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Synthetic approaches to the anthracyclines related to adriamycin-daunomy-
cin are of great interest because of the relative costliness of the agents and
their useful clinical properties against a relatively broad spectrum of tumorsl
Of the presently available syntheses, those based upon the Diels-Alder pathways
of Kende et gl.z are preferred because of their efficiency for symmetrically
substituted analogs. Some complications inherent in these processes are their
relative lack of regicaselectivity.3"9 We report here some of our experiments in
which we start with very inexpensive materials and proceed in a few efficient
steps to tetracyclic ketones suitable for further elaboration to, for example,
4-demethoxyadriamycin, a highly active analog of the natural antibiotics 10

The well-known Diels-Alder adduct (1)1l of p-benzoquinone and butadiene
was converted to dihydronaphthalene ether 2 in 96% yield by refluxing 18 hr. in
acetone with MeySO4 and KpCO3 [mp. 50°;12 pmr (CDC1l3) 3.258 (4H, s), 3.76 (6H,
s, OCH3), 5.83 (2H, s) and 6.60 (2H, s)]. Hydroboration with diborane in THF
followed by alkaline peroxide oxidation produced alcohol 3 in quantitative
yield [mp. 130-131.5; ir(nujol) 3360-3280 cm~1l, etc.; pmr (CDC14) 1.6-2.168 (3H,
m), 2.2-3.2 (4H, m, benzylic CH3), 3.56 (6H, s, OCH3), 3.8-4.3 (1H, m, CHOH)

and 6.60 (2H, s, ArH)]. Oxidation with pyridinium chlorochromate in CH,C1, at
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room temperature produced, after florisil filtration, 67.5% of known tetralone
4 (mp. 98-99,5).13 This procedure is a more convenient method of preparation
for tetralone 4 than that presently in the literature.l4

Alcohol 3 was suspended in CH3Cly at -20° and BF3-Et20 and 100% H3PO4 were
added. Condensed isobutylene was introduced and the reaction mixture was
shaken at room temperature. This produced tert-butylether 5 in 93% yield
[syrup, pmr (CDCl3); 1.216 (9H, s, (CH3)3C), etc.]. The ether was dissolved
in CHC13/CH3CONH,, cooled in ice and brominated with Bry/CHCl3. After filtra-
tion through alumina in hexane, evaporation produced bromo compounds 6 in 94%
yield [oil; m/e 344 + 342, etc.; pmr (CDClj) 1.238 (9H, s), 1.6-3.3 (7H, m),
3.75 (6H, s) and 6.77 (1H, s, ArH)]. This mixture could be separated by chro-
matography but for present purposes can be used as such to react with symmetri-
cal esters. It was accordingly cooled to -100° in dry THF and 1.1 molar equi-
valents of n-BulLi were added. After warming to -80°, 1.1 meq of dimethyl-
phthalate in dry THF was added during 0.5 h. After stirring and allowing to
come to room temperature overnight, HOAc was added and the solvents removed.
8iGel chromatography produced 65.2% of pure esters 7 for characterization. It
was not routinely necessary to purify in this way as solvent washing produced
material sufficiently pure for the next step {oil; m/e 426; ir (nujol) 1730,
1610, 1595; pmr (CDCl3) 3.268 (3H, s, CO2CH3), 3.65 (3H, s, OCH3), 3.73 (3H,
s, OCH3), 6.95 (1H, s, ArH), 7.36 (4H, apparent quartet, ArH)]. Cyclization
and deblocking was accomplished by dissolving in CH3Cly and passing in an ex-~
cess of BCl3 gas and stirring at room temperature for ca. 48 hr. The reaction
mixture was evaporated, triturated with 0.5N HCl and filtered to give cyclized
alcohol 8 as a red solid in 96% yield [mp >300°; m/e 310 (M%), 292, 291, 290;
ir (KBr) 3420, 1618, 1580, 1395 and 1245 cm~l; uv (EtOH) 513 nm (e 4800), 482
(7000), 456 (6090), 326 (2440), 287 (6370), 256 (28000) and 252 (28500); pmr
(CF3CO9H) 2-3.38 (6H, m), 5.75 (1H, m), 7.92 (2H, m) and 8.40 (2H, m)]. When
cyclized with BBr3, the reaction was complete in 16 h. but the product con-
tained approximately 50% of the corresponding bromide (9) which could easily

be separated by solvent treatments. Oxidation of alcohol 8 to the
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corresponding ketone has been reported to proceed in 83% yield.3 Thus, we have
succeeded in devising a short and efficient process from easily accessible
materials for compounds well known to be useful for synthesis of antitumor an-

thracyclines.z'15

Our present efforts deal with use of this sequence to pre-
pare more highly functionalized synthons.
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