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Abstract — A palladium-catalyzed cycloalkenylation and an acid-promoted
intramolecular Michael reaction were utilized as the key steps in a synthetic
approach to sesquiterpene quadrone 1. This route capitalizes upon the ability of

the above reactions to stereoselectively assemble tricyclic core 15 of quadrone 1.

Due to the challenging molecular architecture and antitumor activity of sesquiterpene quadrone 1, it has
been an interest to synthetic organic chemists, and various approaches to 1 have been reported.” We first
became interested in 1 during our studies on whether our palladium-catalyzed cycloalkenylation® could
effectively construct highly strained tricyclic core 2, which is found in 1. As shown in Scheme 1, we
envisaged our retrosynthesis of 1 as follows: palladium-catalyzed cycloalkenylation of silyl enol ether 3
could provide tricyclic compound 2, which could be converted into 1 by functional group manipulations.
Compound 3 could be synthesized from acetal 4 via an acid-promoted intramolecular Michael reaction.’
Finally, substrate 4 could be prepared from cyclohexene 5, which could be constructed by an
intermolecular Diels—Alder reaction of 1,3-butadiene and (E)-methyl 6-tert-butyldimethylsiloxyhex-2-
enoate.

Olefin metathesis between olefin 6 and methyl acrylate in the presence of Grubbs second generation
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Scheme 1. Retrosynthetic Analysis of the Tricyclic Core of Quadrone (1)

catalyst afforded (F)-methyl 6-fert-butyldimethylsiloxyhex-2-enoate in 78% yield, which was
subsequently subjected to an intermolecular Diels—Alder reaction with 1,3-butadiene to give rise to
cyclohexene derivative 5 (88%). Hydrolysis of § was accompanied by deprotection of the hydroxyl group
to provide the corresponding hydroxyl acid, which was then transformed into unsaturated lactone 7*
through iodolactonization followed by elimination. Reduction of 7 with DIBALH (1 equiv.) furnished the
corresponding hydroxyl aldehyde, which was treated with acetic anhydride. The resulting aldehyde was

reduced with NaBHj to give alcohol 8. Ozonolysis of 8 and subsequent reductive treatment produced aldehyde 9,
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Scheme 2. Reagents and conditions: (a) methyl acrylate, Grubbs catalyst (0.05 mol %), reflux, 78%; (b) 1,3-butadiene,
hydroquinone, toluene, 220 °C, 88%; (c) LiOH, 1,4-dioxne-H,O0, reflux, 91%; (d) I,, KI, NaHCO;, CH,Cl,-H,0; (e)
BuPh, SiCl, imidazole, DMF; (f) DBU, THF, reflux, 70% for 3 steps; (g) DIBAL-H, CH,Cl,, -78 °C, (h) Ac,0, DMAP,
CH,Cly; (i) NaBH,, MeOH, 67% for 3 steps; (j) O;, MeOH then Me,S, -78 °C, 96%; (k) PhyP=CHCOMe, MeCN,
reflux, 83%; (m) PPTS, CH(OMe);, CH,Cl,, 90%.
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which was converted into requisite unsaturated ketone 10 for the first key reaction via Wittig reaction
followed by acetalization (Scheme 2).

Then 10 was treated with a catalytic amount of TfOH. As expected, the intramolecular Michael reaction
proceeded stereoselectively to give oxabicyclo[3.3.0]octane compound 11 in 97% yield, which was

> and

transformed into hemiacetal 12 by deprotection of the hydroxyl group followed by dehydration
hydrolysis. An intramolecular aldol reaction of 12 in the presence of pyrrolidine was accompanied by an
intramolecular Michael reaction to afford keto ether 13. To obtain the desired ¢rans-hydrindane derivative
for the second key reaction, 13 was subjected to a retro Michael reaction under acidic conditions. After
acetylation of the corresponding diol, enone diacetate 14* was isolated in 96% yield. Compound 14 was
transformed into the corresponding silyl enol ether, and the subsequent palladium-catalyzed

cycloalkenylation successfully synthesized desired cyclization product 15" in 89% yield (Scheme 3).
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Scheme 3. Reagents and conditions: (a) TfOH (0.5 mol %), CH,Cl,, 97%; (b) Bu,NF, THF; (c) 0-NO,PhSeCN,
BusP, THF, 65% for 2 steps; (d) NalO4, MeOH-H,0, 76%; () 10% HCI, acetone, 80%; (f) pyrrolidine, benzene,
reflux, 72%; (g) TsOH, Ac,0, benzene, reflux, 96%; (h) TBDMSOTS, Et;N, CH,Cl,; (i) Pd(OAc), (20 mol %),
DMSO, O, (1 atm), 89% for 2 steps.

The relative stereochemistry was established using NOE experiments employing cyclization product 15

as shown in Figure 1.

In conclusion, we demonstrated that 15, a potential intermediate in the synthesis of 1, could be
stereoselectively constructed by combining a palladium-catalyzed cycloalkenylation with an

acid-catalyzed intramolecular Michael reaction.
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Figure 1. NOE Experiment of Cyclization Product 15.
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