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BIOACTIVITY

(1) Neurotoxicity (hemibrevetoxin B, gambierol)
(2) Cytotoxicity (armatol A)

{3) Anticancer activity (halichondrin B)
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FEATURES CHALLENGES

C-Glycosides Lead to: & Stereoselective Epoxidation

® 0-and Some of the C-Atoms for the Subsequent Ring @ Stereoselective C-C Bond Formation

® The Ring Junction Stereochemistry ® Flexibility
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THE GENERATION OF a-C-GLUCOSIDES
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1 AlMe, 82%
2 Me. Al(alkynyl) 80%
3 Al(vinyl), 76%
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5 Al(2-furyl), 85%
6 B(akiyl), 70%
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ACID MEDIATED CYCLIZATIONS TO FUSED ENOL ETHERS
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HEMIBREVETOXIN B
PROOF OF CONCEPT
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Rainjer Group Formal Tolal Synihesis: 14 Steps to the Tetracyclic Core, 7.5% Overall Yield
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GAMBIEROL

HO

Gambierol H

Isolated in 1993 by Yasumoto from the marine dinoflagellate Gambierdiscus
Toxicus at Rangirea Atoll, Tuamotu Archipeiago, French Polynesia

Neurotoxin associated with ciguatera poisoning.
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HEMIBREVETOXIN B-1ST GENERATION APPROACH
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HETERO-DIELS ALDER CYCLOADDITIONS TO THE GAMBIEROL A-RING

TM5
catalyst
BnO CHO -3 —_—_—
~TN * MeO conditions 8nQ

Me
Catalyst Conditions Yield ee%
Oe Ti(FOPr),, CF,COOH 0% -
OH
Me,Al; CF,COOH 69% 0%
B{(OPh),; CF,COOH 10% 8%
4A MS, 70 h; 0% 94%

TFA, CH,CL, 0°C, 1 h
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HETERO-DIELS ALDER CYCLOADDITIONS
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OG Ti(OPr), TBS  4-32% 0%
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TFA
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BnO 2. PMBCI, NaH, THF 0°C >t (65%)
-S0°Ctort 2. Ac,0, FPr,NEL, DMAP
{95%, 2 steps} CH,Cl, (78%)
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L
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RO~ 1 °C,16 h
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N_ N
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Chp,=7 | m16h
I {65%, 2 steps)
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GAMBIEROL
A,B-RING SYSTEM

ENTRY NU: A B YIELD

y
1 ciMg” 1 0 45%

2 AlN ) 1.5 1 40%

1.5 40%
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GAMBIEROL A,B-RING SYSTEM
PINACOL REARRANGEMENT

/\/?\MB Yield = 65%
R'= % OMe



CAN A CLAISEN REARRANGEMENT SOLVE
THE STEREOCHEMICAL PROBLEM?

" PPTS, pyridine, 120°C

CLAISEN REARRANGEMENTS
TO C-GLYCOSIDES
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F T L . ot pyridine
Ra %R 2. 8P ™ (%) R OR T RO 100°C

PMBO M
=]
X [3,3] Z
] —_— +
RN (97%)
o O i 0 0
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ABSOLUTE STEREOCHEMISTRY
ASSIGNMENT

Yasumoto Gambiercl C-3 Epimer

Cox, Rainier cmpd.

500 MHz, 'H NMR (CD,Cly) 600 MHz, '"H NMR (CD,Cl,:CD,0D)
OMTPA
+0.01 40,13 +0.11
HiMe M
: Mep Me OMTPA
010 H™
RO o}
H H H
-0.02 +0.03
45 (PPM) = 8S - R
Cox, Rainier cmpd.

500 MHz, 'H NMR (CD,CL,)
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2° ALCOHOL INVERSION

1. DDQ, CH,Cl,, H,0 (93%)
2. DEAD, PPhs, p-NO,CgH,COH, PhCH,

L -

3. NaOH, H,0, THF, MeOH (70%, 2 steps)

4. TMSOTY, iPr;NEt, CH,Cly (87%)




GAMBIEROL C-RING SYNTHESIS
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GAMBIEROL C-RING DIRECTED REDUCTION
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GAMBIEKOL D-KING

H? Me Me H

L0 )

PPTS, PhCl; ale|c]|op}
R A GMe  pyridine RTINO7ENTN07
A H A 100°C H°H H H

OMe (95%)

20 STEPS TO THE GAMBIEROL A-D RING SYSTEM!!

HIGHLIGHTS
A single stereocenter was used to establish all of the stereocenters
in the A-C ring system

New C-Glycoside synthesis using a Claisen Rearrangement to generate
the C-11 angular methyl group.
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GAMBIEROL F-H SUBUNIT ANALYSIS

H 0-F
Hive
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R =Me
R = CH,C{Me)CH,




BulLi, THF, 0°C __0-0 o
Mel, -60°C —rt -60°C — 0°C
(95%)

Z~-MaCl
CH,Cl, -60°C —» rt
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"::‘\/MgBr

CH,Cly, -60°C — 1t
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GAMBIEROL G-RING
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GAMBIERKOL G-IKING
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-60°C — 0°C;
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CH,Cly, -60°C — 1t

(80%) AB=2:1
H }-Bu 0-0
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2 O Me
Me 23 o =
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GAMBIFROL F-RING
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GAMBIEROL F-RING

Schrock catalyst
hexanes, 65°C (0%)

Grubbs' catalyst
PhH, rt (0%}

PhH, 65°C (ca. 5%)
PhH, 80°C (82%)

*,
-

0-0
-60°C = 0°C;

DIBAI
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via:
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GAMBIEROL G-RING MANIPULATION

1. TMSOTS, iPr,NEt
CH,Cl,, 65°C - 1t

NaH, HMPA (90%])
— r
o°c 2. PMBO._~_.CO.H
(88%)

DCC, DMAP, CH,Cl,
(90%)

AcOH, MeOH
—......._..—,-
H,0, 0°C
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CS,, NaH; Mel
—— T
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GAMBIEROL G-RING MANIPULATION

—

Bu,ySnH (0.014 M)
AIBN, PhCH,, 110°C

Bu,SnH (0.5 M)
AIBN
PhCH;, 110°C

Bu,SnH {0.0032M), AIBN RO H
PhCH3, 110°C e :

N
Me H
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GAMBIEROL G-RING MANIPULATION

TiCl,, Zn, PbCl,,

CH,Br, TMEDA, THF
65°C
{83%)

PCY3

PhH, 80°C
(78%)




GAMBIEROL F-RING-COMPETION

0-0
-60°C - 0°C;

Y

DIBAI
{81%}

F-H SUMMARY

I.  An interesting C-3 protecting group influence on C-glycoside formation
has been observed.

2. Takai protocol to enol ethers is influenced by the steric environment about
the ester starting material,

3.  The coupling of C-glycose formation with metathesis results in a highly concise
entry into polycyclic ethers having angular methyl groups in a 1,3-disposition.

- Utpal Majumder



