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via successive lateral and ortho-lithiations
of 4,4-dimethyl-2-(o-tolyl)oxazoline
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Abstract—Sequential treatment of 4,4-dimethyl-2-(o-tolyl)oxazoline in THF with sec-BuLi, aromatic or aliphatic aldehydes, sec-
BuLi, B(OMe);, and H,0, produced the laterally alkylated and ortho-hydroxylated oxazolines in one-pot. Treatment of these
products with TFA in aqueous THF provided 3-substituted 8-hydroxy-3,4-dihydroisocoumarins in 44-75% overall yields. This
procedure allowed the short synthesis of ()-hydrangenol and (*)-phyllodulcin, naturally occurring 3,4-dihydroisocoumarins of
pharmacological interest. A more economical synthesis of (+)-phyllodulcin via the trianion intermediate is also described.

© 2004 Elsevier Ltd. All rights reserved.

Directed lithiation is the most powerful method for
regioselective functionalization of aromatic rings.! The
reagent-controlled optional site-selective lithiation is
especially interesting in this field from mechanistic and
practical points of view.? Recently, we have reported
that 4,4-dimethyl-2-(o-tolyl)oxazolines (la—c¢) can be
lithiated at the lateral or ortho-position selectively
depending on the reaction conditions (Scheme 1).* Thus,
the oxazolines were deprotonated at the most acidic
lateral methyl group with sec-BuLi in Et,O at —78 °C,
whereas they were lithiated at the less acidic ortho-po-
sition with sec-BuLi in the presence of TMEDA. The
latter unusual ortho-lithiation was rationalized by the

unfavorable steric interaction between TMEDA and the
methyl groups on the oxazoline ring in the transition
state for the lateral lithiation.?

The 3,4-dihydroisocoumarins constitute a class of nat-
ural products, which exhibit a wide range of pharma-
cological activities such as antifungal,®® antiulcer,*
antileukemic,* antiallergic,* differentiation-inducing,*
and antimalarial* activities. Structurally, most of these
natural products possess an aryl or alkyl substituent at
C-3 and a hydroxy group at C-8 of the isocoumarin
core. The syntheses of this type of 3,4-di-
hydroisocoumarins have been achieved efficiently by
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Scheme 1. Optional lateral and ortho-lithiations of 4,4-dimethyl-2-(o-tolyl)oxazolines.
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Scheme 2. Synthetic design of 3-aryl-8-hydroxy-3,4-dihydro-
isocoumarins.

using lateral lithiation of 2-alkoxy-6-methylbenzoic acid
derivatives.’ For example, Watanabe and Snieckus have
synthesized the 3,4-dihydroisocoumarin natural prod-
ucts, (*)-hydrangenol and (%)-phyllodulcin, via lateral
lithiation of N,N-dimethyl-2-methoxy-6-methylbenz-
amide.”® We envisioned the construction of the 3,4-di-
hydroisocoumarins having this substitution pattern
could be accomplished in one-pot via the initial lateral
lithiation of 4,4-dimethyl-2-(o-tolyl)oxazoline (1a) fol-
lowed by addition to an aldehyde, the second ortho-
lithiation, and oxidation (Scheme 2). In this article, we
report a highly efficient synthesis of the 3-substituted
8-hydroxy-3,4-dihydroisocoumarins based upon this
strategy.

Table 1. Synthesis of 3-substituted 8-hydroxy-3,4-dihydroisocoumarins 3a—i

Li--- NK HO ©
I 1. B(OMe)3

o)
X 1. sec-Buli (1.2 eq), THF, -78°C, 1 h
©<LN 2. RCHO (1.3 eq)
3. sec-BuLi (2.0 eq)

-78 °C, 1 h then -50 °C, 1h

The synthesis of the desired dihydroisocoumarins has
been achieved most satisfactorily as follows.® The
oxazoline 1a was lithiated at the lateral position with
sec-BulLi (1.2 equiv) in THF at —78 °C and the generated
deep red anion was trapped with an appropriate alde-
hyde. Subsequently, the addition product was treated
with sec-BuLi (2.0 equiv) at =78 °C for 1 h and then at
—50°C for 1h to effect ortho-lithiation. The presumed
intermediate 2 thus generated was hydroxylated by
sequential treatment with B(OMe); and H,0,. After
extractive workup, the crude product was treated with
TFA in refluxing aqueous THF to give 3-substituted
8-hydroxy-3,4-dihydroisocoumarin 3. Yields of 3a-i
thus synthesized are summarized in the Table 1. A
variety of aromatic aldehydes including cinnamaldehyde
were subjected to reaction in good yields to give the
corresponding 3,4-dihydroisocoumarins (entries 1-06).
Although the yield was modest, an enolizable aliphatic
aldehyde was successfully employed in this synthesis
(entry 7). In the reactions with O-TBS-protected
p-hydroxybenzaldehyde and isovanillin, (*)-hydrange-
nol (3h) and (%)-phyllodulcin (3i), respectively, were
obtained directly in fair yields (entries 8 and 9). The silyl
protecting group may be removed during the final TFA
treatment. These natural products are the principal

S 2. Hy0,, AcOH, rt, overnight
3. TFA, aq THF, reflux, 5 h

1a Lo~ R 3a-i
2
Entry Aldehyde Dihydroisocoumarin R 3 (%)
1 o) . -0 n
2 OHCOMe 3b @Me 75
3 OHCOOMe 3c @OMe 67
Oi-Pr Oi-Pr
4 3d 56
OHC OMe OMe
OMe OMe
5 OHCQOMe 3e OMe 57
OMe OMe
6 OHC/\/ Ph 3f /\/ Ph 60
7 oHC " 3g n-Pr 44
8 OHC@OTBDMS 3h —QOH 59
OTBDMS OH
9 3i 53
OHC OMe OMe
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X 1. sec-BuLi (1.2 eq), Et,0, -78 °C, 1 h
N 2. p-anisaldehyde (1.3 eq)
3. sec-BuLi (4.0 eq), TMEDA (5.2 eq),

’ -78°C, 1 hthen-50 °C, 12 h
a

Scheme 3. Synthesis of ()-phyllodulcin (3i) via the trianion intermediate 4.

constituents of Amacha (Hydrangeae Dulcis Folium), a
natural medicine indigenous to Japan, produced from
the leaves of Hydrangea macrophylla Seringe var. thun-
bergii Makino.” The sweet taste of Amacha is caused by
(+)-phyllodulcin, which has been reported to be 400
times as sweet as sucrose.

Related to this lithiation-based synthesis of dihydro-
isocoumarins, we devised a more economical synthesis
of (+)-phyllodulcin, in which the use of protected iso-
vanillin is avoided (Scheme 3).° The oxazoline 1a in
Et,0 was sequentially treated with sec-BuLi (1.2 equiv)
at =78 °C for 1 h, p-anisaldehyde, sec-BuLi (4.0 equiv) in
the presence of TMEDA at —78 °C for 1 h and at —50°C
for 12h to generate the trianion intermediate 4. Subse-
quently, 4 was quenched with B(OMe); and then oxi-
dized with H,O, in the presence of AcOH. The crude
product was treated with TFA in refluxing aqueous
THEF for 5h to give (£)-phyllodulcin (3i) in 43% yield. It
is noteworthy that the use of Et,O as a solvent and
TMEDA as an additive is critical for the efficient gen-
eration of 4.

In summary, we have developed a new general synthesis
of 3-substituted 8-hydroxy-3,4-dihydroisocoumarins,
including (*)-hydrangenol and (Z)-phyllodulcin, via
successive lateral and ortho-lithiations of 4,4-dimethyl-2-
(o-tolyl)oxazoline (1a). A specific but exceptionally effi-
cient synthesis of (*)-phyllodulcin is also devised. In
view of the easy availability of 1a from commercially
available inexpensive o-toluic acid,'® we believe the
methods developed herein are most convenient and
economical for the synthesis of this class of compounds.
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