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Manzamine AManzamine A

Haliclona (Sigmadocia) caerulea
Blue Caribbean sponge 

Caribbean and Hawaiian Islands  
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Isolated: Higa, T. et al JACS, 1986, 108, 6404

C36H44N4O
Exact Mass: 548.3515
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eight total, five aliphatic (ABCDE),
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Biosynthetic HypothesisBiosynthetic Hypothesis
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Biosynthetic HypothesisBiosynthetic Hypothesis
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PanditPandit’’ss Synthesis of the ABCDE fragment. Synthesis of the ABCDE fragment.
RetrosynthesisRetrosynthesis..
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PanditPandit’’ss Synthesis of the Diene. Synthesis of the Diene.
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PanditPandit’’ss Synthesis of the Diene. Synthesis of the Diene.
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PanditPandit’’ss Synthesis of the Diene.  Synthesis of the Diene. MethylenationMethylenation..
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PanditPandit’’ss Synthesis of the DA-Substrate. Synthesis of the DA-Substrate.
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PanditPandit. Making the . Making the ““HeartHeart”” of Manzamine A. of Manzamine A.
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The Transition State.The Transition State.

not conjugated



PanditPandit. DE Rings Synthesis.. DE Rings Synthesis.
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PanditPandit’’ss Synthesis of the ABCDE fragment. Synthesis of the ABCDE fragment.
Summary.Summary.
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NakagawaNakagawa’’s ABCE Synthesis. s ABCE Synthesis. RetrosynthesisRetrosynthesis..
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NakagawaNakagawa’’s Total Synthesis. Models.s Total Synthesis. Models.
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NakagawaNakagawa’’s Total Synthesis. Models.s Total Synthesis. Models.
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Nakagawa. Further Optimization.Nakagawa. Further Optimization.
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Nakagawa. Nakagawa. RegioselectivityRegioselectivity..
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Nakagawa. Nakagawa. RegioselectivityRegioselectivity..
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Nakagawa. Use of Nakagawa. Use of ““Optically PureOptically Pure”” Dienophile. Dienophile.
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NakagawaNakagawa’’s ABCE Synthesis. Summary.s ABCE Synthesis. Summary.
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WinklerWinkler’’s Total Synthesis of Manzamine A.s Total Synthesis of Manzamine A.
RetrosynthesysRetrosynthesys..
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Photoaddition/fragmentation/MannichPhotoaddition/fragmentation/Mannich
closure sequence. Model Study.closure sequence. Model Study.
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Photoaddition/fragmentation/MannichPhotoaddition/fragmentation/Mannich
closure sequenceclosure sequence
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WinklerWinkler’’s Total Synthesiss Total Synthesis
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WinklerWinkler’’s Total Synthesiss Total Synthesis
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WinklerWinkler’’s Total Synthesis of Manzamine A.s Total Synthesis of Manzamine A.
Summary.Summary.
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MartinMartin’’s Total Synthesis. s Total Synthesis. RetrosynthesisRetrosynthesis..
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MartinMartin’’s Total Synthesis. Model. SM.s Total Synthesis. Model. SM.
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MartinMartin’’s Total Synthesis. E-Rich s Total Synthesis. E-Rich DienesDienes..
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    slightly better with EtAlCl2

impossible?

E

Z

Is the dienophile e-rich?
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Martin. Electronics of the Diene.Martin. Electronics of the Diene.

N
Bn

O N
R

CO2Me

OTBDPS

NH

O

OTBDPS

R=Boc, 150oC, 48 h

R=H, 80oC
N

Bn

CO2Me

O N
R

H

H

74%

NH

O

N

Me

Me

LUMO:  -0.034 eV
HOMO: -8.879 eV

even more e-rich
dienophile

N

O

N

Me

Me OMe

O

LUMO:  -0.332 eV
HOMO: -9.200 eV

Me CH2

H

LUMO:  0.245 eV (9.445)
HOMO:-9.167 eV (8.835)

LUMO:  0.341 eV (9.541)
HOMO:-9.032 eV (8.700)

Me CH2

MeO

Me CH2

MeO2C

LUMO: -0.387 eV (8.813)
HOMO:-9.543 eV (9.211)

e-rich e-neutral e-poor

Another proof that the dienophile IS e-rich
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MartinMartin’’s Total Synthesis. E-Poor Diene.s Total Synthesis. E-Poor Diene.

NH

O

OH

N
TBDPSO(CH2)5

CO2Me

O NBoc

H

H

pyroglutaminol

CO2Na

NBoc

OTBDPS

OH

acylation
NaBH4

TBDPSO(CH2)5NHBoc

O

TBDPSO(CH2)5

N
Boc

CHO

71%

1.

CO2Me

PPh3

Br

91%

2. TMSOTf, then TsOH
91%

TBDPSO(CH2)5

NH2

CO2Me

Br

p-TsO

(COCl)2

then Et3N

N
R

O N
R

Br

CO2Me

OTBDPS

N
R

O
!

N
R

CO2Me

OTBDPS

79%

SnBu3

Pd(PPh3)4
toluene

68%

OTBDPS
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MartinMartin’’s Total Synthesis. Bold RCM.s Total Synthesis. Bold RCM.

N
TBDPSO(CH2)5

CO2Me

O NBoc

H

H

OTBDPS

N
TBDPSO(CH2)5

CO2Me

O NBoc

H

H

OTBDPS

CrO3, 20 equiv

HN N
30 equiv

DCM, -18oC

63%

O

1. HCl, MeOH
2. Swern
3. Ph3P=CH2

47%

N

CO2Me

O NBoc

H

H
O

1. DIBAL
2. Dess-Martin

53%

N

CHO

NBoc

H

H
O

N

CH(OMe)2

N

H

H

OH

O

acylation

RLi

N

CH(OMe)2

N

H

H

OH

O N

N

H
CH(OMe)2

OH

O

not observed

15-membered

x

?
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MartinMartin’’s Total Synthesis. Stepwise RCM.s Total Synthesis. Stepwise RCM.

N

CH(OMe)2

NBoc

H

H
O

N

N

H
CH(OMe)2

O

N

CH(OMe)2

N

H

H

O

O

65%

Li
Grubbs I

67%

OX-ray

free amine
present

Z-selective

1. KOH, MeOH
2. Acylation

           75%

N

N

H
CH(OMe)2

OH

O

1. Grubbs I
2. HCl

26%
N

N

H
CHO

OH

Oproximal
C=C bond?
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MartinMartin’’s Total Synthesis. Completion.s Total Synthesis. Completion.

N

N

H
CHO

OH

O

DIBAL

63%

N

N

H
CH2OH

OH
Dess-Martin

89%

N

N

H
CHO

OH

ircinal A

N
H

H2N

TFA
N

N

H

OH

HN N
H

manzamine D

DDQ

N

N

H

OH

N N
H

manzamine A

Kobayashi
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N

N
H

H

OH

N
N
H

A

B

CD

E

N

O

R

O

N R

OP

OMe

A B

Nakagaw
a, 2

000N

N

O

HO

R

H

Winkler, 1998hv, 20%

A

C

E [4
+2], 

45%

N

N

MeO2C

O

R

R

OR

Martin, 1999[4+2], 68%
A B

C
manzamine A

N

N

OTBDPS

CO2Me

O
Bn

Cbz

A B

C

Pandit, 
1991

[4+2], 6
9%

1. The first synthesys of ABCDE
2. Use of Z-diene for [4+2]

1. ABCE fragment
2. Poor diastereoselectivity
3. Influence of the substitution
    on the nitrogen studied

1. First total synthesis
2. [2+2] then rearangements

1.  Second and last total synthesis
2. Vinylogous amide is an e-poor dienophile
3. RCM, 13: 67%, 8: 26%

 by RCM 8-membered ring was more difficult to form than the 13-membered


