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REGIOSPECIFIC SYNTHESIS OF (+)-DEOXYANTHRACYCLINONES

Jhillu Yadav, Paul Corey, Chi-Tung Hsu, Kato Perlman and Charles J. Sih*
School of Pharmacy, University of Wisconsin, Madison, WI 53706

Summary - A versatile regiospecific route to tetracyclic anthracyclinones is described; the
synthetic strategy entails the attachment of a nucleophilic C-D ring synthon, 2b, to a suitably
functionalized A ring intermediate such as 3.

The anthracycline antibiotic, doxorubicin is widely used in the combined chemotherapy of

1 However, its severe dose limiting side effects? (myelosuppression, ECG abnor-

human cancers.
malities and cardiomyopathy) have prompted the search for new anthracycline compounds with
improved antitumor efficacy and/or with reduced toxicity. Recently, a new group of anthra-
cycline antibiotics Tacking a hydroxyl group at the C-11 position have attracted the attention
of synthetic chemists because clinical studies of aclacinomycin A3 showed that it has a low
incidence of cumulative dose-dependent cardiomyopathy. In contrast to doxorubicin which inter-

feres with DNA synthesis and function?

3

, aclacinomycin A appears to preferentially inhibit RNA

synthesis®. Although numerous total syntheses of daunomycinone have been achieved5, to our

knowledge only one synthesis of an 1l1-deoxy tetracyclic intermediate has recently appeared6.

3

Because the ll-deoxyanthracycline antibiotics, glycosides of aklavinone”, pyrromycinone7, 11-

deoxydaunomycinone8

and congeners may possess an improved therapeutic index and thus constitute
the so called "second generation" anthracycline antibiotics, we herein report a general regio-
specific approach to 11-deoxyanthracyclinones, which has resulted in the first synthesis of (+)-

7,11-dideoxydaunomycinone (1).

Qur synthetic strategy entails the attachment of a nucleophilic C-D ring synthon to a suit-
ably functionalized A-ring intermediate, followed by subsequent cyclization of the B-ring to
complete the tetracyclic aglycone skeleton.

The methoxymethyl ether of monomethyl naphthalene-1,5-diol 2a (prepared by the treatment of
2a with NaH in DMF and chioromethyl methyl etherd in 96% yield), was chosen as the nucleophilic
C-D ring synthon because it was relatively stable to butyllithium and was readily metalated at
the ortho positionlo. The lactone, g}l, was used as the complementary functionalized A ring
synthon, efficiently prepared from the inexpensive cis-tetrahydrocyclophthalic anhydride 4 in
three steps: Methanolysis of 4 afforded 5 in quantitative yields, which upon iodolactonization
gave 6 in 88% yield. Reduction of 6 with tri-n-butyltin hydride12 afforded 3 (97%).
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Reaction of 3 with the metalated naphthalene 2b (two equivalents of t-butyllithium in DME,
-25°C) at -25°C furnished the acylated adduct, 1}2 (73%), m.p. 153-154°C; PMR 6 3.45, 3.58 and

3.97 (three s, 9H, -0CH3), 5.10 {AB q, 2H, -OCHZO), 6.86 (d, J = 8 Hz, ArH), 7.3-8.06 (m, 4H,
ArH).
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Hydrogenation of 7 under acidic conditions [5% Pd/C, HAc-MeOH (1:26), 50 psi, 25°C, 4 hrs]
afforded a mixture of 8 and 9 in variable proportions. This mixture was further hydrogenated
under basic conditions (5% Pd/C, 2 mol equivalent KOH in MeOH, 50 psi, 25°C, 30 hrs) which after
esterification with CHoN, gave 10 (83% from 7). After removal of the methoxymethyl ether (5%
conc HC1 in MeOH, 25°C, 79%), 11, m.p. 132-135°C; PMR § 3.80 (s, 3H, 0CH3), 3.97 (s, 3H, Ar-
OCH3), 7.12-7.85 (m, 5H, ArH), 8.36 (br, 1H, Ar-OH) was oxidized!3 [T1{N03)3-3H,0, MeOH, G°C, 15
min] to yield 12 (95%), m.p. 154-155°C; PMR & 3.69 (s, 3H, 0CH3), 4.00 (s, 3H, Ar‘-OCH3), 6.66
(s, 1H, quinone-H), 7.23-7.78 (m, 3H, ArH).

0\/0\
OH
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After reduction (NayS,04) of 12, the resulting leuco product was methylated [K,C03, (CH3)»S0q,
acetone reflux] to give 13a (60%), which was immediately hydrolyzed (KOH) to 13b (98%), m.p.
172-174°C, PMR § 3.78, 3.86, 3.92 (three s, 9H, ArOCH3), 6.61 (s, 1H, ArH), 6.81 {(d, 1H, ArH),
7.3-7.7 (m, 24, ArH). The acid, 13b was readily cyclized'® [(CF3C0),0:CF3CO0H (2:1), 0°C, 1 hr]
to yield 14 (81%), m.p. 191-193°C, PMR ¢ 3.86, 3.90, 3.99 (three s, 9H, ArOCH3), 6.86 (dd, Jy =
7 Hz, Jp = 2 Hz, 1H, ArH), 7.39-7.70 (m, 24, ArH). Oxidation of 14 (pyridinium chlorochromate,
CH,Cl5, 25°C) gave the tetracyclic dione 15 (92%), m.p. 218-220°C.
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Treatment of 15 with HC=CMgBr (1.2 mol equivalent, THF, -20°C) gave 16 (81%), m.p. 231-
235°C (dec), PMR & 2.49 (s, 1H, C=CH), 3.86, 3.91 and 3.99 (three s, 9, ArOCH3), 6.86 (dd, Ji =
8 Hz, Jp = 2 Hz, IH, ArH), 7.39-7.70 (m, 2H, ArH), which was hydrolyzed [Hg(0Ac),-H,S, EtOAc]
into 17 (95%), m.p. 219-221°C, PMR & 2.10 (s, 6H, COCH3), 3.84, 3.89 and 3.98 (three s, ArOCH3),
6.83 (dd, Jy = 7 Hz, Jp = 2 Hz, 1H, ArH), 7.39-7.71 (m, 2H, ArH). Cleavage of the methoxyl
groups and ring B aromatization were simultaneously effected by reaction of 17 with Se0, to
yield 18 (30%), m.p. 258-260°C; PMR § 2.05 and 2.22 (two s, 6H, COCHg), 4.08 (s, 3H, ArOCH3),
7.31-8.03 (m, 4H, ArH), 13.41 (s, 1H, ArOH). Alternatively, 18 may also be obtained by
oxidative demethy1ation15 of 17 with ceric ammonium nitrate, followed by bromination-
debromination [Bry, CHyC1,-CCl4 (1:1)] of the resulting dihydro quinone in overall yield of
50%. Deacetylation of 18 with CH30H in the presence of catalytic amount of NaOCH3, gave 1
(75%), m.p. 210-211°C (CHCl3), PMR & 2.38 (s, 3H, COCH3), 4.1t (s, 3H, ArOCH3), 7.31-8.06 (m,
4H, ArH), 13.38 (1H, ArOH).

1]
= CH,-C-; R, = OAc

2

F

The introduction of the C-7 hydroxyl; the conversion of 16 into aklavinone, the aglycone of
aclacinomycin A; and the possibility of utilizing a more highly functionalized A ring synthon
than the lactone 3 leading to still more convergent syntheses of 1l-deoxyanthracyclinones, are
under investigation.
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