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petri.pihko@jyu.fi

Received July 12, 2008

ABSTRACT

A convergent synthesis of the CDE and CDEF ring systems of pectenotoxin-2 from C and F ring precursors is described.

In the previous communication, we presented a stereocon-
trolled route to the open-chain C10-C22 fragment of the
pectenotoxins (PTXs).1 Herein, we describe the synthesis of
the advanced CDE and CDEF ring systems, strategic
intermediates for the total synthesis of PTX2.

Having completed the synthesis of the fully functionalized
C10-C22 fragment 2, all that remained was the ozonolysis
of the C21 olefin and subsequent intramolecular ketalization
to furnish the CDE ring system. Fortunately, the mild
reductive workup conditions of ozonolysis (Me2S at -78
°C to rt, for 3 h) also triggered the internal ketalization event
to afford the desired CDE ring system 3 in 91% yield
(Scheme 1).

The stereochemistry of the CDE ring fragment was clearly
established by extensive NOE studies and analysis of the
relevant coupling constants (Figure 1).

At this juncture, a number of strategic issues remained
unanswered. The utility of the methyltitanation-ozonolysis
sequence with more synthetically realistic fragments, bearing
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Scheme 1. Synthesis of the CDE ring system
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at least the F ring system, remained to be demonstrated. In
addition, we have previously addressed the synthesis of the
nonanomeric AB ring system of the PTXs, and the compat-
ibility of the DE ring synthesis with this sequence would be
highly desirable. Ideally, we would like to include the
nonanomeric AB spiroketal unit with the C ring building
block (the ABC + F f ABCDEF strategy, Scheme 2). To

test the viability of this strategy, the stability of the nonanomeric
AB spiroketal unit to the DE ring ketalization conditions must
be tested in a realistic system bearing the F ring.

Synthesis of the F ring building block 5 commenced with
ring opening of easily accessible γ-vinyl butyrolactone 82

with methallylsilane 93 in the presence of Meerwein’s salt
to give diene 10 in good yield as a single isomer (Scheme
3).4 In the next step, a regioselective asymmetric dihydroxy-

lation5 under carefully optimized reaction conditions6 gave
access to lactone 11 with useful levels of regioselectivity
(4:1) and 98% ee.7 Repeated reaction cycles afforded gram
quantities of lactone 11.

The bishomoallylic alcohol 11 was epoxidized using a
combination of catalytic VO(acac)2 and cumene hydroper-
oxide (CHP).8 Under these conditions, the intermediate epoxy
alcohol readily cyclized to give the 2,5-trans substituted
tetrahydrofuran 12 as the major product (dr ) 5:1).9 The
stereochemistry of the product could readily be predicted
by the Kishi model.8b The stereochemistry of the product
was assigned by key NOE correlations observed in 12 and
the benzyl ether10 derivative 13 (Scheme 3).
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Figure 1. Selected diagnostic NOESY cross-peaks and coupling
constants in the CDE ring fragment 3.

Scheme 2. Two Different Strategies for the Construction of the
ABCDEF Ring System of PTX2 and Structures of Potential

Building Blocksa

aPg ) protecting group, M ) metal, X ) leaving group.

Scheme 3. Synthesis of the F Ring THF Unit
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The aldol union of ketone 5 and aldehyde 161 yielded the
�-hydroxyketone 17with excellent selectivity (Scheme 5) and

good yield. However, the key hydroxyl-directed methylti-
tanation12 of 17 required a considerable amount of experi-
mentation13 to obtain a reproducible protocol. The reaction
was much more sluggish than with the simpler C10-C22

precursor aldol system.1 Ultimately, a slightly modified
version of the in situ protocol described in previous com-
munication afforded diol 18 reproducibly in good yield and
acceptable diastereoselectivity (3:1 dr).14

In the final step, treatment of diol 18 with ozone in the
presence of indicator Sudan Red 7B15 followed by mild
reductive workup furnished ketal 19 in very good yield based
on the (S)-configuration of C18. The stereochemistry of the
CDEF ring system was confirmed by NOESY experiments
and also by comparison with the CDE ring system 3.

As outlined above (Scheme 2), one of the key strategic
issues in the total synthesis of PTX2 is the stability of the
nonanomeric spiroketal. The lability of nonanomeric spiroket-
als under acidic conditions is well-known,16 but we had high
hopes that the ozonolysis-ketal cyclization sequence used
for the synthesis of the CDE and CDEF ring systems would
be mild enough to preserve the AB spiroketal17 intact. In
the event, the ozonolysis/cyclization step was also conducted
on a mixture of 19 and a small amount of nonanomeric 20
(see Scheme 5). To our surprise, concomitant with the
formation of the DE ring ketal system during the workup
stage, the nonanomeric AB ring system 20 underwent
complete isomerization into the more stable anomeric isomer
21.17 Presumably, the acidic side products generated during
the ozonolysis step are strong enough to catalyze both ketal
formation and spiroketal isomerization. In any case, this
result strongly suggests that a more cautious strategy where
the formation of the nonanomeric AB ring system takes place
after the cyclization of the DE ring ketal should be employed
in the total synthesis of PTX2.

In summary, we have synthesized advanced C10-C22

(CDE) and C10-C26 (CDEF) intermediates 3 and 19. These
intermediates possess the correct stereochemistry and proper
functionalization to allow their use as building blocks for
the total synthesis of PTX2. Our synthesis of the CDEF ring
system from ketone 5 (7 steps from known 10, 18% overall
yield) and aldehyde 16 (9 steps, 46% overall yield) is highly
convergent and has also yielded important insight into the
overall strategy required for the total synthesis of this labile
natural product. Further studies toward the total synthesis
of PTX2 via the A + CDEF strategy are underway.
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Scheme 4. Synthesis of Ketone 5

Scheme 5. Synthesis of the CDEF Ring Fragment of PTX2 and
the Key Strategic Experiment
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