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Chromium Mediated Coupling Developed by Hiyama

Fast rxns (generally 15 min Ð 3 h)
Works with alkenyl and aryl halides, and both saturated and unsaturated aldehydes
Selective over ketones (addition is much slower)

Hiyama et al Tetrahedron Lett. 1983, 24, 5281



Serendipity

In an attempt to reproduce HiyamaÕs it was discovered that reaction was batch dependant for the chromium source
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The following conditions were discovered:

CrCl2 - NiCl2 (1%)/DMSO
or

CrCl2 - Pd(OAc)2 (1%)/DMSO

55-80% yield
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Kishi et al J. Am. Chem. Soc. 1986, 108, 5644-5646



                             Key Notes on the Newly Discovered Reaction

-The reaction showed to be remarkably tolerant for a number of functionalites

-Disubstituted olefins of the halide retained stereochemistry
     -trisubstituted olefins usually preferred the trans olefin

-The reaction showed moderate diastereoselectivity (1.3-5:1)

-Addition into a-alkoxy and a,b-bisalkoxy aldehydes provided stereochemistry 
     opposite to organocuprate and Grignard reagents 

-The reaction must be run in the absence of oxygen

Kishi et al J. Am. Chem. Soc. 1986, 108, 5644-5646
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Cr/Ni Mediated Cross-Coupling Reaction

Proposed Mechanism:
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Improvements to the Initial Coupling Conditions:
An Asymmetric Process
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It was suspected that either Ni(0) or Ni(I) activates the carbon-halide bond, then transmetallation
of Ni to Cr occurs, finally the C-C bond was formed with the organochromium reagent.

-ligand must have a stronger affinity for Cr than Ni
-known ligands meeting this requirement:
     2,2'-dipyridyl, 1,10-phenanthroline, CHIRAPHOS, or 4,4'-disubstituted bis(oxazolines)

Best ligand developed: After solvent and temperature optimizations
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Kishi et al J. Org. Chem. 1995,60, 5386-5387



Further Improvement of the Stoichiometric Process:
Fine Tuning Diastereoselectivity

-Previously developed ligand failed to work on systems in halichondrins syntheses 
-FujisawaÕs ligand gave modest selectivity, and was further investigated
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R : S = 4.9 : 1.0

Changing proton to methyl slightly 
improved diastereoselectivity

Optimization of the catalyst lead to discovery of three new catalysts:

A : R1 = t-Bu, R2 = 2-naphthyl, R3 = Me :  R : S = 12 : 1.0
B : R1 = i-Pr, R2 = 4-MeOPh, R3 = OMe :  R : S = 7.6 : 1.0
C : R1 = i-Pr, R2 = Me, R3 = OMe :            R : S = 6.4 : 1.0
D : R1 = i-Pr, R2 = Me, R3 = Me :               R : S = 5.6 : 1.0
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Kishi et al. Org. Lett. 2002, 4, 4431



Cr/Ni Mediated Coupling as a Catalytic Process

Until 1996 Hiyama-Nozaki reaction required 2 eq CrCl2 
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Furstner, A; Shi, N. J. Am. Chem. Soc. 1996, 118, 2533
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Would the Cr(III) salts from the stoichiometric process function as catalysts 
under the Furstner conditions?

Cr/Ni Mediated Coupling as an Asymmetric Catalytic Process
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Kishi et al. Org. Lett. 2002, 4, 4435

Rxn was shown to proceed smoothly under conditions developed by Furstner
utilizing A and B as catalysts:
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catalytic with A
R : S = 5.0 : 1.0

stoichiometric with A
R : S = 5.5 : 1.0

catalytic with B
R : S = 6.1 : 1.0

stoichiometric with B
R : S = 6.3 : 1.0
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in EtCN or THF, rt



Increased Efficiency of the Asymmetric Catalytic Process:
Optimization of a Ni Ligand

N

N

Me

Me

•NiCl2

N

N

Me

Me

•NiCl2
P(Ph)2

P(Ph)2

•NiCl2 Ni(COD)2

90% (24:1) 79% (19:1) 71% (24:1) 50% (17:1)

Type I Ni Ligands:

N

N

•NiCl2
N

N

•NiCl2

N

N

•NiCl2
Me

Me

57% (8.5:1) 55% (8.3:1) 79% (2.5:1)

Type II Ni Ligands:

Kishi et al. Org. Lett. 2005, 4, 5417



Newly Optimized conditions for the Catalytic Asymmetric Process
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Could a Type II Ligand Be Used for Both Catalytic Cycles?
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Optimal type II ligands for both catalytic cycles:
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90% (24:1)

New Highly  Efficient Asymmetric Catalytic System

Kishi et al. Org. Lett. 2005, 4, 5421



Synthesis of Halichondrin B
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Extremely active against L-1210 leukemia, P-388 leukemia, and B-16 melanoma



Retrosynthetic Analysis of Halichondrin B

halichondrin B
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Kishi et al. J. Am. Chem. Soc. 1992, 114, 3163
Kishi et al. Tetrahedron Lett. 1992, 33, 1549
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Use of Cr-Mediated Coupling in the Synthesis of Halichondrin B
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indicates the use of Cr mediated C-C bond formation



Synthesis of the C1-C13 Fragment

OTBS

O

O

H

H

MeO2C

I

TBSO

OTBS

1

13

O

O

O H

OH

HO OH

cy clohexanone
cat. H2S O4

to luene
65%

O

O

O

O

O O
1. DIB AL-H
2. M eOCH2P Ph3Cl
t -BuOK

91% (2 steps) O
O

M eO HO O
O

1. SAD
2. Ac2O

90% ( 2 steps)

O
O

O O
O

A cO

A cO

Kishi et al. Tetrahedron Lett. 1996, 37, 8643



Kishi et al. Tetrahedron Lett. 1996, 37, 8643

Synthesis of the C1-C13 Fragment

1. HOAc , H2O, 80 °C, 85%
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3. tr ans -ICH=CHTMS

2.5% NiCl2/CrCl2/DMSO

75% (2 s teps, 15:1)
O

O

O

O

H

H

MeO2C

T MS

HO 1. i . HOAc, H2O, TFA , 85 °C

i i. TBSOTf, 2,6-lutidine

CH2Cl2, 0°C ! r t, 73%

2. NIS, MeCN, ClCH2CN, 80% OTBS

O

O

H

H

MeO 2C

I

TBSO

OTBS

12 s teps 11% overa ll yie ld

O

O

O
O

O

O

H

H

MeO2C

O
O

O O
O

AcO

AcO

CO 2M e

TM S

BF3¥E t2O

MeCN, 0 ! 20 ¡ C
65% (sin lge isomer)

Tri ton-B( OMe)

THF/MeOAc
0 - r t, 87% (s ingle d ias t)O

O

O
O

O

AcO

MeO2C



Synthesis of C14-C26 Fragment
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Improved Synthesis of C14-C26 Fragment
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Kishi et al. Org. Lett. 2002, 4, 4435



Synthesis of the C27-C38 Fragment
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Kishi et al. Tetrahedron Lett. 1992, 33, 1549
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Synthesis of the C27-C38 Fragment

Kishi et al. Tetrahedron Lett. 1992, 33, 1549
Kishi et al. J. Am. Chem. Soc. 1992, 114, 3163
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Coupling the C14-C26 and C27-C38 Fragments

Kishi et al. J. Am. Chem. Soc. 1992, 114, 3163
Kishi et al. Org. Lett. 2002, 4, 4431
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Connecting the Pieces

Kishi et al. J. Am. Chem. Soc. 1992, 114, 3163
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Kishi et al. J. Am. Chem. Soc. 1992, 114, 3163

Completion of the Core

O

O

H

H

M e

T BSO

OTBS O

O

Me

Me

O O
O

O

OTBS
H

TB SO

H

OO

M e

O

O

H

H

Me

TBS O

OO

O

Me

Me

O O
O

H

H

O

M e

O
O

O
H

TB S

1. T BAF
2. P PTS (64% 2 steps)
3. p-NO2P hCOCl, pyr
4. T BSO Tf
5. K 2CO 3, M eOH
6. DM P



Kishi et al. J. Am. Chem. Soc. 1992, 114, 3163

halichondrin B

Completion of the Halichondrin B
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Macrocyclization with Cr/Ni Asymmetric Catalytic System
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Kishi et al. J. Am. Chem. Soc. 2005, 127, 15382
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