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A novel asymmetric total synthesis of marine natural product (+)-Laurenyne has been achieved. The key elements of the strategy are the
sequential metal ion-templated Sy2' cyclization affording a highly functionalized chiral vinyl cyclobutane and a retro-Claisen rearrangement for

the construction of an eight-membered ring ether.

The species of theaurenciagenus of red algae produce a had been assigned as 2S,738SX-ray crystallography.

plethora of structurally novel g nonterpenoid metabolites,
a number containing a medium-ring ethdn addition to

an oxocene or oxepine ring, structural features common to synthesis verified the structure and relative stereochemistry

The only total synthesis & reported thus far, by Overman
and co-worker$, afforded the enantiomer—)-3.” This

many of these materials include halogen substitution and anof 3 but required revision of the absolute stereochemistry of
enyne side chain. The medium-sized oxocene ring still natural (+)-Laurenyne (3) toR,7R,8R.

imposes a notable challenge, and numerous synthetic ap-

proaches have been documentdgking the initial member
of this class isolatel,a number of totdl and formal
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Several formal and total syntheses of the structurally related

oxepine derivative isolaurepinnacir2)( have also been
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by selective mesylation of the primary alcohol followed by

Here we disclose the first synthesis of the natural enan- Silylation of the secondary alcohol (TBSOTf) affording
tiomer (+)_Laurenyne 3) using a nove| approach that applies mesylatelO in 86% y|e|d Alkylat|0n Of the SOdium anion
two key methodologies recently developed in our laborato- Of diethyl malonate with mesylat&0 in DMF smoothly
ries: (1) a completely diastereoselective metal-templatgd S Provided diester acetall in 93% yield. Finally, unmasking
cyclization and (2) a retro-Claisen rearrangement of the the aldehyde function in acetdll by catalytic reduction
derived homochiral cyclobutane dicarboxaldehyde affording furnished aldehyd& in 95% yield.

the eight-membered ring eth&ll
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Condensation of aldehydeand stabilized ylide readily
afforded the enond2 in 90% vyield (Scheme 3). A CBS
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reduction was then employed to introduce the required

stereogenic center, from which the chirality ati@ 3 will

Our synthetic plan is depicted in Scheme 1. We anticipated ultimately be derived, affording allylic alcohdl3 in 98%
that (+)-Laurenyne (3) could be elaborated from dihy- ge13 activation of the allylic alcohol via acylation with 2,6-

drooxocened. The allylic silyloxy group was intended to

dimethylphenyl chloroformate provided the allylic carbonate

facilitate the required double-bond migration. Dihydrooxocene g the substrate for they3' cyclization, in 85% vield over
4, in tum, would be derived via a retro-Claisen rearrangement yyq steps.

from vinyl cyclobutaneb. A stereoselective®' cyclization
of allyl carbonates would then producé, which is available
from enantiomerically pure aldehyd@eand the known ylide
8! via a Wittig olefination.

Our synthesis of the aldehydéstarts from the readily
available known €)-(1S)-diol 9 (97% ee) as shown in
Scheme 22 A one-pot double protection & was effected
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The key syn-8§2' cyclization, which assembles the re- || NG

quired homochiral cyclobutane ring, was then effected by

treatment of 2,6-dimethylphenyl carbonaevith NaH in o---Na* __--Na*

toluene at reflux, which efficiently produced the highly Ph\O_Q o- cooer 90 o-
o -

functionalized vinyl cyclobutan&4 as a single diastereomer © — - COoH
in 85% vyield (Scheme 4). PMBO Eto/ O Eto/

- ores e
Effective Template Poorer Geometry

Scheme 4 Formation for Template Formation
TBSO Figure 2.
NaH / PhCH, . COOE
6 B o
1108;/00‘5h | COoHt the carbonate minimizing charge separation in the nonpolar
14 medium?!* Such a counterion-templated transition state

YT, accounts for the observed stereoselectivity {SyR'), the

LAH / THE Periodinane apparent rate acceleration, and the dependence on substrate
o CH.CI by enforcing proximity of the two reacting partners. Such a
93% | OH 252 circumstance is not possible for cyclic carbonafedue to
J OH geometric constraints. The failure of the sodium salb td
PMBO 17 B0 cyclize in the presence of 18-C-6 and the failure of Li and
TBSO K anions derived fron® to undergo cyclization td4to any
CHO N : .
significant extent provide further evidence for the role of
CHO | | the counterion.
| cHO o With the vinyl cyclobutane diestek4 in hand, we now
PMBO 18 PMBO 4 addressed the key retro-Claisen rearrangement to construct

the oxocene ring. Diestdrd was reduced with LAH under
standard conditions affording didl7 in 93% yield. Upon
Dess—Martin periodinane (DMP) oxidation and subsequent
thermal equilibration at 48C, the desired dihydrooxocene
4 was obtained in 92% yielR® Interestingly, in this case,
dialdehydel8 could be isolated under carefully controlled
conditions. This is the first observation of a dialdehyde
intermediate of typd8in the cyclobutane seri@s® Oxocene
aldehyde4 was stable at-10 °C for at least a month with
no evidence of rearrangement back to the dialdet&le

To eliminate complexities arising from the fluxional

The efficiency and high stereospecificity of this cyclization
are critically dependent on several (not readily apparent)
variables that shed light on the mechanism of this cyclization.
For example, the related cyclic carbonhfdailed to undergo
cyclization under any conditions examined, even after
extensive experimentation, affording only the diol precursor
16 resulting from hydrolysis (eq 1). Indeed, deacylation is

o)

>\ NaH character of intermediates suchdghe disubstituted olefin
o ° COOEt PhCH3 in 4 was sglectively. reduced using @Pl);RhF:I to give
Z rt A aldehydel9in 91% yield (Scheme 5% Catalytic decarbo-
éTBS OFt OH nylation of 19, which was inert to (P)RhCI, proceeded
15 P COOEt smoothly using the more reactive cationic Rh(dpp@)~
: complex in xylenes affording vinyl eth@0in 90% yield!’
OH %TBS OOEt Epoxidation of20 with dimethyldioxirane (DMDO) cleanly
. ) . . . (13) (a) Corey, E. J.; Helal, C. Angew. Chem., Int. EA.998 37, 1986~
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generated a singler-epoxide diastereomé#, which was 80%
directly opened with the lithium enolate of acetaldehijgs-
dimethylhydrazone providing the hemiacetl in 76%
overall yield after a mildly oxidative acid hydrolysi&The , o . i
trans enyne side chain was then introduced via Wittig €2S€). using (2Rn-butyloxazaborolidine, giving the desired
olefination to provide22 in 78% yield >15:1E/Z selectiv- C7'a-alcohol 26 in 80% yield glong with 16% of the £
ity). The free hydroxyl group ir21 may be the source of ~ €Pimer. Unexpectedly, conversion of thedalcohol26 to
the unusually highE/Z selectivity2® NOE studies confirmed the G_ﬂ-chlorlde_ was not trivial. Standard reaction conditions
the relative stereochemistry of alcoHz2 (Scheme 5). for this conversion (CQ"(r_‘CgH”)?’P/PhC_H/?OOC) aﬁordgd
Conversion of alcohol22 to (+)-Laurenyne (3) was 20% of the desire@i-chloride together with 80% of the diene

initiated by DMP oxidation o£2 to ketone23 (Scheme 6). gog Elgir]?éigg‘.‘éHowe\(er, upon ad3dition Ofbl gql:jiv of
Assembly of the trans propenyl side chain was accomplished nEg ( ), (T)-Laurenyne (3) was obtained as a

; ; o hite solid in 60% overall yield (after removal of the TMS
by sequential treatment &3 with DDQ, DMP oxidation, w : X .
and Takai olefinatioft of the resulting aldehyde affording ~ 9r0UP With K.COs in CH;OH), accompanied by 30% of the
ketone24 in 70% yield (three steps). Cleavage of the TBS diene apd 4% of the a epimeric gﬂorlde (unoptimized).
ether in24 with 48% HF in CHCN followed by in situ Sy&thet'c (+_(>j-3lmpl78—"7 9°C, [alo y +N1|\; -F? 1(3%HNCI\J;I,RC
mesylation of the resulting alcohol followed by elimination ?R S) \2/va5| entlcal n ayressects(h bi ' ¢ ’
with concomitant deconjugation of the resulting alcohol , []o*) to natural )-3" and synthetic (—)-except for

provided keton&5, incorporating the key\*° double-bond, the sign of the optical rotatiorf).
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