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Generation and Intramolecular Cycloaddition of 0-Quinonemethides in Protic Solvent.
An Efficient Synthesis of (- )-trans-Hexahydrocannabinol
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A very facile and efficient synthesis of (- )-trans-hexahydrocannabinol was achieved
through the intramolecular Diels-Alder reaction of an o-quinonemethide derived from 2-
(1-hydroxycitronellyl)olivetol 1,3-bismethoxymethyl ether in methanol.

o-Quinonemethides!) are reactive intermediates useful in organic synthesis, and they undergo di- or
trimerization, [1,5] or [1,7] hydrogen shifts to give chromenes under heating conditions, inter- and
intramolecular Diels-Alder reaction to furnish chromans, and very easy Michael addition of protic compounds
such as methanol.2) Therefore most reactions of o-quinonemethides have been conducted in aprotic solvents.
Recently we reported3) a generation of o-quinonemethides from o-[1-(alkylthio)alkyl]phenols in THF or benzene
under mild conditions and applied the reaction to the three-step synthesis of (+)-trans-hexahydrocannabinol
(HHC) (5b).

We wish to report here a facile preparation of o-quinonemethides from protected phenols, their selective
intramolecular cycloaddition reaction in methanol, and application of the reaction to the short synthesis of (-)-
trans-HHC (5¢).4)

In a preliminary experiment, substituted resorcinol 2a, prepared from resorcinol 1,3-bismethoxymethyl
ether (1a) by the published method>) in 78% yield, was heated in methanol at reflux for 18 h in the presence of
p-toluenesulfonic acid (0.1 equiv.) to afford chroman 5a as a single stereoisomer in 80% yield.
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It is noteworthy that deprotection,5) a sequence of dehydration, and intramolecular cycloaddition took place
cleanly in one flask and addition of methanol to the o-quinonemethide 4a was never detected.
In comparison, saligenine (2-hydroxymethylphenol) was treated with styrene (44 equiv.) in methanol in
the presence of p-toluenesulfonic acid at reflux for 3 h to give 2-phenylchroman (17% yield) and 2-
methoxymethylphenol (61% yield), indicating the preferential addition of methanol to the o-quinonemethide.
We then applied the above reaction to the synthesis of Sc from olivetol 1,3-bismethoxymethyl ether (1b).)
1b was reacted with butyllithium in hexane in the presence of N,N,N,’N’-tetramethylethylenediamine (2
equiv.) to afford 2¢7) in 75% yield8) after condensation with (+)-citronellal.?) The treatment of 2¢ with p-
toluenesulfonic acid (0.5 equiv.) in methanol at reflux for 6 h afforded 5S¢ [a]p —98.6° (¢ 0.45, CHCI3)10) in

93% yield.
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In conclusion, a facile preparation and selective intramolecular cycloaddition of o-quinonemethides has been
achieved by starting from o-substituted phenol methoxymethyl ethers in methanol at reflux.
We thank Drs. Masatoshi Asami and Kiyoshi Honda of this department for helpful discussions.
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