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Regio- and Stereo-selective Construction of Anthracyclinones: Total Synthesis of 
(-)-y-Rhodomycinone 
Hiromichi Fujioka," Hirofumi Yamamoto, Hiroshi Kondo, Hirokazu Annoura, and Yasuyuki Kita* 
Faculty of Pharmaceutical Sciences, Osaka University, 1-6, Yamada-oka, Suita, Osaka 565, Japan 

The first asymmetric synthesis of (-)-y-rhodomycinone (la) was achieved through a novel regioselective coupling 
reaction of the chiral AB- (2) and CDbuilding blocks (3). 

The rhodomycinones (la,b) are the principal aglycones of 
rhodomycinsl and recently isolated potent anthracycline 
antibiotics such as betaclamycin A2 and distrisarubicin B .3 
Although many asymmetric syntheses of anthracy~linones~ 
have been accomplished,5 there are few6 studies on the 
asymmetric syntheses of rhodomycinones and no one has yet 
succeeded in the synthesis of optically active natural rhodomy- 
cinones. We now report the first asymmetric synthesis of 
( -)-y-rhodomycinone (la) involving a novel regioselective 
coupling reaction of the new chiral AB- (2) and CD-building 
blocks (3). 

The requisite AB-synthon (2) was obtained from 5,8- 
dimethoxy-2-tetralone-1-acetal (4) by a previously reported 
asymmetric alkylation4b followed by stereoselective reduction 
of the 1-0x0 group. Treatment of (4) with ethylmagnesium 
chloride in dry tetrahydrofuran (THF) at -78 "C for 5 h gave 
the 2R-2-ethyl-2-hydroxy acetal(5) which was hydrolysed with 
trifluoroacetic acid (CF3C02H) to give the cx-hydroxy ketone 
(6) in 84% overall yield.? Reduction of (6) with potassium 
borohydride (KBH4) in methanol afforded a mixture of (7a) 
and (7b) in a ratio of 15:2,$ which was easily separated by 
column chromatography to give (7a) in 82% yield. Oxidation 
of (7a) with ceric ammonium nitrate (CAN) in 50% aqueous 

t Details of the preparation of (6) will be published in a full paper. 

$. The stereochemistries of the secondary alcohols were determined as 
R for (7a) and as S for (7b) since the acetonide was formed in the 
reaction of (7b) with 2,2-dimethoxypropane in the presence of acid 
catalyst and not formed in the case of (7a). 

MeOH afforded (2) {87%, m.p. 110-112"C, [ c x ] ~  -32.6" (c 
0.96)). 

The strong base induced coupling reaction7 of 4-acetoxy-5- 
methoxyhomophthalic anhydride (3) with (2) was achieved in 
the following way. The anhydride (3) was treated with sodium 
hydride and reacted with (2) at 0 "C for 0.5 h to give the adduct 
(8) {55%,  m.p. 115-117 "C, [a!], -18.9" (~0.12)).  Treatment 
of (8) with 66% aqueous CF3COOH at 50-55°C caused 
deacetylation and the shift of the quinone moiety to the C-ring 
to give (9) {93%, m.p. 100-102"C, [a]D +2.25" (c 0.133)). 
Similarly, the reaction of 4-acetoxy-8-methoxyhomophthalic 
anhydride (10) with (2) afforded (11) {62%, m.p. 94-96"C, 

-12.3" (c O.ll)}, which was converted to (12) (91%, 
m.p. 237-239"C, [!ID -9.26" (c O.ll)}. Compounds (9) and 
(12) are easily distinguished from each other by their 1H 
n.m.r. spectroscopic analyses§ and t.1.c. patterns.7 Since 
crude (9) and crude (12) did not contain regioisomers of each 
other, it was proved that the cycloaddition reactions of (2) and 
(3) and of (2) and (10) proceeded regioselective1y.tt 

$ The signals of two singlets in (9) (6 13.68 and 13.7) and two singlets 
in (12) (6 13.34 and 14.09) are due to the two phenolic hydroxy 
functions. 

T[ Compounds (9) and (12) showed good separation on t.1.c. (silica 
gel, CHC13/Me2C0, 511 or CHzClz/ether, 113). 

tt Although the strong base induced cycloaddition of homophthalic 
anhydrides is known to react regioselectively with halonaphthaloquin- 
one derivatives,7 this is the first example of regiocontrolled addition to 
6,7-unsubstituted naphthoquinone derivatives. 
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This extremely high regioselectivity might be explained as 
follows. The hydrogen bonding or chelation between C(1), the 
secondary hydroxy function, and C(8), the quinoid carbonyl, 
of (2) caused an electron poor (a+) centre at the C(6) position 
and an electron rich (6-) centre at C(7). The cycloaddition 
reactions proceeded as shown in Scheme 2. 

The structures of (9) and (12) were determined by conver- 
sion to (- )-y-rhodomycinone (la) and 4-dehydroxy-l- 
hydroxy-y-rhodomycinone (13), respectively (vide infru) . 
Thus, demethylation of (9) with anhydrous aluminium 
chloride (A1C13) in benzene afforded (la) in 66% yield. In the 
same manner, (12) afforded (13) in 62% yield. The melting 
point (m.p.), 1H n.m.r., and i.r. spectra of (la) obtained were 
identical to those previously reported.* The optical rotation of 
(la) showed good agreement with that of natural rhodomyci- 
none {[&ID -20.69"(c0.058); natural -20.16"(c 0.060)). The 
enantiomeric excess (100% e.e.) of (la) was determined from 
h.p.1.c. analysis using a chiral column [Daicel chiralcel OA; 
eluent, hexane : EtOH : MeOH : AcOH, 170 : 20 : 10 : 1, flow 
rate, 0.5 ml min-1; tR, 29.25 min for (-)-(la), 21.43 and 29.10 
min for (+)-(la). 

In conclusion, the strong effect of the benzylic secondary 
hydroxy function of (2) towards the regioselectivity was 
observed in the coupling reactions with homophthalic anhy- 
drides [(3) and (lo)] and the first asymmetric synthesis of 
optically pure (la) was achieved. The present route will open 
an effective way to synthesize other anthracyclinones, having 
a C( 10) (anthracycline numbering) hydroxy function such as 
(lb) and feudomycinones,9 in a regioselective manner. 

We thank Prof. K. Krohn (Technischen Universitat 
Braunschweig) for his gift of (+)-y-rhodomycinone and Prof. 
Yongle Chen (Sichuan Industrial Institute of Antibiotics) for 
(-)-y-rhodomycinone. 
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