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ABSTRACT

The first total synthesis of (±)-scopadulin was accomplished by a stereoselective construction of a quaternary carbon at C-4, conversion of
the hindered cyano group to a methyl group via our novel reaction for conversion of primary aliphatic amines into alcohols, and a highly
chemo- and stereoselective methylation at C-16.

The plantScoparia dulcis(fam. Scrophulariaceae) has long
been used as a folk medicine in Paraguay, India, and Taiwan
for the treatment of hypertension, toothache, blennorhagia,
and stomach disorders.1 Scopadulin (1), a tetracyclic diter-
penoid, was isolated from this plant in 1990 by Hayashi and
co-workers, as the first aphidicolane diterpenoid from a
higher plant.2 The challenging structural complexity of
scopadulin due to the presence of three quaternary carbons
and eight stereocenters coupled with its notable antiviral and
cytotoxic activities2 makes it a worthy synthetic target to
many organic chemists. Like other aphidicolane3 and ste-
modane4 diterpenes, scopadulin has the bicyclo[3.2.1]octane
moiety (C/D ring system) fused with atrans-decalin moiety
(A/B ring system). In addition, the presence of two adjacent

quaternary carbon centers at C-9 and C-10 makes these
diterpenes quite crowded (Figure 1).

Numerous synthetic pathways to other aphidicolane5 and
stemodane5c,6 diterpenes and, recently, the total synthesis of
scopadulcic acid A (3),7 scopadulcic acid B (4),7b,8 and
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scopadulciol (5)7b isolated from the same plant9 were
established; however, no synthetic route toward scopadulin
(1) has been reported to date. After a successful synthesis
of aphidicolin (2),10 the synthesis of this novel diterpenoid
was targeted in our laboratory. However, progress in the
synthetic study was hampered due to several failed attempts
for construction of the A/B ring system with the desired
functionalities. Accordingly, a model study was conducted
to overcome the problems associated with the synthesis.11

In the course of the model study, we discovered a novel one-
step reaction for the efficient conversion of primary aliphatic
amines into alcohols.11a In this Letter, we wish to present
the first total synthesis of (()-scopadulin utilizing this novel
reaction.

The A/B/C/D analogue6 was synthesized according to
the literature.10 As in the model study,11 a quaternary carbon
center at C-4 with the desired stereochemistry was con-
structed by a sequential operation of stereocontrolled cya-
nation, diastereoselective reduction of C-6-ketone, and a
highly stereoselective alkylation by BOMCl to afford the
nitrile 10 in excellent yield (Scheme 1).

Without deprotecting the TMS group,10 was exposed to
excess LiAlH4 in refluxing THF, and the resulting crude

amine11 was subjected to the novel reaction conditions for
the one-step direct conversion of primary aliphatic amines
into alcohols11a to give12 in 63% isolated yield in two steps
(Scheme 2).12 Then 12 was transformed to the 4,10-

dimethylated alcohol14by selective oxidation13 and Huang-
Minlon reduction.14

Benzoylation of the hindered secondary alcohol at C-6 of
14having a ketal functionality at C-16 was troublesome due
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Figure 1.

Scheme 1a

a Reaction conditions: (a) Et2AlCN, TMSCl, C6H6, 0 °C; (b)
NaBH4, MeOH-THF (7:5), 0°C; (c) TMSCl, Py, DMAP, CH2Cl2,
0 °C; (d) LDA, BOMCl, -78 to 0°C.

Scheme 2a

a Reaction conditions: (a) LiAlH4, THF, 75 °C; (b) KOH,
diethylene glycol, 210°C; (c) RuCl2(PPh3)3, C6H6, air, rt; (d) NH2-
NH2‚H2O, K2CO3, diethylene glycol, 170 to 210°C.
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to formation of undesired side products (Scheme 3). While
BzOTf alone15 furnished a number of side products16 with
the desired keto benzoate16 (35%), very slow addition of
BzOTf in the presence of 2,6-lutidine provided the benzoate
15 (37%) with only traces of the undesired products17 and a
considerable amount of the starting material was recovered
which was recyclable.15 was easily converted to the keto
benzoate16 by treatment with HCl.

Completion of the total synthesis further required chemo-
and stereoselective methylation at C-16-ketone (Scheme 4).
Reaction of the ketone16 with MeLi gave a mixture of the
desired axial alcohol17and its isomer18 (17:18 ) 54:46)18

with traces of a debenzoylated product. MeLi-LiClO4
19 was

not selective, and the reaction became sluggish. However,
we were pleased to find that when16 was allowed to react
with an excess of MeTi(OPri)3

20 at room temperature,17
was obtained exclusively (>99:1).21 This exclusive equatorial
addition occurred due to the steric repulsion of the bulky
reagent with the axial hydrogens at both C-11 and C-14.

Finally, debenzylation of17by the usual method provided
19, whose primary hydroxyl group was oxidized by RuO4,22,23

affording (()-scopadulin (1) in 63% yield (Scheme 4). This
synthetic scopadulin was in all respects (500 MHz1H NMR
pyridine-d5, 125 MHz13C NMR pyridine-d5, IR spectra, and
TLC mobility in three solvent systems) indistinguishable
from an authentic sample of scopadulin supplied by Professor
Hayashi.24

In conclusion, we have developed an efficient synthetic
route to (()-scopadulin. The first total synthesis of (()-
scopadulin was accomplished by stereoselective construction
of a quaternary carbon at C-4, conversion of the hindered
cyano group to a methyl group via the novel reaction,11a

highly stereocontrolled and chemoselective methylation at
C-16, and subsequent functional group modification. In
addition, the synthetic usefulness of our novel reaction for
conversion of primary amines to alcohols was clarified by
this total synthesis.
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Scheme 3a

a Reaction conditions: (a) BzOTf, 2,6-lutidine, CH2Cl2, 0 °C;
(b) BzOTf, CH2Cl2, -78 °C; (c) dilute HCl, MeOH, 40°C.

Scheme 4a

a Reaction conditions: (a) Pd/C, H2, MeOH, rt; (b) RuCl3‚3H2O,
NaIO4, CCl4, CH3CN, H2O, rt.

Org. Lett., Vol. 3, No. 4, 2001 621


