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Haliclona (Sigmadocia) caerulea
Blue Caribbean sponge
Caribbean and Hawaiian Islands

Isolated: Higa, T. et al JACS, 1986, 108, 6404

X-ray of
HCI salt

B-carboline

manzamine A
C36H44N4O
Exact Mass: 548.3515

Rings:

eight total, five aliphatic (ABCDE),
one 13-membered, one 8-membered,
B-carboline

Two Z-double C-C bonds

Stereocenters:
five on carbon, four contiguous,
one quaternary, one tetrasubstituted




Manzamine Alkaloids

manzamine F manzamine H



Manzamine Alkaloids
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Biosynthetic Hypothesis
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B-carboline no 1,5-H shift

J
H C::OZMG

Pandit, U. K. et al. Tetrahedron,
ehrine 1991, 47, 2005



Pandit’s Synthesis of the Diene.

CO,Me 1. DIBAL-H CH,OH |
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OTBDPS 1991, 47, 2005



Pandit’s Synthesis of the Diene.

MeO_ OMe 1.C
CO,Me - Ca(BH,),
2 X ' ppTs FOMe i IF/EtOH, 100% ! 1.Hcl, 100% !
0 o,
NHCbz - NChy 2z PPhs, Im, Q A 2. TBDPSCI, 90% NHChs
OH 100% (o) o NCbz
OTBDPS
: }
DIBAL or LiBH,: stops at aldehyde, low yield
—+—- S0 S. .0
| S&° NaH, DME quinoline, PPTS
rt, 7 days Dina-Stark N
NHCbz , N ol
z z 49%, brsm NHCbz H.O N,
><s (o) OTBDPS
A
! NCH,
\ .
Cbz Pandit, U. K. et al. Tetrahedron,
OTBDPS

1991, 47, 2005



Pandit’s Synthesis of the Diene. Methylenation.
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Pandit’s Synthesis of the DA-Substrate.
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Pandit. Making the “Heart” of Manzamine A.
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OTBDPS Pandit, U. K. et al. Tetrahedron,
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Potential Enerqy
-306.24 to
—234.71 keal /mole

Distance
0.04 to
53.76 Angstroms




Pandit. DE Rings Synthesis.
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Nakagawa’s ABCE Synthesis. Retrosynthesis.

manzamine A

How does the substituent@IDon the nitrogen
effect the electrophilicity of the dienophile?

Nakagawa, M. J. Heterocyclic Chem., 2000, 37, 567



Nakagawa’s Total Synthesis. Models.

electronics of the 3-unsubstituted dienophile
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How e-poor the dienophile is?

Nakagawa, M. J. Heterocyclic Chem., 2000, 37, 567



Nakagawa’s Total Synthesis. Models.

3-alkyl substituted dienophile
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Nakagawa. Further Optimization.
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Nakagawa. Use of “Optically Pure” Dienophile.
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Nakagawa, M. J. Heterocyclic Chem., 2000, 37, 567



Nakagawa’s ABCE Synthesis. Surmmary.

manzamine A

Ng_o
| =
acylation
32% |

e-withdrawing protective group (sulfamide)
on the lactam is necessary to activate the dienophile

very poor diastereoselectivity

Nakagawa, M. J. Heterocyclic Chem., 2000, 37, 567



Winkler’s Total Synthesis of Manzarmine A.
Retrosynthesys.
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Prof. Jeffrey D. Winkler

University of Pennsylvania, Philadelphia  Winkler, J. D.; Axten, J. M. JACS, 1998, 120, 6425



Photoadldition/fragrmentation/Mannich

closure sequence. Model Study.
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Photoadldition/fragrmentation/Mannich
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Winkler’s Total Synthesis
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Winkler, J. D.; Axten, J. M.
JACS, 1998, 120, 6425




Winkler’s Total Synthesis

CO,Me CO;Me

1. TBAF, 94%
2. TsCl, 96%
AOH 3. TFA, 100%
4. DIPEA, 12%
>

1. DIBAL
1. DIPEA, 89% 2. Dess-Martin
2. Lindlar, 94%
75%

ircinal A

TFA
58%

Winkler, J. D.; Axten, J. M.
JACS, 1998, 120, 6425

manzamine D manzamine A



Winkler’s Total Synthesis of Manzarmine A.
Surmrmary.
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Martin’s Total Synthesis. Retrosynthesis.

Prof. Stephen F. Martin
University of Texas, Austin
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Is the dienophile e-poor or e-rich?




Martin’s Total Synthesis. Model. SM.
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Martin, S. F. et al JACS, 2002, 124, 8584
Kocienski, P.; Wadman, S. JACS, 1989, 7111, 2363



Martin’s Total Synthesis. E-Rich Dienes.

E R,
%/ 1. R4= H (e-neutral diene), a. 180°C, 81%, d/u=2/1; b. EtAICIl,, 110°C, 17 h: 71%, d/u=6/1
| 2. R{i=CH,0Bn (e-rich diene), a. Thermal: d/u=2/3; b. EtAICI,: d/u=3/2

N, N,
_ CO,Et
desired p undesired
/ ss\b\e :
. pO
Z %\ ‘m
~ R 1. R4= H (e-neutral diene), EtAICI, (1.5 eq), 120°C, 100h, 70%, d/u=8/1; thermally- less pure
1 2. R4=CH,0Bn (e-rich diene), a. Thermal: stable at <150°C, undesired at 200°C;
B NI slightly better with EtAICI2
(0] N\
CO,Et

Is the dienophile e-rich?

Martin, S. F. et al JACS, 2002, 124, 8584



Martin. Electronics of the Diene.

LUMO: -0.332 eV
HOMO: -9.200 eV
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A
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\R O N-

Martin, S. F. et al JACS, 2002, 124, 8584



Martin’s Total Synthesis. E-Poor Diene.

C02M9
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Martin, S. F. et al JACS, 2002, 124, 8584



Martin’s Total Synthesis. Bold RCM.
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Martin, S. F. et al JACS, 2002, 124, 8584



Martin’s Total Synthesis. Stepwise RCM.

CH(OMe),

free amine
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N 5 NG X Grul;:/)s I
S —_— 2
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N Z-selective \)_: (o)
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A
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Martin, S. F. et al JACS, 2002, 124, 8584



Martin’s Total Synthesis. Completion.

CH20H CHO
'l' H
N oM pigaL H Dess- Martin N W\OH
= 63% = 89% =
th N ﬁ
ircinal A

TFA =
. N
Kobayashi

manzamine D

manzamine A

Martin, S. F. et al JACS, 2002, 124, 8584



Sumrmary.

1. ABCE fragment
2. Poor diastereoselectivity
1. First total synthesis 3. Influence of the substitution
2. [2+2] then rearangements on the nitrogen studied

manzamine A

1. Second and last total synthesis
1. The first synthesys of ABCDE

2. Vinylogous amide is an e-poor dienophile
2. Use of Z-diene for [4+2] 3. RCM, 13: 67%, 8: 26%

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




