Total Syntheses of Sesterpenic Acids:
Refuted (x)-Bilosespenes A and B
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ABSTRACT

COH

The total syntheses of racemic sesterpenic acids 1 and 2 have been accomplished from creosol (6) in 12 and 13 steps, respectively. Intramolecular
Diels—Alder reaction of masked o-benzoquinone 7 generated from 6 and allyl alcohol, stereoselective addition of alkenylcerium(lll) chloride 8
to ketone 5, and anionic oxy-Cope rearrangement of dienol 4 are the key steps.

Owing to their widespread occurrence in a large variety of
natural products of biological importance, decalins remain
a focus of attention for synthetic organic chemistunc-

unstable and inseparable mixture. This mixture has been
found to have cytotoxicity against several cancer cells: P-388
Mouse lymphoma, A-549 Human lung carcinoma, HT-29

tionalized decalins with suitable stereochemistry are possibleHuman colon carcinoma, and MEL-28 Human melanoma
intermediates for several terpenoids and related naturalin a concentration of 2.6g/mL (ICsg). Bilosespene possesses

products possessing biological activity. Most recently, we
have shown that maskeo-benzoquinonegMOBsY and
maskedp-benzoquinones (MPB%are efficient intermediates
for the stereoselective syntheses of highly functionalzsd
decalins. A four-step stereocontrolled synthesis cid-
decalins involving intermolecular DietsAlder reaction and
anionic oxy-Cope rearrangement is one of the stratelgies.
In this Letter we report a stereoseletive synthesis of bilo-
sespenes A and B @nd2) based on the construction of a
cis-decalin core generated by intramolecular Digldder
reaction and anionic oxy-Cope rearrangement.
Bilosespenes A and Bl and 2) have been isolatéd
recently from the Red Sea spon@gsidea cinereaas an
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four stereogenic centers and @j-unsaturated acid. Retro-
synthetically, we envisaged C-alkylation of tricyclic com-
pound3 to be a means potentially well-suited to accéss
and?2 (Scheme 1). The intermediaBwould be generated
by the anionic oxy-Cope rearrangementdofwhich could
be obtained from cycloaddué&. Access to tricyclic com-
pound5 was to be gained from creosd)(and allyl alcohol
via the Diels-Alder cycloaddition of in situ generated MOB
7. In this synthetic plan, another key step is stereoselective
addition to ketoné to generate anionic oxy-Cope rearrange-
ment precuso4.

The tricyclic3,y-enoneb was obtainetivia intramolecular
Diels—Alder reaction of MOB7, produced in situ from
oxidation of creosol) with diacetoxyiodobenzene (DAIB)
in the presence of allyl alcohol (Scheme 2). Treatmer§ of
with cerium reagen8 produced single stereoisomer product
4. Reaction of4 with potassium hydride and 18-crown-6 in
refluxing THF gavecis-decalin3 via anionic oxy-Cope
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_ Toward that objective, Horner—Emmons reactionf
rearrangement. Hydrogenation®fn the presence of Pd/C  ketonel5was performed in refluxing THF to giveEj-o.,5-

produced compound. Alkylation of the sodium enolate  unsaturated estdi6 exclusively (Scheme 4). Finally, treat-
derived from9 with homoprenyl iodidéin DMF® afforded

tricyclic compoundL0in 61% yield. The structure dfowas || N
confirmed by X-ray diffraction studies (Figure 1).

With cis-decalin10 secured, the stage was set for the
introduction of the exocyclic double bond. Ketoh@ was
reduced with samarium diiodide in THF in the presence of
MeOH as proton source, and this was followed by Huang
Minlon reductiord® to afford alcoholl2 (Scheme 3). Conver-
sion of the alcohol 2 into selenidel3 was performed using
Grieco’s method! CompoundlL3was then transformed into
15in excellent yield by hydrolysis of the ketal moiety and
sodium periodate mediated oxidative-eliminatién.

Having successfully installed the requiséeo-methylene
group, all that remained to complete the synthesis of the
target molecule was to convert the carbonyl function into
o,f-unsaturated acid moiety.
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NMR spectrd® of 1 and2 were quite different from those
reported for the natural products.

In conclusion, we have accomplished total syntheses of
the alleged structures of sesterpenic adidgsd?2 in 12 and

::ﬁSe s, 13 synthetic steps, respectively. An intramolecular Diels
Alder reaction of masked-benzoquinoné&, a stereoselective
' 14 addition to keton®, and an anionic oxy-Cope rearrangement

with dienol 4 were all key steps in our strategy.
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ment of16 with potassium hydroxide accomplished the total This material is available free of charge via the Internet at
synthesis of sesterpenoid adid http://pubs.acs.org.

Sesterpenic acid is quite stable when stored at room
temperature for a long time and neither decomposed nor©OL0359441
converted into acid. Furthermore, the exocyclic double
bond of1 could be isomerized into thendo-double bond of e mide G e R 1T B 1082

. . . . a cnmidt, i Isntl, . i reining, yntnesis.
2 by treating W_lthp-toluenesulfon!c acid in CH,Cl,. The 391. (b) Hagiwara, H.. Uda, HJ. Chem. Soc., Perkin Trans, T991
structures of acids and2 were elucidated byH—C COSY 1803.
andH NMR nuclear Overhauser enhancement difference _ (14) Piers, E.; Breau, M. L.; Han, Y.; Plourde, G. L.; Yeh, W. L.
. . 13 Chem. Soc., Perkin Trans.1995, 963.

(NOED) experiments (Figure 2). However, thé and °C

(15) CompoundL: *H NMR (400 MHz, CDC}) 6 0.86 (dd,J = 3.6,
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3.6 Hz, 1H), 0.90 (s, 3H), 0.94 (s, 3H), 1:04.12 (m, 1H), 1.222.00 (m,
14H), 1.61 (s, 3H), 1.69 (s, 3H), 2.6@.23 (m, 4H), 2.19 (s, 3H), 4.62
4.63 (m, 1H), 4.64-4.65 (m, 1H), 5.05-5.09 (m, 1H), 5.69 (br s, 1HJ3C
NMR (100 MHz, CDC}) 6 17.7 (CH), 19.4 (CH), 19.8 (CH), 21.7 (CH),

CO.H 23.0 (CH), 24.4 (CH), 25.3 (CH), 25.7 (CH), 26.5 (CH), 27.0 (CH),
C e 31.1 (CH), 37.5 (CH), 37.6 (C), 39.7 (C), 44.8 (CH), 45.0 (CH), 54.5
B CHs (CH), 56.5 (CH), 108.3 (Ch), 114.3 (CH), 125.0 (CH), 131.1 (C), 152.2
380 (_ H,G (C),"164.0 (C), 171.5 (C). Compour 'H NMR (400 MHz, CDC}) &
. ~

0.87 (s, 3H), 0.89 (s, 3H), 0.94 (dd,= 3.6, 3.6 Hz, 1H), 1.021.11 (m,
1H), 1.17-1.42 (m, 5H), 1.451.55 (m, 2H), 1.61 (s, 3H), 1.631.71 (m,
2H), 1.67 (s, 3H), 1.69 (s, 3H), 1.78.80 (m, 1H), 1.86:2.00 (m, 4H),
2.18—2.27 (m, 2H), 2.20 (s, 3H), 5.06—5.09 (m, 1H), 5.27 (br s, 1H), 5.71
(br s, 1H);13C NMR (100 MHz, CDC4) 6 17.7 (CH), 19.4 (CH), 19.5
(CHa), 21.7 (CH), 22.7 (CH), 23.4 (CH), 23.5 (CH), 24.5 (CH), 24.9
(CHs), 25.5 (CHy), 25.7 (CH), 37.4 (C), 37.6 (Ch), 37.9 (C), 44.6 (Ch),
45.0 (CH), 49.7 (CH), 56.1 (CH), 114.5 (CH), 119.6 (CH), 125.1 (CH),
131.1 (C), 137.1 (C), 164.0 (C), 172.0 (C).

Figure 2. H NMR study of NOE (%) forl.
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