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What is Norhalichondrin B?

Isolated from Halichondrin Okadai Kadota
in 1986

@ Structure Elucidated in 1986

g Exits Extraordinary in vitro and in vivo
Antitumor Activity

Halichondrin (Pacific Ocean in Japan)
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Strategy-Level Analysis Showing Key Disconnections
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Strategy-Level Analysis Showing Key Disconnections

Macrolactonization

Nozaki
Hiyama
Kishi

Tandem Ring-opening/Ring-closing Metathesis
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Strategy-Level Analysis Showing Key Disconnections

Nozaki
Hiyama
Kishi

Achmatowicz [O]-Kishi [H]
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Key Reactions for the Synthesis of Compound 7
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g Noyori Asymmetric Hydrogenation of B - ketoester

U RuCl,[(R)-BINAP] (0.05 mol%) OH O
- M
R OMe H, MeOH R OMe

@ Formation of THF Ring by Copper Catalyzed [2, 3] Sigmatropic Rearr.
O

@) @)
—N metal
o Tm LS = R
R -2 O+) o
|\_22 R (}-{2 R

@ Kishi’s Protocol of Coupling Reaction meldiated by Cr(ll)

(0.5 equiv) 22, .
Co—phthalocyanine, Mn, OH o
y y %, O / {\]

EtsN-HCI, LiCl, TMSCI, . N—Cr(Cl)>(THF)

DME, r. t. then TBAF
23 21 éOzMe
22
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Synthesis of Compound 7

1) [(S)-binapRuBr,], EtOH, o \F

S0°C.Ha > EtOZC\/k/\/OTIPS

2) allyl ethylcarbonate, 15 .
(2.5 mol %) [Pdy(dba)s] , dppb, 50%
THF, 60 °C,

: <
1) LiOH, MeOH/THF 0 o \F [Cu(acac),]

(2:3) THF, reflux “, 0O
- NZWOTIPS - .
2) (COCl),, DMF, THF

60%
then CH2N2, Et3N, Etzo, 17

MePPh3Br, tBuOK, K OTIPS 1) Sia,BH, THF
then NaOH, H,0,,

0/; s,
.

r

99% 2) Dess—Martin, NaHCO3,
CH,Cl,,
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Synthesis of Compound 7

23 (2 equiv), 22 (0.5 equiv), PvCl, DMAP,
r OTIPS Co—phthalocyanine, Mn, OH pyridine, CH2CI2
,": T
EtsN-HCI, LiCl, TMSCI, .
20 84% DME, r. t. then TBAF 5

Ms,O, EtsN, DMAP, CH,Cl,

OgMe

42/\“1/;\1;(;0 )o(THF) r
23
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Key Reactions for the Synthesis of Compound 6
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g Brown Crotylation

OH
(E)-crotylborane
RCHO > XN
then NaOH, H,0,

@ Achmatowicz Oxidation and Kishi Reduction

Hc=_) tBuOOH, [VO(acac),],
: o) CH,CI, then Et;SiH, TFA

7 \ OTBS

> 1BSO
CH,Cl,, -40 °C

26

@ Nozaki-Hiyama-Kishi Reaction
O

RZJJ\ R3
y

CrCl,, Nill, Mn©
R1X -
szer|2
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Synthesis of Compound 6

methyl-p-iodoacrylate,

0 : 0.22 mol% 35, Cr,Cl,,
~Z 0, then Me,S : : proton sponge,

) ! LiCl, Mn, [NiCl,(dppp)],
OTES = 2,6 - lutidine, Cp,ZrCl,,
34 MeCN, r .t.

O

T T : 0 3_A_OPMB ppTs MeOH TBSOTf, EtsN, CH,Cl,
y y

. ,,"l

OzMe

37 50%

OPMB
1) LAH, Et,0, 0 °C
» [1BSO

"l,,, _ 0 - - o
2) Dess-Martin Periodinane TBSO
38 2Me 6
87%
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Synthesis of Compound 6

OH tBuOOH, [VO(acac),],

@)

(-Fpc-(Z)-crotylborane  OHC~~© CH,Cl then EtsSiH, TFA
U/\/OTBS . \ A

then Hzoz, NaOH CH20|2, -40 °C

1) TFA, Ho0, CH,Cl,, -37 °C

2) Jones reagent, acetone,
O°Ctor.t.

LiBH4, THF, r. t. HO
y

2, 2- DMP, PPTS, CH,Cl,
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Key Reactions for the Synthesis of Compound 5

MeO,C
H
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@ Davies Asymmetric Synthesis of 8-Oxabicyclo[3.2.1] octene

w
/\H)LO\Q [Rh,(OOct),] (1 mol %),
hexane, reflux

>

O

W,
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Synthesis of Compound 5

1) NaOMe, MeOH then LiOH,
O MeOH/H,0 (2 :1) ;
[Rh,(OOct),] (1 mol %), 2) DPPA, Et3N, PhMe/CH3CN
hexane, reflux (2 :1) then H,0, reflux ;

'

3) L-Selectride, THF,

-78°Ctor. t.;

4) H,C=CHCH(OMe),, PPTS, PhMe,
45 °C

Grubbs Il (3 mol %), Sia,BH, THF
H,C=CH,, PhMe, r. t., o then NaBO3, H,0,

' o >

©71%
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Synthesis of Compound 5

Jones reagent, acetone L

then TMSCHNZ2, MeOH/PhMe (1:3)
?

6 steps

17% ovrall
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Synthesis of Compound 4

1) 1 % NiCl,/CrCl,, THF/DMF

4:1),r.t;

2) KHMDS, THF, 0 °C,

TBSO
1. LAH, Et,0, 0 °C;
2. Dess—Martin, NaHCOg,
CH,Cl,, 1. t.; TBSO

-

3. H,C= CHMgBr, THF,
0°C;

4. Dess—Martin, NaHCOs,
CH2C|2, r. t.

-
p‘\/\ 59%
OPv
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Synthesis of Compound 3

41 (20 mol %),
PhMe, 80 °C

TBAF, AcOH, THF, . t.
lg >

O

W

I/""
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Synthesis of Compound 3

CaCO3;, DOWEX 50WX8-400,

MeOH as workup
>

TBSOTHT, DDQ, CH,Cl,,

Et;N, CH,Cl,, 0 °C  pH 7 phosphate buffer
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Synthesis of Compound 3

1 m LiOH, THF, r. t.
'

2,4,6- trichlorobenzoyl chloride,
EtsN, THF, r. t. then DMAP,
PhMe, 80 °C
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Synthesis of Compound 3

PPTS, MeOH

>

Dess—Martin, NaHCOs,
CH2C|2, r. t.

>
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Synthesis of Compound 3

H

O dimethyl(diazomethyl)phosphonate (20 equiv),
" SnCl, (3 equiv), CH,CIy, r. 1.
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Synthesis of Compound 2

(-)-lpc2- (E)-crotylborane H

0 :
OHCMOTBS then H20,, NaOH ~°
/ = W\/OTBS

25 26 1%

tBuOOH, [VO(acac),], Z O
CHCl; then Et3SiH, TFA 7 steps, 33% overall

> TBSO 0
CH,Cl,, -40 °C

27

TBS
H

1) 29, tBuLi, Et;0, -78°C;  TBSO,,
CHO 2) Dess—Martin, CH,Cly, r.t,; .
- -
3) O3, MeOH, pyridine then '

MeZS OzMe
QPMB
I/\‘/:\/

29
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The Final Game

W

OzMe

18 (1 equiv), K,COg,
18-crown-6, PhMe, 60 °C -
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1) TBAF, AcOH,
MeOAC/THF (2 :1), r. t.;

2) DDQ, CH,Cly/ HO,,
MeOH (10 :1); .

¢ .
3) LiOH, THF/ w
H,O (3 :1), O,H
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