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Synthesis of the EF Fragment of Spongistatin 1
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Abstract: The EF fragment of spongistatin 1 was prepared diaste
reoselectively from 3,4,5-t®-benzylb-glucal.
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The spongistatins are a family of highly cytotoxic mac-
rolides that were isolated from marine spongé3hese
compounds have been shown to exhibit potent antitumot
activities against a number of human multi-drug resistar
cell lines? The limited supply from natural sources has
stimulated significant effost in the synthesis of these
compounds$.Our route to spongistatin 1 calls for the as-
sembly of a C1-C29 ABCD aldehyéfe, coupling via a
Wittig process with a suitable EF fragment. This fragmen
ideally derives from the union of three building blodks

2, and3, where the F-ring un2 acts as a core structure to
which the side chains are appended via aldol coupling re
actions. We now report the successful completion of th
synthesis of the EF fragment based on this approach. Pt
vious work in our group on a model system had estak
lished the viability of this general strategy (Schem 1).

The synthetic effort began with the manipulation of glycol
derivative4, which was prepared from 3,4,5-@benzyl-
D-glucal® Anomeric acetate formation, Mukaiyama-type ci
C glycosidation with 2-trimethylsilyloxy-propene and
subsequent isomerisation introduced the 2-oxo-propar
moiety of5 in the required equatorial manner (Scheme 2)
Protection of the carbonyl group as its dioxolane deriv
tive and further manipulation delivered iodigleCyanide
displacement of the iodide afforded the corresponding ni-

trile 7, which was converted into ketoBethe crucial Step g There js also a possibility that one of the two lone pairs
of which is stereoselective introduction of the C38 hyss ihe pyran oxygen might direct the catalyst through co-
droxyl group. ordination.

This was accomplished by Rubottom-type oxidation ofhe c29_C35 aldehyde fragmewas conveniently ob-
the thermodynamic silyl enol ether readily generated frofgineq in 4 steps from commercially available oxazolidi-
ketone7, affording8 as the sole C38 epimer (Schemé 2).

Nuclear Overhauser effect (NOE) was observed between

%Eheme 1 Synthetic strategy for the EF fragment of spongistatin

C38-H and C40-H, and C36—Me and C38-H, respective- oTBS

ly (Figure 1). This clearly indicated that one face of the si-

Iyl enol ether moiety was hindered by the C40 methyl R o

substituent. Therefore, the Rhenium catalyst most reason- O

ably approaches the silyl enol ether moiety from the less O

hindered front side, leading to the desired hydroxyketone NOE

SYNLETT 2005, No. 13, pp 2031-2034 Figure 1 Proposed 3D structure of the silyl enol ether based o
Advanced online publication: 12.07.2005 NOE analysis; two PMBO groups are omitted and theCIBN-
DOI: 10.1055/s-2005-871960; Art ID: D16305ST MeOMe moiety is represented by R for clarity.
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Scheme2 Synthesis of the F-ring fragmeatReagents and condi-
tions: i) (a) concd HCI, 1,4-dioxane, r.t., 4 h, 65%; (b)@¢cpyridine,
r.t., 5 h, 98%; (c) 2-trimethylsilyloxy-propene, TMSOTf, &H,,
—78 °C to —40 °C, 25 h, 75%; (d) NaOMe, MeOH, r.t., 18 h, then 1,
ethanediol, PPTS, benzene, (azeotropic), 85% over 2 steps) ii)
10% Pd/C, H, AcOH, EtOH, r.t., 10 h, then TIPSCI, imiddep
DMF, r.t., 3 h, 97%, over 2 steps; (b) PMBCI, Nal, NaH, THF-BM
r.t., 18 h, 98%; (c) TBAF, THF, r.t., 2 h, 88%; (d)PPh, imidazde,
MeCN-E$O, quant; iii) (a) KCN, 18-crown-6, DMF, r.t., 3 h, 92%
(b) DIBAL-H, CH,CI,, —78 °C, 2 h, 84%); (c) NaClO2-methyl-2-ln-
tene, pH 7 buffet-BuOH-THF, r.t., 1 h, then MeNHOMe-HC
TEA, EDCI, HOBt, CHCI,, 93% over 2 steps; (d) PPTS, aceton
H,0, reflux, 1 h, 90%; iv) (a}BuOK, t-BuOH, THF, —78 °C, 20 mi,
followed by addition of TBSCI, —78 °C, 1 h, quant.; (b) MTO, piyrid
ne, H,0,, CH,Cl,, 0 °C tor.t., 4 h, then TBAF, CBl,, 0 °C, 30 m,
78%, over 2 steps; v) (a) PMBTCA, BBEY, CH,Cl,, r.t., 50-80%
MTO = methyltrioxorhenium; PMBTCA spara-methoxybenzylri-
chloroacetoimidate.

none 9 using Evans’ aldol chemistfyStereoselective

aldol coupling and protection of the resulting alcohol gav:

the protectedsyn-aldol productl10. Substitution of the
oxazolidinone with EtSLi afforded the thidll, which

was conveniently reduced to the corresponding C29-C

aldehyde 3 with EtSiH in the presence of PdIC
(Scheme 3).

The boron-mediated aldol coupling of ketéheith alde-
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Scheme 3 Reagents and conditions: i) n-Bu,BOTf, i-Pr,NEt,
CH,CI,, =78 °C to 0 °C, 30 min, followed by addition of 5-chlonepe
tanal, =78 °C to 0 °C, 1.5 h, 78%; ii) TESCI, imidazole, DMF, 2.t.,
h, 78%; iii) EtSH,n-BuLi, THF, 0 °C, 0.5 h, 80%; iv) 10% Rd/
Et;SiH, CHClI,, r.t., 10 min, 98%.

The acid-catalysed removal of the triethylsilyl group from
the C33 hydroxyl o13 revealed the EF-ring systels via
spontaneous cyclisation and in situ protection of the
resulting hemiketal in the presence of MeOH as solvent.
Silyl protection of the C35 hydroxyl group was best per-
formed usingtert-butyldimethylsilyl trifluoromethane-
sulfonate/2,6-lutidine and conversion of the Weinreb
amide into methyl keton&5 was effected by treatment
with MeLi—CeCl,. The organocerium reagent was chosen
due to its reduced basicity compared with the analogous
organolithium, successfully preventing competing unpro-
ductive enolisation!

The chlorodiene fragmerit was prepared in just four
steps from commercially available orthoestd6
(Scheme 5). Johnson—Claisen rearrangement through the
intermediacy of allylvinyl ethet7 affordeda-chloroester

18.12 Basic elimination with DBU in benzene provided an
intermediate conjugated diene ester which was reduced
with DIBAL-H and oxidised with Mn@to furnish chlo-
rodienel. This sequence represents the most efficient so-
lution to the synthesis of the problematic chlorodienal
aldehyde.

Coupling of chlorodienel to methyl ketonel5 was
achieved through a highly selective boron aldol reaction.
Owing to its instability, immediate protection of the new-
ly formed C47 alcohol was necessary to ac@0ss ex-
ellent yield (Scheme 6). Interestingly, we found that the
C35 tert-butyldimethylsilyl ether was essential for high
lectivity in this reactioP™°c use of the corresponding
5 para-methoxybenzyl ethet9 resulted in poor dia-
stereoselectivity in the side chain coupling reaction. The
seemingly remote nature of the C35 protecting group in-
dicates a key conformational requirement for the installa-

hyde 3 proceeded with high diastereocontrol, providingion of the side chain motif via aldol coupling protocols.

the desired aldol addudt3 under Felkin—Ahn control
(Scheme 4). This excellent diastereoselectivity sugge

that 1,2 Felkin—Ahn control overrides the competing 1,

effect of the chiral aldehydé.
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Takai olefination installed the desiregko-methylene

glsoup at the C45 position affording? (Scheme 7§32

inkelstein conditions in the presencenelrl, which act-
ed as a chloride scavenger, enabled us to obtain the corre-
sponding iodid&3 as the sole product. Phosphonium salt
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OPMB Felkin—-Ahn _
B C2.1...1,3 syn (1,3 anti preferred)
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Scheme 4 Reagents and conditions: i) Cy,BCl, TEA, EtO, 0 C,
1.5 h;ii)3,-78 °C to 0 °C, 3 h, 96%; iii) PPTS, TMOF, MeOH-AH
r.t., 20 min, 89%; iv}-BuMe,SiOTf, 2,6-lutidine, THF, —78 °C,®
min, 86%; v) CeCJ, MeLi, THF, —78 °C, 20 min, 96%.
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Scheme5 Reagentsand conditions: i) pivalic acid, 2-chloro-2-pr-
pene-1-olo-xylene, 140 °C, 17 h, 78%; ii) (a) DBU, benzene, G6C
r.t., 4 h; (b) DIBAL-H, CHCI,, —78 °C, 30 min, 74% over 2 step§; i
MnO,, CH,CI,, r.t., 1 h, 81%.

formation was easily achieved with BRih the presence
of i-Pr,NEt, however, silica gel purification of the salt le

R=TBS 15

OR Cl
R =PMB 19

R = TBS 20 95% (sole product)
R = PMB 21 90% (4:1 d.r. in favour of 21)

Scheme6 Reagents and conditions: i) (a) CyxBCI, TEA, EtO, -8B
°C, 3 h, followed by addition of aldehyde—78 °C, 16 h; (b) TBSIC
imidazole, DMF, r.t., 2 h, 97% over 2 steps.

to counteranion exchange between iodide and presumably
HO™ or MeO. In order to avoid the problematic purifica-
tion, we intend to use the crude salt in the following key
Wittig coupling.

In summary, we have completed an efficient synthesis of
the EF fragment of spongistatin 1. Our route has produced
gram quantities of the key fragment and we are currently
optimising the completion of the synthesis of spongistatin
1. We are also developing a second-generation synthesis
of the EF fragment which will be reported in due course.

.-OPMB

----> spongistatin 1

oTBS X oTBS PPhjl
i

X=Cl 22 EF Fragment

X=1 23
Scheme 7 Reagents and conditions: i) Zn, Pbl, Me;SiCl, CH,l,,
TiCl,, CH,CI,~THF, r.t., 4 h, 75%; ii) Nalp-Prl, NaHCQ, NaSO;,
acetone, 18 h, 93%; iii) PRh-PrL,NEt, MeCN, 85 °C, quant.
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