73, 123.

Ring cleavage regioselectivity

Utility of Zn homoenolate
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TL, 1979, 419. TL, 1979, 3461.
Bull. Chem. Soc. Jpn., 1981, 3510.

RR

TBSO
OTBS

O
PhSe

(PhSe)2,
(PhSe)2O

O

Me

R
OAc

O

Me

R
SePh

PhSeTMS,
TiCl4

Me

O

Ph

BuLi
or
Li

Me

TMSO
OTMSPh

TMS

Li

Ph

LiO

R
SeO2Ph

EWGR
NaH

Me

O

Me

O

NHtBu

Me

NO2

Me

PhS
O

OEt

TL 1983, 4429.
J. C. S. Chem. Comm., 1983, 1514.

OTBS

SePhO SePhO

*TBHP was used 
instead of (PhSe)2O

TL, 1980, 3209.

R
OTMS

ArOTf, PPh3,
[PdCl(allyl)]2

benzene, 100 ºC

O
N

H

O
C7H15

JACS, 1988, 3296.

COOiPr

MeO 0% iPrO

TMSO X

Pd homoenolate

[PdLn]+OTf-

OMe

RO

O M

Other successful metals
M = Sn, SnBu3, Sb, Bi, Te, Ga, Hg,
Cd, Nb, In

Metals do not form homoenolate
Ge, Si, Pb, Al, Zr, Ta, Cr, Mo, W, Ag Organometallics, 1985, 641.

Se Chemistry

R1 SPh

OTMS

R2

R1 TMS

OTMS

R2

K-Na, TMSCl

Bull. Chem. Soc. Jpn., 1980, 2634.

O
COOEt

O

Me

COOEt

H
O

COOEtMe
SeO2Ph

(E)
(Z)

57%                    25%
                           59%

KH

TL, 1985, 5571.
Regio/Stereo Controlled Lithiation

Ph OH

Ph

SPh

Bu
OH

H
Ph

Bu
H

Li

Li

O
BuLi

BuLi;
LDBB

Ph

El

Bu
OH

d.r. > 95:5El+ Synlett, 1990,671.

LDBB
CL, 1992, 1421.

JACS, 1993, 9021.

Me SiR3

OH

Me

OSiR3

PhS

R = Me 83%
R = Et 70%
R = nPr 49%
syn:anti > 99:1

TMS

Me
OH

Ph

TMS

Me

Me

O

Me

PhSe
SePh

O

Me

SePh

BuLi;
PHCHO, TMSCl

BuLi;
TMSCl

Ph

OTMS

Me

Li

Li
O

OTIPS

SPh

OTIPS

HO

OTIPS

HO

TMSClTMS

1,3-addition d.r. = 99:1

LDBB;
TMSCl

Reductive silyl transfer

*

1,3-addition

Me
SPh OTIPS

OTMS
Me

TMS OTIPS

OTMS

OH
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SPh

Me

O
1. LDBB
2. I2

O
Si

Me

Mes
Mes

Si
OMes

Mes

OH OH
Me

1. DMDO
2. CHCl2COOH;
    LAH

OH

O O
Me

Si
Mes Mes

H

1. DMP
2. NBS, MeOH;
    H2O2, NaOH

OH

Me Me

*
*

*Si
O

Mes
Mes

HO OH

Me

1. DMP
2. NBS, MeOH;
    H2O2, NaOH

O O

MeMe

Me

OH

HO *
**

TsCl, Et3N;
Na2CO3(aq)

JOC, 1997, 4206.

R

OH
OH

R

O
H

Si

O

Hex

tBu tBu1. BuLi;
    tBu2SiH;
    AlkynylLi
2. Swern

JOC, 1998, 2422.
TL, 2000, 5715.

R

O
NHCOOEt

Si

NHCOOEt

tBu tBu
Hex

N

OSi
O

Hex

OEt
R

tBu tBu

NHCOOEt

OSi
O

Hex

R

tBu tBu

H2NCOOEt
CSA

BF3•OEt2

PPTS

MeMe

Me

H

O

OMe
OMe

JACS, 1989, 8277.
Tet, 1992, 6975.

TMS
OMe

Me

Cl3Sn OMe

O
Me

H

SnCl4TiCl4,
SnCl4

58%
MeMe

Me

H

O

OMe
MeO MeO

MeMe

Me

H

OTBS

OMe
OMe

MeO

OMe

MeMe

Me

H

O

OMe
MeO

OMe

TiCl4

MeMe

Me

H

O

OMe
MeO

OMe

TiCl4

MeMe

Me

H

O

OMe
MeO

OMe

Tennen Yuki Kagobutsu Toronkai Koen Yoshishu. 1989, 31, 104.

TiCl4

MeMe

Me

H

OTBS

OMe
MeO

OMe
MeMe

Me

H

OTBS

OMe
MeO

OMe
Li or Na

tBuOH,
NH3

dead end

MeMe

Me

H

O

OMe
O

OMe
MeMe

Me

H

O

OMe

HO

OMe"MeCu"

Me
X

TYKTKY, 1994, 36, 266.dead end

MeMe

Me

H

OTIPS

OMe
OMe

PivO

OMe

Me

OMe

H
MeMe

OMe

O
O
Piv

TMSOTf
MeMe

Me

H

O

OMe
PivO

OMe

Total Synthesis of Taxusin and its Synthetic Study

TiCl4

Utility of reductive silylation

Avoiding late stage Birch
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A ring
TL, 1994, 7813.

MeMe

Me

HO

OTIPS

SPh
OHC

1. TiCl4
2. HF/KF
69%

MeMe

Me

HO

O

OMe

OMe
MeO

HO

Synlett, 1994, 584.

Me

OMe

O

MeMe

O

OTIPS
O

Me

MeB
OMe
OMe

MeMe

Me

H

OTES

OBn
O

OBn
Me

Me

Me

H

OTES

OH
O

OH

Me

Li, tBuOH

NH3

MeMe

Me

H

OH

OBn
O

OBn

Me
Me

OBn
H

MeMe
OBn

OHO

Me

H

internal/directed
H+ delivery

H

Li, tBuOH

NH3

JACS, 1996, 9186.
JACS, 1999, 3072.

OH

dead end

MeMe

Me

H

OAc

OAc

OAc

MeH

AcO
taxusin

slow protonation
from concave face

Total Synthesis of Taxol and its Synthetic Study

MeMe

Me

HO

OTIPS

HO
OMe

OMeMeO

MeMe

Me

HO

OTIPS

HO
OMeMeO

MeO

MeMe

Me

HO

O

SPh

O
O

HO

OH

Me

Me

Me

HO

O

O
O

dead end OH

SPhHO

TL, 1999, 4235.

MeMe

Me

O

O

SPh

OH
O

SitBu

tBu

1. DIBAL
2. TBSOTf
3. O2, hν
4. AIBN,
    Bu3SnH

MeMe

Me

O

OTBS

OH
O

R2Si

HO OH

CH2I2, Et2Zn
unreactive w/ C1-C2 
benzylidene acetal due 
to C2 chelation to Zn

MeMe

Me

HO

OTBS

OHO

O O Ph

MeMe

Me

HO

OTBS

OH
HO

O OH
Me

Li,NH3;
tBuOH

MeMe

Me

HO

OTBS

OH
HO

O OH
MeH H

dead end TYKTKY, 1996, 38, 119.
JACS, 2000, 3811.

MeMe

Me

O

OTBS

OHO

O OH

Ph

MeMe

Me

O

OH

O

HO OH
Me

Ph

OH

1. SmI2
2. TBAF,
    BHT

NaOMe,
BHT

MeMe

Me

O

OH

O

O OH
Me

Ph

OHH

JACS, 1998, 12980. JACS, 2000, 3811.
Synlett, 2000, 1385.

OMeOMe

MeMe

Me

HO

O

O
OMe

OMe

MeO

SnCl4

taxol

inseparable mixture
Pre-protection of C2

Avoiding C4 ketone
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O

MeHOOC

EtOOC
Me Me

O

O

O

OEt

OTBS

Me

Me

Me

Me2AlOTf

DCM, –78 ºC O

Me

EtOOC
Me Me

DMI
200ºC

Me

EtOOC
Me Me

Bu3Sn OBn
BuLi

OH
OBn

Me

Me Me

O

OBnAcO

1. LAH
2. Ac2O
3. PCC

Me

OHC
Me Me

O

OBn

1. K2CO3,
    MeOH
2. Swern

Me

OHC
Me Me

OTIPS

OBn

N
H

H
NMe

Me
1.
2. KOtBu, TIPSCl
3. SiO2

Me

Me Me

OTIPS

OBnTESO

O

O

MeO

MeO
O

OLi

1.
2. TESCl, Im

C2 α :β = 1:8MeMe

Me

H

O

O
MeO

OBn
TESO

OH

TiCl3(iOPr)

–78 to 0 ºC

C10 α at –78 ºC
C10 epimer at 0 ºC

MeMe

Me

H

OTBS

O
MeO

OBn
TESO

Br

1. CBr4, PPh3
2. DIBAL
3. TBSOTf, lutidine

MeMe

Me

H

OTBS

O
MeO

OBn
O

Br

1. TBAF
2. PDC

MeMe

Me

H

OTBS

OH
MeO

OH
O

K

NH3; tBuOH H
MeMe

Me

H

OTBS

TMSO

O
O

O Me
Me

1. HCl
2. PPTS,
3. CuBr•SMe2, MeLi
    HMPA, TMSCl

Me

OMe

MeMe

Me

H

OTBS

TBSO

O
O

O Me
Me

MeH

1. TBAF; MeOH
2. TBSOTf, lutidine
3. LAD, TBSOTf

MeMe

Me

H

OTBS

TBSO

HO
O

O Me
Me

MeH

Na

CF3CH2OH
MeMe

Me

H

OH

O

HO
O

O Me
Me

MeH
MeMe

Me

H

O

OAc

OAc
AcO

H Me

O

HF•pyridine

* no reaction in EtOH

O

Ph

taxinine TYKTKY, 1999, 41, 463.
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RO

O M OTBS

SR

Vinyl Sulfide Chemistry

TL, 1990, 2165.
CL, 1992, 1425.

TBSO

SR

O

R'H
R'

OH SR
OTBS

Me

Me

R

OH SR
OTBS*

chirality transfer
99-80% e.e.
TL, 1992, 1337.
TL, 1994, 7965.

(E) gives better d.r.

O
H

M

R
TBSO

RS

H
Me

LA

Me

MeO

Me

H

H

H

H
Me

OMe

brassinolide
TL, 1993, 477.

OH

Me

SMe
OTBS

Me

O
SPh

OTBDPS
Me Me

SPh

TBDPSO Me

O

MeMe2AlCl

d.r. = 84:16

TL, 1993, 6077.

OTES
Bu

SMe
Me

SMe

Me

OH

Ph

RCHO
TiCl3(OiPr)

d.r. >99

JACS, 1993, 12635.

Me
H

R
S

Me

Ti

O
H

R
O

Bu

OTIPS

SMe

Me

Me

Me

OTES
1,4-addition

Synlett, 1995, 173 Mannich
JOC, 1994, 518.

O

Bu

MeO

TIPSO OH SMe

Me

OTBS
*

approach towards anthracyclines
JOC, 1993, 4189.

OMe

O

O

OH

OH OH

OH

O X

X = H: daunomycinone
X = OH: adriamycinone

Me
SC5H11

TMS
OAc

LA
BnO

H

SC5H11

R

TIPSO

H

SC5H11

O SC5H11

TMS

24%

18%
TL, 1996, 5943.

OTIPS

SMe

OAc

R

R

Me

O

SMe
C10H21

OPh
OTIPS

C10H21

SMe

H

SC5H11
PhS

Me
Me

O

SMe
C10H21

H
Ph Synlett, 1996, 157.

Me

O

SMe
C10H21

H

N
COOMe

Me
SMe

OTIPS
N

H Me

Heliotridane

EtAlCl2/
AlCl3

SMe
BnO

Me
Me Me

Me

BnO SMe

H

Me
SMe

O
Me
Me

BnO

H

Me

O
EtAlCl2

83%
1:1

Me
Me

BnO

H

Me

SEt

Me
Me

OBn

H

HH Me
O

TL, 1997, 465.
JOC, 1999, 2648.

1. EtAlCl2
2. TBAF
3. PhSH,
    PhSLiMe

Me

OH

H

H Me
O

O

O
OH

coriolin

Sulfur directed ene

C-C bond cleavage C-C bond formation

Sulfur directed [2+3]
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AcO SMe

OAc

Me

AcO SMe

Cl Me

EtAlCl2

86%

O
O

SMe
H

Me

Me

AcO SMe

OAc

TMS

AcO SMe

EtAlCl2

82%

Synlett, 1999, 647.

single diastereomer

TMS

OAc

Co(CO)3

Co(CO)3

Me2AlCl/
Et2AlCl

Me

Et

Co(CO)3

Co(CO)3

OTIPS

Me

Et
OTIPS

O

O

O

Me

Et OTIPS

SMe SMe

CAN

acetone,
H2O

75%
d.r. = 98:1

JACS, 2000, 6116.

Total Synthesis of Ingenol and its Synthetic Study

JOC, 1997, 3032.
JACS, 2003, 1498.

Chem. Rev., 2005, 4661.

MeO

OH OTIPS

Me
OH

OMe

Cl

Cl
Me

OH

OMe

1. BuLi; (CH2O)n
2. Ac2O
3. Co2(CO)8

AcO

Co(CO)3

Co(CO)3

Me
H

Co(CO)3

Co(CO)3

LA*

77%

LA* =

O

MeO

Me

Co(CO)3

Co(CO)3

H

MeAl

Me

Me

NO2

Synthesis of Bioactive Molecules

Me
O

OH

Me

Me Me
O

O
Me

Me Me
OH

O Ar

Me

O

OH

OO

OH

Ar

L-proline

1. TPAP, NMO
2. NaBH4

C1 α
      β

O
Me

Me Me
OH

O Ar

Me

O

OAc

OH

HO

AcOOH

O
Me

Me Me
OH

O

Me

O

O

OH

OMe

OMe

1

arisugacin A
OL, 2002, 367.

HO
Me

O Me Me Me

OH O

OH
Me Me

O

O

Me
H

kazusamycin A
Tet: Asymmetry, 2004, 733.
OL, 2004, 2845.

OMe

OTMS

Me

BnO Br

Me BnO

Me

COOMe

Me

PdCl2[P(o-tol)3]2

68%

arisugacin B
Tet, 2004, 7845.

O
Me

Me Me
OH

O

Me

O

O

OH

OMe
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N
O

HO

H
Me

O O

Me Bu

R: madindoline A
S: madindoline B
OL, 2002, 501.

*

HO

O OH

OH

OH

Me

pinellic acid
TL, 2002, 1265.
Bioorg. Med. Chem. 
Lett., 2003, 937.

O

O
Me

Me
O

Me
Me Me Me

Nafuredin
TL, 2001, 3017.
OL, 2001, 2289.

HO
Me

NC

Me Me Me
OH

O

O

COOHH Borrelidin
OL, 2004, 1865.
JOC, 2007, 2744.

N HN
MeO

MeMe

N

OH

O

O

N HN
MeO

MeMe

N

OH

O

O
N
H

N

neoxaline

N HN
MeO

MeMe

N

OMe

O

O
N
H

N

oxalineOL, 2005, 841.

N
O

Me

H
Me

HO

N
O

Me

H
Me

O
O

MeHN

physovenol physovenine

TL, 2005, 1459.

OMe

HO
Me OH

Me

CHO

Me

citreoviral
S. Kobayashi

ACIE, 2004, 3175.

Me

Me
H

Me

O
H

H
Me

Me

OTBS

CHO

CHO

Me

Me
H

Me

O
H

H
Me

Me

OTBS

OH

OH

TiCl4, Zn

THF, pyridine
67%

Me

Me
H

Me

O
H

H
Me

Me

O
NH

OH

OH

GKK1032A2
Synlett, 2005, 1691.
JST CREST 1999 research report
http://www.jst.go.jp/kisoken/crest/report/sh_heisei11/molecule/kuwashima.pdf

O
O

O
N
H

H

Me

Me

OH

O

H Me Me

R MeMe
O

R =

MeMe

terpendole A terpendole C

HN
NH

O

O

I
OH

I
OH

MeN
N

O

OH
H

H

H MeN
NH

O

OH
H

herquline A herquline B

molecules he/his group might be working on

JST CREST 1999 research report
http://www.jst.go.jp/kisoken/crest/report/heisei15/pdf/pdf15/15_2/001.pdf
http://www.jst.go.jp/kisoken/crest/report/heisei14/pdf/pdf13/13_2/006.pdf


