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Abstract

A new route to the title compounds is described. The key transformation involves treatment of a 2-(4-keto-2-
alkynyl)-3-ketobutanoate with silica gel ord&t to effect ring closure and subsequent double bond isomerization.
© 2000 Elsevier Science Ltd. All rights reserved.
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Cembranes are a large group of macrocyclic diterpenes isolated from diverse sources including pine
trees, soft coral, and antsA subgroup of these compounds contains a furan ring and a butenolide
embedded within a 12- or 14-membered carbocycle. Some of the more structurally and biologically
interesting members of this subgroup feature a 3-carboxy-2,5-furan system (Fig. 1).
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Fig. 1. Representative furanocembrane and pseudopterolide natural products

A number of synthetic routes to 3-methyl-2,5-dialkyl and 3-methyl-2-alkyl-5-vinyl substituted furans
have been reportéd°However, general routes to the 3-carboxy 5-vinyl analogues are less cofrfimon.
A recent method utilizes the Pd(0) or base-catalyzed ring closure of@aopargylic -keto ester to
prepare prototype 2-isopropyl-3-carboxy-5-vinyl furans (Eg. ¥1)).
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We have developed a mild and potentially versatile synthesis of 3-carboxy furans and effected
the transformation of these intermediates to 5-vinylfurans with structural features required for the
construction of furanocembrane (14-membered) and pseudopterane (12-membered) natural products
(Fig. 1)?2 The essence of our approach is detailed in Eq. (2). Accordinglykato ester such als
was expected to undergo acid- or base-catalyzed enolization and ensuing intramolecular 1,4-addition
to the alkynone to afford a vinylic ketorid . Subsequent double bond isomerization would afford the
furan V. The carbonyl substituent of this intermediate could then be further transformed to a vinylic
substituent with the desired substitution pattern.
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Our initial studies were conducted withketo este2 obtained by alkylation of methyl acetoacetate
with mesylatel (Scheme 1¥. Deprotection and Dess—Martin oxidatfoafforded diketones in high
overall yield. Upon brief exposure to silica gel in hexane, diketdn@as converted to fura® in
near gquantitative yield. This cyclization could also be effected, in quantitative yield, by exposure of
diketone4 to EN in hexanes. Methylation was achieved via the enol trifitehrough treatment with
MexZn in the presence of Pd(PPh The stereochemistry of the vinylfuréwas confirmed through
NOE measurements. None of tti&{somer could be detected. The direct-sgp® coupling leading to
vinylfuran 8 is noteworthy for its efficiency.
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Scheme 1. (a) TBS=BuMe,Si, NaHMDS=NaN(TMS)

A second application of the new methodology is outlined in Scheme 2. This sequence starts from the
keto este®'? and proceeds via diketorid along the lines described in Scheme 1. As before, cyclization
to the keto furarl2 proceeds in high yield by treatment with silica gel ogEt
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Scheme 2. (a) DP$BuPhSi, PPTS=pyridiniunp-toluenesulfonate; (b) (i) LIN(TMS) THF-HMPA, (ii) 2-(CsH4sN)NTf,
(6), (90%); (iii) Pd(PPB)4, Me,Zn (95%)
The foregoing route to 3-carboxyfurans should be well suited to the synthesis of furanocembranes such
as pukalide. In fact, preliminary findings on a ‘furan I&stpproach show great promiseThese studies
are currently in progress and will be reported in due course.

1. Representative procedures
1.1. 2-Methyl-3-carbomethoxy-5-(2-ketoheptyl)furgh (

Silica gel procedureTo a stirred solution of 100 mg of ketorein 10 mL of hexanes was added
1 g of silica gel. The mixture was stirred at room temperature overnight and filtered. The filtrate was
concentrated and the residue was purified by flash column chromatography with 10% EtOAc-hexanes as
eluent to afford 95 mg (95%) of furano ketoBe'H NMR (300 MHz, CDC§):  6.42 (s, 1H), 3.80 (s,
3H), 3.63 (s, 2H), 2.53 (s, 2H), 2.44 (t, 2H), 2.53 (m, 2H), 1.26 (m, 5H), 0.86 (t, 3H) FFENMR (75
MHz, CDCk): 250.8, 164.3, 158.9, 146.3, 114.1, 108.9, 51.2, 41.9, 41.8, 31.2, 23.2, 22.4, 13.8, 13.7.
Anal. calcd for G4H2004: C, 66.65; H, 7.99. Found: C, 66.43; H, 8.00.

EtsN procedure:To a solution of 90 mg of ketongin 10 mL of hexanes was added 0.05 mL of&t
at room temperature. The mixture was stirred at room temperature for 5 min and quenched with brine.
The mixture was extracted with ether twice and the combined ether extracts were dried oves MgiSO
filtered through silica gel. The filtrate was concentrated to afford 89 mg (99%) of furano Ketone

1.2. 2-Methyl-3-carbomethoxy %H)-2-methyl-1-heptenyl]furarB]

To a solution of 30 mg (0.12 mmol) of furano ketosén 1.2 mL of anhydrous THF at 78°C was
added 0.3 mL of HMPA and 0.13 mL (0.13 mmol) of 1.0 M LHMDS in hexanes. The mixture was stirred
for 15 min and a solution of 71 mg (0.24 mmol) of Commin’s read#rih THF was added. The cooling
bath was removed and, after 1 h, water and ether were added. The mixture was extracted with ether three
times and the combined extracts were washed with brine, dried over MgB®concentrated under
reduced pressure. The residue was purified by flash column chromatography with 10% EtOAc-hexanes
as eluent to afford 44 mg (95%) of triflafe!H NMR (CDCL):  6.77 (s, 1H), 5.98 (s, 1H), 3.82 (s, 3H),
2.60 (s, 3H), 2.46 (t, 2H), 1.59 (m, 2H), 1.35 (m, 4H), 0.93 (m, 3H) ppm.

To a stirred solution of 35 mg of triflaté in 1 mL of THF at 0°C was added 4 mg of Pd(Rph
The mixture was stirred for 15 min and 0.27 mL of M@ (1.0 M solution in heptane) was added. The
mixture was allowed to warm to rt slowly and stirred for 24 h. The reaction was quenched with water and
the mixture was extracted with ether twice. The combined ether layers were dried ovepMilfsted
and concentrated. The residue was purified by flash column chromatography with 5% EtOAc-hexanes as
eluent to afford 22 mg (99%) of fure® 'H NMR (300 MHz, CDC}):  6.39 (s, 1H), 5.99 (s, 1H), 3.82
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(s, 3H), 2.56 (s, 3H), 2.14 (t, 2H), 1.94 (s, 3H), 1.49 (m, 2H), 1.40-1.20 (m, 4H), 0.89 (t, 3H) ppm. Anal.
calcd for GsH»2203: C, 71.97; H, 8.86. Found: C, 71.85; H, 8.99.
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