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Isolation of Zoanthamine

R = Me: Zoanthamine
R = H: Norzoanthamine

Figure 1. Computer-generated perspective drawing of zoanthamine

- Isolated from Zoanthus sp. from the Visakhapatnam coast of India.
- Obtained 90mg from 10kg (wet weight), purified and crystallized from MeOH

- Structure determined by X-ray

Rao, C. B., Faulkner, D, J., Clardy, J. J. Am. Chem. Soc. 1984, 106, 7983.  ,



Norzoanthamine and Zoanthenol

R = Me: Zoanthamine

R = H: Norzoanthamine Zoanthenol
- Isolated from Zoanthus sp. from - Isolated from Zoanthus sp. from
the Amami islands in Japan. Punta Hidalgo (Canary Islands).
- Obtained 21 mg from 5 Kg of wet specimens, - Obtained 2.4 mg from 0.5 Kg of wet specimens,
purified and crystallized from MeOH purified and obtained as amorphous solid
- Absolute configuration determined by - Structure determined by NMR analysis

derivatization o

Uemura, D. ez. al. Bull. Chem. Soc. Jpn. 1998, 71,771. 4
Norte, M. et. al.. Tetrahedron 1999, 51, 5539.



Biological Activities of Zoanthamine Alkaloids

1 Zoaniissiming RyeRgpeH 2 Zosrdheramide 3 Zoantisamide 4 28-Deoxyroantheramide 5 Norzoanthamine RysRg=RysRy»H

10 Zoanthaminone R =RosD § Norzoanihaminorne RyeRant, Rysfyn0

11 $i-Hydronysoathsnine Ryo0H, Bxeh $ J-Mydeosynorroarthamive: R =0, RoeRyeR ok
12 11 -Hydroorareoantamine RyefmRy=b, Ra=CH
13 30-Hydraoyrorzoanthamine RyzRy=Rye, Ry=0H

§ Oxyeoamiteamine Ry=CHyOH, Ry=H
14 Epioxy2ossthanmins Ry=H, R=CH,OH
Chart 1.

-2, 3, and 4 show anti tumor activity
-5 - 8 inhibit the growth of murine leukemia cells

-5 is a promising candidate for antiosteoporotic drug

Jimerez, C. et. al. Bioorg. Med. Chem. 2003, 11, 2301. 4
Tsuji, T. et. al. Biol. Phrm. Bull. 1999, 22, 920.
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Proposed Biosynthesis of Zoanthamine Alkaloids

-Zonanthamine alkaloids are considered as terpinoids based on molecular formula
but, the biogenesis of these compounds are not clear

- Uemura suggests polyketide pathway which involves Diels-Alder and hemianinal formation

Uemura, D. et. al. Tetrahedron Lett. 1997, 38, 5683.



1: (R = Me) Zoanthamine
2: (R = H) Norzoanthamine
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Ring Closing Hemiaminal Formation

3: 28-deoxyzoanthamine 4: CEFG-ring portion
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Williams, D. R. et. al. Tetrahedron Lett. 1998, 39, 2675. 6
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Formation of Bishemiaminél for DEFG Ring Closure

Zoanthamine

Pd/C, H
2 No deprotection

MeOH

Pd/C, Ha
AcOH

decomposition of deprotected intermediate

Kobayashi, S. et. al. Tetrahedron Lett.. 1998, 39, 6237, 6241. 7



Formation of Bishemiaminal

0 We O
e nELMe

Hy, Pd/C;
then MS3A

MeOH

1. ACOH-HzO

2. Na,SO . .
2> second hemiaminal can be formed

9: 95%

- In presense of dehydrating reagent, ]
Qo

Kobayashi, S. et. al. Chem. Pharm. Bull. 2000, 48, 1370. 8



Biomimetic Approach: Intramolecular Diels-Alder Reaction

Zoanthemine Alkaloid A B

- Tanner: construction of BC-ring by IMDA reaction

OMeH

COOR
Me X

0N~ oP
/

"Me
OP

Tanner, D. et. al. Tetrahedron 1994, 50, 9135. 9
Williams, D. R.; Brugel, T. A. Org. Lett. 2000, 2, 1023.



Model Study: ABC-ring System by IMDA

Mn02

OH
(5 11 steps

A
(S)-(-)-perillyt alcohol

CHCly

4: quant. single diastereomer

Tanner, D. et. al. Tetrahedron Lett. 1994, 50, 9135. 10



Preparation of IMDA Precursor
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Tanner, D. et. al. Acta Chem. Scand. 1997, 51, 1217.
Tanner, D.; Nielsen, T. E. J. Org. Chem. 2002, 67, 6366.



IMDA Using Nitroalkene

Table 1. Diels—Alder Cychzations of 4a—d Scheme 4. Diels—Alder Cyclization of (E,E)-Nitrotriene 17
and Completion of the Synthesis of Enone 2

. OxN )
OpN N : H 1
Ra, > ! ’ .
R Rl 3a+ :
| | |
H 1
4a-d 5a-d

entry  triene  conditions® % yleld® 5 endob ew”

1 4a A 8h 63 73:27

2 4b A 28h 70 70:30

3 ic A,36h 72 61:39

4 41d A 42h 80 73:27

5 4b B.15h 39 89:11

6 4d B,6h 38 928

", . OPMB
« Conditions: A, benzene, 85 °C; B, EtAICI (2.0 equiv), CH,Cl,, —78
°C. ¥ Purified yields. © Ratios determined from 'H NMR (400 MHz) data 2
of crude mixtures.
daR=H R'=H QDREQHa.HtEH

4cR=Ph R'=H 4d R =H, R' =CH,

Figure 1. 'H NMR studies of NOE interactions for Diels—Alder
products 18 and 19.

Williams, D. R.; Brugel, T. A. Org. Lett. 2000, 2, 1023.12



Strategies Not Based on IMDA

Hme - Diels-Alder/Cyclopropane Opening

o)
d cyclopropane or o
.xo Me 50 _‘{\ opening MMe 2 wﬁ"M\ D-A  Me e
Me3 —> j —>
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- Enolate alkylation 4&
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OEt alkylation OEt o Pe
\ |:J> Cyclization +
J T
O 0 OEt
0O o
- Heck reaction (for Zoantheol ABC-ring)
. Me
Intramolecular O
OH Heck cycllzatlon X o
Me Me Me
Me Me
@ SnBu3 : H
Y OH
OH Theodrakis, E. A. et. al. Org. Lett. 2004, 6, 941. 13

Hirama, M. et. al. Chem. Lett. 1998, 141.
Hirama, M. et. al. Org. Lett. 2002, 4, 1627.



Diastereoselective Synthesis of ABC-ring System

Norzoanthamine

1. NaBH,
2. TBSCI, NHaNOs _

BuOK, Mel

74%

1. MOMC], DIPEA
2. TBAF
3. I1BX

OEt 1.LiAlH,

L 2.MexC(OMe) BH3-THF

Me TBSOMe‘“‘

Theodrakis, E. A. et. al. Org. Lett. 2004, 6, 941. 14



Diastereoselective Synthesis of ABC-ring System
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‘ el e
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Theodrakis, E. A. et. al. Org. Lett. 2004, 6, 941.
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Cyclopropanation/Opening
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Hirai, G.; Oguri, H.; Hirama, M. Chem. Lett. 1999, 141. 16



Heck Coupling for Zoanthenol Core
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Hirama, M. et. al. Org.Let. 2002, 4, 1627. {7
Hirama, M. et. al. Tetrahedron Lett. 2001, 42, 5783.
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Heck Coupling for Zoanthenol Core

OMOM OMOM
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Hirama, M. et. al. Org.Lett. 2002, 4, 1627. 15

Hirama, M. et. al. Tetrahedron Lett. 2001, 42, 5783.



Total Synthesis of Norzoanthamine

aldol reaction

Intramolecular
Diels-Alder R Me
reaction | v

I\
m

conjugate addition

aminoacetalization o ()

Me Norzoanthamine (1) R=H
Zoanthamine (2) R=CHj

Fig. 1. Molecular structures of norzoanthamine (1) and zoanthamine (2) and retrosynthesis of
norzoanthamine (1).

Miyashita, M. et. al. Science, 2004, 305, 495. 19



Total Synthesis of Norzoanthamine
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Total Synthesis of i\Iorzoanthamine

1. DIBAL
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Miyashita, M. et. al. Science, 2004, 305, 495. 21
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Total Synthesis of Norzoanthamine
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Conclusion

-Zonanthamine Alkaloids possess
interesting biological activities
and complex structure

-Proposed biosynthesis of these alkaloids
include cyclization of bishemiaminal moiety
from a primary amine, two ketones and a carboxylic acid

-The IMDA reaction seems to provide the most efficient route to the ABC ring

-Vairous successful model studies have been documented, but the most challenging task
is to establish the three quaternary stereogenic centers

-Miyashita group employed highly efficient and selective transformations for the total
synthesis of norzoanthamine

23



