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SYNTHESIS OF 11-DEOXYANTHRACYCLINONE PRECURSOR. A NEW
STRATEGY TOWARD TETRACYCLIC SYSTEM VIA TANDEM 1,4/[4+2]

ADDITIONl)

Yoshinori NARUTA, Masanori KASHIWAGI, Yutaka NISHIGAICHI,
Hidemitsu UNO, and Kazuhiro MARUYAMA*
Department of Chemistry, Faculty of Science, Kyoto University,

Sakyo-ku, Kyoto 606

Direct and regioselective reaction of 2,4-pentadienyltrimethyl-
stannane with 3-acryloyl-5-methoxy-1,4-naphthoginone afforded a
tetracyclic compound, a key precursor for synthesizing ll-deoxy-

anthracycline antibiotics, by single step.

Since the discovery of daunorubicin in 1963, the anthracycline antibiotics

have continuously attracted the attention of many chemists because of their remark-

2)

However, severe dose limiting side
3)

able clinical efficacy against human cancers.
effects have stimulated the search for improved anthracycline antibiotics.

4) >) were established as a new group

Recently, aclacinomycin A and ll-deoxydaunomycin
of anthracycline antibiotics, which have a low incidence of cumulative cardio-
myophathy. Although several synthetic efforts toward these "second generation"
anthracycline antibiotics, especially their aglycons (ll-deoxydaunomycinone (1)6)
and aklavinone (3)7)), have been done, they were based on the longitudinal and step-
wise construction of the demanded tetracyclic skeletons. We report herein a general
synthetic route to ll-deoxy-type tetracyclic intermediate by one step construction
of AB rings via tandem 1,4/[4+2] addition of conjugated diene and activated double

bond (Scheme 1).
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Oour retrosynthetic scheme (Scheme 1) is based on formation of intermediate 4.
Once compound 4 was generated, it might spontaneously induce the intramolecular
Diels-Alder reaction to give a desired tetracyclic compound, which would be suit-
ably functionalized as a key precursor for synthesizing the anthracyclinones.
Central to this strategy is the requirement that the selective introduction of 2,4-
pentadienyl side chain to 3 position of 2-alkenoyl-1,4-naphthoquinone (5), which
possesses many reactive sites. Choice of an appropriate reagent is an important

8) we described that 2,4-pentadienyltrimethylstan-

problem. In the preceding paper,
nane (10) performed the selective pentadienylation toward quinones and acyclic a,B-
unsaturated carbonyl compounds without accompanying any Diels-Alder adducts. This
methodology provides us a promising route to the present synthesis.

First, 5-methoxy-3-acryloyl-1l,4-naphthoquinone (5) was prepared in five steps
from 6, as follows. Naphthol 99) was converted to the corresponding methoxymethyl
(MOM) ether 7 in a 95% yield (NaH/THF/0 °Cthen CICH,0CH3). The lithium enolate of
the MOM ether 7 (LiN(i-Pr)z/THF/-78 °Cto 0°C/2 h) was added to the solution of

phsec1. 0

After purification by column chromatography on silica gel (CH2C12) and
deprotection of MOM ether (pyridinium p-toluenesulfonate/ag-acetone),selenide 8 was
obtained in a 45% yield. Oxidative elimination of a selenyl group from 8 (MCPBA/
CH2C12/—78°c, 40 min then r.t.,3 h) and successive oxidation of the corresponding

phenol 9 (CAN/aq—CH3CN) afforded the desired gquinone 211)

in a 76% yield.
Pentadienylation of the quinone 5 and simultaneous bicyclization were per-

formed as follows (Scheme 2). To the dichloromethane solution of the quinone 5,
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Scheme 2.
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2,4-pentadienyltrimethylstannane (10; 1.2 equiv. to 5) was added at -78 °C followed
by addition of SnCl4(2.0 equiv. to 5). After 10 min, the reaction mixture was
poured into brine and extracted with CH2C12. After evaporating the solvent, the
remains consisted of a mixture of cyclic product 11 (45%) and Michael-type adduct
12 (55%)(1H—NMR analysis). Fortunately, no other possible adducts were observed,
and the addition of stannane 10 to quinone 5 proceeded regiospecifically. Since
adduct 12 was unstable, the mixture was acetylated with Aczo-pyridine (r.t., 4 h)
without separation of them. The acetylated mixture was separated by column chroma-
tography on silica gel (ether/hexane). The major product was l2-acetoxy-5-hydroxy-
4-mehtoxy-6-oxo-6,6a,7,8,10a,l1-hexahydronaphthacene (13; 55%); yellow fluorescent

1

oil; "H-NMR (CDC13) 6 2.14(4H, bm), 2.43(3H, s), 2.84(4H, bm), 3.98(3H, s), 5.63

(2H, m), 6.80(1H, 4, J=8 Hz), 7.13(1H, 4, J=8 Hz), 7.45(1H, t, J=8 Hz); IR (KBr)
1760, 1610, 1575, 1390 and 1370, 1250 cm—l; MS (20 eV) m/e 352(M+,65%), 309(M+—CH3C0,
100%). The minor one was 1l,4-diacetoxy-3-acryloyl-5-methoxy-2-(2',4'-pentadienyl)

naphthalene (14; 31%); pale yellow oil; lH-NMR (CDCl3) § 2.12(3H, s), 2.14(3H, s),

3.45(2H, 4, J=7 Hz), 3.87(3H, s) ,4.9-5.5(3H, m), 5.8-6.2(3H, m), 6.52(1H, 4, J=9 Hz),

6.7(1H, m), 7.1-7.5(3H, m); IR (KBr) 1760, 1660, 1570, 1370, 1190 cm_l; MS (20 eV)

m/e 394(M+, trace), 351(M+-CH Cco, 100%), 309(M+-2CH CO, 89%). Tetracyclic compound

3 3
13 has suitable functions to be converted to ll-deoxydaunomycinone (1).

This route including tandem 1,4/[4+2] addition reaction is clearly one of the
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most promising one to anthracyclinones. Further study on the synthesis of anthra-

cyclinones via this route is under progress.
This work was supported by funds from Yamada Science Foundation and by Grant-
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