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It all started with this idea at Rice Univ…It all started with this idea at Rice Univ…
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The idea worked!The idea worked!
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One-Pot Synthesis of 2,3-Disubstituted IndolesOne-Pot Synthesis of 2,3-Disubstituted Indoles
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Synthesis of 2-IodoindolesSynthesis of 2-Iodoindoles
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Versatility of 2-IodoindolesVersatility of 2-Iodoindoles
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Application to Total Synthesis of Indole AlkaloidsApplication to Total Synthesis of Indole Alkaloids

Proposed by 
Wenkert and 
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What is P?!What is P?!
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Problems to be Solved for Biomimetic SynthesisProblems to be Solved for Biomimetic Synthesis
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Found an Answer!Found an Answer!
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Mitsunobu reaction works particularly well.Mitsunobu reaction works particularly well.

The by-product 
can be removed 

easily by 
partitioning.
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Removal of the Activating Group …Removal of the Activating Group …

… Resulted in the Completion of the Synthesis … Resulted in the Completion of the Synthesis 
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Vindoline and CatharanthineVindoline and Catharanthine
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Attempts to introduce an sp3 carbon
to the 2-position failed!

Attempts to introduce an sp3 carbon
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Development of New Indole Synthesis
- Second-Generation -

Development of New Indole Synthesis
- Second-Generation -

J. Am. Chem. Soc. 1999, 121, 3791.
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It worked !!!It worked !!!
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cis-Olefins are Better Substrates!cis-Olefins are Better Substrates!
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Conversion of Quinolines to Indoles !!Conversion of Quinolines to Indoles !!

Hull, J. Chem. Soc., Perkin I, 922 (1975)
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Total Synthesis of (+)-Vinblastine
via (–)-Vindoline

Total Synthesis of (+)-Vinblastine
via (–)-Vindoline
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NMsO
N
H

MsO

S

OTHP

CO2Me

CO2Bn N
H

MsO

CO2Me

CO2Bn

OTHP

N

N

CO2Me

MeO
OH

H

OAc
H

Me

(–)-Vindoline

NMsO

OTHP

C S

N
H

N

CO2Me

H

OH

MsO

N
H

S

THPO

MeO2C
OTBDPS

OTES

Et

OTMS

OTBDPS
MeO2C

OTES

OTMS

Et

N
H
MeO2C

OTBDPS

THPO
OTES

OTMS

Et

N

O
Et

OTBDPS

N
Boc
MeO2C OTBDPS

N

O

Et

Ns

H

Ns  = S

O2N
O

O

N
H

N

MeO2C
OTs

Ns

Et

OTFA

N
Boc

N

MeO2C
OTBDPS

Ns

Et

OH



Page 13

N
H

N

MeO2C

MeO N

N

Me

OH

OAc

CO2Me
H

OH

H

(+)-Vinblastine

J. Am. Chem. Soc. 2002, 124, 2137.

N
H

N

MeO2C
OTs

Ns

Et

OTFA

N
H

N

MeO2C
OTs

Ns

Et

OTFA

Cl

N

N
H

CO2Me

OAc

OH

H
Me

MeO

MeO N

N

Me

OH

OAc

CO2Me
H

N
H

N

MeO2C OTs

Ns

Et

OTFA

97% !

Synthetic Approaches to (+)-Lysergic AcidSynthetic Approaches to (+)-Lysergic Acid
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A One-Pot Heck-Buchwald Reaction?!A One-Pot Heck-Buchwald Reaction?!
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Since our methodology did not work, we were 
compelled to explore the other possibilities 
that eventually brought us a great success!

Since our methodology did not work, we were 
compelled to explore the other possibilities 
that eventually brought us a great success!
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Model Studies on Lysergic Acid SynthesisModel Studies on Lysergic Acid Synthesis
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Retrosynthetic AnalysisRetrosynthetic Analysis
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Preparation of the Chiral NitroalkenePreparation of the Chiral Nitroalkene
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Novel Cu-Mediated Aryl Amination!!Novel Cu-Mediated Aryl Amination!!
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Construction of the Tricyclic SkeletonConstruction of the Tricyclic Skeleton
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Preparation of Indolecarboxylic AcidPreparation of Indolecarboxylic Acid
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Completion of the Total SynthesisCompletion of the Total Synthesis

(+)-Duocarmycin A
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