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Abstract Daunomycinone 2a has been synthesized by a novel regio- and stereoselective

route that establishes the tetracyclic framework and the C-7 oxygen in
naphthacenol 5c via a double Friedel-Crafts acylation

The clinical importance of the anthracycline antitumor agents adriamycin lb and dauno-

mycin 2b has led to a substantial number of total syntheses of their aglycones,l la and 2a,
respectively Several of these have successfully addressed on- of the major problems posed by

these systems, namely the reglochemistry.2 A second problem i1n the synthesis of daunomycinone

1s the introduction of the C-7 oxygen3 which i1n most cases has been accomplished by a chemically-
difficult last step

1: R=0H
2 2'R=H,
a:R:=H

b R'- daunosamine

Prev1ously2c we reported that lactone 3b can be converted to 7,9-dideoxydaunomycinone

1n an efficient, regiocontrolled process. We now report a total synthesis of daunomycinone from

intermediate 3a that establishes the tetracyclic ring system in one step(DB-DCBA) via a novel
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Scheme I

Friedel-Crafts double cyclization reaction and incorporates the C-7 oxygen atom 4 In addataionm,

it allows control of A ring stereochemistry, a feature missing from many previous approaches.
Lactone 3a was selectively hydrolyzed(NaOH/MeOH/THF/HZO/ref1ux/4 days) to give monoacid 3b

as white needles in 78% y1eld,5 which was then reduced(CF3C02H/Et3SLH/ 24 hr) to daacid 4(83%).

The critical reaction involves intermediate 4 whose diethoxy aromatic ring can be acylated

at either of the two free aromatic carbon atoms. Based on our previcus work2’6 we anticipated
that diacad 4 would first cyclize to give the anthrone 5a. Tautomerization to the anthracenol
3b could be expected to render the B ring susceptible to acylation by the other acid moiety

These expectations were fully borne out Treatment of 4 with CF COZH/(CF3CO)20 showed, after

3
5 min, praimarily species 5a($ 4.06, -OCH3). Tautomerization of anthrome 5a to anthracenol 5b

was half-complete after 1 hr($§ 3.97, —0CH3), and some 5d was 1in evidence($§ 6.50, H-5) at the

same time After 6 hr the NMR spectrum7 shows only pure 5d, bicarbonate workup afforded anthra
cenol 5c(100%) as a fluorescent orange oil. The structure of 5d as a 5-trifluoroacetyl deriva-
tive 1s supported by the chemical shift of the proton at C-5, as well as by precedem:.8

In practice a one-pot sequence commencing with 4 was carried out by double cyclization
(CFscOZH/(CF3CO)20/18 hr) followed by immediate ox1dation(Cr03/H0Ac/acetone/0°/30 min) to afford
6 as orange blades in 46% yield after recrystallization.
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Scheme II

Me

The functionaliza:ion of the A ring 1s outlined in Scheme II. Reduction(BH3/RT/30 min)
of 6 afforded the C-7 alcohol 7a as a yellow solid(79%), which upon hydrolysis(NaOH/THF/48 hr)
and lactonlzatlon((CF3C0)20) gave lactone-acid 8a in 85% yield. This was then converted to
methyl ketone 2§(SOC12,CH2N2;HI)9 in 78% yield from 8a.

Hydrolytic decarboxylatlon(NaOH/HZO/THF/lZ hr) of 9a led stereoselectively to trans
ketone 10a(78%). We believe that this result 1s due to complexation of water by the C-7
hydroxyl group which delivers a proton to the a-face of the intermediate enol.lo The relative
stereochemistry of 10a 1is evident from the splitting of the ¥-equatorial proton at C-7 41
This hydroxy ketone was shown :o have the 'natural' stereochemistry in the A ring by de-
ethylatlon(AlClB/PhNOZ) to give 10b, whose NMR spectrum was identical with that reported in the
laterature.

Hydroxylatlon(t—BuOK/t—BuOH/DMF/OZ/(Et0)3P/-40°/15 mm)13 of methyl ketone 1l0a gave 40%
of only trans diol lla after chromatography and recrystallization The selectivity of this
step may reflect either steric control or neighboring group participation by the C~7 hydroxyl
group. In either case, the net result 1s the transfer of re.ative stereochemistry from C-7 to
c-9 14

Selective de—ethylationl5(dry A1C13/PhN02/2 hr) of lla afforded 7—ep1daunomyc1none3c 1lb
in 64% yield. The physical characteristics of a synthetic sample matched those recorded in the
llterature16 and also the spectra of an authentic sample. Because 7-epidaunomycinone has been
epimerzzed to daunomyc:lnone3b in high yield, the synthesis of 11b constitutes a formal total

synthes1s of the latter substance
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