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Total Synthesis of I I -Deoxydaunornycinone’ 
Jean-Pierre Gesson and Martine Mondon 
Laboratoire de Chimie Xl l ,  ‘Synthese et Re‘activite‘ de Produits Naturels,’ E.R.A. No 556, 40, Avenue du Recteur 
Pineau, 86022 Poitiers, France 

1 1 -Deoxydaunomycinone (2), the aglycone of a recently isolated antitumour anthracycline, is prepared using 
two different routes in only seven and eight steps respectively. 

The search for new anthracyclines with better therapeutic 
indices is of great interest and the synthesis of modified 
aglycones, directly involved in the intercalation process with 
DNA, appears to be of crucial importance to studies of 

structure-activity relationships. The known high antitumour 
activity and lower toxicity (compared to daunorubicin itself) 
of aclacinomycin A2 and the recent isolation of 1 1-deoxy- 
daunomycin3 (both compounds lack the C-11-hydroxy-func- 
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recent tion present in daunomycin) have prompted several 
syntheses of the corresponding aglycones, aklavinone (l), and 
1 1-deoxydaunomycinone (2)5a9b 

We have already describeds a regiospecific and general 
route towards such compounds based on the cycloaddition of 
suitable vinylketen acetals to naphthoquinones and now 
illustrate this methodology with a total synthesis of racemic 
(2). Starting from the easily prepared tetracyclic ketone (3),6 
ethynylation under optimal conditions [H-CYC-MgBr, 
25 equiv., tetrahydrofuran (THF), -25 "C, 1 h] affords the 
alcohol (4)t [30 % isolated yield, 79 % based on recovered (3)] 
together with starting material (3) (62%); the latter is readily 
separated by column chromatography (SiO,, CH,C1, eluant, 
medium pressure) and recycled. Hydration of the triple bond 
(HgO-impregnated resin, EtOH, reflux overnight) then gives 
the orange 7,ll-dideoxydaunomycinone (5) (94 %), m.p. 
209-21 1 "C (m.p. lit.5a 210-21 1 "C). 

This key intermediate is thus obtained in only six steps from 
the commercially available Hagemann ester in about 14 % 
overall yield without recycling of (3). 

However the incomplete conversion of (3) to (4) prompted 
us to develop an alternative approach to (5) (Scheme 1). The 
required vinylketen acetal (9) was prepared in five steps: 1,4- 
addition of 2-lithio-2-methyl-l,3-dithian to cyclohexenone 
gives (6)' quantitatively which is then regiospecifically metho- 
xycarbonylated to (7) and subsequently converted to (S), 
following the procedure of Weilers in a single pot reaction. 
Kinetic deprotonation with lithium di-isopropylamide (LDA) 
of (8) followed by trimethylsilyl chloride (TMSC1) quench- 
ing of the intermediate dienolate and non-aqueous work-up 
affords the sensitive keten acetal (9) as a pale yellow oil in 
about 40 % overall yield from cyclohex-2-en-1-one. 

Cycloaddition of (9) (1.1 equiv.) to 3-bromo-5-methoxy-l,4- 
naphthoquinone ( gives after acidic work-up and oxidative 
cleavage of the protective dithian group the known ketone (ll), 
m.p. 221-223 "C (m.p. lit.6b 223-226 "C) in 71 % overall 
yield from (10). Under these conditions trace amounts (1.3 %) 
of the regio-isomeric ketone (12) are isolated. Hydroxylation at 
C-9 to give (5) is carried out using the procedure of Gardnerlo 
[ButOK, O,, (EtO),P, dimethylformamide (DMF), - 30 "C, 
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Scheme 1. Reagents and conditions : i, Me(Li)dS [CH,],S, THF- 
hexamethylphosphoramide, - 78 "C; ii, CO(OMe),, NaH, 
benzene, cat. MeOH, reflux; iii, NaH, THF, 0 "C, (EtO),POCI 
1.1 equiv., 20 "C, 1 h ;  then MezCuLi 1.5 equiv., ether, -78 "C to + 20 "C; iv, LDA, SiMe,CI; v, THF, 0 to 20 "C, 16 h;  vi, HgClz 
2 equiv., CaCO, 2 equiv., MeCN-H,O, 5 h reflux; vii, ButOK, 

5 h] in yields ranging from 21 to 40% together with recovered 
(512 

The final step (hydroxylation at C-7) is done as in the 
daunomycin series by benzylic bromination followed by dis- 
placement of the labile benzylic bromine atom. However only 
extensive aromatization is observed under standard conditions 
(excess of Br,, hv, CCl,, 20 "C,lla or N-bromosuccinimide, CCl,, 
refluxllb) and we have therefore found that this functionaliza- 
tion is best carried out using 1.1  equiv. of Br, in CCl, (irradia- 
tion, 100 W lamp) in presence of 4-5 equiv. of cyclohexene 
oxide as HBr scavenger:, Displacement with excess of 
Ca(OH), in wet THF then gives a mixture of (2) (9 %) and the 
corresponding 7P-isomer (54 "A. 

01, (EtO)BP, DMF, -30 "C, 5 h. 

Satisfactory analytical and spectroscopic data have been 
obtained for all new compounds. 

2 Numerous efforts to get higher reproducible yields were 
unsuccessful. 
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Epimerization of the unwanted isomer is difficult to achieve 
owing to the exceptionally easy aromatization observed in this 
series5 but affords a 3 : 1 ratio in favour of (2) in CF,CO,H at 
0 "C. 

Our synthetic (If)-(2) is identical in all respects (m.p., t.l.c., 
spectroscopic data) to natural 1 1 -deoxydaunomycinone kindly 
provided by Dr G. Cassinelli (Farmitalia-Carlo Erba). 

We thank Prof. J. C. Jacquesy for helpful discussions and 
the C.N.R.S. for financial support. 
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