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Synthesis of 2-sulphur-substituted 1,4-anthraquinones. 
Application to the Synthesis of Anthracyclinone Precursors 

Pablo Asenjo, Francisco Fariiia, M. Victoria Martin, M. Carmen Paredes* and J. Javier Soto 

llle et’f’~cac\ ot‘ anthracccl~ne antlblotlcs ;uch as daunomvcm (1 ) and adrlamycm (2) m the treatment 

of a varlet? of human cancers has stimulated a continued mterest III the syntheses of thts class of antttumor 

agents ’ tlo\\c\el. these mmpounds display \arlous qlde effects. the most setxous betng a cumulattve dose- 

dependent cwrdloro\lclt\ so that considerable efforts ha\,e been de\oted to develop new structurally modtfted 

anthracycllnes \\lth ;III improved antlneoplastlc actl\lt\ ,md a low cardtotoxtctty It IS also well known that the 

synthtttlc J-demetho\\ derlvatl\es ot‘ daunomvcln and Cldrlamvcm (3. 4) are more effective antitumor agents 

than the parent con~pound~ ’ 

.A> a part of ‘1 genetal development of ne\\ approaches to compounds related to a&racy&nones. we 

have been exploring the s> nthesls of’ BCD shnthons that allows the constructton of the tetracyclic system of 

type 1 and 3 III a subsequent DIeIs-Alder leactlon In precedmg papers’ we have reported the first total 

aynthesla of 5-ttnlriodaunorn\clnone and Its +demethoxc\ derttatlvc In our strategy, the key step IS a 

leglocontrolled I>~el\-Alder reactlon of an adequateI\ I .?dlsubstttuted buta-l,3-dtene with fixed derivatives 

of the I .J-anthraqulnoiiold tautomer of I .3-d1h\ dro\! -0. I 0-anthlaqulnone Immes. as suitable BCD-rmg 

synthons 



8320 

It was therefore of Interest to study the synthesis of I ,4antbraquinones of type 8 and 10. m whtch the 

mtroductron of a sulphur bearmg group at 2-posrtron, could be used to control the regtochemtstry of the Dtels- 

Alder cycloaddttton 

On the other hand. out prevtous results4 show that annelatton reacttons of anions generated from furan- 

2(5H)-ones substrtuted at S-posttton by sulphur bearmg groups such as SEt. SPh. SO,Et and SO,Ph, wrth 

several napthoqumone monoketals led exclusrvely to the Mtchael adduct. wrthout subsequent rmg closure to 

the anthraqumones However. we have now found that the required 1,4-anthraqumones can be obtamed, by 

annelatron reacttons of antons of 4-halo-S-sulphur-furan-2(5H)-ones of type 5 with naphthoqumone monoketals 

Thus paper report a novel route to the syntheses of dtfferently substttuted I ,4anthraqumones. their Dtels- 

Alder reaction and mvestrgatrons about the subsequent converston of cycloadducts mto compounds related to 

anthracyclmones 

Reactron of the anton generated from 4-bromo-5-ethylthtofuran-2(5H)-one (Sa)’ wtth lithrum 

dnsopropylamrde. at -78°C m tetrahydrofuran. with naphthoqumone monoketal 6.h after 7 days, at -7”C, 

afforded a 45 55 mtxture of dtastereotsomerrc Mtchael adducts 7a’ and the I .4-anthraquinone 8aX m a 15% and 

45% yteld respecttvely (Scheme I ) It IS noteworthy that srmultaneously to the annnelatton reactton takes place 

the substnutron of a bromine atom by the ethylthto group 
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Under stmtlar reactron condtttons. the anton of 5-bromo-5-phenylthtofuran-2(5H)-one (5b)“ reacted wrth 

monoketal 6 to afford. after I3 days. a 60 40 mrxture of dtastereotsomertc Michael adducts 7b (10%) and the 

I .4anthraqumone 8b’” (5OYa) However, the annelatton reactton between the anion of 5a with monoketal 9 led 

exclustvely to the I.4-anthraqumone 10” in 40% yield (Scheme I) 

Methylatton of the I .4-anthraqumones 8a and 8b with methyl todrde, m the presence of silver oxtde, 

grves the correspondmg drmethyl ethers 11 a and 11 b m 950/o yteld 
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OUI ~‘II-st attenipts to rractlon of Dlels- Alder bet\\een the I .4-anthraqumones 8a,b and an approplate I .3- 

dlsubstltutrd dlene such as (El- I ..~-bls(trilnethLIs~lvlo\~)buta- I .3-dlene (12). m benzene under reflux. over a 

pcrlod of I5 daks. i’allcd 10 gve the expected adducts 

tlo\\e\,cr. I)lcls-Alder reactIon of the anthraqumone I la with dlene 12 (benzene. 6O’c‘. I Z days) occurs 

leglo- and stereo-sp~c~f‘lcall~ to afford the adduct 13a” (X7%). which wlthout purlficatlon was subject to a mild 

acldlc treatment (H(‘I. ‘THF. (I”(‘. 5 mln) to g~\e thr tetracycllc ketone Ida (95%) by selective hydrolysis of 

the sllvl enol cthel (Scheme 2) 
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Scheme 2 

Then. it \cah necessan to protect the Aeto group as the ethylene dioxyderlvatlve lSa, which was 

pItTared from 14a by treatment with ethylene glhcol III presence of p-toluenesulphonlc acid (benzene, 80°C. 

11 h) in c17”~~ yield Subsequent treatment of the ketal 1% with tartarlc acid I” THF at room temperature 

ilelded 16a m 95”a The followmg steps of the <\nthcsls here dlrected to obtam the appropriate A-ring 

t‘unctlonallty Thus. or;ldatlve demethylatlon of 16a with sllver(ll) oxide, yielded the previously reported” 

qumone 17 (X5”<,) It IS notew,orthy. that under the reactlon condltlons takes places the removal of EtSOH 

For the svnthesls of the qumone 17. an comparable sequence IS followed from 4-bromo-5- 

phenylthlofuran-2( 5//j-one (Sb) ‘Ihe sequence St~+8t~+ll b+13b+1-%+16~17 afforded the tetracychc system 

17 (25’0 o~erni v~cld). 111 only 51, laboraton operation from Sb (Scheme 2) 

In summar\ \\t’ ha\.e develop a novel procedure for the synthesis of I .4-anthraqumones, starting from 

furanones and naphthoqumone monoketals Ihe bvnthetlc methodology described herem, that uses the 

anthraqulnones 1la.h as sultables H(‘D rmg avnthon. ma\ also he relevant for the constructlon of novel 

unnatural anthracx cllnoneb 
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All new compounds gave satrsfactory spectral data (IR, NMR and MS). Satrsfactory combustron 

analyses were obtamed for compounds 7a, Sa,b, 10. lla,b, 14b and 16b 

Compound 8a. ‘H NMR 6 I4 85 (s. IH). 8 50-S 48 (m, IH), 8 35-S 31 (m, IH), 7 78-7 73 (m, 2H). 6.63 

(s. IH), 4 03 (s. 3H). 2 87 (q. 2H). I 45 (t. 3H) 

Alguacrl. R . Farnia, F . Martin. M V unpublrshed results 

Compound 8b ‘H NMR 6 I4 71 (s. IH). 8 43-8 40 (m. I H), 8 38-8.30 (m, IH). 7 72-7 66 (m, 2H), 

7 52-7 43 (m. 5H). 6 08 (s. IH), 4 0 (s, 3H) 

Compound 10 ‘H NMR o I6 04 (s. IH). 7 94 (d. IH). 7 68 (t. 1H). 7 I4 (d, IH), 6.62 (s. IH), 4 06 

(s. 3H). 3 98 (s. 3H). 2 86 (q. 2H). I 44 (t. 3H) 

The structure was conclusrvely estabhshed on the basis of Its ‘H NMR spectrum, m whrch the methme 

proton on the carbon bearrng the OTMS (C-7) appears as a doublet (6 4 62, J=6.0 Hz) coupled wrth 

the olefnnc proton 
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