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Abstract: A diastereodivergent synthesis of optically active trans- and cis-6-benzyloxymethyl-
4-hydroxytetrahydro-2-pyrones has been developed via 3-hydroxyalkenyl pheny! sulfides by
employing base-induced cleavage of the glycidyl phenyl sulfide functionality as the key step.

Because two 1,3-secondary oxygen functionalities are present on the chiral 3-lactone ring together with a
6-hydroxymethyl group, both of the trans- and cis-6-hydroxymethyl-4-hydroxytetrahydro-2-pyrone systems
would become extremely useful building blocks in the synthesis of a wide variety of polyketide natural products
as well as other polyoxygenated natural products if they were readily accessible.! We wish to report a new
procedure for a diastereodivergent construction of these systems based on the base-induced epoxide cleavage
reaction starting from the common chiral starting material. We have recently reported that glycidyl phenyl
sulfides (1) undergo a facile cleavage reaction of the epoxide bond on exposure to n-butyllithium at low
temperature to afford 3-hydroxyalkenyl phenyl sulfides (3) in excellent yields via transient formation of
carbanion intermediates? (2) (Scheme 1). Since the 3-hydroxyalkenyl phenyl sulfide system may be regarded
as a masked aldol, we have incorporated this functionality into the C1-C3 moiety of the cis- and rrans-6-
benzyloxymethyl-4-hydroxytetrahydro-2-pyrone systems.
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Scheme 1

We first prepared the common optically active allylic alcohol (7) starting from readily accessible optically
pure (5)-O-benzylglycidol’ (4) (>98% e¢.e.). Thus, (5)-4 was treated with the lithium acetylide generated in
situ from propargyl tetrahydropyranyl ether (5) in the presence of boron trifluoride* to give the secondary
alcohol (5) as a mixture of epimers. This was refluxed in methanol in the presence of pyridinium p-
toluenesulfonate (PPTS)S for 6 h to afford the 1,5-diol (6), [x]p2? —6.79 (c 1.1, CHCI3), in 83.4% overall
yield from 4. Upon treatment with lithium aluminum hydride in tetrahydrofuran$ (THF) at reflux, 6 furnished
the E-allyl alcohol (7), [a]p2? -2.65 (¢ 1.0, CHCl3), selectively, in 85.7% yield (Scheme 2).

To construct trans-6-benzyloxymethyl-4-hydroxytetrahydro-2-pyrone (12), we oxidized the allyl alcohol
(7) by employing the Katsuki-Sharpless asymmetric epoxidation reaction? under the stoichiometric conditions in
the presence of diisopropyl (L)-tartrate to give the 25,35-epoxide (8), [x}p2% ~21.26 (c 1.11, CHCl3), in
82.8% yield as a single product. Exposure of 8 to two equivalents of diphenyl disulfide and tri-n-
butylphosphine in pyridine8 at 0 °C allowed chemoselective substitution of the primary hydroxy group? to give
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Reagents and conditions: (a) =CH2-OTHP, n-BuLi, BF3-OEt;, THF, -78 °C. (b) PPTS, MeOH, reflux. (c)
LiAlHg, THF, reflux.

the phenyl sulfide (9), {e]lp2® +2.95 (¢ 1.0, CHCl3), in 81.1% vield. The key base-induced cleavage reaction
of 9 proceeded as expected though it did not exhibit stereoselectivity in the formation of the olefinic bond.
Thus, upon exposure to three equivalents of a-butyllithium in THF at —78 °C, the sulfide (9) afforded the 3,5-
dihydroxyalkenyl phenyl sulfide (10) in 80.6% yield as an inseparable 3:2 E/Z-mixture by cleavage of the
epoxide bond. Treatment of 10 with mercury(Il) acetate and mercury(IT) oxide in methanoll0 allowed
transformation of the vinyl sulfide bond into the acetal bond to furnish a mixture of two cyclic acetals (11) after
reductive workup using sodium borohydride. Both of the epimers could be separated by silica gel column
chromatography to give the o-methoxy epimer 11a, [a}p27 ~81.01 (¢ 0.5, CHCl3), and the B-methoxy epimer
11b, [0]p?8 +56.91 (¢ 1.0, CHCl3), in yields of 29.2 and 41.7%, respectively. Finally, the mixture was
treated sequentially with 70% acetic acid and N-iodosuccinimide (NIS) and tetrabutylammonium iodide!! 1o give
trans-(45,6R)-6-benzyloxymethyl-4-hydroxytetrahydro-2-pyrone (12), [o]p2? -9.80 (¢ 0.6, CHCl3) [tit.12:
[«]p2® +6.59 (¢ 1.03, CHC3) for the enantiomer], in 41% yield. The enantiomer of 12 is a structural unit of
the HMG-CoA reductase inhibitors compactin and mevinolin and responsible for their physiological activity!3
(Scheme 3).
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Reagents and conditions: (a) (L)-DIPT, --BuOOH, (i-PrO)4Ti, 4A sieves, 30 °C. (b) PhSSPh, n-BusP,
pyridine, 0 °C, 30 min. (c) »-BuLi (3 eq.), THF, -78 °C, 30 min. (d) Hg(OAc),, HgO, MeOH, -20 °C ~ room
temp., 2 h then NaBH4, -20 °C. (¢) 70% AcOH, 50 °C, 6 h then NIS, n-BusNI, CHCly, room temp.

On the other hand, to construct the diastereomer cis-6-benzyloxymethyl-4-hydroxytetrahydro-2-pyrone
(17), the allyl alcohol (7) was epoxidized enantioselectively in a similar manner as above by employing the
Katsuki-Sharpless asymmetric epoxidation reaction in the presence of diisopropyl (D)-tartrate to give the 2R,3R-
epoxide (13), [e]p2? +30.93 (¢ 1.0, CHCly), in 73.5% yield as a single epimer. In a quite similar way, 13
was transformed into the sulfide (14), [a]p?? +4.94 (¢ 1.2, CHCl3), in 78.4%, which was then subjected 10
the key reaction using three equivalents of n-butyllithium to give the 3,5-dihydroxyalkenyl sulfide (15) in
71.6% yield as an inseparable 3:2 E/Z-mixture. Treatment of the mixture with the mercury salts as above
furnished the cyclic acetal (16) in 71.6% yield as an inseparable mixture. Finally, on sequential hydrolysis and
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oxidation, this mixture afforded single cis-(4R,6R)-6-benzyloxymethyl-4-hydroxytetrahydro-2-pyrone (17),
[)p29 -18.71 (c 0.9, CHCl3), in 43.2% yield (Scheme 4).
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Scheme 4
Reagents and conditions: (a) (D)-DIPT, t-BuOOH, (i- PrO)4Ti, 4A sieves, 30 °C. (b) PhSSPh, n-Bu3P,
pyridine, 0 °C, 30 min. (c) n-BuLi (3 eq.), THF, -78 °C, 30 min. (d) Hg(OAc),, HgO, MeOH, 20 °C ~100mM
temp., 2 h then NaBHg4, —20 °C. (e) 70% AcOH 50 °C, 6 h then NIS, #-BuyNI, CH2Cl, room temp.

In summary, a general method for the diastereodivergent preparation of optically active cis- and trans-6-
benzyloxymethyl-4-hydroxytetrahydro-2-pyrones has been developed via 3,5-dihydroxyalkenyl phenyl sulfides
by employing the base-induced cleavage of glycidy! phenyl sulfide functionality starting from readily accessible
{S5)-O-benzylglycidol. Although the present report describes the preparation of one enantiomeric forms, it can
also be applicable to the synthesis of antipodal forms since (R)-O-benzylglycidol is also readily accessible.
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