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Summary: Brief syntheses of isocoumarin natural products hydrangenol (%) and phyllodulcin
(é) via ortho-lithiated benzamide intermediates are described.

The directed metalation of tertiary benzamides has evolved as a useful strategy for the
construction of polysubstituted aromatics, phthalides, several classes of biogenetically di-
verse alkaloids, naturally-occurring anthraquinones, condensed carbocyclic and heterocyclic

benzoquinones, and polycyclic aromatic hydrocarbons (PAH's).]’2

The regiospecific introduction
of C,-units at various oxidation states into substituted ortho-lithiated intermediates l allows
subsequent chain extension and ring elaboration to systems not easily prepared by classical
methods. In this Letter, we show that such methodology provides expedient syntheses of

hydrangenol (K; major constituent of Hydrangea opuloides Stend var. otakusa Maxim)3’4a and
3,4b-d,5

phyllodulcin (%, sweet principle of H. serrata Seringe var. thunbergii Sugimoto) which
offer advantages of brevity and effic%ency to those previously reported.3’4
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The syntheses of hydrangenol (,%) and phyllodulcin (,@) are outlined in Scheme 1. Ortho
lithiation (2.4 equiv s-BulLi/2.4 equiv. TMEDA/THF/-78°C) of N-methyl-o-anisamide Q6 followed
by treatment with methyl iodide (2.0 equiv./-78°C) gave the o-toluamide g in 80% yie]d.7 Meta-
lation of g with LDA (1.6 equiv. n-BulLi/1.6 equiv. ifPerH/THF/—78°C) resulted in the formation
of a burgundy-red solution of the metalated ortho-toluamide species Z? which, when quenched
with p-anisaldehyde, provided the amide alcohol 8. Compound 8 was not isolated but directly
converted into the isocoumarin lQ7 by base-catalyzed hydrolysis (50% aq. NaOH/EtOH/reflux 8 h)

in 35% overall yield. The preparation of lg was abbreviated by a one-pot sequence as follows.
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Compound g was 11'th1'ated9 (1.2 equiv. s-BulLi/1.2 equiv. TMEDA/THF/-90°C), methylated (excess
Mel), and the resulting solution of g was warmed (60°C) under a stream of nitrogen to remove
excess methyl iodide, cooled (-60°C), and sequentially treated with LDA (1.6 equiv. s-BuLi/
1.6 equiv. i;PrZNH/TMEDA), and p-anisaldehyde (1.6 equiv). Alkaline hydrolysis of the un-
isolated hydroxyamide 8 under the same conditions as described above afforded compound LQ in
45% overall yield. Demethylation (8 equiv. BBr3/CH2C22/-78°C + RT) produced (*)-hydrangenol
(2), mp 181-182°C (11’t.3 mp 181°C) in 94% yie]d.]]

Application of the same sequence on 6 using o-benzy]isovani]]in]Z gave, via the inter-
mediacy of 9, the isocoumarin ]1 (32% overall yie]d).7 Isocoumarin ]1 was also obtained in
21% overall yield starting with the dimethylamide % by the one-pot procedure described for
hydrangenol. Selective demethylation and debenzylation of ll was achieved with BBr3 (2 equiv/

CH2C22/—78°C, Th - RT/12 h) to provide (+)}-phyllodulcin (%)’ mp 128-130°C (11t.4

11

130-132°C)

in 45% yield.
These short routes to hydrangenol (g) and phyllodulcin (g) in 42% and 14% overall yields

respectively constitute the most efficient syntheses of these natural products and augment

further the utility of the directed metalation reaction in synthesis.]3
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. A1l new compounds show analytical and spectral data in accord with their structures. Only

salient_physical and spectral features follow: §: bp 95-97°C/0.1 mm; IR (neat) v max
1630 cm '; NMR (CDC%s) & 2.2, 2.43, 3.08, 3,73 x s, 12 H); MS m/e 193 (M%). lg: mp
152°C (1it32 151°C); IR (KBr) v max 1725 cm™!; NMR (CDCL;) & 2.93 (q, 1 H, J = 6,15 Hz),
3.30 (q, 1 H, 3 = 10, 15 Hz), 5.33 {q, 1 H, J = 6,10 Hz); MS m/e 284 (M*). l+: mp 120-
121°C; IR (KBr) v max 1723 cm™'; NMR (CDC23) & 2.95 (q, 1 H, J = 5,16 Hz), 3718 (g, 1 H,
J = 12,16 Hz), 5.27 (q, 1 H, J = 5,12 Hz); MS m/e 390 (M*).
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of 5 (first achieved by M. Iwao, these laboratories) suggests a steric effect to nucleo-
phiTﬁc attack from the OMe group.
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