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Abstract - A stereoselective formation of tetrahydropyran ring having
acrylate moiety at C2 and gerany! or homofarnesyl group at C5 based
on intramolecutar hetero-Michael addition is described.

In the course of our studies of the structure-bioactivity relationship for Rhopaloic acid A ((+}-1), a
potent cylotoxic agent, which was isolated from a marine sponge, Rhopalocides sp,l the
stereoselective formation of 2,5-disubstituted tetrahydropyran rings has been investigated (Scheme 1).
The interesting biological activity of the compound may be attributed to the structurally uniqué feature

of having 4 hydrophilic pyranylacrylic acid moiety connected to a hydrophobic isoprencid p::u“t.2
Scheme 1.
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Although stereocontrolled synthesis of 2,3- or 2,6-disubstituted pyran derivatives was much
investigated,3 less attention has been accorded to the stereoselective construction of 2,5-disubstituted
pyran ring. Therefore, we have investigated the stereoselective formation of pyran ring tethered to
acrylate moiety at C2 and alkeny! group at C5.

Aldehydes (2a) and (2b) were prepared by way of several steps from gerantol and farnesol,
reSpectively.4 The Wittig-Horner-Emmons reaction of 2a with (EtO)2P(O)CH2CO2Et gave o,B-
unsaturated ester (3) as a single E-isomer in 90% yield (Scheme 2). Treatment of 3 with TBAF at 25
°C gave the tetrahydropyran derivative (4) as a mixture of cis-trans isomers in 80% yield, the cis/irans
ratio being 1/2.3.  The medified Wittig-Horner-Emmons reaction of 2a with
(EtO)2P(0)C(=CH?2)CO2E! in the presence of NaSCHMep at 25 °C furnished o,3-unsaturated ester
{5a), the E/Z ratio being 1/3.5 The geometric assignment was determined by comparison of IHNMR
chemical shifts of vinyl pmton.4‘6

Reaction of 2b with (EtQ)2P(0)C(=CH2)CO2kEt in the presence of NaSCHMe2 under the same

conditions furnished of,B-unsaturated ester (5b) as a mixture of geometric isomers. The geometric
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ratio changed with the reaction conditions. When the reaction mixture was stirred at 0 °C for 3 h, a
mixture of Z and E-5b was obtained in 57% yield (Z/F = 2.4/1.0). The reaction was conducted at 25
°C for 17 h afforded only Z-5b as the thermodynamically controlled product in 53% yield. The
geometry of the product was determined based on relative chemical shifts of the 1H NMR signals and
with DIF-NOE. When 3-H of the E-isomer was irradiated, the intensity of 2-CH?2-S signal was
enhanced with 8.2%.4,6

Scheme 2. CHO CO,Et i
. R c R = 2 d _R
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2b: R = homofarnesyl 5b: R = homofarnesyl
%or 2b \
R N CO,Et b 0 COLEt CO,Et
H
CH,OTBMS R
3: R = homofarnesyl  4: R = homofarnesyl Ta: R = geranyl cisftrans = 1/4
cis/trans = 1/2.3 7h: R = homofarnesyl cis/trans = 1/9

Reagents and Conditions: (a) NaH (1 eg), (Et0) P(O)CH,CO,E1 (1 eq), THF, 0 °C; (b) TBAF (3
eq), THF , 25 °C; (c) NaH (1 eq), Me,CHSH (1 eq), (Et0) P(OYC(=CH,)CO, Et (1 eq), THF, 0 °C,
10 min, then 2a or 2b, 25 °C; (d) mCPBA, (Et0);P; () NCS/Ph.P, 25 °C; () Mel, AgBF,, CH,Cl,,
then TBAF, THF, 25 °C.

Oxidation of 5a with mCPBA followed by rearrangement in the presence of (EtO)3P gave alcohol (6)
which was treated with NCS/PPh3 to afford 7a in 13% yield (cis/trans = 3/7).7

Treatment of a mixture of £ and Z-5a with methylating reagent Mel/AgBF4 followed by desilylation
with TBAF afforded a mixture of cis- and trans-ethyl pyranylacrylate derivatives (7a) in 24% yield
(cis/trans = 1/4} in one pot reaction from Sa. Assignment of 6-gx-H at & 3.17 in the lH NMR
spectrum of frans-7a was determined by coupling constants: J5 6.qx = 11.2 Hz, J5 6.¢q = 3.9 Hz.
The relative stereochemisiry of trans-7a was confirmed by intensity enhancement of 2-ax-H at $4.13
by 13.9% upon irradiation of 6-ax-H through DIF-NOE measurements.

Reaction of Z -5b with Mel/AgBF4 followed by desilylation with TBAF afforded a mixture of cis--and
trans-ethy] pyranylacrylate derivatives (7h) in 37% yield (cis/irans = 1/9) in one pot reaction. Reaction
of E-5b under the same reaction conditions gave also trans-7b as the major product in 31% yield
(cis/trans = 1/9). The assignment of relative stereochemistry of trans-7b was done by the same
considerations as trans-7a: J5 g-ax = 11.2 Hz, J5 6-eq = 3.9 Hz. When 6-ax-H at § 3.16 was
irradiated, the intensity enhancement of 2-H at 8 4.12 by 6.9% was observed. The spectral data of
trans-Tb were identical with those recorded for the ethyl ester derivative of 1.1

The stereochemistry was rationalized in terms of a transition state I rather than II for the trans-
cyclization that is based on a quasi-equatorial conformation for the acrylate moiety thereby avoiding
1.3-diaxtal-like repulsion (Scheme 3).
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