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Abstract — Regioselective double bond cleavage within 5, required for access to
the trans-fused perhydroazulene framework of pseudolaric acid A (1), has been

accomplished via a highly diastereoselective intramolecular bromoetherification

process, the latter serving a dual role as a protecting group tactic.

INTRODUCTION

99

The oxygenated diterpene pseudolaric acid A (1), initially discovered to possess antifungal and

antifertility properties,2 has more recently been shown to exhibit exciting cytotoxic potential.2 Our

retrosynthetic conceptualization for construction of the uncommon trans-fused perhydroazulene

framework of the compact tricyclic core of 1 relies on the regioselective oxidative cleavage of the more

highly strained olefinic linkage in 2, thereby revealing a direct means for installing the three contiguous

tetrahedral carbon centers of 1 (Scheme 1). The precursor 2 was envisioned to originate from the

previously described norbornenol 3.2

Scheme 1. Retrosynthetic Analysis of Pseudolaric Acid A (1)

' Submitted in celebration of the 80th birthday of Professor Emeritus Akira Suzuki.
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RESULTS AND DISCUSSION

Addition of the reagent prepared from 4-bromo-2-methylbut-1-ene® and lithium metal to 3 in THF
afforded the corresponding bridged alcohols in satisfactory yield (79%) albeit with moderate selectivity
(dr = 5:2 anti:syn) (Scheme 2). The TBS group was removed with TBAF to liberate the corresponding
diols, at which point the two diastereomers could be readily separated by column chromatography.
Chemoselective oxidation of the anti alcohol with the Dess-Martin periodinane led efficiently to 4.
Conversion of 4 into 5 was accomplished via the Wittig olefination involving the known ylide 6°
followed by relay ring closing metathesis” upon exposure of the resulting triene to the first-generation
Grubbs catalyst in 69% overall yield. The selection of 6 instead of PhsP=CH,, which would potentially
lead to the same desired ruthenium carbene, was made in an effort to avoid ring opening polymerization
metathesis of the norbornene moiety by reducing the steric congestion imparted by the bicycle during the

initial ruthenium insertion. The correspondence in framework structure residing in 5 and 1 was now made
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Scheme 2. Reagents and reaction conditions: (1) 4-bromo-2-methylbut-1-ene, Li, THF, rt, 6 h 79% dr =
5:2 anti:syn; (i1) TBAF, THF, 0 °C to rt, 5 h, 89%; (ii1) Dess-Martin periodinane, NaHCO3, CH,Cl,, 0 °C
to rt, 7 h, 89%; (iv) 6, Et;0, -78 °C to rt, 5 h; (v) Grubbs’ I, CH,Cl,, reflux, 72 h, 69% over two steps.

The anticipated direct regioselective cleavage of the more strained double bond in 5 proved unrealizable,
as the undesired regioselectivity was observed. This unexpected result was attributed to steric crowding
by the 7-membered ring in the vicinity of the more strained olefinic center. Consequently, the decision
was made to mask this site of unsaturation. The first ploy to be attempted involved the use of an epoxide
ring as a protecting group. Thus, alcohol 5 was allowed to react with one equivalent of m-CPBA to afford
7 (Scheme 3). As expected, the double bond of the 7-membered ring underwent smooth reaction to afford
the single diastereomer 7 which was attributed to the directing ability of the free hydroxyl group. The
remaining double bond in 7 was next dihydroxylated with OsO,4. Cleavage of the resultant diol was
accomplished with Pb(OAc), to deliver 9, which was found to be an unstable compound whose ready
degradation is possible by retro aldol reactions similar to the observations made in Trost’s reported
synthesis of pseudolaric acid B.2 To circumvent these retro aldol reactions, the hydroxyl group resident in
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7 was protected as the MOM ether, the double bond in 8 was dihydroxylated with OsO, and the resultant
diol was cleaved with NalO, to afford the stable aldehyde 10. The attempted direct oxidation of this
aldehyde to the corresponding ester with Oxone afforded the mixed acetals 11 or 12 resulting from
backside opening of the epoxide by the hemiacetal reaction intermediates.? Formation of the carboxylic

acid was next attempted. However, similar backside attack operated to furnish 13.

/ ,,,,, CHO
Me / o .. : 0
l/’l, Me ! "Me

H OR o= OR o=. OMOM
Me Me
7R=H i 9R=H 11 R = OMe
8 R = MOM 10 R = MOM 12 R = OiPr
13R=0

Scheme 3. Reagents and reaction conditions: (1) m-CPBA, NaHCO;, CH,Cl,, 0 °C, 4 h, 79%; (ii) KH,
MOMCI, THF, rt, 20 h, 66% (99% BRSM); (iii) OsO4, NMO, THF, H,0, 0 °C to rt, 42 h; (iv) NalOy,
THF, H,O0, rt, 45 min, 48% over two steps or Pb(OAc)s, PhH, rt, 10 min, 47% over two steps (see text);
(v) ROH, Oxone, rt, 19-22 h, R = Me 49%, R = i-Pr 66%); (vi) 2-methyl-2-butene, NaClO,, NaHPO,4*H,O,
t-BuOH, H,O0, rt, 90 min, 50%.

Our alternative strategy involved concomitant protection of the double bond and the hydroxyl moiety in 5
as a cyclic bromoether. To this end, alcohol 5 was reacted with NBS in t-BuOH in a darkened reaction
flask to afford 14 as a single diastereomer in good yield (Scheme 4). The regiochemistry of this reaction
was easily deduced from the HMQC NMR spectra, which showed that the *C signal assigned to the ether
carbon (0 83.3 ppm) had no hydrogen atoms attached to it. Notably, the relative configurations inherent to
this transformation product are seen to be entirely controlled by the stereochemistries of the starting
material. The remaining double bond was dihydroxylated and the resulting diol was cleaved to afford the
corresponding keto aldehyde. Oxidation of this aldehyde to the carboxylic acid, followed by
O-methylation with diazomethane, afforded ester 15. Subsequent deprotection of 15 with zinc-copper

couple gave rise to 16.

Scheme 4. Reagents and reaction conditions: (1) NBS, ~-BuOH, dark, rt, 4 h, 82%; (i1) OsO4, NMO, THF,
H;0, 0 °C to rt, 5% h, 58%; (iii)) Pb(OAc)s, 0 °C to rt, 2 h, 62%; (iv) 2-methyl-2-butene, NaClO,,
NaHPO4H,0, BuOH, H;O, rt, 90 min; (v) CH;N,, Et,O, rt, 2 h, 77% over two steps; (vi) Zn/Cu,
TMSCI, PhH, dimethylacetamide, 0 °C, 4 h, 50%, (87% BRSM).
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In conclusion, the implementation of a dual protecting group strategy based on the regio- and

diastereoselective intramolecular formation of a bromo ether has allowed for the preparation of the

trans-fused perhydroazulene framework of 1. We are currently investigating the completion of its total

synthesis and we hope to report our results in due course.
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