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The Eribulin Story 

Bauer, A. Top. Heterocycl. Chem. 2006, 44, 209-270. Hirata, Y.; Uemura, D. Pure & Appl. Chem. 1986 
58, 701-710.  
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Halichondrin B 

Bauer, A. Top. Heterocycl. Chem. 2006, 44, 209-270. 
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IC50 of 0.0093 ng/mL in B-16 melanoma cell cytotoxicity assay 

3	



Halichondrin B 

Bauer, A. Top. Heterocycl. Chem. 2006, 44, 209-270. 

31 Stereocenters 
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Halichondrin B 

Bauer, A. Top. Heterocycl. Chem. 2006, 44, 209-270. 
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2,6,9-trioxatricyclo[3.3.2.0]decane ring system 
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Halichondrin B 

Bauer, A. Top. Heterocycl. Chem. 2006, 44, 209-270. 

22-Membered Macrocycle 
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Halichondrin B 

Bauer, A. Top. Heterocycl. Chem. 2006, 44, 209-270. 

Two Spiro-Ketal Formations 
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 

MeO H
OH

OH

OH

O

1. EtSH, HCl
2. Acetone, H+

O

O

O O

EtS
SEt 1. KOtBu

2. LiAlH4

O

O

HO

EtS
SEt

1. AcOH, H2O, 94%
2. TBSCl, imid., 94%
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    94% (2 steps)
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1. 9-BBN; H2O2, NaOH
2. MMTrCl, Et3N
3. K2CO3, MeOH, 

71% (3 steps)
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 

Fragment	4	
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 
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Kishi Total Synthesis of Halichondrin B 

Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 

O

O

TBSO

H

H

H

H

Me
H

H

OH
O

MeTBSO

O

TBSO

TBSO

TBSO

H H

OPMB
Me

MCyc

MCyc

1. DMP, 60% (2 steps)
2. TBAF, DMF

O

O

HO

H

H

H

H

Me
H

H

O
O

O
HO

HO
HO

H
H

OPMB
Me

MCyc

MCyc

O

Me

H

1. DDQ, tBuOH, CH2Cl2, pH 7
2. CSA, CH2Cl2, 60% (3 steps)

O

O

O

O

O
O

O
HO

O

O

O
O

O

O

OO O

HO
HO H

H

H
Me

Me
H

H

H

H

H

H

Me
H

H

H

H H

H

HH

H
Me

H

Halichondrin B

15	



O

O

TBSO
TBSO

O

O

O
O

O

O

TBSO
TBSO OTBS

H

H

H

H

Me
H

H

H

H H

H

Me

H

O

TBAF, THF

O

O

HO
HO

O

O

O
O

O

O

O
HO OH

H

H

H

H

Me
H

H

H

H H

H

Me

H

O

PPTS, CH2Cl2

64% (2 steps)

O

O

HO
HO

O

O

O
O

O

O

OO O

H

H

H

H

Me
H

H

H

H H

H

HH

H
Me

H

H

H
H

H H
H

1. 

    pyr. CH2Cl2
2. TBSOTf, Et3N, CH2Cl2, 93%
3. K2CO3, MeOH, 93%
4. DMP

O2N

O

Cl

O

O
OHC

TBSO O

O

O
O

O

O

OO O

H

H

H

H

Me
H

H

H

H H

H

HH

H
Me

H

+

0.1% NiCl2/CrCl2
DMF

NHK Reaction
O

TBSO

O

TBSO

TBSO

TBSO

H H

Me

Me

IPMBO

O

O

TBSO O

O

O
O

O

O

OO O

H

H

H

H

Me
H

H

H

H H

H

HH

H
Me

H

OH
O

MeTBSO

O

TBSO

TBSO

TBSO

H H

OPMB
Me

Fragment 4

Eastern Fragment Discovery 

16	Aicher, T. D.; Buszek, K. R.; Fand, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y. J. Am. Chem. Soc. 1992, 
114, 3162-3164. 



Discovery of the Eastern Fragment’s Activity 

Compound	 DLD-1	IC50,	nM	 U937	IC99,	0h,	nM	 U937	IC99,	10h,	nM	 Reversibility	Ra&o	 Fold	Resistance	

HB	 0.74	±	0.03	 8	 25	 3	 2.8	

1	 3.4	±	0.40	 9	 220	 24	 12	

2	 1.8	±	0.00	 10	 300	 30	 10	

3	 0.67	±	0.09	 2	 15	 8	 6.2	

4	 13.0	±	0.20	 10	 10	 1	 15	

Zheng, W.; Seletsky, B. M.; Palme, M. H.; Lydon, P. J.; Singer, L. A.; Chase, C. E. Lemelin, C. A.; Shen, Y.; David, H.; Tremblay, L.; 
Towle, M. J.; Salvato, K. A.; Wels, B. F.; Aalfs, K. K.; Kishi, Y.; Littlefield, B. A.; Yu, M. J. Bioorg. Med. Chem. Lett. 2004, 14, 5551-5554. 17	



First Generation Process Synthesis of Eribulin Mesylate by Eisai 

Liu, K. K.-C.; Sakya, S. M.; O’Donnell, C. J.; Flick, A. C.; Ding, H. X. Biorg. Med. Chem. 2012, 20, 
1155-1174. 
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First Generation Process Synthesis of Eribulin Mesylate by Eisai 

Liu, K. K.-C.; Sakya, S. M.; O’Donnell, C. J.; Flick, A. C.; Ding, H. X. Biorg. Med. Chem. 2012, 20, 
1155-1174. Austad, B. C.; Benayoud, F.; Calkins, T. L; et. al. Syn. Lett. 2013, 24, 327-332. 
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19	
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OH
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1. Acetone, H2SO4

2. SO2Cl2, pyr., MeCN
    79% (2 steps)

O

O
O

Cl H

O

O 1. H2, Pd/C, THF, 75%
2. DIBAL-H, PhMe,
    -40°C, 80%

3. TMSCH2MgCl, THF, 90%

OH

O
O

O

TMS 1. KHMDS, THF, 94%
2. BnBr, KOtBu, THF, 95%

Named Reaction?

BnO

O O

O

1. AD mix α, 92%
2. BzCl, NMM. DMAP, 
    PhMe, 95%

3. 
    TiCl3(OiPr), PhMe, 83%

BnO

O

OH
BzO

TMS

1. Recryst. iPrOH/Hex, 71%
2. DMSO, (Cl3CCO)2O, Et3N

3. LHMDS, PhSO2Me, PhMe

BnO

O
BzO

SO2Ph

Named Reaction?

1. TMSI, MeCN, PhMe, 60°C
2. Bu4NCl, NaBH(OAc)3
    DME, PhMe, 85°C,

3. K2CO3, MeOH, 50°C
4. Recryst. nBuOH
    57% (5 steps)

HO

O
HO

SO2Ph 1. C(OMe)2Me2, 
    H2SO4, acetone

2. NaOtBu, MeI, THF

MeO

O

SO2Ph
MeO

O
TBSO

O

SO2Ph

H

OTBS
O OOH

OBzOBz

HO

1. HCl, MeOH
2. TBSCl, imid. DMF

3. O3; Lindlar cat., H2
4. Recryst. heptane
    68% (5 steps)



First Generation Process Synthesis of Eribulin Mesylate by Eisai 

Liu, K. K.-C.; Sakya, S. M.; O’Donnell, C. J.; Flick, A. C.; Ding, H. X. Biorg. Med. Chem. 2012, 20, 
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Fragment	2	
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O

1. Diethylmalonate, NaOEt
    EtOH, 65°C

2. MgCl2, DMF, 125°C
    71% (2 steps)

O
O

1. MeI, LHMDS, PhMe,
    THF, -78°C, 68%

2. NH(OMe)Me, AlMe3
    PhMe, CH2Cl2, 0°C
3. TBSCl, DMF, 20°C,
    53% (2 steps)

MeO
N
Me

O

Me OTBS

1. OsO4, NMO, CH2Cl2

2. NaIO4, THF, 93%

MeO
N O
Me

O

Me OTBS

O 1. Amberlyst-15, H2O

2. 

    Sn, HBr, H2O, 35°C
    45% (2 steps)

Br
Br

Br

OH
OH

1. TBSCl, imid., DMF

2. TsCl, DMAP, CH2Cl2, 78%

SMB Chromatography

45% (2 steps) Br

OH
OH Br

OTs
OTBS

Br

OTs
OTBS

+

CrCl2, NiCl2, Et3N, THF
H2N(CH2)2NH2

Asymmetric NHK
Reaction

Me
NHMs

N

O

MeO
N O
Me

O

Me OTBS

OTs
OTBS

OH

TBSO

Me

O N
Me

OMe

1. iPrOH, Si2O
    48% (2 steps)

2. MeMgCl, THF, 
    -20°C, 88%

OTBS

TBSO

Me

O

O

1. KHMDS, PhMe, THF
    Tf2NPh, -78°C to -20°C

2. HCl, iPrOH, MeOH, 85%
3. HPLC Separation, 56%

OH

OH

Me

OTf

O

1. PivCl, Collidie, DMAP
    CH2Cl2, 0°C, 85%

2. MsCl, Et3N, THF,
    0°C, 97%

OPiv

MsO

Me

OTf

O

Fragment 2a

Fragment 2b
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OO

HO
OH

H
OH

OH

O

1.
    p-TSA, PhMe, 
    reflux, 84%

2. DIBAL-H, PhMe
    THF, -15°C, 99%

OHO
H

O O
O

O

Ph3P+-CH2OMeCl 
KOtBu

THF
81%

HO

O O
O

OMeO 1. OsO4, NMO, acetone, 
    H2O, 0°C to 5°C, 52%

2. Ac2O, AcOH, ZnCl2,
    35°C to 40°C, 84%

O O
OAc

OAcO H
AcO

AcO
1. 

    BF3OEt2, MeCN

2. 

    THF, MeOAc
    38% (2 steps)

TMS
MeO2C

O
O

OH
OH

O
H

O
MeO2C

Me3N
HO

1. NaIO4, EtOAc, H2O

2. 

    NiCl2, CrCl2, DMSO
    MeCN, 65%  (2 steps)

Br

TMS

O
O

OH
O

H

O
MeO2C

TMS
1. AcOH, H2O, 90°C, 71%
2. TBSOTf, 2,6-lutidine
    MTBE, 0°C to RT, 74%

3. NIS, PhMe, MeCN, TBSCl, 90%
4. DIBAL-H, PhMe, -75°C, 93% OTBS

OTBS

OTBS
O

H

O

I

H

O

H H
H

Fragment	3	

21	

Me

OH
tButBu

0.5-1 wt%
3,5-di-tert-butyl-4-hydroxy-toluene

(BHT)
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OPiv

MsO

Me

OTf

O

+

MeO

O
TBSO

O

SO2Ph

CrCl2, NiCl2, THF, Et3N

NHK Reaction
OPiv

MsO

Me
O

MeO

O
TBSO

SO2Ph

HO
1. KHMDS, THF, -14°C
    72% (2 steps)

2. DIBAL-H, CH2Cl2
    -78°C, 92%

OH

O

Me
O

MeO

O
TBSO

SO2Ph OTBS
OTBS

OTBS
O

H

O

I

H

O
H

+

nBuLI, THF, -78°C

84 %

OH

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS
OTBS

OTBS
O

H

O

I

HO

H

1. DMP, CH2Cl2, 90%

2. SmI2, MeOH, THF
    -78°C, 85% O

O

Me
O

MeO

O
TBSO

OTBS
OTBS

OTBS
O

H

O

I
H

O

H

CrCl2, NiCl2, Et3N, THF

70%

Me
NHMs

N

O

O O
O

O

O

TBSO
TBSO OTBS

H

H H

H

Me

H

OH

MeO

TBSO
O O

O

O

O
O

O O

H

H H

H

Me

H

MeO

HO 1. Ts2O, collidine, pyr. 
    CH2Cl2, -20°C
2. NH4OH, IPA, RT

3. MeSO3H, NH4OH, 15°C
    84% (3 steps)

O O
O

O

O
O

O O

H

H H

H

Me

H

MeO

OH

H2N

MsOH

Eribulin Mesylate
(Halaven)

OH

OTBS

OTBS

OTBS

OTBSTBSO
OTBS

Fragment 2

Fragment 1

1. Swern Oxidation, 91%
2. TBAF, imid. HCl, THF

3. PPTS, CH2Cl2, 79% (2 steps)

Fragment 3
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Me
NHMs

N

O
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OH

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS
2.7 eq nBuLi, 
-40°C; D2O No Deuteration

OH

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS
2.0 eq nBuLi, 

0°C; D2O

OD

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS

D
D

OTBS
OTBS

OTBS
O

H

O

I

H

O
H

D D

OH

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS +
OH

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS
OTBS

OTBS
O

H

O

I

HO

H

OTBS
D D

OH

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS

86%
8%

2.0 eq nBuLi, 
THF, -78°C

Modified: add aldehyde solubilized 
in hexanes and added to sulfone dianion
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Me

OTf
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+
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O
TBSO

O

SO2Ph

CrCl2, NiCl2, THF, Et3N

NHK Reaction
OPiv

MsO

Me
O

MeO

O
TBSO

SO2Ph

HO
1. KHMDS, THF, -14°C
    72% (2 steps)

2. DIBAL-H, CH2Cl2
    -78°C, 92%

OH

O

Me
O

MeO

O
TBSO

SO2Ph OTBS
OTBS

OTBS
O

H

O

I

H

O
H

+

nBuLI, THF, -78°C

84 %

OH

O

Me
O

MeO

O
TBSO

SO2Ph

OTBS
OTBS

OTBS
O

H

O

I

HO

H

1. DMP, CH2Cl2, 90%

2. SmI2, MeOH, THF
    -78°C, 85% O

O

Me
O

MeO

O
TBSO

OTBS
OTBS

OTBS
O

H

O

I
H

O

H

CrCl2, NiCl2, Et3N, THF

70%

Me
NHMs

N

O

O O
O

O

O

TBSO
TBSO OTBS

H

H H

H

Me

H

OH

MeO

TBSO
O O

O

O

O
O

O O

H

H H

H

Me

H

MeO

HO 1. Ts2O, collidine, pyr. 
    CH2Cl2, -20°C
2. NH4OH, IPA, RT

3. MeSO3H, NH4OH, 15°C
    84% (3 steps)

O O
O

O

O
O

O O

H

H H

H

Me

H

MeO

OH

H2N

MsOH

Eribulin Mesylate
(Halaven)

OH

OTBS

OTBS

OTBS

OTBSTBSO
OTBS

Fragment 2

Fragment 1

1. Swern Oxidation, 91%
2. TBAF, imid. HCl, THF

3. PPTS, CH2Cl2, 79% (2 steps)

Fragment 3
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H H
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MeO

OH

H2N

MsOH

Eribulin Mesylate
(Halaven)

Halichondrin B

30	years	
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