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O

O

OH

(±) shinjulactone C

Me

O
OH OH

O

Me

O

O

OH O

O O

OH
HO O

OMe

H

H

H

O

O O

OMe

H

H

H

OTBDPS

O

CHO
OMe

H
CO2H

O
CO2H

CHO
OMe

H

H

H

O

CHO
OMe

H
CO2H

3.0 M LiClO4

Ether, RT, 9hrs
O

OMe

H

CHO

CO2H

O

OMe

H

OH

O

NaBH4, MeOH, 0°C;

              HCl

TBDPSCl, imid.

         DMF
          86% O

OMe

H

OTBDPS

O

O

OMe

H

OH

OMe

1) Dibal–H, –78°C

2) MeOH, HCl
100%

72%

O

OMe

H

OH

OMe

1) B2H6, 0°C;

3N NaOH, H2O2
2) PCC, NaOAc

O
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O

OMe

H

OTBDPS

OMe

O

1) LDA, –78°C to 0°C;

    TMSCl, –78°C
2) Pd(OAc)2, Na2CO3,
    45°C

O

OMe

H

OTBDPS

OMe

O

86%

10 eq. Li, NH3

0.95 eq. t-BuOH
81% O

OMe

H

OTBDPS

OMe

O

TsNHNH2;

excess n-BuLi
70% O

OMe

H

OTBDPS

OMe
H

1) Jones

2) BF3·Et2O,
    ethandithiol O

O

H

OTBDPS
1) Dibal–H, –78°C

2) MeOH, PPTS
56%, 4 steps O

OH

H

OTBDPS

OMe
H

PCC, NaOAc

O

O

H

OTBDPS

OMe

1) OsO4, pyr

2) Me2C(OMe)2,
    CSA

81%
O

O

H

OTBDPS

OMe
H

H

S

S

O
O

H

H

1) LHMDS,
    HMPA; Me2SO4

2) B2H6; NaOH,
    H2O2

O

OMe

H

OTBDPS

OMe

O

H
HO

78%, 3 steps

O

OMe

H

OTBDPS

OMe

O

H
HO

O

PCC

O

O

OMe

H

OTBDPS

OMe

O

H
O

O

100%

O

OMe

H

OTBDPS

OMe

O

H
O

O

1) LHMDS; TMSCl

2) Pd(OAc)2, Na2CO3
82%

1) 10 % HCl

2) PCC, NaOAc
75%

O

OMe

H

OTBDPS

O

O

H
O

O

75%

BF3·Et2O

O

OMe

H

OH

O

OH

H
O

HO

O

OMe

H

OAc

O

OAc

H
O

O

1) AcO2, py, DMAP

2) CrO3·2 Pyr
87%
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O

OMe

H

OAc

O

OAc

H
O

O

K2CO3, MeOH

82%
O

OMe

H
O

OH

H
O

HO O

O

OMe

H
O

OAc

H
O

O

1) Swern

2) Ac2O, DMAP,
    pyr

61%

10 eq BBr3, –45°C

82%

OAc

O

OH

H
O

OAc

H
O

O

OAc

O

O

H
O

OAc

H
O

O

Jones [O]

74%

pyr, D

20%

OAc

Me

O
OH R

O

Me

O

O

OAc
Me

H

R = OAc

Me

O
OH OH

O

Me

O

O

OAc
Me

H
KOMe, MeOH

(±) shinjulactone C
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O O

OH

Shapless AE

L–DIPT,
separate OH

NaH, THF,

C6H13CH(Br)COOH;
H3O+

OH

CO2H

90%

O

OH

CO2HO3; Me2S

93%

63%, 2 steps

MgBr;

H+, benzene
          D

O

O

O

65%

Tebbe;

NaOH

Tebbe = Ti
Cl

Al

H2
CCp

Cp Me

Me

O

O

185°C, 36h

86%
1:1.4

O O

OO

O

O 1) LiAlH4

2) NaH, CS2; MeI
3) (n–Bu)3SnH, AIBN,
    benzene, D

82%

H2/Pd/C
    95%

O

cis–lathisan                trans–lathisan

OBr
OAc

O

Cl

laurencin laurenyne
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O

MeO O

OO

H
OH

Me

H

CO2H
Me

(±)–24–O–methylchlorothricolide

O
MeO

O
OO

H
OMOM

Me

H

OMOM
Me

O
MeO

O
OH

O

H
OMOM

Me

H

OMOM
Me

OH

O

H
OMOM

Me

H

OMe

CHO

BnO
O

MeOMOM

BnO
O

MeOMOM
5

Yb(fod)3

toluene, D
87%

OHC Me

OBn

OMOM

1) NaClO2

2) CH2N2
3) Separate

29%

F3C

F F

F F

O O

fod =

OHC Me

OBn

H
OMOM

CO2Me
Me

OBn

OMOM

1) H2/Pd/C

2) PCC

79%, 2 steps

CO2Me
Me

CHO

OMOM

(EtO)2P Me
O

OMOM

LDA, HMPA

60%, 1.1:1 E:Z

CO2Me
Me

OMOM

Me

OMOM

1) KOH

2) DCC, DMAP

51%, 2 steps

O

MeO

O

OH

Me

OMOM

Me

OMOM

OO

O

OMe

O

H

H

H

H
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Me

OMOM

Me

OMOM

OO

O

OMe

O

o–DCB

  180°C
9% desired isomer

O

MeO O

OO

H
OMOM

Me

H

Me

H

OMOM

1) LiBF4

2) MnO2
3) NaClO2

O

MeO O

OO

H
OH

Me

H

Me

CO2H

N N

H H
H

(+)–tetraponerine–8

Ph

NH2

OH CHO CHO N

Ph
OH

N O

Ph

NCCN

N O

Ph

NC LDA/HMPA,

–78°C;

N O

Ph

NC

O

O Br

O

O

84%

NaBH4, EtOH,

D, 2h
100%

(±)–24–O–methylchlorothricolide

N

NNC
H

H

H
N

CHO

H2N CHO
N ONC

Ph
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LDA/HMPA,

–78°C;

Br

N

NNC
H

H

62%

N

NNC
H

H N N

H CN
H

O

HN

(±)–7–epi–20–desethylgelsedine

O

N

NO

OMe

OR

N
O

MeO

O

N

OR

X P

P

HH

H

CO2Et

NH
MeO2C

NaH, benzene,

           D

t–BuO CO2Et

N
CO2Me

EtO2C O

t–BuO

42%

TFA/H2O (4:1)

RT, 24h
77%

N

O

O
O

CO2Me

H

H

(Ph)3PCHCO2t–Bu

              D
72% N

O

O

CO2Me

H

H

CO2t–Bu
H2/Pd

100%

N

OH

CO2Me

H

H

CO2t–BuH
1) LiBH4, 98%

2) aq. TFA, CH2Cl2
79%HO N

CO2Me
HHO

O
O

HH

N

O

OMe

N OH

Ph

O

O

H2/Pd/C

40 min
81%

H
NO

O

dilute HCl, 12 hr

H
N

O

H2N KCN, pH 2–3,

2h, RT
H
N

N

N

NNC
H

H

OEt

OEt

Na, NH3, –78°C

20 min
97%

N N

H H
H

(+)–tetraponerine–8
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N
CO2Me

HHO

O
O

HH
Swern [O]

86%

N
CO2Me

HO

O
O

HH

N
O

OMe

Hunigs Base,

nBu2BOTf, –78°C
100%

N
OB(nBu)2

OMe1

1, CH2Cl2, –70°C;

           SiO2
42%

N
CO2Me

H

O
O

HH

N
O

H

OMe

H2/Pd/C

67% N
CO2Me

H

O
O

HH

N
O

OMe

H
Li(sBu)3BH
 
       0°C

N
CO2Me

H

O
OH

HH

N
O

OMe

H
TFAA/TFA

53%

O

N
N

O

OMeMeO2C

O

N
N

O

OMeMeO2C
HMDS, I, toluene

              D
61%

O

HN
N

O

OMe

PhBzCl, TEA

61%

O

N
N

O

OMe
O

Ph

O

HN

NO

OMe

O

HN
N

O

OMe

vs

O

NH
NHO

OMe O

NH
vs

N
HO OMe
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O
O

O

(–)-secodaphniphylline

HN

HO O

O

O

O

Cl
1 2

HN

HO O

1

O

H

O Ph

O

N

O

OBn

O

O

O

Cl
2

O

O

OH

O

O

OH

O

O

HO2C

Li

N

O

OBn 1) LDA, –78°C

2)

3)
MeO2C

N

O

OBn

O
MeO

I

Dibal–H

64%, 84% ee

73%
N

O

OBn

HO

5 N KOH, 165°C, 50 h;

              acid
92%

O

H
O

Ph

O

1) LiAlH4

2) Swern; NH3; AcOH
3) H2/Pd
4) Jones [O]
5) MeOH, H+

H

H

90% ee after recystalization

HN

MeO O

1
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O

O

HO2C

1) MeONHMe

2)

Li

O
O

O86%

LiAlH4 w/

Darvon alcohol,
—80°C

93%, 92% ee

KAPA, –45°C,

45 min

87%

NH2H2N
2

O
O

HO

O
O

HO

HgSO4,

H2SO4

95%, 5:1

O

O

OH

1) RuO4, NaIO4

2) CH2N2
3) KOH

31%, 92% ee

O

O

OH

O

O

O

OH 100%

(COCl)2

O

O

O

Cl

HN

MeO O

1

1) LDA

2)

HN

CO2Me
O

O

O

HN

CO2Me
O

O

O

NaCN, DMSO,

150°C

HN

O
O

O

(–)-secodaphniphylline

43%, 99.6% ee
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O

CO2H

Colneleic acid

O

OCOR
(EtO)2(O)PO

O

OCOR
O

C5H11

C5H11 CHO

COCl

OCOR

CO2Me

CHO
NaBH4, EtOH,

        0°C
98%

CO2Me

OH

Me3CCOCl, pyr,

        0°C
88%

CO2Me

OCOCMe3

K2CO3, H2O,

MeOH, 65°C
96%

CO2H

OCOCMe3

(COCl)2, benzene

79%

COCl

OCOCMe3

1

C5H11

OsO4, NMMO, 

         25°C
70%

C5H11

HO OH NaIO4, Bu4NIO4,

NaOAc, H2O,
CH2Cl2, 0°C

99%

C5H11 CHO
NaHMDS, -78°C,

             1
22%

O

OCOCMe3

O

C5H11

H2/Pd/Pb/CaCO3,

benzene
99%

O

OCOCMe3

O
LDA, HMPA,

(EtO)2POBr, –108°C
53%

O

OCOCMe3

(EtO)2(O)PO
AlEt3, Pd(PPh3)4

hex, DCE, 25°C
70%

O

OCOCMe3 KOH, MeOH,

H2O, 65°C
96%

O

OH

MsCl, TEA,

     –25°C
100%

O

OMs
NaCN, DMSO

       25°C
100%

O

CN KOH, H2O,

      80°C
61%

O

CO2H

Colneleic acid
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CO2H

HH

OH OH

isocarbacyclin

O
HH

OH OH

HO2C

prostacyclin

C5H11

OP

O
Ph(O)S

TMS
O O

C5H11

OP

TMS
O O

O

Li

AcO

O

C5H11

OTBS 1) Et2O, –82°C, 1h

2) SiO2, hex, 36h
73% C5H11

OTBS

O

n–BuLi, HMPA,

–40°C;

Cl
ClTMS

OMe

SPh
Cl OMe

SPh
TMS NaIO4, RT

Cl TMS

O OTMSTMSO

TMSTf cat., 0°C Cl TMS

OO NaI, acetone,

reflux
77%

I TMS

OO 1) t–BuLi

2) 1

1

C5H11

OP

HO
TMS

O O

5:1

89%

S
O

Ph

NaH, KH cat,
RT, 4h

C5H11

OP

O
TMS

O O

PhS
O

45%

NaHCO3,

2:1 decalin-a–pinene,
200°C, 24h

HH

OH OTBS

TMS

O O

Me

a–pinene

LiRCu
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HH

OH OTBS

TMS

O O

C5H11

OP

O
TMS

O O

PhS
O

Base

    D

C5H11

OP

O
TMS

O O

[ 3,3 ]

C5H11

OP

TMS
O O

O

ene

H

1) PCC

2) NaBH4
3) TBAF
4) 0.5 N HCl
5) t–BuOOH

52%

CO2H

HH

OH OH

isocarbacyclin

MeO

HO

Me

Me

O OH

O

ON

O
O

O
Me

OH

OMe OMe

Me

Me

FK–506

MeO

PO

Me

Me

O OP

O

ON
BOC

OP

OMe OMe

Me

Me

Me
OHC

MeO

PO

Me

Me

OP OP

O

OP

OMe OMe

Me

Me

Me

S

S

Addition/Elimination

Evans chiral aldol

Addition/Elimination
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MeO

TBSO

SO2Ph

N
BOC

CO2H

OP

OMe OMe

Me

Me

Me

S

S

PhO2S

O O

Ph

OHC
Me

N O

OO

MeO

HO

Me

Me

O OH

O

ON

O
O

O
Me

OH

OMe OMe

Me

Me

O
OMe

OH
HO
HO

OH

1) TBSCl, 72%

2) benzylation, 98%
O

OMe
OH

BnO
HO

OTBS

methylation, 95%

O
OMe

OMe
BnO
MeO

OTBS

AcOH/H2O

95%
O

OMe
OMe

BnO
MeO

OH

PPh3, I2
77%

O
OMe

OMe
BnO
MeO

I

Zn, EtOH

95%
OMe

OBn

OMe
O

Vasella Fragmentation

1) O3; PPh3

2)

64%, 2 steps

Ph3P
CO2Me

OMe

OBn

OMe

CO2MeMeO2C TMSI, CH2Cl2
88%

OMe

OH

OMe

CO2MeMeO2C

H2, Rh+ cat,

1000 psi, RT OMe

OH

OMe

CO2MeMeO2C
HH

PPTS, CH2Cl2
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O

O
MeMeO2C

H
OMe

Me

OMe

L–selectride

99%

O

OH
MeMeO2C

H
OMe

Me

OMe

HS(CH2)3SH,

BF3·Et2O
90%

CO2Me
S

S

Me OMe

OH

OMe Me
1) LAH

2) PPh3, I
3) TBSOTf

62%

S

S

Me OMe

OTBS

OMe Me

Me SO2Ph

Li S

S

Me OMe

OTBS

OMe Me

I

Me

SO2Ph

O

OAc
OAc

OAc
SnCl4, MeOH,

DCE O

OR

OR1MeO

m–CPBA, 40°C

O

OH

OTBS
MeO

Li2Me2CuCN,

          0°C

O

O

OH

OTBS
MeO

Me
HO

97:3
a:b

1) CSA, benzene, D

p–anisaldehyde–
dimethylacetal
2) TBAF

56%

O

O
OR

R1

OH

Me PPh3, I2, pyr,

45°C, benzene
87%

R, R1 =  a or b p–(MeO)Ph

Me
O

O
OR

R1

I

Me 20 eq Zn, 

EtOH

O O
O

R

R1

Me

O O

Me

Ar

Ar = a or b p–(MeO)Ph
OHC

CO2H 84%

1) I2

2) DBU

O
O

1) LAH

2) TBSCl, imid
64% HO

OTBS

1) Methylation

2) HF
64% MeO

OH

1) I2, PPh3, imid

2) NaSO2Ph
60% MeO

SO2Ph

1) B2H6, DMSO

2) TBSCl or TIPSCl MeO
SO2Ph

R3SiO
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MeO
SO2Ph

TBSO
1) LiR

2)

O O

Me

Ar

OHC
MeO

PhO2S

TBSO
OH

O

Me

O

Ar

1) DMP

2) Li–napthalenide MeO

TBSO
O

O

Me

O

Ar

60%, 4 steps

1) MeMgBr

2) Burgess Reagent
60%, 4 steps

Et3N
S

N

OO
CO2Me

Burgess Reagent

MeO

TBSO
Me

O

Me

O

Ar

TBS to TIPS

MeO

TIPSO
Me

O

Me

O

Ar

1) 9–BBN; NaOH, H2O2

2) DMP MeO

TIPSO
Me

O

Me

O

Ar

O

MeO

TIPSO

Me
O

Me

O

Ar

O

1) nBu2BOTf, 

    Hunigs Base
2) TBSOTf, 2,6–lutidine

90%

N O

OO

MeO

TIPSO

Me
O

Me

O

Ar

OH

Aux
O

87%

LiOBn MeO

TIPSO

Me
O

Me

O

Ar

OH

OBn
O

1) Dibal–H

2) Swern

80%, 2 steps

MeO

TIPSO

Me
O

Me

O

Ar

OH

O
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MeO

TIPSO

Me
O

Me

O

Ar

OH

O

S

S

Me OMe

OTBS

OMe Me Me

SO2Ph

n–BuLi

MeO

TBSO

Me

Me

O O

O

OP

OMe OMe

Me

Me

Me
OHC

Ar

MeO

TBSO

Me

Me

O OP

O

OP

OMe OMe

Me

Me

Me
OHC

ONBOC

MeO

HO

Me

Me

O OH

O

ON

O
O

O
Me

OH

OMe OMe

Me

Me

FK–506


