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The reaction of carboxylic acids and organolithium reagents constitutes a simple
general method for the synthesis of ketones.]) Although several applications of this
synthetic method to racemicz) and optically active3) a-hydroxy acids have been reported to
produce corresponding racemic and optically active a-hydroxy ketones, the use of optically
active a-tosyloxy acids having excellent leaving group at the a-position, as reaction
substrates, has never been attempted.

We have now found that when optically active a-tosyloxy acid is allowed to react with
organolithium reagents(5.0 eq), optically active vicinal(vic)-diols can be produced in
excellent yields with full inversion at the asymmetric center. Since the reaction of
optically active a-hydroxy acid ester and organolithium reagents(5.0 eq) can proceed with
full retention at the asymmetric center to afford optically active vic-diols, it is now
possible to prepare an enantiomeric pair of vic-diols from one enantiomer of optically
active a-hydroxy acid by way of o-tosyloxy acid or a-hydroxy acid ester.

As shown in Scheme I, optically pure (S)(-)-a-hydroxy acid((S)(—)il),4) mp 125-126°C,
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[a]gs-27.2°(c=3.8, acetone), readily obtainable from (S)—pheny]a]anine((s)jg) by nitrous acid
deamination, ' was transformed into optically pure (S)(-)-a-tosyloxy acid((S)(-)-‘i),5 mp
122-124°C, [a]30-46.9°(c=1.5, chloroform), in 84% yield by successive esterification with
benzyl alcohol, tosylation, and reductive cleavage of the benzyl ester. 6) When (S)( ) -3
was treated with methyllithium(5.0 eq) in ether(-10°C, 3.5 hr), (+)-vic-diol((+)- g\)

74-75°C, [a]go+58.9°(c=0.91, chloroform), could be obtained in 81% yield. On the other
hand, the reaction of optically pure (S)(-)-o-hydroxy acid ester((S)(-):é),4) mp 47-49°C,
[a]g4-21.4°(c=4.6, benzene), prepared from (S)(—)tl,4) with methyllithium(5.0 eq) in ether
(-10°C, 3.5 hr), was found to give (-)-vic-diol((-)-4a),>) mp 74.5-75.5°c, [«150-59.0° (c=0.86,
chloroform), in 98% yield. It is quite clear that (-)-}g can be produced with full reten-
tion of the configuration because the alcoholic function of (S)(-):g’might be immediately
converted to the lithium alkoxide when (S)(-)jg,was treated with methyllithium. There-
fore, the absolute configuration of (+)- and (-)-4a could be assigned as (R)- and (S)-series,
respectively. This assignment was further ascertained by the successful synthesis of
(S)(-)-ketone((S)(-)ig), a key intermediate of optically active epoxyterpene synthesis,7’8)
from (-)-4a(vide infra).

In a similar manner, when buty111thium(5 0 eq) was used in place of methyllithium, (R)(+)-
vic-dio1((R)(+)-4 ) 5a) mp 109- 112 c, [a]D +24.8°(c=2.4, chloroform), and (S)(-)-vic-diol
((s)(-)-gg),sa) mp 110-111°C, [a]D -26.1°(c=2.3, chloroform), were obtained from (S )(-)-3
and (S)(-) -2 in 92% and 97% yields.

Formation of the inverted vic-diols((R (+).A) from (S)(-)- -3 might be rationalized by
the two possible paths shown in Scheme II. Thus, addition of two moles of organolithium

0 (S)(-)1§,direct1y gives the dilithium sa]tgz) in which SNZ-type substitution of the tosyl-
oxy group by the intramolecular alkoxide anion occurs to give the epoxy a]koxideQ§)(path a).
Formation of the same intermediate(8) is also possible by the stepwise addition of organo-
Tithium to (S)(-)-3, by way of the a-lactonegg)(path b).g) The epoxy alkoxide(g) can iso-
merize to the a-keto a]koxide(lg) and the addition of organolithium to 10 would produce the
inverted dilithium sa1t(ll), from which (R)(+):£,can be liberated on acidic workup.
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Next, aiming to realize the utility of the optically active vic-diols in natural product
synthesis, preparation of (S)(-)tg was examined by using (S)(-)-4a as a starting material.
Several versatile synthetic schehes to optically active epoxyterpenes such as epoxygeraniol,
epoxyfarnesol, and epoxysqualene, had been exploited from (S)(—)-§;7’8) Although partial
racemization had been observed in the previous synthesis of (S)(-)jQ'from (S)-glutamic acid,7)
we succeeded in readily obtaining optically pure (S)(-)-6 from (S)(-)-4a.

Thus, protection of vic-diol function of (S)(-)-4a as a cyclic carbonate(diethyl carbon-
ate-sodium ethoxide(catalytic amount), reflux, 16 hr) afforded (S)(-)-carbonate((S)(-)ilg)s)
(100%), mp 84-85.5°C, [a]30-75.2°(c=0.97, chloroform). Ozonolysis of (S)(—)—lg in acetic
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acid(rt, 12 hr), followed by oxidative workup(aq. 30% hydrogen peroxide), esterification with
diazomethane, and separat1on with a silica gel column(benzene-ethyl acetate 4:1), cleanly gave
(S)( )-ester((S)(-)- 13) )(69% 81% corrected for the recovery of (S)(-)-12), mp 64-65°C,

[a]D -29.7°(c=0.66, ch]oroform) with the recovery of (S)(-)-12(14%). Reduction of (S){-)-
13(1ithium aluminum hydride(5.0 eq) in tetrahydrofuran, -23°C, 2 hr; rt, 1.5 hr; reflux,

2 hr), and acetalization of the vic-diol funct1on(acetone -p-toluenesulfonic acid(catalytic
amount)), gave (S)(-)-alcohol((S)(-) 1~)56 as a pale yellow oil(two steps 94%), which, with-
out purification, was directly treated with tosyl chloride(1.4 eq) in pyridine, yielding
(5)(-)-tosylate((s)(-)-15)°"19) (g9x), mp 61.5-64.5°C, [0120-17.6°(c=0.99, chloroform).
Treatment of (S)(-)-15 with potassium cyanide(3.4 eq) in dimethylformamide(60°C, 4 hr) gave
(S)(-)-cyanide((S)(—)-/g)sa) as a yellow 0i11(99%), [a]20-29 6°(c=0.98, chloroform). The
cyanide((S)(-)- 16) was hydrolyzed(ZO% sodium hydrox1de(2 0 eq) in ethanol, reflux, 10 hr)

to afford (S)(-)-acid({S)(-)- ’v) 5) (91%), mp 57-59°C, [a]D -10.1°(¢=0.99, chloroform), which,
on reaction with methy111th1um(2 0 eq) in ether(rt, 4 hr) furnished the desired (S)(- )Zg?a)
as an 0i1(85%), [oz]D -12.1°(c=1.0, chloroform) and [a] -14 8°(c=1.4, methanol)(1it.,

[a]D +10.4°(c=1.0, chloroform) for (R)(+)- -6; 1it. ,7 11 [o ]27 14.1°(c=1. 31, methanol)).
Since (R)(+)-6 can be prepared from (R)(+) -4a accord1ng to the synthetic scheme
exploited here, it has become possible to readily obtain optically pure (R)(+)- and (S)(-)-
Q,from'(s):%,by way of (S)(-):l’and the enantiomeric pair of vic-diols((R)(+)- and (S)(-)-

4a)).
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Considering its operational simplicity and high yield in each synthetic step, the over-
all process developed here might have wide practical value in the synthesis of optically
active epoxyterpenes.
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