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ABSTRACT
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Asymmetric synthesis of densely functionalized bicyclic frameworks for entry into bacillariolides I/1ll and
key features are ring-closing metathesis of a pair of diastereomerically related dienes obtained through a stereodivergent route from a

ent-bacillariolide 11 is reported. The
R-(+)-

glyceraldehyde derivative, transformation of a nonstereoselective cyclopentene ester enolate alkylation process to a completely stereoselective
one through alkylation of a bulky ester enolate with a bulky electrophile, and a remote silyloxymethyl group directed epoxidation.

Bacillariolides | and Il are oxylipins isolated from the marine
diatom Pseudonitzschia multiseriea causative diatom of
amnesic shellfish poisoning, by Shimizu and Warub-
sequently, bacillariolide 1, believed to be derived from
bacillariolide | by oxidative cleavage of the polyene side
chain, was isolatédrom the culture broth of the same marine
diatom. Marine oxylipind are of considerable interest for
diverse biological activities. Although the biological function
of bacillariolides 1l and Il are yet to be established,
bacillariolide | has been found to posskssignificant
inhibitory activity against phospholipase.fOur interest in
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the synthesis of bacillariolides was piqued by their densely stereocenters coupled with their potent biological activities

functionalized cyclopentanol framework with four contiguous
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specially to those of the hitherto unknowent-series.
Synthesis of bacillariolides have been accomplished by two
groups® Onée? of them describes the synthesis of bacillari-
olide I, while the othet*¢reports the synthesis of bacilla-
riolide Il and its diastereomerically related bacillariolides |
and 1l through epimerization of a key intermediate. We
herein report a stereocontrolled approach to the asymmetric
synthesis of the fully functionalized bicyclic frameworks,



one of which allows access to bacillariolides | and I1I, while
the other provides access to bacillariolide 1.
The unique feature of our strategy lies in the stereodiver-

gency that allows access to both the diastereomeric series

from a common precursor. Retrosynthetically, bacillariolide
I/l may be obtained through hydroxylation of the cyclo-

pentenel, which in turn would be available from the

unsaturated esté (Scheme 1). The unsaturated es2és
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appropriately functionalized to deliver the lactone ring at one

side and the cyclopentene ring on the other side, with the
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desired anti stereochemistry between the hydrogens at C-6ester group so as to facilitate lactone formation. However,
and C-7. A similar consideration depicts that the unsaturatedearlier we have observ&tthat alkylation of the enolate of

ester4 will be required for the construction of the diaster-
eomeric bicyclic lactone for entry into bacillariolide II.
An ortho ester Claisen rearrangement of the allyl alcghol
derived from theR-(+)-glyceraldehyde derivativé® will give

the esterda with allyl bromide, followed by ring-closing
metathesis (RCM)of the resulting mixture of the dieréa
and its syn isomer with Grubbs’ catalyst (PEZL,Ru=
CHPh 8, led to a mixture of the cyclopentersa and its

rise to the stereodivergency, providing the required diaster- cis-isomer in 3:1 ratio. Thus, it is necessary to convert the

eomeric unsaturated estetsand4.

Initially we focused our attention on the construction of
the bicyclic lactoned and 3 from the unsaturated este2s
and 4, respectively. The unsaturated est2rand 4 were
prepared according to our previously published proceéfure.

trans-cyclopentene derivativ&to thecis-cyclopentenéOa.
On the basis of Houk’s modéelor addition of electrophiles
to C=C double bonds having @chiral center, we antici-
pated that alkylation of the enolate derived from the
cyclopentene esteéf with an electrophile would take place

We needed to construct the cyclopentene derivative, for from the side of the smallest group (H atom in the present

example 10 (Scheme 2), in which the ketal unitéss to the

(5) (@) Seo, S. Y.;Jung, J. K.; Paek, S. M.; Lee, Y. S.; Kim, S. H.; Lee,
K. O.; Suh, Y. G.Org. Lett.2004,6, 429. (b) Miyaoka, H.; Tamura, M.;
Yamada, Y.Tetrahedron Lett1998,39, 621. (c) Miyaoka, H.; Tamura,
M.; Yamada, Y.Tetrahedron2000,56, 8083.

(6) (a) For a review on the application &f(+)-glyceraldehyde derivative
in synthesis, see: Jurczak, J.; Pikul, S.; BauerT&trahedron1986,42,

447. For our own work in this area, see: (b) Nayek, A.; Banerjee, S.; Sinha,
S.; Ghosh, STetrahedron Lett2004,45, 6457. (c) Sarkar, N.; Nayek, A.;
Ghosh, SOrg. Lett.2004,6, 1903. (d) Banerjee, S.; Ghosh, S.; Sinha, S.;
Ghosh, SJ. Org. Chem2005,70, 4199.
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case) of the chiral center to produce thig-analogue 0 (R*

# H). Subsequent lactone formation and removal of the group
(R* would provide the desired bicyclic framework of bacill-
ariolides. To this end, alkylation of the enolate of the ester
9a with PhSeBr led to reversal of thas/transratio from

1:3 to 2.5:1 with thecis-isomerllabeing the major product.

(7) For a recent review on the RCM reaction, see: Nicolaou, K. C;
Bulger, P. G.; Sarlah, DAngew. Chem., Int. EQ005,44, 4490.
(8) Mengel, A.; Reiser, OChem. Re»1999,99, 1191.
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After considerable experimentation, the desicesdisubsti- Lauer? The characteristic feature that led to this structural
tuted cyclopentene derivative could be formed exclusively by assignment is the presence of two olefinic protond 5136
using a combination of a bulky ester and a bulky electrophile. as a broad singlet ilH NMR and two olefinic methine
Thus, the ethyl estefa was converted to theert-butyl carbons at) 129.6 and 136.2 i*C NMR spectra. The
esterdb. Allylation of its lithium enolate, followed by RCM stereochem|caol assignment of the C-5 OH group was based
of the crude resulting diene mixture, led to the cyclopentene °" Nloi (Z'i/") r::)etweer? C-5 anvd C-7 Hs.f This halso
9b and itscis-analogue in 1:1 ratio. Alkylation of the lithium established that t © epomdanon b7 occurred from the
enolate of9b with PhS, gave exclusively theis-disubsti- p-face. Although this might have resulted from a preference
) . . for addition to the less-hindered face of the alkene, further
tuted cyclopenten&0Obin excellent yield. Interestingly, when . o o S
dimethyl disulfide was used as the alkylating agent, the observations (vide infra) indicate that epoxidation is directed
) . ; ' by the silyloxymethyl group inl7. Hydrogenation of the
reaction was totally nonstereoselective, producing a 1:1 czclopenltgnél}; withylg%ugdl—c Iedyto g mix;ure of the
g]p;)c()t:dr?ngotfratrr:(sa-igz‘r:rl]()e?e'?trig(tamdee;tw;“;gCc??ltz);;tesntcorre- cyclopentanoR0 (55%) and the cyclopentanoi2d (35%).

X e ; The latter probably arises through the corresponding enol
with TFA effected ester hydrolysis with concomitant deket- arising through isomerization of the double bond in the

alization and lactonization to afford the lactob2in 76%  presence of the Pd catalyst. Reduction of the cyclopentanone
yield, confirming thecis-stereochemical assignment of the 21 with NaBH, in MeOH gave back the cyclopentar2d
vicinal substituents in the cyclopenteri®b. Reductive iy 83% yield. The cyclopentan@0 represents the completely
removal of the SPh group with tributyltin hydride (TBTH)  functionalized, C-%pi-bicyclic framework of bacillariolides
gave the bicyclic lactone in excellent yield. The lact@&e | and IlI.
represents the carbocyclic core witlis-stereochemistry For entry into theent-series, the hydroxyl group in the
between C-6 and C-7 Hs required for bacillariolide 1. lactone3 was protected to give the silyl eth22. Epoxidation

In a similar fashion, théert-butyl este2b prepared from  of the cyclopenten@2 with m-CPBA gave a mixture of the
the ethyl esterra was alkylated with allyl bromide. The epoxide 23 and its diastereoisomer (7:1) in 84% yield
resulting diene mixtur@3was treated with Grubbs’ catalyst  (Scheme 4). The stereochemical assignment to the epoxide
8to produce the cyclopentene derivatidegsas a 1:1 mixture
of cis- andtransisomers. The lithium enolate generated from || NG
14 was alkylated with PJ$, to form exclusively thecis- Scheme 4
alkylated product5in 85% yield. When the ketal-est&b
was treated with TFA, the lactors was formed in 78%

m-CPBA, (CHy),Cly,
yield. Reductive removal of the SPh group frakf with -

. . i, 6 h, 66%
TBTH afforded the lactoné in 91% vyield.
With the lactonedl and 3 ready in hand, we first chose OSTEDM
the lactonel for introduction of the OH group at C-5. The 22 23
hydroxyl group inl was protected to give the silyl ethgr.
Epoxidation of17 with m-CPBA afforded a mixture of the ng:z%%Z&:Nig?
epoxidel8along with its other diastereoisomer (7:1) in 88% (il nBugsth,'AIBN,'csHe,
yield (Scheme 3). The assignment of stereochemistry to the 80°C, 4 h, 40%
Scheme 3 Cp,TiCly, Zn, +-BuSH,
O 0 . _——
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H,,Pd-C, EtOH, 12 h, o 27 R' = MPM, R = MOM
..... 55%for 20, 35% for21 R "H
H R
OSTBDM
OSTBDM . .
19 20,R'=H,R2 = OH 23 could not be made at this stage. Attempted opening of
21,R\R?=0 the epoxy ring using the procedure of Sharpless’ and Lauer

to convert it into allyl alcohol, as in the previous example,
did not proceed well. We thought that reduction of the
epoxidel8followed from its conversion to the allylic alcohol
19in 40% vyield, following the procedure of Sharpless and  (9) Sharpless, K. B.; Lauer, R. B. Am. Chem. S0d 973,95, 2697.
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epoxide23 might proceed from the less-substituted site to
give the OH group at C-5. To our dismay, when the reduction
was carried out with GfTiCl,1° the undesired regioisomeric
cyclopentanol24 was obtained as a crystalline solid, mp
118—-120°C in 54% yield. The regio- and stereochemistry
of the cyclopentanol derivative was established through
single-crystal X-ray structure (Figure It may be noted

Figure 1. ORTEP plot of compoun@4.

that epoxidation in this case also occurred preferentially from
the sterically congesteéiface, confirming the directing effect
of the silyloxymethyl group. It is believed that reduction of
epoxide with CpTiCl proceeds through a radical intermedi-
atel® Thus, it is probably the stability of the radical formed
at C-5 next to the C-6 tertiary carbon that directed opening
of the epoxide to give the alcoh@l. Finally, treatment of
the epoxide24 with PhSeNa (generated in situ from S
with NaBH,), followed by reductive removal of the SePh

(10) Rajanbabu, T. V.; Nugent, W. Al. Am. Chem. Soc1994,116,
986

(il) Crystallographic data for compou@d has been deposited with the

group with TBTH from the organoselenium intermediate,
afforded the desired cyclopentarh in 40% yield!?

Protection of the hydroxyl group as MOM ether, followed
by desilylation, afforded the bicyclic lactor2s: mp 112—
113°C; [a]® 1.20 € 1.00, CHC}) [lit. 5¢ (for its enantiomer)
mp 115-117°C; [a]?>5 —1.1 (¢ 1.00, CHC})]. The spectral
data (IR andH and *C NMR) of the lactone obtained as
above are closely comparable with those reported in the
literaturé® for its enantiomer. The enantiomer of the lactone
26 has already been convertéto bacillariolide 11 through
Wittig olefination of the aldehyde derived from it, followed
by removal of the MOM group. Thus, with the synthesis of
the lactone26, a formal synthesis a@nt-bacillariolide 1l is
achieved. Further, the MPM-protected analoguddas also
been convertédto bacillariolide | and IIl. Thus, the lactone
26 obtained as above provides access teetitebacillariolides
I and Ill, also.

In summary, we have achieved asymmetric synthesis of a
fully functionalized bicyclic framework for entry into ba-
cillariolide | and Ill and a formal synthesis @nt-bacilla-
riolide Il. The key features of this approach are RCM of
dienes obtained from R-(+)-glyceraldehyde derivative to
transvicinally disubstituted cyclopentanes and their isomer-
ization to thecis-disubstituted cyclopentenes through enolate
alkylation of tert-butyl ester with a removable electrophile
(SPh). A silyloxy group directed epoxidation, followed by
epoxide opening, furnished the bicyclic core structures of
bacillariolides. Synthetic protocol developed by us is simple,
efficient, and expected to provide structural analogues.
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(12) The regioisomeric cyclopentan®! was also isolated in about the
same yield from this reaction.
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