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Chiral acetals are versatile building blocks for the synthesis
of biologically active agents and functional materials.1 The
acetal is usually rendered chiral due to the dissymmetric
environment induced by a stereogenic center near the acetal
carbon or by a chiral glycol moiety.1 In contrast, few optically
pure acetals are known whose acetal carbon only is chiral.2 The
mechanism of the Lewis acid-mediated nucleophilic substitution
of acetals is also a recent topic of interest.3 Denmark reported
that sterically unhindered aliphatic acetals underwent intramo-
lecular SN2-type substitution with the aid of a mild Lewis acid.3a

In contrast, Sammakia observed that dimethyl acetals underwent
intermolecular allylationVia an oxocarbenium ion using any
kind of Lewis acid.3c We report herein that the Baeyer-Villiger
reaction of optically activeR-alkoxy ketones1 affords optically
active 1-alkoxyalkyl carboxylates2. The resulting acetals2
undergo substitution with lithium dialkylcuprate(I) in the
presence of boron trifluoride etherate4 to give optically active
alkoxyalkane3 with inversion of configuration.
The syntheses of optically active 1-alkoxyalkyl carboxylates

2a-g5 were readily achieved by the Baeyer-Villiger oxidation
of optically activeR-alkoxy ketones1a-g6 shown in Table 1.
The reaction proceeded smoothly in good yields (46-92%) from
ketones1a-g (84-100% ee), and the resulting acetals2a-g
had high anantiomeric excess (ee) (81-97%).7 Due to the steric
effect of thet-Bu group, longer reaction time was needed for
1g to give2g and the yield was rather low (Table 1, entry 7).

It is worth noting that the oxidation is highly regioselective;
the regioisomericR-alkoxyalkanoate was not produced in the
oxidation. Thus, the migratory aptitude is demonstrated to be
1-alkoxyalkyl. alkyl, in accord with the order recently dis-
closed.8 In line with well-established results,9 we can state that
the stereochemical course of the Baeyer-Villiger reaction is
retention. This conclusion is substantiated by further elaboration
(Vide infra).
We next studied the stereochemical course of the Lewis acid-

catalyzed C-C bond-forming reactions, using the optically
active 1-alkoxyalkyl carboxylates2. The chiral acetals2 should
be advantageous reagents over cyclic diastereomeric acetals,1,3,10

since their structure is simple and the stereochemical outcome
is easily assayed. In our preliminary experiments, the reaction
of 2a with allyltrimethylsilane in the presence of boron

trifluoride etherate10b,d gave a homoallylic ether, with the
acyloxyl group behaving as the leaving group, but with complete
racemization. All attempts to prevent the racemization by tuning
the Lewis acid catalyst (TiCl4, Ti-blend,11 TMSOTf, ZnCl2, or
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Table 1. Bayer-Villiger Reaction of Optically ActiveR-Alkoxy
Ketones
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MgBr2‚OEt2) failed. The racemic products resulted again with
allyltributyltin3b,10eor enol sillyl ether10d (eq 1).
We then studied the reaction with an organocopper reagent.

Treatment of2a with lithium dibutylcuprate(I) (Bu2CuLi‚LiI)
afforded 2-(benzyloxy)hexane in only 12% yield. However,
use of Bu2CuLi‚LiI and boron trifluoride etherate (BF3‚OEt2)
gave (S)-2-(benzyloxy)hexane12 (3a, 69% yield, 48% ee) starting
with 77% ee of (S)-1-(benzyloxy)ethyl acetate (2a). We were
delighted to find that, by slow addition of BF3‚OEt2 to a mixture
of 2a (92% ee) and Bu2CuLi‚LiI, ether3awas obtained in 53%
yield with 86% ee (Table 2, entry 1).13 Thus, the BF3‚OEt2-
aided alkylation of2awith Bu2CuLi‚LiI proceeds with inversion
of configuration. In addition, the yield of3a was markedly
suppressed by using BuCu‚LiI/BF3‚OEt2, and racemic3a
resulted by using Bu2CuLi‚LiI/AlCl 3. Alkylation of various
acetals2 with lithium dialkylcuprate(I) and boron trifluoride
etherate is summarized in Table 2. The inversion ratio, (% ee
of 3)/(% ee of2), is shown in parentheses. Noteworthy is that

the reaction proceeded with high stereospecificity. Although
we attempted to reduce the amount of BF3‚OEt2 to 1.5 equiv
(entry 2), the observed ee of3awas not improved. A similar
reaction was performed using Et2CuLi‚LiI instead of Bu2CuLi‚
LiI to give 3b with a slightly reduced ee as compared with3a
(entry 3). To demonstrate the generality and scope of this reac-
tion, various 1-alkoxyalkyl carbonates were used as the substrate.
An acetal2b gave ether3c (entry 4) with inversion ratio of
76%. Although2c reacted smoothly to give the corresponding
ether3d (entry 5), (S)-1-phenoxyethyl acetate (2d) proved to
be inert (entry 6). The acetal2e in which an isobutyl moiety is
attached at the acetal carbon (R2) gave3e (65% ee) by the
reaction with Bu2CuLi‚LiI. The lower ee might be attributed
to the steric hindrance of the isobutyl group (entries 7 and 8).
The same substrate, upon reaction with Me2CuLi‚LiI/BF3‚OEt2,
gave3f with high inversion ratio, particularly when the amount
of BF3‚OEt2 was reduced (entry 10). Whereas the reaction of
propanoate2f also proceeded stereospecifically (entry 11), pi-
valate2g reacted with Bu2CuLi‚LiI with complete loss of stereo-
chemical integrity. Thus, the steric bulk of the leaving group
affects significantly the stereochemical course of the reaction.
A plausible reaction pathway follows.3c The Lewis acid-aided

reactions of acetal2awith allyltrimethylsilane should produce
an oxocarbenium ion (5a), which then reacts with a nucleophile
to give racemic4a (Scheme 1, path A). In contrast, BF3‚OEt2-
aided alkylation of2a with a cuprate reagent should proceed
Via a Lewis acid-substrate complex5b (Scheme 1, path B) that
is responsible for the stereochemical course of the reactionVia
SN2-like displacement. The reaction through an alternative path
involving the oxocarbenium ion intermediate5a should be
limited but not negligible. Our data show that SN2 type nucleo-
philic substitution of chiral acetal derivatives can be realized
by an appropriate combination of substrate, nucleophile, and
the Lewis acid.
We have reported herein that the Baeyer-Villiger oxidation

of optically activeR-alkoxyalkyl ketones1a-g enables us to
obtain chiral 1-alkoxyalkyl carboxylates2a-g of high optical
purity. The alkylation with lithium dialkylcuprate(I) and boron
trifluoride etherate gave stereospecifically alkylated products
with a high degree of inversion of configuration. This process
provides us with a new synthetic method for the synthesis of
optically active secondary alcohols and their derivatives.

Supporting Information Available: Experimental procedures and
characterization data for1a-g, 2a-g, and3a-f and their intermediates
(19 pages). See any current masthead page for ordering and Internet
access instructions.
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Table 2. Nucleophilic Substitution of Optically Active
1-Alkoxyalkyl Carboxylates Using Organocopper Reagents

a The absolute configuration was assigned on the basis of the optical
rotation of the corresponding authentic sample.b [R]20D ) +19° (c 1.0,
CHCl3). The (R)-isomer, prepared by benzylation of commercially
available (R)-2-hexanol, showed [R]20D ) -21° (c 1.1, CHCl3). c [R]20D
) +23° (c 1.0, CHCl3). The (S)-isomer prepared from commercially
available (S)-2-butanol showed [R]20D ) +25° (c 1.0, CHCl3). d [R]20D
) +14° (c 1.0, CHCl3). The (S)-isomer derived from commercially
available (S)-2-hexanol showed [R]20D ) +17° (c 1.0 CHCl3). eThe
absolute configuration was estimated on the analogy of entries 1-4
and 11.f [R]20D ) +17° (c 1.0, CHCl3). gReaction at-78 to-30 °C
for 1.5 h.

Scheme 1
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