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The title compound is useful for the generation of the
very reactive naphthol[2,3-c]furan.! Until a few years ago
the corresponding diacid was sold, but it has become either
prohibitively expensive or unavailable. Carlson? has in-
dicated that the precursor needed for the Organic
Syntheses preparation® is no longer sold. This method also
requires a stirred pressure reactor, equipment not found
in many laboratories. Another preparation of the diacid,
described several years ago by Cava et al.,? utilizes com-
mercially available a,a,0/,o/-tetrabromo-o-xylene, Nal, and
maleic anhydride and gives product in ca. 60% yield.24

A simple alternative procedure is described that fur-
nishes the anhydride in high yield, starting from the acetal
1. The synthesis of 1 from phthalide has been reported
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earlier.> The utility of 1 as a precursor of isobenzofuran
(2) is well established.’® Reaction of 1 (via 2) with maleic
anhydride takes place simply upon heating a solution of
the two materials, as first descried by Naito,® to afford
cycloadduct 3 (exo + endo). It is convenient for the
present purpose to reflux equimolar amounts of 1, maleic
anhydride, and acetic anhydride® in chlorobenzene (bp 131
°C) for ca. 24 h. Vacuum evaporation of the solvent affords
3 in essentially quantitative yield as a colorless solid that
has the equilibrium composition (exo/endo = ca. 95/5).°
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While several related materials are readily dehydrated
under acidic conditions,!! there have also been reports!*13
of difficulties with this step. Cycloadduct 3 was especially
recalcitrant in this respect, and many of the reagents ex-
amined gave either recovered starting material, decom-
position, or side reactons.’* However, when solid 3 was
added to ice-cold concentrated H,SO,, stirred for a few
minutes, and then poured onto crushed ice, aromatized
product was isolated in essentially quantitative yield by
filtration and vacuum drying.!” It is important to cool the
H,SO, prior to the addition of 3 to prevent discoloration.
The IR spectrum suggested that diacid was formed, pre-
sumably in varying amounts depending upon contact time
with the aqueous acid. This material was therefore heated
in acetic anhydride to effect ring closure and recrystalli-
zation. Pure crystalline 4 was isolated in 89% yield.

This sequence complements Cava’s method* and, in
principle, can be extended to substituted derivatives
through the use of the corresponding phthalides or other
substituted isobenzofuran precursors.

Experimental Section

Cycloadduct 3. A mixture of the acetal 1 (1.96 g, 12 mmol),
maleic anhydride (1.29 g, 13.1 mmol), and 1.25 mL (13.2 mmol)
of acetic anhydride in 19 mL of chlorobenzene was refluxed for
24 h. Removal of the solvent (rotary evaporation with heating
followed by vacuum pump) gave 2.54 g (98%) of the cycloadduct
3, identified by comparison of the 'H NMR spectrum with that
of known material; the product was a mixture of exo (ca. 95%)
and endo (ca. 5%) isomers.®

2,3-Naphthalenedicarboxylic Anhydride (4). An Erlen-
meyer containing 35 mL of concentrated H,SO, and a stir bar
was placed in an ice bath. Solid 3 (2.82 g) was added in portions
over 5 min, and stirring was continued an additional 15 min. Most
of the solid was in solution at this point. This mixture was then
poured onto ca. 100 g of ice, with swirling. After 0.5 h the product
was suction filtered and then dried in a vacuum desiccator over
P,0; to a constant weight (2.76 g, 98-106 %, depending upon the
extent of hydrolysis to diacid). A portion of this produet, 2.60
g, was taken up in ca. 25 mL of acetic anhydride, refluxed for a
few minutes (some darkening observed), and then allowed to stand
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favored exo material fairly rapidly at 131 °C; the rates of endo and exo
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at room temperature overnight. Crystals of 4 were obtained (2.11
g, 89%), mp 250~252 °C (lit.!2 mp 250-251 °C).

It is not necessary to dry rigorously the diacid/anhydride prior
to the recrystallization step. Repetition of the experiment, starting
with 2.36 g of 3 and omitting the vacuum drying of the filtrand,
gave 1.93 g {(89%) of pure 4 as a single crop from acetic anhydride
(washed with ether).
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In connection with our general interest in the search for
new approaches to prenyl compounds,! we developed a
procedure incorporating one prenyl unit at a time, through
the alkylation of the Li dianion of 3-methyl-2-butenoic
acid.? This methodology provides terpenes with the la-
vandulyl skeleton, since this dianion undergoes alkylation
predominantly at C-2.3* Owing to the increasing im-
portance of optically active monoterpenes,® their asym-
metric synthesis through chiral auxiliaries has attracted
interest.’

Herein we report a new method for asymmetric alkyla-
tion that we believe has considerable potential in the
synthesis of prenyl compounds. This process, outlined in
Scheme I, appears to offer many advantages, including
high efficiency, procedural simplicity, predictable config-
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uration of the introduced stereogenic center, and mildness
of the reaction conditions. The utility of chiral auxiliaries
in the alkylation of carboxylic acid derivatives has been
recently reported;’ we now exploit the use of the readily
accessible imidazolidin-2-ones 4R,5S la and 4S,5R 1b®
(Figure 1).

In our approach to the enantiomerically pure lavandu-
lol,? the lithium anion of la is acylated with 3-methyl-2-
butenoyl chloride, to obtain 2a in high yield. After
treatment of 2a with an equimolar amount of LDA in THF
at —78 °C, the alkylation is performed at the same tem-
perature!® with 1-bromo-3-methyl-2-butene, to afford 3a
in 83% yield.

The diastereoselection of the reaction can be determined
by 'H NMR spectroscopy, by observing the doublet of the
CHPh proton of the auxiliary moiety, which shows dif-
ferent chemical shifts in the two diastereomers. An
asymmetric induction 295% can be assumed if only one
diastereomer is recognizable in the 'H NMR spectrum.!!
A 96:4 diastereomeric ratio is determined from the 3C
NMR spectrum!? and successively confirmed by reduction
of the alkylated product 3a with lithium aluminum hydride
(LAH) to afford (-)-lavandulol (4a), [e]p ~10.04°% a value
corresponding to 92% ee. The synthetic sequence starting
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