LETTER 29

Palladium Catalyzed Synthesis of the Furanoterpenelrcinin-4

Alois Furstner*, Thomas Gastner and Jorg Rust

Max-Planck-Institut fiir Kohlenforschung, D-45470 Milheim/Ruhr, Germany
Fax: +49-208-306-412342; e-mail: fuerstner@mpi-muelheim.mpg.de
Received 16 October 1998

, : : : ) ——— _sources (Scheme 2).3* Among them, the ircinin family of
Abstract: A flexible entry into 2,4-disubstituted furan derivatives i .

outlined employing sulfonium salt as a well accessible startingsfuramterpmes produc_ed by the med'te”ar!ea'_‘ SPONgEs
material. Condensation of the sulfur ylide derived ftowith alde- |TCiniaorosand . fasciculata deserves mentioning due to
hydes, palladium catalyzed opening of the vinyloxirane thu&sues related to their biosynthesis® and, more important-
formed, and a final oxidative cyclization of the furan ring constitutky, because of the interesting biological effects exerted by
the key steps of this mephod. Its utility is exgm.pliified by the first tothese compounds. Specifically, they exhibit high activity
tal synthesis of the marine natural product ircinir24 ( in the brine shrimp assay and one member of this series

Key words: furan, palladium, sulfur ylide, terpene, marine naturaiurned out to be a selective inhibitor of phospholipase A,.2
product
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The central role of heterocyclesin life sciences and natu- © © 7
ral product chemistry provides a constant drive for the de-
velopment of even more efficient methods for their
preparation. In this context, we have recently identified
the functionalized sulfonium salt 1 as a valuable building 7 7 N S
block for the formation of pyrrolesand have demonstrated 5

its utility by aconcise approach to the complex anti-tumor
akaloid roseophilin.t Quite obviously, the underlaying
strategy (Scheme 1) may serve asamore general platform
for the formation of different types of heterocycles. The
first total synthesisof ircinin-4 (2) outlined below now ex-
tends this concept to the furan series.
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ﬁ/&/ Scheme 2
TBSO
e As part of our program aiming at the synthesis of bio-
Pd(0) car., R active natural products by organometallic means® we de-

R2 R2 cided to probe the envisaged entry into furans by an

R1 lication to this class of secondary metabolites. Since

Kﬂ\fm ':> Rzn <:' KE\>—R1 ﬁgppreparamive studies onircinin-4 (2))/ have been reported

NR3 TBSO o so far, we chose this particular compound as our prime

target. Asshown in Scheme 3, 2 may bereadily assembled

Scheme 1 via akylation of the side chain surrogate 7 with the fura-

nylmethylfuran derivative 6 which itself can be traced

back to substrate 1. If successful, this convergent ap-

2,4-Disubstituted furan derivatives are particularly diffi- proachcan be easily adapted to the synthesis of other fura-

cult to make by conventional methods.2 This structural  noterpene dervatives as well.

motif, however, is present in various physiologicaly ac-
tive natural products such as 2-5 isolated from marine

Synlett 1999, No. 1, 29-32 ISSN 0936-5214 © Thieme Stuttgart - New Yiork

Downloaded by: Queen's University. Copyrighted material.



30 A. Furstner et al. LETTER
oR Exposure of this derivativé2 to MnO, and subsequent
2 > (D/\@/\ S treatment of the resulting aldehyde with aq. HCI cleanly pro-
5 / 5 / 1,/ "o~ vides the desired furanylmethylfuran derivahich was
isolated in 67% yield. The structural integrity of this key
6 (S = SO.Ph) 7 building block was deduced from NMR, MS and IR data as
Scheme 3 well as from an X-ray analysis (Figure'4}3

Our synthesis of segment 6 (Scheme 4) starts from 3-furyl-
acetaldehyde 8’ which reacts with the sulfur ylide formed
from 1 by deprotonation with tert-BuLi* to afford the desired
epoxide 9 in 63% yield. Treatment of this compound with
catalytic amounts of Pd(PPhg),4 selectively activates its vi-
nyloxirane entity without affecting the adjacent alyl ether
site.® The alkoxide unit of the resulting functionalized T-al-
lylpalladium complex deprotonates admixed bis(phenylsul-
fonyl)methane which, in turn, attacks the electrophilic
organopalladium species in a regioselective manner at the
terminal C-atom to afford alylic alcohol 10° in very high
yield. Attempts to transform this compound directly into the
desired furanylmethylfuran 6 by oxidation of its secondary
alcohol and subsequent dehydrative cylization resulted in
rather poor yields.’® A viable aternative, however, was
found by reversing the oxidation pattern: thus, temporary
protection of the —OH group dD as a THP acetdll*! fol-

lowed by fluoride induced cleavage of the TBS group sets t
stage for a selective oxidation of themary allylic alcohol.
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Figure 1. Structure of compound 6 in the crystal. Selected bond
length [A], bond angles [°] and torsion angles [°] (estimated standard
deviations are given in parentheses): O(1)-C(2) 1.352(4); O(1)-C(3)
|1.361(5); 0O2)-C(6) 1.375(3); O2)-CH) 1.372(3); CH)-C5)
1.496(4); C(5)-C(6) 1.490(4); C(8)-C(10) 1.502(3); C(10)-C(11)
1.526(3); S(1)-C(11) 1.818(2); S(2)-C(11) 1.826(2); C(2)-0(1)-C(3)
105.8(3); C(6)-0(2)-C(9) 106.7(2); C(4)-C(5)-C(6) 113.9(2); C(11)-
S(1)-C(12) 105.2(1); C(11)-S(2)-C(18) 107.5(1); S(1)-C(11)-S(2)
112.6(1); C(1)-C@)-C(5)-C(6) 51.0; C(4)-C(5)-C(6)-C(7) 5.4; C(9)-
C(8)-C(10)-C(11) 118.3; C(8)-C(10)-C(11)-S(1) —71.4; C(8)-C(10)-
C(11)-S(2) 159.0

B-Citronellol 13 serves as an obvious starting material for the
preparation of the required side ch@i(Scheme 5). For this
purpose 13 was converted into aldehydd by two routine
stepd’ in excellent yield on a multigram scale; the lattas
then subjected to the modified Wittig reaction for the prepa-
ration of trisubstituted olefin®. Thus, reaction ofi4 with
ethylidenetriphenylphosphorane followed by treatment of
the resulting betaine with-BuLi at —78°C forms a deeply
red colore3-oxido phosphonium ylide which was quenched

)\/\)\/\ 1. TBSCI, EtsN, DMAP, 96%
\ OH

i 2. (i) O3, CHxCly; (ii) Me2S, 84%

1. PhaP=CHCH3, THF
2. n-BuLi, -78°C
3. paraformaldehyde
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Scheme5
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with excess paraformal dehyde to deliver (Z)-configurated al-
lyl acohol 15 as a single isomer. Although the chemical
yield was moderate, the preparative ease and the stereospe-
cific course render this transformation sufficiently attractive
for our purposes. 15 wasthen converted into bromide 7 under
standard conditions.*216

Reductive metalation of bis-sulfone 6 with lithium
naphthal enide'’ followed by addition of theallylic bromide 7
provides the desired coupling product 16; despite consider-
able experimentation, however, theyield did not exceed 46%
(Scheme 6). The remaining sulfone group was then removed
with Na(Hg) (6% w/w) in buffered MeOH asthereaction me-
dium (16 - 17)*8 and the silyl ether was cleaved with TBAF
in aqueous THF. Due to the inherent lability of the furan
rings towards oxidation, the conversion of the resulting al co-
hol 182 to the target must be carried out under carefully con-
trolled conditions and was best achieved by a two step
protocol comprising treatment with PDC in CH,CI,!° fol-
lowed by oxidation of the resulting crude aldehyde with
AgNO; in ethanolic KOH solution.?® The analytical and
spectroscopic data of ircinin-4 (2) thus formed are in full
agreement with those reported in the literature.'>32
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Further studies on the scope of this new approach to furan
derivatives are in progress and will be reported in due
course.
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