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Synthetic Studies Towards Halichondrins:
Synthesis of the Left Half of Halichondrins
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Abstract: An efficient synthesis of the left half of halichondrins B and C is reported.

Marine natural producis halichondrins B and C share a common structurc on the lefl

side.!  In this letter, we report an ecfficient synthesis of the left half of these halichondrins.

HO halichondrin B ; X
halichondrin C : X

Scheme 1 outlines the synthesis of the C.44-C.54 segment of halichondrin B.! The
conjugate addition of methylcuprate to the o,B-unsaturated vy-lactone 1, readily available f(rom L-
ascorbic  acid,2 yiclded the single stercoisomer 2 in 95% yic]d.3 Routine functional group
manipulation allowed the transformation of 2 into the cpoxide 3, which was then coupled under
Yamaguchi conditions#* with the acetylene 4, readily prepared from D-malic acid.>  Lindlar
reduction of the coupled product gave the cis-olefin 5§ in 86% overall yield from 3. The cis-
olefin § was then subjected to Sharpless cpoxidalion(’, followed by acid treatments, to yicld the
cxpected tetrahydrofuran 6 in 61% overall yield with a 7~8:1 stereoselectivity. The
stercosclectivity of this cpoxidation depended sharply on solvents, with a general trend of

aromatic solvents giving more satisfactory results.
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Scheme 1, Reagents and Reaction Conditions.

(a) 1. MepCuLi/TMSCI/THF/-78 °C—RT. (b). 1. LAH/Etp0/0 °C. 2. PvCl/Py/ CHCI»/RT. 3. p-
McOCgH4CH7-Br (MPM-Br)/KH/THF/RT. 4. AcOH-H,O (4:1)/RT. 5. NaH/THF/RT, followed by
trcatment with p-TsImd/THF/RT. (c¢) 1. 4/n-BuLi/THF/-78 °C, followed by BF3<Et2O at -78 °C then
addition of 3 at -78 °C. 2. Hy/Lindlar catalyst/quinoline/hexanes/RT. (d) 1. z-
BuOOH/VO(acac)2/CgHg/RT. 2. TFA/CH,Cl»/RT. 3. AcOH-H7O (4:1)/RT.

The C.50 and C.51 stercochemistry of 6 was assigned on the basis of literaturc precedents
known for the stereochemical outcome of this type of epoxidation.7 This assignment was
further confirmed by degradation of 78 (0 8 and correlation of 8 with the authentic sample

prepared via a different route (Scheme 2).
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Scheme 2. Reagents and Reaction Conditions.

(c) 1. CgH5CH7Br (1 equiv)/NaH/THF/RT, and chromatographic separation. 2. AcpO/Py/RT. 3.
AcOH-H>O (4:1)/RT. 4. NalO4/HoO-THF (1:1)/RT, followed by NaBH4/MeOH/0 °C. 5. o-
07NCgH4SeCN/n-BuzP/THF/RT, followed by 30% HpOo/THF/RT treatment10. 6. 03/MeOH-CHCly/-
78 °C, followed by NaBHy reduction. 7. KoCO3/McOH/RT. (f) 1. :-BuOOH/(+)-diethyl tartrate/Ti(i-
Pr0)4/CH,Cly/-15 °Cl1l. 2. CSA/THF-H;0 (20:1)/RT.

The synthesis outlined in Scheme 1 was designed to specifically address the
stercochemical issue of the C.50-C.54 moiety of halichondrin B. The C.50, C.51 and C.53
stercochemistry of halichondrin B was suggested on the basis of vicinal 1H-1H coupling
constants, as well as biogenctic considerations,! yet there remained some ambiguity. This
synthetic route allowed the preparation of all the stereoisomers with respect to the C.50, C.51 and
C.53 stercocenters, by using Sharplcss6 or MCPBAL2 cpoxidation of the cis- and trans-olefling

prepared from the acetylene 4 and its antipode. Examination of the chemical shifts and vicinal
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Table 1. !H NMR data (CD30D) of 6, 10, and halichondrin B
[y 10 halichondrin B!
C.50 3.99 4.11 4.00
(ddd, 9.1, 4.9, 4.2) (ddd, 9.2, 6.7, 4.5) 9.0, 4.2. 4.2)
C.51 3.73 3.63 3.78
(ddd, 8.3, 6.1, 4.9) (ddd, 8.8, 4.5, 4.1) (ddd, 8.7, 4.2, 4.2)
C.52 1.70 1.61 1.61
(ddd, 13.9, 6.1, 4.7) (ddd, 14, 8.8, 7.8) (ddd, 14.1, 8.7, 8.3)
C.52 1.75 1.66 1.75
(ddd, 13.9, 8.3, 8.0) (ddd, 14, 5.1, 4.1) (14.1, 4.2, 4.2)
C.53 3.83 3.86 3.87
(dddd, 8.0, 6.2, 4.7, 4.1) (dddd, 7.8, 6.0, 5.1, 43) (m)
WwOH WOH
HO,,, “‘.‘[ o 1,," :/\/opu H ey, va
HO,,” Pfde “ HO, h:ple
Ho 6 wo 10

spin-spin coupling constanis in the IH NMR spectra of stercoisomers thus obtained clearly

demonstrated that the 'H NMR data obscrved for 6 and its diastercomer 10 matched well with the

reported values! for halichondrin B (Table 1).

Therefore, these two stercoisomers were

scparately brought up to the left half 1313 of halichondrins B and C and its corresponding

diasterecomer (Scheme 3), then to the final producls.14
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Scheme 3. Reagents and Reaction Conditions.
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{g) 1. TBSOT{/Eiz3N/CH2CIi2/RT. 2. samc as step b.1. (h) 1. Dess-Martin rcagcntm/CHzClz/RT. 2.

1215/-BuLi/E120/-78 °C, followed by trcatment with the aldchyde at -78 °C.
cquiv)/HMDS (7 equiv)/H>O-EtOH (1:4)/RT. 4. n-Bu3SnH/AIBN/jtoluecne/80 °C.

same as step h.l.
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d.J=145Hz), 633 (1 H,dd, /=78, 145Hz), 6.79 (2 H,d, J =86 Hz), 7.13 (2 H, d, J = 8.6 Hz).
The total synthesis of halichondrin B from the iodoolefin 13 has recently been completed,
cstablishing the complete structure as illustrated.
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reduction, 3. Swemn oxidation, 4. LiC=C-TMS, followed by chromatographic scparation of
two diasicreomers, 5. MPMO(C=NH)CCl3/BF3+Et30, 6. CSA/McOH, 7. MsCI/Ei3N, 8. LiBr.
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