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Jatta E. Aho,‡ Elina Salomäki,‡ Kari Rissanen,†,§ and Petri M. Pihko*,§

Department of Chemistry, Helsinki UniVersity of Technology, POB 6100, FI-02015
TKK, Finland, and Department of Chemistry, UniVersity of JyVäskylä, POB 35,
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ABSTRACT

A highly stereocontrolled and efficient synthesis for a fully functionalized C10-C22 fragment of pectenotoxin 2 is described using a convergent
sequence involving a stereoselective methylation of �-hydroxyketone as a key step.

In 1985, the Yasumoto group reported the isolation and
characterization of a family of polyether macrolactones, the
pectenotoxins (PTXs).1 The pectenotoxin family has since
grown to comprise over 20 structurally related compounds.2

Originally isolated from scallops (Patinopecten yessoensis),1

the actual producers of PTXs are the Dinophysis dinoflagel-
lates, found in coastal areas worldwide.3 PTXs are cytotoxic

compounds that interact with the Actin cytoskeleton.4 The
scarcity of the compounds has hampered further studies into
their biological activity and their roles in the marine
ecosystems, and as such, access to synthetic PTXs would
be immensely helpful.

PTX4 and PTX8 are the only members of the PTX family
that have been produced synthetically.5 The most toxic PTX2

† X-ray crystallography.
‡ Helsinki University of Technology.
§ University of Jyväskylä.
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has not yet yielded to synthetic efforts, presumably because
both PTX2 and PTX1 include a relatively labile nonanomeric
spiroketal that readily isomerizes under acidic conditions to
more stable isomers. We have already reported the synthesis
of the nonanomeric spiroketal unit via kinetic spiroketaliza-
tion.6 More recently, the Rychnovsky group has also
synthesized the nonanomeric spiroketal of PTX2 using a
reductive cyclization approach.5o

A successful route to the most interesting PTX congeners,
PTX2 and PTX1, must therefore be compatible with the acid-
labile nonanomeric spiroketal unit. More specifically, the
presence of another ketal group, embedded in the DE ring
system in the PTXs, is a cause for concern. In this
communication, we present a highly stereocontrolled route
to the C10-C22 acyclic precursor. The following communica-
tion describes the synthesis of the CDE and the CDEF ring
systems of PTX2 and also addresses the issue of compat-
ibility of the ketal forming event with the nonanomeric
spiroketal unit.

Our approach for the synthesis of the C10-C22 fragment,
constituting the carbon chain of the CDE ring system, is
based on convergent addition of aldehyde 3 and ketone 4
(Figure 1). Among the possible strategies for the construction

of the C18 quaternary center, a hydroxyl-directed methylation
of the C18 ketone with organometallic reagents was selected.
A key feature of this strategy was that after a mild ozonolytic
cleavage of the C21 masking olefin the ketalization to form
the DE ring would take place under very mild conditions,
without the need to unmask any protecting groups. Poten-
tially, these mild conditions would also tolerate the presence
of the nonanomeric AB spiroketal system in more advanced
intermediates. Although hydroxyl-directed alkylations have
rarely been used in total synthesis, the literature precedents
were nevertheless encouraging.7

The synthesis began with an addition of allylcopper reagent
to commercially available tetrolate 5 to provide the desired

(E)-isomer 6 in 92% yield (Scheme 1).8 Reduction with
DIBAL-H afforded allylic alcohol 7 which under Katsuki-
Sharpless asymmetric epoxidation conditions furnished

epoxide 8 in 90% yield and 93% ee. The terminal olefin
was reacted with methylacrylate in the presence of Hoveyda-
Grubbs second-generation catalyst followed by TBS protec-
tion to afford ester 10 in 83% yield over two steps.
Asymmetric dihydroxylation with the Sharpless’ ligand
(DHQD)2PYR was used to introduce the remaining two
stereocenters, giving the desired diol 11 in excellent (95%)
yield and 9:1 diastereoselectivity.(6) Pihko, P. M.; Aho, J. E. Org. Lett. 2004, 6, 3849–3852.

Figure 1. Retrosynthetic analysis of the C10-C22 fragment.

Scheme 1. Synthesis of the C10-C16 Fragment

Scheme 2. Synthesis of Aldehyde 3
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Exposure of the diol mixture to catalytic PPTS resulted
in cyclization to give the desired tetrahydrofuran ring 12
(Scheme 2). At this stage, the diastereomers could be easily
separated by chromatography to give crystalline 12 in 90%
yield as a single diastereomer. X-ray crystallographic analysis
confirmed the stereochemistry of the product (Scheme 2).
Finally, protection of the secondary hydroxyl groups, fol-
lowed by DIBAL-H reduction, furnished aldehyde 3 in 46%
overall yield for 9 steps.9

The synthesis of the aldol partner 4 began with com-
mercially available methallyl dichloride 14, which was
selectively monoprotected as benzyl ether (Scheme 3). After

conversion into bromide 15, monoalkylation of ethyl ac-
etoacetate afforded compound 16 in 62% yield. Finally, ester
hydrolysis followed by decarboxylation furnished ketone 4
in 92% yield.

The aldol addition of aldehyde 3 and ketone 4 proceeded
nicely to give a single anti product 17 in 82% yield (Scheme
4).10 The anti selectivity can be explained by a modified

Cornforth11 transition state model, although the polar
Felkin-Ahn12 model also predicts the same stereochemical
outcome (Scheme 4). Similar selectivities, albeit with reduced
yields, were obtained by using a related enolsilane (TMS/
BF3·OEt2).13

Several different reagents were explored for the methy-
lation of �-hydroxyketone 17 at C18. On the basis of the
precedent by Fujisawa,7a titanium reagents were considered
as prime candidates to achieve the desired anti selectivity
via internal delivery of the methyl group (Table 1).14

Pleasingly, our initial experiment at 0.25 mmol scale with
MeTi(OiPr)3 gave the desired anti diol product 210 in 8:1
diastereoselectivity. However, considerable difficulties were
encountered in reproducing this result. Experiments to screen
different conditions for this key transformation are sum-
marized in Table 1.15

In comparison with methyltitanium reagents, Mg and Zn
reagents gave inferior selectivity (entries 2 and 3). Surpris-
ingly, predistilled MeTi(OiPr)3

16 turned out to be very
unreactive toward 17, even with 15 equiv of the reagent
(entry 4). Under comparable conditions, more Lewis acidic
reagents, MeTiCl3 or MeTi(OiPr)2Cl (entries 5 and 6), did
not help, and neither did the use of more reactive
Me2Ti(OiPr)2 or the less-hindered MeTi(OMe)3 (entries
7-9). Addition of excess Ti(OiPr)4

17 did not afford any
improvement in selectivity or reproducibility (entry 10).
Ultimately, the best reproducible selectivities (9:1) and yields
(91%) were obtained using an excess of the in situ prepared
MeTi(OiPr)3 at -78 °C followed by quick warming to 0 °C
(entry 11).

In summary, we have developed an efficient and highly
stereocontrolled synthesis for the C10-C22 fragment of PTX2
with the correct stereochemistry. The following communica-
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Scheme 3. Synthesis of Ketone 4

Scheme 4. Cornforth-Selective Aldol Union of 3 and 4
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tion describes the use of this strategy for the assembly of
the CDE and the CDEF ring systems.
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Table 1. anti-Selective Addition of Methyl Nucleophiles with Different Reagents

entry
methylation

reagenta equiv solvent
temperature

[°C]
time [min at
-78/0 °C ] drb conversionb

1 MeTi(OiPr)3 5 Et2O -78 to0 10/10 8/1 - 2/3 100
2 MeLi/ZnBr2 4 CH2Cl2 -78 240 3/2 100
3 MeMgBr 1 Et2O -78 15 2/1 100
4 MeTi(OiPr)3

c 15 Et2O -78 to0 10/10 4/1 80
5 MeTiCl3 15 Et2O -78 to0 10/10 1/1 20
6 MeTi(OiPr)2Cl 15 Et2O -78 to0 10/10 3/1 100
7 Me2Ti(OiPr)2 15 Et2O -78 to0 10/10 6/1 100
8 Me2Ti(OMe)2 15 Et2O -78 to0 10/10 2/1 100
9 MeTi(OMe)3 15 Et2O -78 to0 10/10 4/1 100
10 MeTi(OiPr)3

d 15 Et2O -78 to0 10/10 4/1 100
11 MeTi(OiPr)3 15 Et2O -78to0 10/10 9/1 100

a Reagents were prepered in situ. b Determined by 1H NMR from the crude reaction mixture. c MeTi(OiPr)3 was distilled prior to use. d Excess Ti(OiPr)4

(15 equiv) was used. e See ref 14a.
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