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Summary: The first total synthesis of the naturally derived second generat-
ion anthracycline, ll-deoxydaunomycin (3) is described. Key steps in the
synthesis of 3 include an efficient construction of a-hydroxy methyl ketone
moiety at Cg-position, a highly stereoselective synthesis of g;§—C7,9—diol,
and the first successful use of Cjz-acetal derivative for the glycosidation.

Since the ll-deoxyanthracyclines such as aclacinomycin A (1), aklavin (2),
ll-deoxydaunomycin (3}, and 4-demethoxy-ll-deoxydaunomycin (4) have been found
to exhibit strong antineoplastic activity and substantially reduced toxicity
relative to the ll-oxyanthracyclines, the development of synthetic approaches
to these reagents has been a subject of extensive study during these several
years.l Although synthesis of 4 and total synthesis of 2 have been reported
by Umezawa et al.2 and Kishi et al.,3 respectively, synthesis of 3 has never
been accomplished yet. We would like to report here a practical total
synthesis of racemic ll-deoxydaunomycinone (5), the aglycone of 3, and also
report the first total synthesis of 3.

In planning a total synthesis of 3, there are three distinct problems;
i) regioselective preparation of the key anthraquinone moiety, ii) efficient
and stereoselective introduction of functionality on ring A, and iii) lack of
investigation of glycosidation of 5. Many elegant approaches have been
employed to solve the first of these objects and extensive literatures includ-
ing our result exist in the preparation of the ll-deoxy-5,9,12-trioxonaphtha-

cene (é).4’5

b . . . .
al.,5 the elaboration method of 6 using ethynylmagnesium bromide is a low-

Although conversion of 6 into 5 has been achieved by Gesson et

yielding process probably due to a ready base-induced enolization under
conditions used. The same problem in the synthesis of the ll-oxyanthracyclines

has been solved by the reaction of (trimethylsilyl)ethynylcerium(III) chloride,

6] COZMe
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developed by Imamoto et al. with ll-oxy-5,9,l0-trioxonaphthacene (_7_).b The
application of this method to 6 did not give the desired 9~ (trimethylsilyl) -
ethynyl nydroxy compound (8) but gave a mixture of unexpected diastercomer
{9a,b) in 84% yield:7 A solution of 6 in THF was added to the cevium rcagent,
at -78°C to

prepared from (trimethylsilyl)ethynyllithium and anhydrous
give 9a,b [%a: 43%, mp 183.5-185°C, 9b: 41%, mp 163-165°CI. Among various
recaction conditions examined changing thc amount of the cerium reagent,
concentration, the speed of the addition, and so on, the reverso addition was

found to solve this problem and provided a good yield of the desived 8: An

wn
r

excess (4 equiv) of the cerium reagent was added to a irved sclution of 6

over 4h at -78°C to give 3§ [59% (94% from the reactoed b)), mp 203.5-205°C]).
Treatment of 8 with HgO/d.HZSO4 in refluxing TIHF gave the 9-hydroxvacetone
compound (10) [quant, mp 218.5-220°C; 1it.%" 218-218.5°C], which was identical
in all respects with an authentic sample.
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a) TMS-z-CeCl,, ~78°C, 4h; b) HgO-~d.H»S04/THT, reflux, 1.5h

Scheme I

The introduction of a C. ‘QiE hydroxyl group into 10 has becen a troublesome
step, 2,50,7,8 which involves tedious chromatographic separations of the
always produced 7-cis and 7-trans isomers. In our hands, all the reported
conversions of 10 to racemic ll-deoxydaunomycincne (é} via the 1l3-acetal
derivatives (1ll) gave poor results. Better result was obtained by the follow-
ing reactions (Scheme II1). Bromination of 11 with N-bromosuccinimide-~AIBN,
hydrolysis of the 7~bromo compound with wet silica gel in THF leading to the
7-hydroxy compound (12, cis/trans=15/1), formation of cyclic cis-benzene-
boronate (13) from the cis/trans-mixture of 12 by the reaction with benzene-
boronic acid in CF3C02H,9’10 and deprotection of 13 with 2-methyl-2,4-pentanediol
~AcOH gave racemic 5, which has the required cis- L7 9-diol, in 49% overall
yield from 11 [(#)~5: mp 250-251°C (dec.):; llt.7'8 210~ 2l3oc]. The structure
gave a satisfactory elemental analysis and spectroscopic data were completely
in accord with those of the authentic sample generously provided by Prof

Arcamone.
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a) HO(CHz)on_E'TSOH/C6H6’ reflux, 3h, b) i) NBS—AIBN/CC14, 80°C
80min, ii) wet SiOZ/THF, 0°C-r.t., 1.5h, c) PhB(OH)z—CF3C02H/

toluene, 0°C, 2h-»r.t., 12h, 4d) 2-methyl-2,4-pentanediol-~AcOH/
CHzclz—acetone, r.t., 2d
Scheme II
The serious problem was the final glycosidation step. There has been no

report on the glycosidation of 5 or its derivatives. Condensation of 5 with
suitably protected L-daunosamines by using Koenigs—-Knorr method and Terashima's
method11 could not give any glycoside at all probably due to the extremely low
solubility of 5 in the common organic solvents. Condensation using more
soluble derivatives (l4a-c) whose hydroxyl groups were protected with Me3Si
and acyl groups failed to give glycosides. After many unsuccessful attempts,
condensation of the l3-acetal derivative (12,4
(15) under Terashima's conditions gave a 42% §151d of the expected d~-glycosides
(16 and 17) and a 29% yield of recovered Lgcis [16: mp 195-199°C (dec.), [u]go
-105.4° (c=0.04, CHC13), 17: mp 179-183°C (522.), [u]éo ~208.1° (c=0.05,
(CHCl;)l. Careful deacetalization of 16 and 17 with 80% AcOH gave 18 and 19
in 41 and 53% yields, respectively [18: 174.5-177.5°C, [GISO -80.6° (c=0.05,
CHC1,), 19: mp 170-174°C, [a} 20 -202.2°C (¢=0.03, CHCl,)]. The absolute

configuration of these novel glycosides (16-19) was deduced from their lH NMR

) with 4-0-p-nitrobenzoyl sugar

and CD spectral data and finally confirmed by the direct induction of 18 into
3 (vide infra). Stepwise hydrolysis of 18 with 0.1N NaOH gave N-trifluoro-
acetyl-ll-deoxydaunomycin [20: mp 151-155°C, [u]%O +86° (c=0.05, CHC13)]and 11-
deoxydaunomycin (3), respectively (Scheme 1I). The hydrochloride of 3 was

identical in all respects with the authentic sample generously provided by Prof

Arcamone [3.HCLl: mp 215-220°C (dec.), 170-177°C (dec.), * [a] 20 +135° (c=
0.01, MeOH); lit.'? 175-176°C (dec.), [a}20 +139° (c=0.2, MeoH)] . All known
products were identified by comparison with authentic samples. New compounds

were characterized by 500 MHz 1H NMR, IR, and analytical data.
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