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Abstract: 7.10-O-Dimethyl- 3 -pyrromyclnone (78) and the not 
naturally occurring 7-deoxyanthracycllnones 7 -and 77 are pre- 
pared via base induced cycllzatlon of the ks oestc% 73 - 75, e 
and stereoselcctlvely hydroxylated to the 2.4-cls dlolz-83 zd85. =I == 

Because of their important antltumor potential, the ever Increasing number of 

Stre tom ces produced anthracycllnes has stimulated intense synthetic lnvestlga- 

id--? The underlylng tctracycllc aglycone (anthracycllnone) 1s differentiated 

considerably by the nature of the substltucnts on the aromatic as well as the 

hydroaromatlc part of the molecule 3.4) . Previously. we proposed a two part classl- 

flcatlon of the anthracycllnoncs on a biogenetic basis: Type B possesses an ester 

group at the benzyllc position, but Type A does not 5) . The 0111s group first rc- 

ported that pyrromyclnone 

a polyketldcprccursor 6) 
1 (Type B) 1s blosynthesized through a cycllzatlon of 

. Type A, i.e. daunomyclnone. 1s consequentely produced 

from B t.hro@ dccarboxylatlon and further transformation 7) . Their different syn- 

thetlc pathways also support the Type A/Type B classlflcatlon. 

A while ago we developed a synthetic model that was somewhat similar to the bio- 
5) synthetic pathway . The key step was the base catalyzed cycllzatlon of the keto- 

ester. II, to the 4-deoxyanthracycllnone, I. which was subsequently hydroxylated 

at C-4dto afford anthracycllnones such as 1 - 5 (Scheme 1). This model found appli- = 
cation in the c -rhodomyc lnone ‘) and aklavlnzne (2) ‘) syntheses, and other 

authors have modified it for the aklavlnone 10.11) 
* 

12) 
and recently, the first pyrro- 

myc lnonc syntheses. 

FollowlnR the ketoester cycllzatlon model, the second synthesls of pyrromyclnone 

2 ’ and the syntheses of the naturally not occurring 7-deoxy compounds 4 and 2 

derived from auramyclnone (!) 13) , and aklavlnonc (2) are reported. 

Production of Startlng Materials 

The formation of the A-rlng by succcsslvc Marschalk reactions in the c -rhodomycl- 

none synthesis was made posslblc by the presence of para hydroxy groups in ring B; 

l ) The numbering system used in this paper follcus the Chemical Abstracts/IUPAC rules 

instead of those of Brockmann 3) . 
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houeve r , the presence of only one phenol group in ring B in both pyrromyclnone and 

aklavlnone made It necessary to modify this pathway. Thus, we started with the 3- 

methylanthraqulnones of the general formula III. The further synthetic plan called 

for the addition of a functlonallzed slde chain ortho to the phenol and the carboxy- 

latlon of the methyl group to an acetic acid derlvatlve. 

The formation of the l-hydroxy-3-methyl-9.10-anthraqulnone (;?) followed the pro- 

cedure earller described for the chrysophanol synthesis 14) . The Diels-Alder reaction 

of naphthoqulnone ($) with 3-methyl-1-trlmethylslloxy-1,3-butadlene (2) at room tem- 

ptrature gave $3~. Scheme 2 
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The relatlve stereochemistry of 82 was assigned by comparison with an analogous 

canpound whose configuration had been determined by X-ray analysis 15) . The sllyl 

ether pz was cleaved to the ally1 alcohol Et with dllute HCl and then oxldlzed 

to pachybasln ( !G!“6’ wlth pyridlnlum chlorochromate (PCC) in 65 % overall 

yleld. Some of the ellmlnatlon product 2 was also formed. The elimination to 2 

could almost be avoided by directly oxidlzlng the sllyl ether tn in the presence 

of two mols of acetic acid (71 % overall yield). Sufflclent quantltles (10 gram 

scale) of the analogous dlmethyl ether !$ (5,8-O-dlmethyl-helmlnthosporln ) were 

prepared by a modlficatlon of the Cameron proceaure 17) . The Dlels-Alder reaction 

of the 1,1.4-trlmethoxy-1,3-butadiene (;I) 18) wlth 2-chloro-8-hydroxy-6-methyl- 

1,4-naphthoqulnone (A?) lg) yielded the intermediate product A?. Aromatization 

with pyrldine to the desired dlmethyl ether followed in 70 % overall yield. It 

has to be stressed, that for the subsequent attachment of a side chain at C-2 

under the Marschalk 20) conditions. both phenol groups at C-5 and C-8 of the hel- 

mlnthosporin must be protected. 
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With the anthraquinone models 12 and 19 at hand. the carboxylation of the methyl 

group could be investigated. First, however, the attachment of the side chains at 

C-2 shall be described briefly. The resulting syntheses followed earlier lnvesti- 

gatlons and methods closely 21) . 
The anthraqulnoncs !p and !? were dissolved in a mixture of THF/HeOH/aq.NaOH, reduced 

to the corresponding hydroqulnones with sodlum dlthlonlte. and then hydroxymethyl- 

ated with formaldehyde ortho to the phenol. To prevent the elimination of the 

benzyllc alcohol under the Marschalk condltlons. the reaction was carried out at 

so . The often observed formation of dlmers could be avoided by rapid reoxldatlon 

of the hydroanthraqulnones in a dilute H202 solution. The resulting bentylalcohols 

!? and !t were obtained in 70-00 % yields and subsequently converted quantitatively 

to the chlorides !? and 2; with thlonyl chloride. After reacting the chlorides wlth 

aceto:acetlc acid to give 2; or with 3-oxovaleric &id ethylester to yield 2; and 

22, the ketones 22 - ?$ were prepared almost quantltatlvely by saponlflcatlon and 

decarboxylatlon of the ketoesters ;! - 21. 

18 CCH3cm 22 H CH3 

19H Cl 

25 H CH3 

23 m3 a3 26 

20 CCH3 Cl 

CCH3 CH3 

In order to selectively bromlnate the methyl group at C-2, the benzyllc position 

of the C-4 side chain was sterlcally shielded by converting the phenols 2: - ?$ 

to the pivaloates zz - 29. -a= For the acylatlon of the sterlcally hindered and hydro- 

gen bonded phenol groups, 
32) 

the addition of equivalent amounts of 4-dlmethylamino 

pyrldlne was necessary. 
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Light Induced bromlnatlon of the plva:oates with N-bromosucclnlmlde gave the desired 

monobromldes 30 - 22 in 70 to 00 96 ylelds. I The ketone was then protected by keta- 

lizatlon with ethy!ene glycol giving 22 and 24. The shift of the equlllbrlum ln 

favor of the ketal was effected by the addltlor.of methyl orthoformate and removal 

by dlstlllatlon of the methyl formate under weak vacuum as It was formed 23) . 

Carboxylatlon of the Methyl Group 

With the anthraqulnones !< and !t and likewise bromides ?p - 24 at our disposal, 

the elongation of the methyl group by one C atom to an acetic acid de- 

rlvatlve could be lnvestlgated. The bromides could easlly be converted to the 

corresponding aldehydes and carboxyllc acids (see below). The descrlptlon of the 

carboxylatlon proceeds (independent from the success of the respectlvereactlons) 

systematically corresponding to the oxidation state of the C-3 group (-CH3. 

-CH2Br, CHO, COOH 1. 

1. Direct Carboxylatlon of the Methyl Anthraqulnones 35 and 36. c= - II 

The shortest path to chain elongation appeared to be the direct carboxylatlon of 

a carbanlon derived from the methyl anthraqulnone. Throughdeprotonatlon of the 

benzyl posltlon with strong base, it should be possible to generate the carbanlon. 

In theory, partial charge delocallzatlon through the qulnone carbonyls could stabl- 

llze it and allow reaction wlth electrophlles 24) . After methylatlng the phenol 

A$, 22 was choosen as a model compound. Dlssolvlng 22 in THF, followed by the 

addltlon of potassium tert-hutoxlde lmmedlately produced a deep red color. However, 

after the workup, the slngle. almost quanltatlve. reaction product was the dlmer 

21. This result was unchanged by the addition of electrophlles such as chlorofor- 

mate or dlethyl carbonate to the reaction. The posslble mechanism of thls note- 

worthy condensation 1s assumed 

anion 25’. 

“3 
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Synthesis of {-pyrromycinom. 7&oxyaursmycinone, and 7&oxyaklavioom 368 I 

A totally different result was obtained from the reaction of 22 with llthlum dilso- 

propyl amide as ueli assodlum naphthalenlde and quenching with chloroformate or dl- 

ethylcarbonate. The surprising result was the isolation of the anthrones 32 and i! 

as the main products. The addition at C-10 was proven by proton NMR, as a rela- 

tively high field shift of the C-2, C-4, and C-5 protons were observed due to the 

absence of the carbonyl group at C-10. What is the mechanistic explanation of this 

unexpected formation of the anthrones 22 and 41? We propose that the anthraqulnone I= 
was reduced in an lnltlal step to the hydroqulnone. because LDA 1s known to reduce 

carbonyls through a single electron transfer 26) as well as In the manner of a 
77) !4eerweln-Ponndorf-Verley reaction . The anthrahydroqulnone IV reacts as shown 

wlth chloroformate glvlng the intermediate V, which under the reaction condltlons 

1s acylated to 22 or 41. == 
The ideas concerning the formation of the anthrone derivatives 22 and 2; were 

supported by the reaction of preformed hydroqulnones of chrysazlne 28) and other 

anthraqulnones with a .&unsaturated carbonyl compounds to yield similar adducts 29) 

Thls interesting reaction sequence was investigated further with the analogous 

anthraqulnone carboxyllc ester 25 30) under similar conditions. We assumed that the 

addlt!onal ester group could promote formation of the carbanlcn. However, llke 35. == 
subjectIon of 29 to potassium tert-butoxlde yielded the dlmer 38. and the anthrones == 
40 and 42 were also generated by LDA treatment and quenching wlth chloroformate and I. == 
dlethyl carbonate respectluely. Apparently. direct carboxylatlon of the methyl 

anthraqulnones under these experlmental conditions cannot be realized. Even the 

analogous xanthon systems can only be carboxylated with 4 % yield 31) . For these 

reasons, we turned to the benzyl bromides as synthetic precursors 

2. Chaln Elongation from the Benzyl Bromides 

The initially obvious pathway was the exchange of the benzyllc bromlde,as in 22 

and 2: ,wl th cyanide. Thls lnvestlgatlon employed four more model compounds and was 

conducted under practically all published varlatlons, but wlthout generation of 

the bcnzylic cyanide in a preparatively useful yield 
32) . However, the stablIlzed 

carbanlon of malonltr!lewassmoothly alkylated with bromides as 42. Thus, the lz= 
reaction of acyl and carboxyl anion equivalents was studied. Neither the method 

cf Bestmann (reactions of the corresponding phosphonium bromldc with chlorofor- 

mate) 33) nor the reactions with the anions of N,N-dlethylamlnoacetonltrlle 34) or 

dlaethoxyacetonltrlle 
3S) 

were favorable. On the other hand, the successful carb- 

cxylatlon of the bromide 34 through a Grlgnard reagent to the carboxyllc acid 42 __ 
gave n 25 % yield. 

Scheme 7 
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Since the metalatlon under normal condltlons and even with the highly activated 

magnesium of Rleke 36: falled ( we decided to employ the methods of KUndlg 37) and 
38) Oppclzer . In this process a specially constructed rotary evaporator was used 
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to condense the metal 1nt.o -196* THF under high vacuum. The magnesium siurries pre- 

pared in thls manner reacted with the benzyl bromide 34 in a few minutes even at _I 
-750 as shown by thin layer chromatography. ‘1 Our experience showed that by eva- 

porating the metal under a high vacuum, we generated the most active and cleanest 
39) form of magnesium . The subsequent reaction of the Grlgnard reagent with CO2 

(-750 - O”) gave a mixture of products, from which the polar carboxylic acid iz 

was isolated in 25 96 yield. The yield of this reactlor. could probably be con- 

siderably increased by diluting the reaction solution to avoid competitive dlmer 

formation. By cleavage of the ketal and esterlflcatlon, the ketoester 44 was ob- 

tained. Prior saponification ylelded the keto ester 12 which was :dentlcal to 

a sample synthesized from another pathway (see below). 

3. Homoloplzatlon of the Aldehydes 48 and 57 .I - I_ 

The llterature contains numerous examples of aldehyde homologlzatlons from which 

we tested some of the interesting possibilities. The aldehydes ?p and 21 were 

generated in good yields from their corresponding benzyl bromides j$ and ?? by 

acetolysls to ?p and 2:. Subsequent ketallzatlon of 2: to 22 preceeded saponiflcatlon 

of both acetates $ and 22 to 21 and 2: followed by PCC oxidation to the alde- 

hyde 20 and 22. The next step converted the model aldehyde ?? to the cls/trans- 

olefln ip?/??; using the methyl-methylthiomethyl sulfoxide Introduced by Ogura 40) . 
The resulting cls and trans oleflns i?? and 22: could be distinguished by TLC 

but wepd not separated for the next reaction. The ester 22 was directly obtained 

by methanolysls of ?z?/??? in the presence of HCl in 25 % overall yield. 

Q 

46 cn;cMc 
/ 

8 
47 cn_ai m3m2m3 s&em38 I Hcl 

CH,OH 

50151 52 53 

The ester 22 can be obtained just as easily by the Wlttlg reaction of $f wlth 

methoxymethyltrlphenylphosphonlum chloride. E~peclally sultable for the Ulttlg 

reaction was the deprotonatlon of the phosphonium salt with potassium carbonate 

in the presence of 18-crown-6 as described by Boden 41) . The lsomeric olefln 

mixture SO/51 that was generated in 7C % yield could be separated by preparative == II 
TLC. The homologous enol ether wa3 subsequently cleaved with acid. and, after 

lmmcdlate oxidation with chronic (VI) oxide and esterlflcatlon with dlazomethane, 

yielded the ester 22. Hence. both procedures appeared suitable for use on the 

substituted aldehyde 21. 

+ 1 We thank Dr. KUndlg and Prof. Oppolzer for providing the necessary apparatus, 

and Y. Pachlnger for his excellent practical help conducting the Crlgnard 

reaction. 
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olefln 50/59 mixture was I. II 

scheme9 

61 

w59 60 + 

2: with the Ogura reagent gave only a complex mixture 

the Wlttlg reaction pathway open. Fortunately, the E/Z - 

prepared with methoxymethyl trlphenylphosphonlum chlo- 

ride In a good yield from 22. Acid cnol ether cleavage under very mild conditions 

yielded a mixture of the cycllzatlon products $2 and 2:. Although oleflns similar 

to pp have be transformed to the anthracycllnes In the aklavlnone series 42) , the 

intended ketoester cyclizatlon was not realized. 

4. Arndt-Elstert Homologlzatlon 

FInally,we have investigated the Arndt-Elstert homologlzatlon of the acids PI, 

$2. and I!, that were easily obtained from the corresponding alcohols ii, 2:. and 

$$ by Jones oxidation. The acids were characterized in form of the corresponding 

methyl ethers pp. zp, and 12. The Arndt-Elstert reaction was first successfully 

applied in anthracyclinone chemistry by Boeckman 11) and also used In our akla- 
9) vlnone synthesis . 
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In fact, the anthraquinone carboxyllc acids p? and 29, could be transformed to the 

acetic acid derivatives 22 and 2: In 35 and 39 % overall yield respectively 

using the multlstep procedure described earlier 9.11) . However, the pyrromyclnone 

precursor I! was only obtalned in 11 % yield. The keto ester 22 was shown to 

Se identical with the product isolated from the Crlgnard carboxylatlon (see above), 

which provided a much shorter route to the desired anthracyclinone precursor ?!. 

5. Keto Ester Cycllzation and Hydroxylatlon 

The central step of our synthetic strategy was the base Inducedaldol cycllzatlon 

of the keto esters 73-75 =I 1.’ which has been shown to proceed almost quantitatively 



3684 K. KROHN et al 

for similar substrates under appropriate reaction conditions 
S,B-12) . Of major 

interest was, however, the ratio of the dlastereomerlc D-hydroxy esters correspon- 

ding to the natural (i.e. 25 - Ii) or not natural configuration (l.c. $p - !?I. 

In our hands good results could be obtained using a mixture of pyrldiaeand metha- 

nol as solvent and triton B as catalyst in kinetically controlled reactions at 

-ISO. Thus, __ 76 and <? were isolated in a ratio of 2.0 : 1 and stereoselectlvl ty 

was further improved for 24 and 22 to afford the anthracycllnes with ethyl side 

chains 22 and ?p as well as !f and P? In a ratio of 3.6 : 1 and 3.3 : 1 respectl- 

vely. This result 1s lr: agreement with similar findings of Boeckman. who re- 

commended the usage of protlc solvents for the aldol cycllzatlon 11) . The ratio 

of the eplmers is approximately the same employing magnesium methoxlde as cata- 
12) lyst . In contrast to the results of ttauser and Ma1 12) the isomers ?p and $2 

could readily be separated by TLC (CH2C12/2 % CH3OH) and characterized In pure 

form. Cleavage of the methyl ethers of I? afforded the racemlc L -pyrromyclnone 

(??), which has already been hydroxylated to give CL)- c -pyrromyclnone (2) 12). 

Scheme 11 
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Hydroxylatlon of 7,:. == 77 and also of the non naturally configurated $3 was effected 

via light induced bromlnatlon and solvolysls of the lablle intermediate bromides 

with THF/water. The ratio of the eplmerlc 2.4-cls- and 2.4-trans-dlols (l.c. 

j/fi and :/tJi) was found to be 7.5 : 1 and B : 1 respectively. In contrast, 

the ?,4-trans-dlol 96. was the major product obtained from the cls l3-hydroxy 

ester pp CG!/?p = 6 : 1). This reversal of the stereochemlcal outcome 1s probably 

due to a different conformation of the cls-IShydroxy ester $p and chelation of 

the tertiary hydroxy group with the neighbourlng ester carbonyl 9) . 

Experimental 

For general remarks see lit. 9) . 
l-Hydroxy-3-methyl-9,10-anthraqulnone (lOa). 
1 4-naphthoqulnone (6) d 24 00 I? (6 

A solution of 20.00 g (0.12 mol) of 
lfiol) of 3-methyl-l-trlmethylslloxy-1 3- 

bitadlene (7) 14) in_BOrmL C&Cl, wai stirred for 24 h at 20°. 57.50 g (0.27’mol) 
of PCC and 5.20 g (0.12 mol) acetic acid were added portlonwlse (2 h) &d the mlx- 
ture was stirred vigorously for another 3 h. The mixture was flltered (NarSO4) and 
purlfled by column chromatography (4 x 40 cm, CH,Cl,) to afford after crystalll- 
f~~l~~7fro~6~~he~5~~.~~_~~(~lU~~~~~xp~’,”~~a~l~~~~~~~; mp 17B-180.; (lit.l6)mp 178’). 

(4.43). ;5B (4:42) 
224 (4.32). 245 (4.41). 253 

277 sh, 326 (3.47) 383 sh, 402’(3.77) 422 nm sh. - 1H NMR 
(90 MHz): 6 - 2.4; (s; 3H, CH,), 7.03’(s; lH, 2-H), 7.80 is; 1H. 4-H), 7.70 (m; 
7H, 6-. ‘I-H), 8.20 (m; 2H, 5-. 8-H). 12.48 (s; lH, OH). 
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x7.98 mm011 oi 103. 1.86’g (16 knoll of’piva~lc a~idchlor~~~and 100 rnp of 4-di- 
3-Methyl-l-(? 2-dlmethyl roplon lox j-9 lo-anthra ulnone (lob). A solution of 1.9Og 

xethylamlnopyria~~e in 20-mL of dry pyrlhlne was stirred for 12 h. The-mixture was 
poured into icecold HCl and the precipitate isolated by filtration. Crystallization 
from ether afforded 2.47 g (96 96) of plvaloyl ester 10b; mp 161-162’. - IR: 1745. 
1672. 1590 cm-l. - uv: (lgr ) 
253 (4.57), 

Amax = 205 (4.44). 223=ra.44), 236 243 
258 (4.56). 280 

sh. (4.56). 
sh, 325 (3.66). (3.93). - lH (90 403 NNR MHz): 6 = 

1.44 (!3; 3H, C(CHB )a ), 
(n; 2H, 6-v 7-H)) 

2.44 (s; 3H. CH,), 7.10 (d. J2,4 = 2 HZ; 1H, 2-H). 7.67 
8.00 (d, J2,4 - 2 Hz; 1H. 4-H), 8.16 (m; 2H, 8-H). 5-H, 

l-liydroxy-5,@-dicethoxy-3-methyl-9,lO-anthraqulnone (16). A solution of 5.00 g 
722 mmol: of 3-chloro-5-hvdroxv-7-methvl-1.4-naohthoaiinone (12) 19) ln 150 mL of 
CH, Cl? was treated wlth 3:20 g-(22 mmoi) oi 1,1:4-trimethoxyiT:i-butadlene (l1)18). 
After 48 h stirring at 20* the solvent was evaporated at reduced pressure an?!=the 
adduct AS was precipitated with petroleum ether. 15 was dissolved in a minimum 
amount of pyrldlne (15 nL) and refluxed for 20 ml;: The residue was treated with 
cold diluted HCl and extract.ed with CH,Cll. The product was purified by filtration 
throw a short column of slllca gel (CHIC~Z) to afford 4.60 g (70 96) of 5,8-dl-O- 
methyl-helmlnthosporln; mp 215O (llt.17) 215O). 

l-Hydroxy-2-hydroxymethyl-3-methyl-9,10-anthraqulnone (17). A solution of 6.00 g 
725 mmol) of 1Oa in a mlxture of 1 L of methanol and 8d=mL of aaueoa 1N NaOH was 
treated underlfl; at 40-50* with a solution of 6.00 g sodium dlthionlte in 150 mL of 
water. The solution was cooled to 5’ and 22 mL of 35 % formaldehyde were added all 
at once. After 4-5 h stirring at 4-S’ (TLC control) the solution was poured into 
1.5 L of cold water, which contained 50 mL of 1N NaOH and 10 mL of 50 % H,Oa. The 
mixture was acidified wlth tic1 and extracted three times with each 300 mL of CH*Cla 
and the organic phase was washed wlth water and the solvent evaporated under re- 
duced pressure. The residue was crystallized from 30 mL of CHIC~~ to afford 5.13 g 
(76 %) of 17; mp 214-216O 

1~90-&-1. - 
(recrystallized from CH,Cl, 1. - IR: 3470, 3440, 1670, 

1635, lH NMR (400 MHz): 6 = 2.51 (t; J q 6.2 Hz; 1H. OH), 2.55 (9; 3H, 
CH, ), 4.88 (d,J - 6.2 Hz; 2H. CH,O), 7.69 (s; 1H. 4-H), 7.85 (m, 2H, 6-, 7-H). 
8.35 (m; 2H. S-. 8-H). 13.18 (s; lH, OH). 

l-Hydroxy-?-hydroxymethyl-5,8-dimcthoxy-3-methyl-9,1O-anthraqulnone (18). 4.00 g 
113 4 
2.64 

1) f anthraqulnone 16 were hydroxymethylated as d 
g?EO 96;) of 18 mp 217-31g1 

escrlbed f:; 17 to yield 

1255, 119s. loio.‘Bis cm-l 
. - IR: 3495, 1660, 1630, 1565, 1490, 1405: 1275, 

. - uv: A max( lR c ) 3 230 (4.65), 259 (4.27). 280 sh 
(4.03). 451 nm (4.06). - 1~ NMR (400 MHz.:: b q 2.57 (s; 3H, CH,). 7.57 (t,J = 6 HZ 
1H. CH>OH), 4.!)C (s; 3H, OCH,), 4.03 (s; 3H, OCH,), 4.86 (d.J = 7 Hz; 2H, CHIOH). 
AB-s lgnai 7.35 a. 7.38 (J . 9 Hz; 6-H. 7-H), 7.54 (s; lH, 4-H). 13.29 (9; TH. OH).- 
MS (38OOC): m/e 7 328 (100 %, H*), 313 (87), 298 (2G), 284 (17). 267 (21), 253 (16). 
339 (13:. 2P5 (7). 311 (7), 197 (6!. 181 (lo), 165 (15). 152 (161, 139 (15). 127 
(10). 115 (10). 7’1 (9). - Calcd.for C18H1606: C,65.8S H, 4.91; Found: C,65.66 
H.4.73. 

2-Chloromethy1-l-hydroxy-3-methy1-9,l0-anthraqulnone (19). - A suspension of 4.3Og 
‘116 mm01) Of hydroxymethyl-anthraqulnone 17 in 100 mL GF dry CH,Cl, was treated 
with 4 ml. of thlonyl chloride and 0.1 mL Er DMF and stirred for 2 h at 20’. The sol- 
ver.t and excess thlonyl chloride were evaporated at reduced pressure and the residue 
was washed with 10 mL petroleum ether. 

1590 cm-l. - uv: 
Yleld 4.58 g (99 %); mp 192O. - IR: 1672, 

1633) A max(lgc ) q 205 (4.36). 727 (4.34). 230 sh, 246 (4.49), 
256 (4.46), 760 (4.46). 383 sh, 330 (3.53), 395 sh, 410 (3.86). 425 nm sh. - lH NMR 
(9C MHz): 6 - 2.54 (s; 3H. CHI ). 
2H. 6-H. 7-H). 

4.76 (s; ?H, CH,Cl). 7.60 (s; lH, 4-H). 7.73 (m; 
8.74 (mn; 2H. S-H, 8-H). 13.12 (s; 1H. OH). - 

2-Chloromethyl-l-hydroxy-5,8-dlmethoxy-3-methyl-9,l0-anthraqulnone (20). 
n7.c mmol) benzylalcohol 18 were chlorinated with 3 mL of thionyl chT;ride 

2.30 g 

cribed for 19 to afford 7T50 g of ZQ (97 %); mp 228O. - lH NNR (90 MHz): 
as des- 

6 - 2.52 
(s; 3H. CH,f, 3.97 (s; 3H, OCHl), 3;99 (s; 3H. OCHl), 4.76 (s; 2H, CHaCl), 7.32 
(s; 2H. 6-H. 7-H), 7.49 (5; 1H. 4-H), 13.24 (s; lH, OH). - Calcd.for C 
C,62.35 H,4.36; Found: C.62.07 H, 4.34. 

18H1 505c1 : 

Ethyl-~-(9,1O-dihydro-l-hydroxy-3-methy1-9,10-dloxo-2-anthrylmethy1~-3-oxobut~o- 
ate (21). A solution of 5.82 g (20.3 mmoll of benzyl chloride 19 was added under 
firoiin to a solution of sodium ethyl acetoacetate (prepared fF;rn 1.87 g Na and 
13.20 g (0.1 mol) ethyl acetoacetate) in 300 mL of dry ethanol. After Stirring 
0.5 h at ?OO the mixture was poured lnto 1 I. of lcecold 0.2 N HCl and extracted 
three times with each 250 mL of ether. The combined organic phases were washed 
with 20~ mL of water, drlcd over Na2SO4, evaporated to dryness, and crystallized 
from etherlpetroleum ether to afford 7.70 g (96 %) of fl-ketoester 21; mp 191’. - 
IR: 1725, 1711. 1672. 1632 1591 cm-l 
24G (4.48). 263 (4.50). 3?i (3.591, 4&~-n~V~3.86j 

Amax(l C) 
f 

1 306 (4:35), 228 (4.32). 
H NHR (90 MHz): 

(t_, J : ‘I Hz; 3H, CH>CH, ). 7.31 (s; OH. COCHI), 2:s; (s; 
b L 1.22 

3H, CHI ), 
21!, 

3.29 (d,J - 7 Hz; 
Benzyl-H). 4.1’1 CqT 7H. CH,CHI). 4.19 (t; 1H. CHCH,), ‘1.62 (5; 1H. 4-H). 7.80 

(,T; 3H. G-t!, ‘I-H), 8.29 (m; 2A. 5-H. 8-H). 13.14 (ST 1H. OH). - Calcd. for 
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C22H2006: C.69.47 H,5.30; Found: C.69.66 H,5.17. 

Ethyl-2-(9,l0-dihydro-l-hydroxy-3-methy1-9,10-dloxo-2-anthryl-methy1)-3-oxopentan- 
oate (22) 7 20 ‘50 . . mnol) of ethyl-3-oxopentanoate were alkylatcd with 4 20 g 
-7 fiiol) of chydride 19 as described for 21 ; yleld 5.55 g (96 %); mp i38’. - 
IR: 1731, 1712, 1672, 1628, 1590 cm-l. - UV:=? (lg c ) z-207 (4.26). 228 sh. 
245 (4.45). 263 (4.49), 408 nm (3.83). - lH NMRm?$O MHz) : 0 = 1.02 (t,J = 7.5 Hz; 
3H, COCH,CE,), 1.18 (t,J . 7.5 Hz; 3H, OCHzCH,), 2.48 (s; 2H. benzyl -)i)* 252 (q. 
J . 7.5 Hz; 2H, Cm~_rcH,), 3.27 (d,J = 7.5 Hz; 2H. benzyl-H:. 4.13 (9: 2H. CO,-CH? 

CHa 1, 4.19 (t,J c 7.5 Hz; 1t{, CH$H ), 7.56 (s; 1H. 4-H), 7.76 (a; 2H, 6-H, 7-H). 
8.22 (m; 2H, 5-H, 8-H). 13.02 (s: d , OH). - 
Found: C,68.88 H.5.60. 

Calcd. for C23H2206: C.70.04 Hv5.62; 

Ethyl-2-(9,10-dlhydro-l-hydroxy-5,8-dimethoxy-3-methyl-9,lO-dloxo-2-anthryl-methyl)- 
3-oxopentanoate (23). The alkylatlon of ethyl-3-oxopcntanoate (4.30 30 1) 
with 3.37 p (10.7 n&l) ofchlorlde 20 was performed as described for 2!?‘ylel!mi.70g 
(95 %) fl-ketoester 23; mp 167-1691: - IR\ 1738. 1710, 1662. 1624, 1582 cm-l. - 
uv: A max (lg c ) =-2.31 (4.55), 261 (4.35), 280 sh, 450 nm (4.08). - lH NMR (400 
MHz): 6 x 1.05 (t,J = 7.5 Hz; 3H. CH,CH,:. 1.20 (t,J - 7.5 Hz; 3H, CO,CHICH, ), 
2.48 (s; 3H, CH,), 2.55 (m; 2H. CH,), 3,28 (dd, 2H, CH?). 4.02 (s; 3H, OCH,T. 4.05 
(s; 3H, OCH,), 4.13 (q,J = 7.5 Hz; 2H, COICH,), 4.19 (t, 1H, C!,. 7.37 (q; 2H, 6-H, 
7-H). 7.51 (8; lH, 4-H). 13.21 (s; 1H. OH). 

Saponification and decarboxylatlon of the D-ketoesters 21-23. A suspension of lo- 
Ib moles of 21-23 1 ZOO-400 L f ethanol was treated=;&r nitrogen wlth 200- 
400 mL 1 N Nadft zcd ttirred fo: 1: h (TLC-control) . The solution was acidified 
with 250-500 mL of 1 N HCl and extracted three times with each 200 mL of ethyl 
acetate. The combined organic phases were drled over Na2S04, evaporated to dryness, 
and heated for 20 mln at 150“. The residue was dlssolved in CHaClr and fl ltered 
through a short (4 x 10 cm) column of sl:lca gel (CH2C12). The eluate was evaporated 
and the residue crystallized frorr. 20-30 mL of ether. 

droxy-3-methyl-2-(3-oxobutyl)-9,10-anthraqulnone (24). 6.16 g of 21 afforded 
(96 %) f 24 203 o - IR 1705 

g’(4.20). :32=& m:46 (4.;6) 
1668 

, 263 (4.;8) 
16>8,g~590 cm-l. - Uly A max(lg t ) 

2;)O sh 326 (3.52). 391 sh. 410 (3.83), 
432 nm sh. - 1H NMR i90 MHz): 6 I 2.22 (s; ;H, COCH:), 2.46 (s; 3H, CH, ), 258-3.13 
(m; 4H, 2 CH*), 7.65 (s; lH, 4-H). 7.81 (m; 2H. Aromaten-H), 8.30 (m; 2H. Aromaten- 

H), 13.02 (s; 1H. OH). - Calcd.for: ClgH1604: C,74.Ol H.5.23; Found: c,74.09 
H,5.19. 

l-Hydroxy-3-methyl-2-(3-oxopentyl)-9,lO-anthraquinone (22). 5.80 g of 22 afforded 
4 55 (96 %) of ketone 25 
1:07 :t J 

1790 IR dUV 
3H, &C~~) 2.44-(s* z, benit?-$!;) 

- 1H NMR (90 tih): b = 
. 7.5 Hz; 2.45 (q; 2H. CHzCH,). 

2.62_3.;6 (m; 4H, 2 CH,), 7.80 is; 1H. 4iH), 7.76 (a; 2H.‘6-H. 7-H), 8.27-(m; 2H. 
5-H. 8-H), 13.00 (s; lH, OH). - Calcd.for: C20H1804: C,74.52 H,5.63; Found : 
C,74.07 H,5.12. 

l-Hydroxy-5,8-dlmethoxy-3-methy1-2-(3-oxopentyl)-9,10-anthraqulnone (26). 4.70 g 
0 . 3 mmol) of 23 

cm-l:‘- 
afforded 3.80 g (96 #) of ketone 26 ; mp 1g2e fR:-f708. 1668, 

1626, 1580 UV: A max (lg c ) - 210 sh. 231 ra.62). 261’(4.35) 280 sh, 451 
nm (4.08). - 
(q,j . 7.5 

1H NMR (400 MHz): 6 = 1.10 (t; 3H. CH,CH,). ?.45 (s; 3H: CH,). 248 
Hz; 2H, CH,CH,), 2.71 (t,J = 8.1 Hz, 2H, cHz), 3.05 (t,J = 8.1 Hz; 2He 

CH, ). 4.01 (s; 3H, OCH,), 4.06 (s; OH, OCH,). 7.37 (q; 2H, 3-H, 4-H). 7.51 (s; lH. 

4-H). 13.08 (s; lH, OH). - Calcd for: C22H2206: C.69.10 H.5.80; Found: C,68.57 
H 5.71. 

3_~ethyl-1-(2,2-dlmethylproplonyloxy)-2-(3-oxobutyl)-9,lO-~thraqulnone (27). 
&cording to the procedure given for 10b 4 . 80 g phenol 24 using 4.5 g d-(almethyl- 
amino)-pyridine were transformed to St50 g (96 %) plvalzite 27; mP 137-139’. - IR: 
1749, 1710, 1672, 1588 cm-l. - UV: A max (lg C ) = 209 (4.331: 258 (4.68), 275 sh. 
333 nm (3.76). - 1H NHR (90 MHz):b= 1.50 (s; 9H, C(CH,),. 2.16 (s; 3H, COCH, ). 2.49 
(s; 3H, CH,), 2.56-3.22 (m; 4H, 2 CHI). 7.71 (m; 2H. 6-H. 7-H). 8.06 (s; lH, 4-H). 
8.20 (s; 2H, 5-H, 8-H). - Calcd.for: C24H2405: C,73.45 H.6.17; Found: C,73.51 
H,5.98. 

3-Methyl-l-(2,2-dlmethylproplonyloxy)-2-(3-oxopentYl)-9,lO-anthraqulnonc (28). 4.35g 
710 
(us1E04.0t: g=Ef catalyst) 

1) f 25 were transformed according to the procedure glven for iOb:k % of <f 
; mp 152-1540. - IR and IJV see 34. - 1~ NMR t§O’ MHz) : 

I 1.07 (t.J = ‘7.5 Hz; 3H, CH,CH,), 1.49 (9; 9H, C(CH, )iJ, 2.29-3.13 (m; 4H, 
COCt&CH,T, 7.71 (m; 2H. 6-H, 7-H). 8.04 (s; lH, 4-H), 8.20 

. - Calcd. for: C25H2605: C;I3.87 H.6.45; Found: C.74.04 t1.6.34. 

(t; 3H; CH>&,), 1.45 (if 9H, C(CIt, );I. 2.42 (q,J = 7.5 Hz; 2H, CH,CH, ). 2.43 (s; 
3H, CH,). 3.88 and 3.96 (2 5; GM. 2 OCH,!. 7.24 (4; 2H, 6-H, 7-HT. 7.82 (s; 1H. 
4-H). - Calcd. for: C27H3C07: C,G9.51 H.6.48; Found: C,69.55 H,6.44. 



3-Brocamrehyl-l-(2,2-dlmethylpropionyloxyf-2-(3-oxobutyl)-9,l0-anthraqulnone (30). 
A mixture of 5 20 (13 3 1) methylanthraquinone 27 3 07 
bromosuccinlmlde iff 25O'mL?T CC1 

. g (17.3 mmok) Of-R- 
d was lrridlated foF=50 mln at 80° with a 300 watt 

daylight lamp. The solution was cooled to ca. 30'. filtered, and evaporated at re- 
duced pressure. The residue was taken up in CHsClr and purified by column chromato- 
graphy on silica gel ( 4 x 40 cm, CHICIS ). After a forerun of less polar di- and 
trlbromides the fraction of medium polarity was evaporated and crystallized from 
etherlpetrolcum ether to afford 4.26 g (68 %f of bromide 30; mp 147' (decomps.). - 
IR: 1753, 1710, 1671, 1588 cm-I. - UY: A (lg t ) = 213.(4.45), 260 (4.681, 277 
sh, 337 nm (3.80). - 'H WR (90 MHz): b z"F.49 (s; 9H, C(CH,>,), 2.16 is: 3H, 
COCH,), 2.71-3.22 (m; 4H, 2 CHI), 4.64 fs; 2H, CHzBr), 7.73 (m; 2H, 6-H, 7-H). 618 
(m; 2H, 5-H. 8-H). 8.20 (s; IH, 4-H). - Calcdfor: C24H23Br05: 6.61.15 H.4.92; 
Found: C.61.02 ti.4.91. 

3-Bro~Wlyl-l-(2,2-dimethyIpropionyloxy)-2-~3-oxopenty~)-9,IO-snthraqutnonc (31). 
a 90 g :12 1 -1) of 28 brominated wfth 2 79 g (15.7 mmol) of Pi-bromosucclnf;ide 
ai described for 3O';tzldPfng 3.92 g (67 %) 0) 31 ; mp 146-f48*. - IR and UV see 30.- 
1H NMR (90 Wz):bf:O4 (t,J = 7.5 Hz; 311. CHs);1.47 (s; 9H, C(CH,),, 2.27-3.26 ?+i;Wi 
2 CHs), 4.64 (s; 2H. CH,Br), 7.73 (m; 2H, 6-H, 7-H). 8.19 (m; 2H, S-H, 8-H). 8.21 
(5; lH, 4-H). - Calcd for: C25H258r05: C,61.8C H.5.19; Found: C,62.20 H.5.21. 

3-8romcmet.h :-5,8-dimethoxy-l-(2,2-dfmethyiproplonyloxy)-2-~3-oxopentyl)-9,l0-anthra- 
yinone (35 3 90 g of 39 were brominated as described for 30 to yield 3 05 0 
( 7 X)oTbrGiiie 52; mp 146;. - IR: 1753, 1718, 1673. 1590 cm-l. - w: A max fig*r ) 
= 224 {4,54), ,266 (4.53), 332 (3.49), 425 nm (3.81). - IH NMR (400 MHz): 6 = 1.09 
I:: 3H. CHIC+), 1.46 (s; Qft, C(CH,)r), 3.43 (q,J = 7.5 Hz; 2H. CHaCH,>, 2.69-3.1’; 

; 4fi, 2 CHt). 3.90 and 3.97 (2 s; GH, 2 OCHa). 4.62 (9; 2H, CHaBrI. 7.16 (9; 2H, 
6-H. 7-H). 8.01 (9; 1H, 4-H). - CaIcd.Sor C27H2QEr07: C.59.46 H.5.36; Found: 
C,59,38 H.5.41. 

3-~ro~thyl-l-~2,2-dlmethyipropionyloxy)-9,1~-anthraquinone (45). 1.80 g (7.56 
mmol) lob were bromlnated with 1 39 (7 81 0 1 f N-bromosuc;fnimid) as described 
for 3O*f?; afford 1.24 (41 I) of iono:romlde ?? rng 154* 
cm-I:"- UV: 

- IR: 1740, 1677, 1588 
k max (la c ) - 212 (4.42). 256 fa:66). 273'sh, 333 nm (3.77). - 1H 

NM? i;O y7.i: 6 
Hz; 

= 1.50 (s; QH, C(cH,),), 4.53 (9; 2H, CHrBr), 7.38 (d,J2,4 = 2.1 

lH, 4-i). - ’ 
7.73 (m; 2H, 6-H, 7-H), 8.22 (m; 2H, 5-H. B-H), 8.24 (d,J2,4 = 7.1 Hz 

3-Bromomethyl-l-(2 2-dimeth 1 ro Ion lox )-2-(3,3-eth lendiox butylj-9 lo-anthra- 
~~~~ (33). To b solutioi gf 5.87'g bromoketone 30Yln 150 :I. of beniene were added 

eh;ylereglycol, 6 ml. of trimethyiorthoformaE$ 
fonic acid. 

and 40 mg of p-toluene sul- 
The mixture was then heated to 50* and the methyl formate was removed 

under reduced pressure (ca. 50-100 mm Hg). Each h an additional 10 mg of acid was 
added. After 5 h the solution was washed with aqut?ous N~HCOZ, dried over Na2SO4 and 
evaporated at reduced pressure. 
4.02 g (95 %) of acetal 33; 

The residue was crystallized from ether to give 

1750, 1672, 1586 cm-l. -'oV: 
mp 110" (for the general procedure see 23)). - IR: 
). (lg c ) - 213 (4.44) 

336 nm (3.80). - 
260 (4.23). 278 (4.21) 

lH NMR (300 MH:? 6 = 1.39 (s; 3H. CH:), 1.55 (s; 9H, CfCtt,),j, 
1.95 (m; 2H. CHZ 1. ?.72-3.03 (2 dd, J - 12.5 Hz. J = 5.0 Hz; CH>CH?, AE-H), 
4.03 (s; 4H, OCH,CHzOf, 4.63 (q; 2H. C&b, 7.75 (m; 2H, 5-H. 8-Hr, 8.23 fm; 2H. 
6-H. 7-H). 8.26 (s; 1H. 4-H). - Calcd.for: 626H27BM6: 
C,60.55 H,5.28. 

C,60.59 H,5.28; Found: 

3-8romomethyl-5,8-dlnethoxy-l-~2,2-dimethylpropionyloxy)-2-~3,3-ethylendioxypen- 
tyl)-Q,IO-anthraquinone (34). 1.10 g (30 mmol) bromokctont 32 " were transformed to 
the acetal according to tf?; procedure given for 33; yield I?fl g (93 %), mp l27- 
1290. - IR: 1753, 1674, 1596, 1587, 1558 cm-l. -== 1H (90 NMR Mffz): 5 = 0.92 
3H, CH, 1, 1.50 (s; 

(t; 
9H. C(CH, fs), 1.60-2.02 (ICI; ?H, C&L), 3.92 is; 3H, OCHs 1. 3.97 

fs; 3H, OCH,), 4.02 (s; 4H. OCHICH,O), 4.60 (9; 2H, 6-. 7-H). 8.01 (9; lH, 4-H). 

I-~ethoxy-3-methyl-Q,l~-~thraqulnone (35). A solution of 2.?5 g (9.4 mmol)of phenol 
0 i 50 f d THF 
gg&dnl.25mk (;9.9?unol) of dimethylsulfate. 

was treated wi&*13.8 gc3.1 ~~03:) ofKtCO*, 150 mg of 18-crom- 
After stlrrlng for 17 h at 20” 150 mt 

of CIi~Cl~ were added and the suspension filtered. The solution was washed with 
water, dried over Na2S04. and evaporated at reduced pressure. The residue crystal- 
iized from petroleum ether: 2.32 R (98 I); mp 188-189.. 
1588, 1460, 1450, 710 cm-l. - 1H NMR (90 MHz): b 

- YR: 1670, 1660, 1600, 

3H, OCHI ). 7.10 (s; 1H. 2-H), 
= 2.47 (s; 3X, Ctit 1, 4.OC (s; 

7.71 (m; 3H, 4,6-,7-H), 9.19 (m; 2H, 5-, 8-H). 

3,3LEthylcnbls(l-methoxy-Q,IO-anthraqulnone) (22). A solution of 52 mg (0.7 mmol)of 
35 in dry ‘WF was treated at 20" under nitrogen with 53 mg (0.4 mmol) of ootassium 
fert-butoxide. The solution turned dark red immediately &d was poured on'cold 1N 
HC1 after 5 min. The precipitate was filtered off and recrystallized from CHtClt 
to afford 51 mg (98 %f of the dtmer W; mp 253.. - IR: 
1460, 1450, 1330, 1270, 705 cm-l. - 

1670, 1660, 1600, 1590, 
IH NMR (400 MHz): b = 3.16 (s; OH. CHI ), 

4.02 (s; 3H. OCHI), %lU, (s; lH, 2-H). 7.83 (m; 3H, 4-, 6-, 7-11). 8.24 (m; 2H. 5-, 
8-H). - MS (280 "C): m/e = 502 fH+, 100 %), 487 (53). 251 (34). 180 (32). 163 (50). 
149 (47). 121 (341, 105 155). 91 f53). 
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~ethy~-lO-(g,lO-dihydro-l-methoxy-l0-methoxycarbonyl-3-methy~-9-oxo-~th~~)-car- 
bonate(39) To a solution of 49 mg (0.2 rmnol) of 35 in 5 mL of dry THF was added 
mu:&; N, 1 mL of a 0.2 N solution of LDA ln=THF. The red mixture was stirred 
for 15 min and then quenched by addltlon to 0.5 mL of methyl chloroformate. The 
solvent was distilled off at reduced pressure, the residue taken up In 10 mL of 
CH>Cl, , washed with water, dried over NarSO4. and filtered through a short column 
of slllca gel (CHaCl, ). The eluate was evaporated to dryness and the residue 
crystallized from petroleum ether to afford 35 mg (48 %) of ester 22; mP 177-178'. 
A similar treatment of 35 (48 mg) with sodium naphthalenide gave 32 mg (44 %) of 39.- 
IR: 1772, 1758, 1635, 1140, 1265, 1230 cm-l. - 1H NMR: b = 2.49 (s; 3H, CH, ), 3:96 
(s; 3H. OCH,), 3.97 (s; 3H. OCH,), 3.98 (s; 3H, OCH,). 6.61 (9; lH, 2-H). 7.44 (m; 
3H, 4-, 6-, 7-H). 7.94 (m; 1H. S-H), 8.14 (m; lH, 8-H). - MS (110 'C): mle - 370 

326 (4) 311 (37). 
:t;j “% (35) 267 (35) 

295 (14), 279 (5). 267 (loo), 252 (42). 236 (54). 223 

(7).'115 (14),' 
193 (29). 178 (34), 165 (SS), 152 (35). 139 (13), 127 

lo5 (13);91 (16). 84 (37). 76 (la), 59 (34). 45 (44). 

~thyl_lO_(g,lO-d~hydro-l-methoxy-lO-ethoxycarbonyl-3-methyl-9-oxo-anthryl)-CarbO- 
nate(41) A solution of 53 (0 2 mmol) of 35 in 5 mL of dry THF 
tDAaz7d;scrlbed above (seemt9) ' 

was treated wfth 
and quenches-with dlethyl carbonate. Workup as 

usual afforded 42 mg (53 %) G? il; 
1360 cm-l. - 1~ NMR: b I 1.42 tf,J 

mp 163-165O. - IR: 1769. 1749. 1630. 1560. 1531, 
I 6.5 Hz; 6H, CH,CHs ), 2.49 (s: 3H. CH, ). 4.38 

(q,J = 6.5 Hz; ?H. C+CH,), 4.39 (q,J - 6.5 Hz; 2H, CHICHa), 6.61 (s; 1H. 2-H). 
7.44 (m; 3H, 4-, 6-, 7-H). 7.94 (m; lH, 5-H), 8.14 (mT lH, 8-H). - MS (150 'C): 
m/e = 398 (M*, 19), 281 (lo). 253 (100). 238 (20). 223 (14). 181 (7). 165 (12). 
152 (8); - Calcd.for: C22H22C7: C,66.29 H,5.58; Found: C,65.97 H.5.49. 

3,3'-Ethylenbls(1-methoxy-2-carboxymethy~-9,l0-anthraqulnone (38). A solution Of 

buttElde*as 49 (0 16 ~~criboede~~~r3~: 1) f 36 zul Yieldnof 1 5 z8 L THF 14.7 was mg treated (31 96) ; wfth=~otasslum mp 241-243O. - tert- IR: 1733. 
1675. 1587. 1450. 710 cm-l:'- 1~ NMR: 8="= 
OCHl ; 

3.06 (s: 4H. ArCHzCHtAr). 4.00 (s; 12H. 
CO,CH,), 7178 (m; 4H, 6_, 7-H). 7.97 (3; xi. 4-Hj, 8.T4 Tm; 4H. 5-* 8-H). - 

MS (215 OC): m/e618(n*, 1oO %), 586 (69), 573 (29). 554 (93). 539 (88). 526 (73)* 
511 (38). 4gtj (23), 463 (20), 467 (20). 459 (14). 309 (57)~ 2g3 (34)* 277 (45)* 
264 (47). 250 (42), 235 (29). 221 (31). 208 (28). 193 (39)* 180 (29)* 165 (41)* 
151 (33). 105 (20). 

~ethy~-1O-(9,l0-dlhydro-l-methoxy-2,~O-bis-methoxycarbonyl-3-methyl-9-oxo-anth~l)- 
carbonate (40) 42 

i54 %?o: 
f 4:?:: 36 J*I were treated with LDA as described for 39. 

Yield 32.4 r;l: 153-154' . - IR: 1770. 1763. 1740. 1628. 1435 &--1. - 
259 (5.01), 336 (3.49), 359 (3.77). 377 (3.86). 

b ,z 2.46 (s; 3H. CHa ). 3.92 (s; 3H, OCHI ), 3.96 (s; 3H. 
(s; 3H, OCH,), 7.56 (m; 3H. 4-v 6-v 7-H), 8.00 (m; 

lH.5H), 8.20 (m; 1H. 8-H). 

Ethyl-10-(9,10-dlhydro-l-methoxy-2-methoxycarbonyl-lO-ethoxycarbonyl-3-methyl-9- 
oxo-anthryl)-carbonate (42) 54 . 
Tar 39 and auenched with=alethvl 

mg of ester 36 were treated with LDA as described 
carbonate tc=vleld 45 mn (58 %) of anthrone 42; 

lf.42 . 
i.33 

mp llgO. _ IR and Hv see 40. --lo NMR: 6 = 1.33 (t.J = 6.50 HZ; 3H. CHICH~ ) 
(t,J = 6.50 Ha; 3H, CH,CH;J, 2.43 (s; 3H, CHI ). 3.94 (s; 6H. COaCHa. OCH,T, 

(q.J = 6.50 Hz; 2H. CH,C&), 4.41 (q,J = 6.50 Hz; 2H, CH?CHl). 7.52 (m; 3H. 
7-H). 7.97 (m; lH, 5-A), 8.18 (m; lH, 8-H). - MS (150 OF): m/e = 456 (M', 1 7 
425 (3), 417 (2), 384 (7). 339 (8). 311 (48), 279 (100). 265 (99). 222 (26) * 
(8). 194 (17). 181 (13), 165 (34), 152 (28). 
5.30; Found: C.63.34 H,5.28. 

- Calcd.for: C24H250g: Ce63.14 

4-. 6-. 
96j. 
207 
H. 

Grlgnardatlon and carboxylatlon of 34. 3-(3.3-Ethylendloxypentyl)-5,8-dlmethoxy- 
a-(2,2-dlmethylpropionyloxy)-9,10-dthraqulnone acetic acid (43) A . suspension of 
1 mnol of magnesium in 5 mL of THF was DreDared under an atmog;here of argon as 
described in-the lit. 37) and a solution of 294 mg benzyl bromide 34 ln 5-mL of 
THF was added dropwise at -78* within 5 min. A stream of dry CO, vii then bubbled 
through the suspension at -78* for 10min. The cooling bath was removed and the mlx- 
ture was hydrolyzed at O0 wlth 10 mL of saturated aqueous NH4Cl. The mixture was 
extracted with CH,Clr and the organic phase was extracted twice wlth 5 mL of 
NaHCOa solution. The aqueous phase was acidified with dlluted HCl and again ex- 
tracted with CH,Cl, to afford after removal of the solvent 69 mg (25 %) of the 
acid 43. 

Methyl [5 8-dlmethox -4-(2 2-dlmethoxy ro ion lox )-3-(3-0x0 entyl)-9 lo-anthra- 
~;;;o;:~:';;] acetat: (44): The acid 4: wts d:sso:ved in 2 m!. of CH Oi and treated 

of HC~ to cleave tt?; acetal. After 2 h at 20° th: solvent was 
evaporated at reduced Pressure, the residue dlssolved in 2 mL of CHzCla and treated 
with 1 mL of etheral dlazomethane. Removal of the solvent and c!'ystalliZation from 
ether/petroleum ether afforded 63 mg (92 %) Of ester 44; mP 97-100'. - 'H NMR (300 
MHz): b = 1 .06 (t; 3H, CH, ), 1.45 (9; 9H, C(CHI ), ). 2:4l (q.J = 7.5 HZ 2HV CH? ), 
2.54-3.08 (m; 4H. 2 CHI), 3.71 (d; 3H. COzCHa). 3.84 (s; 2H. CH, ). 3.90. 3.97 (2 S; 
2 x 3H. 2 OCH,), 7.26 (q; 2H, 6-, 7-H). 7.89 (s; 1H. 1-H). 

Acetolysis of the benzyl bromides 30. 
A solution of 2 1 f h bromld2; 

31. and 31 to the acetates 54, 63, and 65. 

in 100 mL of ace?: azidtGre stirred 
30. 
?a; 

31 or-32 and 3 
3'; atmfOOO. 

. 00 g of dF sgaiurn acg?ate 
The cold solution was poured 
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into 500 mL of ice water and extracted twice with each 200 mL of CHzClr. 
The combined organic phases were washed three tlmes with water and once with aqueous 
N~HCO, solution. The solution was drled over NarSOq, evaporated to dryness, and the 
residue crystallized from ether. 

j_(AcetoxYmethy1)-1-(2,2-dlmethylproplonyloxy)-2-(3-oxobutyl)-9,lO-anthraqu~none 
754) 4 00 (8 48 
1715: 17io. ?672: 

1) 30 were transformed to 3 67 
15E"cm-f'i - UV: x max (lg c ) = 

(96 %) 54 1120 - It\ 
;09 T4.39). 2!?? ?:.68);274 sh 

33'2 nm (3.79). - 1H NMR (400 MHz): 6 = 1.51 (9; 9H. C(CH,),). 2.17 (9; 3H,COCHai, 
2.18 (9; 3H. acetate), 2.61-3.09 (m; 4H. 2 CHZ). 5.29 (9; 2H. CHzO). 7.77 (m; 6-H, 
7-H). 8.24 (m; 2H. 5-H. 8-H). 8.28 (s; lH, 4-H). - Calcd.for C26H2607: C.69.32 
H.5.82; Found: C,69.26 H.5.43. 

. . 50 R (5 * 2 1) 31 were transformed to 2 30 8 (96 ‘K) f 63 1300 - IR 
aiia uv see 54. - 1yktR taO0 MHZ): I - 1.09 ct.; - 7.5 Hz; 3: &:P1.49 is; 9H, 
C(CHa )a 1. 2:f7 (s; 3H. acetate), 2.42 (q; 2H, CHICHI). 2.58-3.il (m; 4H, 2 CHz), 
5.29 (9; 2H, CH,O), 7.77 (m; 2H, 6-H. 7-H). 8.2a (m; 2H, 5-H. 8-H). 8.27 (9; lH, 
4-H). - Calcd. for: C27H2807: C.69.81 H.6.08; Found: C,69.48 H.5.86. 

3-(Acetoxymethyl)-5,8-dlmethoxy-l-(2,2-dlmethylproplonyloxy)-2-(oxopentyl)-9,lO- 
anthraqulnone (65) 2 90 (5 3 

fA:'1760. ?732: 
1) 32 were transformed to 

Pi: mo 193' . - l?:. 1672. 1598 cm-l. - UV: 
3H CHI CHa ) , 

.5” H:;‘;i’T &H, j, 3.8g 

255 (4.47), 325 (3.45),'420 nm (3.79). - lH HnR (300 ma): 
1.45 (9; 9H. C(CHS )I ), 2.14 (8; 3H. COCH,). 2.41 (9; J - 7 
and 3.97 (2 s; 6~. 2 OCH,). 5.22 (d; 2H, CHaOAc), 7.25 (d; 

1H. 4-H). - Calcd.for c2g~320g: c.66.40 A.6.15; Found: C 

g,lO_~~hydro-4-hydroxy-9,l0-dloxo-2-Mthrs~~ecarbaldchydehYde 
. 44 mmol) of acetate 46 in 30 mL of THF was treated wifh II _ 

2H. 6-H, 7-H). 8.11 (a; 
66.12 H.6.19. . 

(48). A solution of 615 g 
1 66 mL of 3 N NaOH and 

stirred for 3 h under Nt. The mixture was poured lnto cold HCl and extracted twice 
with each 200 mL of CHaCl, ). The solvent was removed at reduced pressure and the re- 
sldue suspended in 100 mL of dry CH,Cl, and treated portionwise with 1.10 g of PCC. 
After stirring 3 h at 20° the solution was filtered through a short (3 x 15 cm) 
column of silica gel (CH~clr ). The unpolar fraction was evaporated to dryness and 
;67;talllzed from ether to afford 394 mg (64 %) of 48; mp 214-216'. - IR: 1708. 

1638, 1586 cm-l 
276 Ah. 325 (3.51). 

(1 e) 206 (4 32), 219 (4.32), 252 (4.47), 
4~1_nk?~3!8!~x - PH NM;( (90 &): 6 = 7.81 (d,J = 2.1 Hz; lH), 

7.89 (m; 2H), 8.36 (m; 3H), 10.13 (s; lH, ArCHO), 12.61 (8; 1H. l-OH). - Calcd.for 
C15H804: C.71.43 H,3.20; Found: C.71.36 H.3.03. 

MethylI4-hydroxy-9,lO-anthraqulnone-2-yl]acetat.e 53 via the sulfoxldes 49a/49b. A 
mixture of 50 mg aldehyde 40 30 mg methyl-methylthiomethyl sulfoxidt.a~d=~~l mL 
of trlton B (40 % in CH,OHJ-Las refluxed under NI in 20 mL of THF for 4 h. The sol- 
vent was removed at reduced pressure to give the mixture 49a/49b of crude sulfoxldes. 
The residue was dissolved ln 20 mL of dry CHaOH and a str:E z?’ HCl was bubbled 
through the solution for 20 min. The mlxture was poured into ice water and extracted 
with 50 mt of CH,Cla. The organic phase was washed with water, dried (NaaSOq), and 
evaporated. The residue was purlfled by column chromatography on silica gel (2 x 5 cm) 
to afford 13 mg (22 %) of ester 53; mp 147'. - IR: 1730, 1668. 1638. 1590 cm-l. - 
uv: imax (lgc) = 206 (4.23). -223 (4.23). 253 (4.38). 277 sh. 328 (3.47). 403 nm 
(3.73). - 1H NMR (90 MHz): b = 3.67 (s; 2H. CH>). 3.76 (s; 3H. CHI), 7.20 (d,J l 

2 Hz; IH. 2-H). 7.67 (d,J = 2 Hz; lH, 4-N). 7.76 (m; 2H, 6-. 7-H). 8.22 (m; 2H. 5-, 

R-H), 12.47 (s; 1H. OH). - Calcd.for C17H1205: C.68.29 H,4.08; Found: C.68.76 
H,3.85. 

Ester 53 via the Wlttlg reaction (50/51 -52-53). 
vinyl ither 50/51 

A solution of 200 mg of E/Z- 
1 n 25 mL acetone';ag=treafgd wlfh 1 mL of 30 % HaSO4 and refluxed 

for 3 h. The=gofitlon was diluted with 100 mL of HsO and extracted wlth 200 mL of 
CHaClr . The solvent was removed at reduced pressure, the residue dlssolved in 25 mL 
of acetone, and 300 mg of Cr0)1 and 1 drop of conz. HaSO4 were added. After 3 h 
stlrrlng at 20° 100 mL of water were added and the solution extracted with 150 mL of 
CHaCl, . The organic phase was washed with water, drled over NaaS.04. treated with 
5 ml. of etheral diazomethane, and evaporated. The residue was separated by TLC to 
afford 93 mg (44 X) of ester 22 from the polar fraction. 

E- and Z-l-Hydroxy-3-(2-methoxyetheny1)-9,lO-anthraquinone (50/51). A mixture of 
340 mu (1 35 1) of aldehyde 48 900 mg (2.63 mmol) of mett?~x$~ethylphosphonium 
chloride, *1.2ao, K,CO ,, and 20 Gi'lB-crown-6 in 50 mL of dry THF was refluxed for 
2 h. The mixture was acldifled with cold IiCl, extracted twice with 200 mL of CHaClr 
and washed with 200 mL of HaO. The dried (N4S.04) solution was evaporated to dryness 
to give 268 mg (71 X) of the mixture of E and 2 oleflns 22 and 2: which were sepa- 
rated by preparatlve TLC (slllca gel, CHaClr ). 

K-Isomer 50: Polar zone, 136 mg; mp 198O. - IR: 1675, 1630. 1590 cm-l. - UV: Am x 
‘(ig c ) =‘?09 (4.43). 250 (4.45), 297 (4.43), 429 nm (3.98). - 1H NHR (90 MHz): % - 
3.78 (s; 311. OCH,), 5.83 (d.J - 12 iiz; 1H. olefin-H), 7.03 (d.J = 2 Hz; lH, 2-H), 
7.36 (d,J I 13 Hz; lH), 7.69 (d,J = 3 Hz; 1H. 4-H). 7.77 (m; 2H). 8.28 (m; 2H). 
12.63 (s; It!. OH). - Calcd.for C17H1204: C.77.85 H,4.32; Found: C,73.84 H.4.33. 
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Z-Isomer 51: Less polar zone, 124 mg; mp 195O. - IR: 1670, 
uv -fig c ) 
(9; kiif!?: b 

. 211 (4.44), 252 (4.46). 296 (4.28), 424 
x 3.89 (s; 3ti, OCH,), 5.31 and 6.38 (2 d,J = 6 

7.57 (d,J = 2 HZ; lH, 2-H), 7.76 (m; 2H, Aromaten-!{). 7.89 
8.28 (m; 2H, Aromaten-H), 12.60 (8; lH, Ott). 

1645, 1625-. 1588 cm-l. 
nm (3.87!. - lH NMR 

.5 Hz; 2H. CH=CHOCH, ). 
(d,J I ? Hz;-1H: 4-H), 

3-(Acetoxymethy1)-1-(2,2-dlmethylpropionyloxy)-2-(3,3-et~y:e~dloxybuty1)-9,10- 
anthraqulnone (55) 3 57 (7 92 1) fk 54 were 

the a&?tal ;S af descrizz fo: 33et~~el~~o 
transformed to 3 72 

TPSW) f 
1588 cm:l 

- 
ma:=(lR (4.467: (4.69). 

IR: 1745, 1730. ;673g 
. - uv: A C ) = 210 257 277 (4.17). 333 nm (3.79). 

1H NMR (90 MHz): b“.r1.33 (s; 3H, CH,C), 1.53 (s; 9H. C(cH, )a ), 1.71-2.04 (m; 2H, 
CH,C), 2.18 (s; 3H, COCH,), 2.60-2.93 (m; 2H). 3.98 (s; 4H), 5.27 !s; 2H, CHIO), 
7.73 (m; 2H, 6-H, 7-H). 8.20 (m; ?H, 5-H, 8-H). 

2-(3,3-Ethyler.edloxybutyl)-l-hydroxy-3-hydroxymethy1-9,l0-anthrachlnone (56). Sapo- 
nification of 3.56 (7.12 mmol) bcnzvl acetate 55 was effected as descrlbiia for 47 
to yield 2.49 (95 %) == g 
1592 cm-1 

of benzyl alcohol 56; mia1530. - IR: 3450. 1665. 1633, 

1.42 (4 47) (i; 2;8- 3H,‘Ci, r:3;8mag ) 1.9; 
(4.28:. 230 sh. 246 (4.48). 257 (4.47), 262 

OCHICH,O). 4.84 (i: 2H. 

;A: (rni c~;~G;O~ 2H, ArtHa 413 CHI C) (3.85). 2.86 437 (m; nm 2H. sh. ArCH,CH, 1H NMR 4.07 (90 MHz): (s; b - 
1. 

CtizOH). 7.79 (ii: 21;. 6-H. 7-H). 7.88-(9: 1H. 4-H). 8.28 
(m; 2H, 5iH, E-H), 12.43 Ts; li, l-OH). - Cclcd ior C2i1!2006: Ci68.47 H,5.47; 
Found: C,68.51 H,5.34. 

. x 0 ldatlon of 2.39 g (6.49 mmol) of alcohol 56 was effected as d escrlbed for 
48=(3 g PCC) to afford 1.69 g (71 %) of the aldch;ae 57; mp 163O. - IR: 1692, 1670. 
fB34, 1590 cm-l. - UV: A max (lg C) = 203 (4.38), 229=ih, 245 (4.54). 262 (4.57). 
280 sh, 327 (3.61), 390 sh, 410 (3.92), 425 nm sh. - lH NMR (90 l4Hz): b = 1.44 
(s; 3H, CHa ), 1.87-2.11 (m; 2H. CHZC), 3.20-3.42 (m; 2H. ArCHa ), 4.00 (s; 4H, 
OCHI CH, 0). 7.76-7.93 (m; 2H, 6-, 7-H), 8.20 (s; lH, 1-H). 8.21-8.42 (m; 2H, S-H, 
8-H), 10.41 (s; lH, CHO), 13.08 (s; lH, OH). - Calcd.for C21H1806: C.68.84 H,4.95; 
Found: C,68.40 H.4.74. 

E/Z-2-(3,3-Ethyler.edloxybutyl)-l-hydroxy-3-(2-methoxyethenyl)-9,10-anthraqulnone 
. . 35 of 

E’rlb;d for 50/51 g 
the 57 

to afford aldehyde l.O2=i 
were transformed to the olefins 58159 d - 
(70 %) of a 1 : 1 E/Z mixture. -“lii’~~~ (t: Hliz): 

b - 1.42 (gf 6fl. 2 CH,), 1.87 and 2.91 (2 m; 8H. 4 CHI ). 3.79 and 3.88 (2s; 6H. 
2 OCH, ), 4.02 (s; 8H, 2 OCH,CHIO). 5.48 (d,J = 7.6 Hz; 1H, Olefln-H). 6.11 (d.J - 
13 Hz; iH), 6.41 (d,J = 7.6 Hz; 1 H, Orefin-H), 7.29 (d.J = 13 Hz; 1H, Olefin-H), 
7.76 (m; 4H), 7.80 (s; 1H. 4-H), 8.27 (m; 4H), 8.44 (s; lH, 4-H), 13.24 and 13.26 

(2s; 2H. 2 OH). 

9-Acetyl-11-hydroxy-5,12-naphthacencdlone (61). 
i&s04 in acetone as described for 52153 

50 mg of 58159 were treated with 
. Tt!; resulting rn?;t;Fe was separated by 

TLC. From the less polar zone 3 mg’r7:5 %) of 61 were isolated; mp 215’. - IR: 
1685, 1670, 1622, 1589 cm-l. - UV: A max (1gC. 7’~ 
305 (4.19), 438 nm (3.98). - IH NMR (250 MHz): b 

206 (4.25), 155 (4.6S), 285 sh. 

(d,J = 8.6 Hz; lH, 7-H). 
= 2.85 (s; 3H, ArCOCH, ). 7.57 

7.84 (dd; 2H, Aromaten-H), 8.38 (dd; 2H. Aromaten-H), 8.64 
(d,J = 8.6 Hz; lH, 8-H). 9.20 and 11.05 (2s; 2H, Aromaten-H), 14.39 (9; 1H. OH). - 
MS (170 OC): m/e = 317 (22 %, M+ l 1), 316 (100, M+), 301 (93. M+ - CH, ). 288 (86. 
n+ - CO), 273 (32, W+ - COCH,), 259 (18). - High resolution mass spectrum: Calcd. 
for C20H1204: 316.0735; Found: 316.0735. 

3,4,6,11-Tetrahydro-5-hydroxy-2-methy1-6,11-dioxonapht~cene-carbaldehyde (60). 
From the oolar zone of the TLC seoaratlon (see 61) were obtained 23 ma fSR=~)of 
the aldehide 60; mp 
210 (4.38). 258 sh. 

1950. - IR: l&82. 1673; 16363.1591 cm-l. - UV: A -a; (1g.c ) = 
260 (4.47), 275 sh. 325 (3.61). 395 sh, 417 (3.9311. 437 nm sh.- 

1H NMR (400 MHz): b = 2.48 (9; 3H. CH, ), 2.57 and 294 (2 t.J - 7.9 Hz; 2 CHz 4H, ), 
7.84 and 8.24 (2 m; 4H), 8.38 (s; lH, 12-H). 10.41 (9; 1H, CHO). 12.94 (si 1H. OH).- 
MS (160 ‘C): m/e = 319 (57 X, M+ + 1). 318 (96, H’), 290 (100, M* - CO). 289 (95. 
M+ - CHO), 275 (99, M+ - CO -CHI ). 261 (41). - tilgh resolution mass spectrum: 
Calcd.for C20H1404: 318.0892; Found: 318.0892. 

= 206 (4.22). 
I 1.06 (t.J - 7.4 Hz; 3H. CH,CH,), 2.45 Cqi 2H. CH?CH,). 2.95 (t.J L 7.2 

Hz; 2H, CHI), 2.98 (t.J - 5.8-Hz; lH, OH), 3.08 Tt.J - 7.2 Hz; 211. CH,). 
4.85 (d,J - 5.8 Hz; ZIi, CH,OH), 7.83 (a; 2H, G-H, 7-H), 7.92 (s; 1H. 4-H). 8.29 
(m; 2H, S-H, 8-H). 13.06 Ts; 1H. l-OH). - Calcd. ior C20H180,: C.70.99 H.5.36; 
Found : C,70.66 H,5.33. 

> 

l-Hydroxy-3-hydroxymethyl-5,8-dlmethoxy-2-(3-oxopentyl)-9,lO-anthraqulnone (66). 
150 (46 .g. mmol) of acetate 55 were treated wlth 1N NaOH (see 40) to afford ffR6 1 
(96 96) of t$; mp 152-154O. --fR: 3490. 1660, 1623 cm-l.- UV: 
230 (4.57). 258 (4.30), 265 sh. 450 nm (3.99). - lH NMR (400 

A=; (1g c 
MHz?! b = 

) = 210 SC\ 
1.04 (t;3H: 

CH, ), 2.43 (q,J = 7.5 Hz; 2H, C+CH> ). 3.89 and 4.05 (2t,J = 7.0 Hz; 4H. 2 ),737 cha 
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(q; 2X. 6-H. 7-H). 7.77 (s; lH, 4-H). 13.10 (s; 1H, l-OH). - Calcd.for C22H2207: 
C.6632 H.5.57; Found: C.66.17 H.5.59. 

in 5 mL of HtO. After 4 h 200 mL of Ha0 were added and the precipitate was co?lecttd 
on a BUchner funnel (0.99 g). An additional amount of 0,49 g of acid 67 was obtrdmi 
by extraction of the mother llquor with CHaClr; total ylcld 84 96; mp 2b7-20g0. 20~ 
of the acid 67 was treated with 3 mL of diazomethane in ether. The solution was 
evaporated a?fer 5 min to afford the ester 68 quantltatlvely; mp 171'. - IR: 1722, 
1705, 1673, 1633, 1588 cm-l. - UV: k max (1;'~ 1 = 211 (4.35). 229 (4.341, 249 (4431 
256 (4.501, 329 (3.52). 408 nm (3.87). - 1H NMR (90 MHz): 6 = 2.20 (s; 3tl,COCH~), 
2.71-3.3'7 (m; 4H, 2 CHZ). 3.97 (s; 3H. CO~CHJ). 7.82 (m; 2H, 6-H. 7-H). 8.09 (s:lH, 
4-H). 8.27 (m; 2H, 5-H. 8-H). 13.01 (s; 1H. OH>. - Calcd.for CZOH1606: C.68l8 H, 
4.58; Found: C.67.50 H.4.03. 

Meth 1 j4-hydroxy-3-(3-oxopentylf-anthraqulnone-2- ljcarbox late (70) 
b*f bentyl alcohol 64 were oxidized with 0 80yg ~afr~r~ :*gz i &: 
of acid $5; mp 211-213*, '20 mg of the acid 69 were converted to the methyl ester 7($ 
mp 171*. - IR and UV see 68. - lH NMR (90 I&k): b = 1.07 (t,J = 7.5 Hz; 3H,M1&f, 
2.47 fq; 2H. CHaCHtf, 2.6413.38 (m; 4H, 2 CHP) 
6-H. 7-H), 6.15 (s; lH, 4-H), 

(I 3.98 (s; 3H. CO,CH, 1, 7.80 (m; 2R, 
8.31 (m; 2H, 5-H, 8-H). 13.06 fs: 1H. OH). - Calcd.for 

'21H18'6: 
C.68.84 H,4.95; Found: C.68.17 H.5.04. 

M:y; ~4~;?y~~xy-5,8-dfmethoxy-3-(3-oxopentyl)-anthraquinone-2-yllcarbox late (72). 
66 were oxidizedwith 0.75 g of &crl&! 

for 67 to afford O(179 ;"f:l &'zf"acra 71; 
tran;?ormed with CHZNI 

mp 210-213O. 50 mg of the acid 71 were 

1620 cm-l. - WV: A 
to the methyl esf;r 7'2; mp 171-173O. - IR: 1723, 1712, 1669, 
(1gr ) - 233 (4.47) :=253 f4.30), 440 nm (3.81. - lH NMR 

(300 MHz): b = l.Oba?t; 3H, CR, 1, 2.45 (q.J = 7.5 Hz; 2H. Cii,CH, ). 2.81 and 3.24 
(2 t; 4H, 2 CHt), 3.89, 3.92 and 3.98 (3 s; 9H, 3 OCH,), 7.38 (q; 2H, 6-, 7-H:. 
8.49 fs; 1H. 4-H). 13.11 fs; 1H. OH). 

Methyl [4-hydroxy-3-(3-oxobutyl)-anthraqutnone-2-ylfacetat 
homologization was performed as described in the fi& ~~~~~~~~f~~~d~~~~~* 
(1.27 mmol) of acid 67 to afford 163 mg (35 %) of the ester 73; mp 180°. - XR: 1723, 
1703, 1672. 1628, 1595 cm-l. - UV: A max fig c ) = 207 (4.2773 227 (4.30). 237 sh. 
246 (4.46). 257 (4.481, 280 sh, 329 (3.53). 390 sh, 409 (3.831, 430 nm (3.72). - 
lH NMR (400 KHz):6 * 2.17 (9: 3H. COCH, ), 2.85 and 3.03 (2 t,J = 7.5 Hz; 4H, 2 CW,), 
3.73 (s; 3H. COrCH,), 
4H1, 

3.89 (s; 2H. ql_rCOzCH,), 7.71 (s; lH, 4-H), 7.82 and 8.32 fm; 
13.08 (s; lH, OH). 

366.1103; Found: 
- Hlgh-resolution mass spectrum: Calcd.for C21H1806: 

366.1103. 

Meth 1[4-hydroxy-3-(3-oxopentyl)-anthraqulnone-2-yl~acetate (74). 3.90 m 
&d 69 were transformed to the ester 74 f 

(l.llllnol) 
descrm tl?i llt.9.11 

165 mg (59 %) of 74; mp 170-172*. - IR ana$see 74. - 
to afford 

lH NMR (400 MHz): b = 1.08 
(t,J = 7.4 Hz; 
(t,J = 7.5 Hz; 

3H:=CH1CE,). 2.45 (q; 2H, CH,CHI 1, 2:Sl (t,J = 7.5 HZ; 2H. CHI 1, 3.04 
2H, CH,). 3.73 (s; 3H, CO*CiT,), 3.92 (s; 2H, CH,CO*CHI). 7.71 (s;lH, 

4-H). 7.82 (m; 2H, 6-H. 7-H). 8.31 (m; 2H, 5-H, 8-H). 13.08 (3; IH, OH).- Calcd.for 

C22H2006: 
C,69.46 H.5.30; Found: C.69.14 H.5.26. 

-3-(3-oxopentyll-anthraquinone-2-yljacetate (75). 
~~~-~~drox:;'~",-",r;~':~x~ere transformed to 43 mg (I1 #f of ester ag=des- 
crlbed ln'them(;)?t.9:1l ; mp?O?' flit.121 213*), 

XL 

4,7-Dideoxyauramycinone (76). A solutlon of 150 mg (0.41 mmolf of keto ester 73 in 
10 mL of pyrldine and 60 mf of CHlOH was treated at -lS* under N, with 2 mL of"tri- 
ton B (40-y ln CHsOH). After 3 h the solution was acidified with-HC1 and extracted 
with 150 mL of C?i>Cl,. The organic phase was washed with water, dried over NatS04, 
and evaporated. The resldue was crystallized twice from CHCllIEtaO to afford 48 mg 
of 76. TLC separatlon (1 mm silica gel. CH,Cl* /2 % CH,OH) of the mother 1 lquor 
::igaE; yother 41 mg of 26 (total yield 59 %I; mp 165O. 

- tJV: h (la-c ) = 208 (4,161, 
- IR: 3545. 1730, 1669, 

230 sh, 245 (4.44). 257 sh. 263 (4.491, 
280 sh,-3126 f3.46)Ta290 sh, 408 nm (3.82). - 1H NWR (400 MHz): b : 1.45 (s; 3H, 
:!a;; 1.95 (dddd,Jgem m 14.0, J~~,4a = 6.9 Hz. J3e,4e m 3.0. Jle 3 

2.35 (ddd.Jgem = 14.0, J3a,4a = 10.2, J = 6.9 fiz; 
laa'$li-H) 

1H' $arHi*"2"$ i&, 
J3a,4a = 10.2, J3e 4a = 6.9 Hz: 

= 3.1 Hz; iit, 4e-Hf 
3.09 fddd J : 19 1 

3.78 is. 3H 'CO,CH,) 3'9geTs; 1H' i-H) 
1~. 12zgj4e7.83 (m* ?H 6-H 9-i). 8.34 im; ;H, 7-H. i&-i), 13.08 is; 1H' 

. - AS (l?O *C): m/e 7 367 (j %. &i* + 11, 
(27. M+ 

366 (25. M+f, 348 ($4, M* - IisOf, 33: 
- CH,OH), 324 (171, 316 (251, 307 (11, X' 

COtCHl), 275 (SO), 263 (58). - Calcd.for Cz1H1806: 
- COICH, 1, 289 (100, M+ - Hz0 - 

H.5.01. 
C.68.85 H.4.95; Found: C.68.63 

l-epl-4,7-DideoxyauramycLnone (801. 
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7.61 (s; 1H, 12-H). 7.84 (m; 2H, 8-H. 9-H). 8.33 (m; 2H. 7-H. 10-H), 13.05 (S; 1H. 
5-OH). - MS (15OoC): m/e I 367 (1 %, M+ + 1). 366 (4. M'), 348 (28. n' - HaO), 334 
(5. M+ - CH,OH), 324 (4). 316 (3), 307 (4, M+ - COzCHs ), 289 (100. n+ - Hz0 - 
CO,CH,), 275 (15), 263 (51). - Calcdfor C21H1806: C.68.85 H.4.95; Found: 
C.68.74 H.4.97. 

4,7-Dldeoxyaklavlnone(77). 145 mg (0.38 mmol) of ketoester 74 were cyclized as 
aescrlbed for 76 to afrgrd 103 mg (71 %) of 77 from the polz; fraction of the TLC 
separation; mp=f650. - IR: 3480, 1737, 1662,=f634, 1598 Cm-‘. - UV: A 
207 (4.22), 233 sh, 246 (4.48). 260 (4.52). 409 nm (3.85). - lH NMR (48rk?:‘b): 
1.10 (t; 3H, CH,C+), 1.61 (sext. J 

14 lee3 
1 14.4, J - 7.5 Hz; 1H. CHaCHs). 1.73 (sext; 

1H. Cl+CHa), 
lH, 3e-H). 

1.94 (ddt. Jgem - s s 1.3e = 2.0, J3e,4e = 2.5, 33e 4a = 7.0 Hz; 
!H 3a-H) 2 85 2.33 (ddd. Jgem = 14.1. J3a,4a = 10.5, iaa.1: '$'*i yfics *3H 

$d~~'(~~e~H- :!iy* <3&$4fs: :,5*lj3~~4e7:8~'~mrZ1H 6-H -9-A),'8.31 [m; 

CO*CH'j 

16-H) i3.04 (9; iH ‘5-OH): - 
iH 17-H' ’ 

;ts (16O’OC): m/e = 341 (6'%, H+ + 1). 380 (2;. M+k 
362 (45. M+ - H*0).'348 (37. MI* - CH,OH), 333 (34). 324 (37). 303 (100, M+ - Ha0 - 
COICH,); 291 (Sj),.277 (42). 263 (78). 249 (41). 235 (18). - Calcd.for C22H2006’ 
C,69.46 H.5.30; Found: C.68.10 H.5.29. 

From the less polar fraction of the TLC Separation 
mp 1610. - IR: 1723, 1670. 1632, 1588 cm-l. - 

= 1.02 (t; =H, 

Je I 13.4, J = 
3f-R), 2.79 (dt. J 

CH,CE,). 1.56 (m; fHi3CFClj#), 1.86 (quint, 
6.5 Hz; lH, 3c-H), 2.31 (quint, J = 7.0 Hz; lH, 

. 19.3, J I 7.0 Hz; lH, 

J 6g9mHz* 1H 4e-H) 
da-H %fm2.98 is; lH, 2-OH), 3.11 (dt, 

3.84 (s; 3H, COrCHr), 3.93 (s; lH, 1-H). 7.61 
(ffmli,lyi?A)J ; 8; (m*‘2H ‘8-H 91H) 8.31 (m; 2H 7-H. 10-H) 13.03 (8; lH, 
5-OH). - MS (ilo'oc): IA/e : 380'(3 %,'M+) 362 (35; M+ - H10),'348 (7, M+ -~IOH), 
333 (18). 324 (12). 319 (13). 303 (loo, Mt - Hz0 - CO,CH,). 291 (66, M+ - CHaOH - 
CO,CH,), 275 (49). 263 (70). 249 (31). 235 (14). - Calcd.for C22H2006: C.69.46 H. 
5.30; Found: C.69.53 H.5.33. 

7,10-Dl-O-methyl- J -pyrromyclnone (78). 23 mg of ketoestar 75 in a solution of 
pyrldlne/methanol were treated with=Triton B as described f;F 76. From the Polar 
fraction of the TLC separation (silica gel, CH#C11/2 I CHIOH) f6 mg (69 I) of 2: 
were isolated; mp 126'. - IR: 3440, 1732, 1662, 1630 Cm-l. - UV: A (1gc 1 - 

1H NMRmcix400 MHz): 6 = 

MS (160 OC): m/e = 441 (10 %, M* + 1). 440 (39. M*), 422 (25. M' - HIO), 411 (5,M+ 

- C,H5). 408 (8. M+ - CH,OH), 393 (7). 390 (2). 384 (37). 363 (100, M+ - Ha0 - 
CO,CH,), 351 (41). 323 (77). 309 (27). 265 (17). 

c _pyrromycinone (79) 5 mg of 78 were treated with AlCls as described in the lit.‘2) 
to afford 4 mg of 79=mp 213-21511(1it.12) mp 215'). The s ectroscoplc data of 22 
were identical wl&=thosc given for the natural product 37. 

l_epl_7,1O_D~-O-methyl- J -pyrromyclnone (82). From the less polar fraction of the 
fiC separation (see 78) 5 (22 %) f 62 i%re Isolated; mp 196-197.. - 1H NMR 
(400 MHz): 6 = l.O2=rt; 3:: CH, ). 1r)60=lm; 2H, CHI) 1.81 (quint, J 
6.8 Hz; lH, 3c-H). 2.29 (quint. J 
18.9, J . 7.1 Hz; lH, 4a-H). 3.Olgf~; 

= 13.5, J = 7.1'Hz; lH, 3a-HI, 
1H. 2-OH). 3.08 (dt. J 

1H. 4e-H). 3.81 (s; 3H. COzCHs). 3.91 (8; 1H. 1-H). 3.99 and'??01 (2 9; 6H, 20cHa), 
7.37 (cl; iH, 8-, 9-H), 7.47 (8; 1H. 12-H). 13.12 (9; 1H. OH). 

7-Deoxyauramyclnone (4). A So1ut1on of 50 mg (0.14 mmol) of 76 in 50 mL of CC14 
was treated with 46 rni of Brt and lrrldlated with a day llght=famp (30-O watt) for 
8 min. The solvent was evaporated at reduced pressure and the residue stirred for 
30 min in a mixture of 20 mL of THF and 20 ml. of' HIO. The solvent was again evapo- 
rated at reduced pressure and the residue separated by TLC. From the zone of me- 

were isolated; mp 174O. - IR: 3450, 1732, 1655, 

(s; IH, 12-ti), 7.86 (m; 2H, 8-H, 9-H), 8.33 (m; 2H, 7-H. 10-H), 13.34 (9; lH.W).- 
MS (100 OC): m/e = 383 (5 %, M+ + 1). 382 (26, W+ - HIO), 346 (57, M* - 2 H*O), 331 
(33). 322 (g), 315 (40), 305 (100, t4+ - Ha0 - CO,CHs). 289 (39). - Calcd.for 

C21H1807: 
C.65.97 H,4.75; Found: C,65.84 H.4.76. 

4-epi-7-Deoxyauramyclnone (83). From the polar zone of the TLC Separation (See 4 ) 
45 (9 W) f the 2 4-tra;i-dlol 83 were isolated; mp 193O. - UV see 4. - IR! 
1;33:gl673, 1:25 158; cm-l. - 1H N#! (400 MHz): 6 = 1.46 (9; 3H. CH,),-2.41 (9; 
?H, 3-H), 3.76 (i; 3H. CO,CH, ). 3.88 (d, 
2.5 HZ; 1H. 4-OH) 5.34 (dt. J3 4 = 
12-H), 7.81 (m; 21;. 8-H. 9-H), $:30 

(180 OC): m/e - 383 (0.1 96, M+ + 1). 382 (9. M'). 364 (25, t4' - Hat?), 346 (100, M+- 
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2 H,O), 331 (57). 315 (613). 305 (60, H+ - HIO - COICH,), 287 (49). - Calcd.for 

C21H1807: 
C.65.97 H,4.75; Found: C.65.39 H.4.66. 

. 14.4, J = 7.3 HZ; 

MS (180 OC): m/e - 397 (10 %, n* l 1). 
M+ _ 2 H,O), 349 (49). 345 (60). 328 (38), 319 (100, M* - Ha0 - CO?CHa), 307 (24), 
291 (41). - Calcd. for C22H2007: C.66.66 H,5.09; Found: C.66.40 H.5.14. 

I-epl-7-Deox aklavinone (84). From the less polar zone of the TLC separation 3.0 m 
16 #) f 84 zere lsolated~gmp 153-155O. - UV see 5. - IR: 1723, 1672. 1662. 1632, 
1586 ci-I:=- 1H NMR (400 MHz): 6 = 1.12 (t. J - 7:3 HZ; 3H. CH~CHS ). 1.76 (m: 2H. 
CHa CHI ) , 2.82 (dd. J 

5;': 
= 18.2, Jl 

3:95 3 
= 1.8.H7.; 1H. 3e-H). 3.38 

IA. 3a-H). 3.77 (s; COICHJ). (s; 1H. 2-OH). 4.22 (d.Jl 
(a.Jgem = 18.i Hzf 
?P - 1.8 Hz; 1H. 

l-H), 7.8i (s; 1H. 12-i). 
2H, 8-H. 9-H). 

7.86 (dt, J8,g = 59 lo = 7.5 Hz. 37 G'z-J, 10 - 1.8 Hz; 
8.29 and 8.33 (each dd; 2H. 7-h. 10-H). 13.97 (9; lH.‘OH). - MS 

(18s 0~): m/e = 376 (100 #, M+ - HzO). 361 (61, H+ - CHI ), 345 (81. n+ - OCHS ). 
317 (14, M+ - CO - OCH,). - High-resolutlon mass spectrum: Calcd.for 376.0947; 
Found: 376.0947. 

1-epi-7-Deoxyauramyclnone (e5). 
Tor i 

22 mg (0.06 rrmol) of 8Q were treated as described 
to yield from the less polar fraction 2.1 mg (9;s %) of 2,4-cls-dlol 85; 

mp 162O. - IR: 3450, 1735, 1670, 1633, 1590 cm-l. - UV: A ma (la (: ) = 206 74.26)~ 
226 (4.31). 249 sh, 256 (4.53). 260 (4.52). 279 sh. 325 (3.49). 365 sh, 405 (3.61). 
425 nm sh. - IH NMR (400 MHz): 0 - 1.44 (s; 3H. CHa). 1.99 (dd, J = 14.8, J3 4- 
5.1 Hz; 1H. 3-H). '.534(~~,(Jgsm_-ll~.~;;J~ 4 =_2.8 Hz; 1H. 3-H). !?82 (s; lH, l'-H). 
3.98 (s; 3H. COzCH, ), 
4-OH), 5.19 (m; lH, 4-Hj, 7.56 (s; iH, 

A, 2 OH), 4.38 (d.Jq_OH 4 = 7.5 Hz; lH, 
12-H), 7.85 (m; 2H. 8-H. 9-k), 8.31 (m; 2H, 

7-H. 10-H). 13.27 (s; 1H. 5-OH). - MS (140 DC): m/e = 383 (7 x. n+ l l), 382 (30. 
M+), 364 (79, M* - HzO), 346 (42, n+ - 2 HaO), 331 (17). 322 (59, H+ - CHaCOOH). 
305 (100. W+ - Hz0 - COICHI). 289 (73). 273 (41). 262 (87). 238 (24). 

1,4-Dlepl-7-deoxyauramyclnone (8 ). 
the trana a 01 P 

From the polar zone of the TLC separation (see 
86 were isolated; mp 176O. - IR: 3555 and 3433, 

cm-l. - UV: )‘lGax (lg (. 1 = 208 (4.25). 227 (4.31). 247 
, 260 sh, 280 sh, 327 (3.49). 395 sh, 404 (3.83). 420 nm sh. - 
b = 1.44 (s; 3H, CHa ). 

J2_OH,3 = 1.5 Hz; lH, 3-H). 2.67 (dd. J 
1:9;3(;dd; Jgem = 13.9. J3 4 = 7.2, 

= 7.2 Hz; 3-A). 3.26 (d, 
1H 2-OH) 3 84 (d 

;&e#;?,-319: 7:; 1H: l-H);5.:4 (dt: J 
'2:5 at! 1H. 4-OH). 3.92 (3; 3H. 

(s; lH, 12-H), 7.84 (m; 2H. 8-H. 9-H). 
MS (160 'C): m/e = 382 (0.1 I, M*). 364 
305 (loo, H+ - ~~0 - CO,CH~), 289 (23). 277 (8). - Cal&.for C21H1807: C.65.97 
H,4.75; Found: C.65.90 H,4.73. 

1) 

2a) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 
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14) 

References 

Synthetic Anthracycllnones XXVIII; 27th communication: K. Krohn and W. Prvm, 
Tetrahedron 1984, in press. 

F. Arcamone, 
blotlcs (Ed. 

Doxorublcln,Academlc Press New York 1981; b) Anthracycline Antl- 
H.S. El Khadem), Academic Press New York 1982. 

H. Brockmann, Fortschr. Chem. Org. Naturst. 21, 121 (1963). == 
R.H. Thomson, Naturally Occurring Oulnones. Academic Press 1971, p. 536. 

K. Krohn and M. Radeloff, Chem. Ber. 111 ===' 3823 (1978). 

W.D. Ollls, 1.0. Sutherland, R.C. Codner, J.J. Cordon, and C.A. Miller, Proc. 
Chem. Soc.(l~ondon), 3'47 (1963). 

A. Yoshlmoto. T. Oki. T. Takeuchl, and H. Umezawa, J. Antlblotlcs 33 1158 
(1980). II' 

K. Krohn. Tetrahedron Lett. 3219 (1981). 

K. Krohn. Lleblgs Ann. Chem. 1983, 2151. 11=. 
B.A. Pearlamn, J.M. McNamara, I. Hassan. S. tiatakeyama, H. Seklrakl. and Y.Klahl, 
J. Am. Chem. Sot. !??, 4248 (1981). 

R.K. Boeckman Jr. and F.-W. Sum. Ibld. 12:. 4604 (1982). 

F.H. Heuser and D. Mel, Ibld. 106 I=. 1098 (1984). 

Structure of Auramycinone: T. Hoshlno, M. Tasoe. S. Nomura. and A.FuJewara. 
J. Antlblot. 22, 1271 (1982). 
K. Krohn, Lleblgs Ann. Chem. !?'3!, 2285. 



3694 K. KROfiN cl d 

15) 

16) 

17) 

18) 

19) 

20) 

21) 

22) 

23) 

24) 

25) 

26) 

27) 

28) 

29) 

30) 

31) 

32) 

33) 

34) 

35) 

36) 

37) 

38) 

39) 

40) 

41) 

42) 

W.H. Schmalle and K. Krohn. unpublished results. 

Pachybasln is a natural product: a) see lit. 4) p.372 . b) Synthesis: C.A.Kranr. 
H. Cho, S. Crowley. 
3439 (1983). 

B. Roth, H. Sugimoto, and S. Prugh. J. Org. Chem. ii, 

D.W. Cameron, C.I. Feutrlll, and P.C. McKay. Aust. J. Chem. 22, 2095 (1982). 

S.M! Markln and N.I. Telegina, J. Gen. Chem. USSR. 22, 1104 (1962). 

J. qavard and P. Brassard, Tetrahedron Lett. l-91;. 1979. 

C. MfIrschalk, F. Koenig. and N. Ourousoff. Bull.Soc.Chlm.Fr. 2, 1545 (1936). 

For simtlar reactions see: K. Krohn and B. Behnke, Chem.Ber.i;?. 2994 (1980). 

Review: G. Hafle, W. Stegllch, and H. VorbrUggen; Angew. Chem. 90. 602 (1978); 
Angew. Chem., Int. Ed. Engl. 1:. 569 (1978). 

=1 

See: B. Clatz. C. Helmchen. H. Muxfeldt, H. Percher, R. Prewo. J. Senn. J.J. 
Stezowskl, R.J. StoJda, and D.R. mite, J.Chem.Soc. !p!, 2171 (1979). 

See: K.Krohn and C. Hemme, Lleblgs Ann. Chem. !?zz, 19. 

We thank Prof. C.H. Aurich. Univ. Marburg. for helpful discussion; for SET 
mechanism see also: W. Kalm, Nachr.Chem.Tech.Lab. 23, 436 (1984). 

L.T. Scott, K.J. Carlln, and T.H. Schultz, Tetrahedron Lett. 4637, 1978. 

C. Kowalskl, X. Creary. A.J. Rallln. and M.C. Burke, J. Org. Chem. i?, 
2601 (1978). 
K. Krohn. U. MUller, W. Prlyono, B. Sarstedt, and A. Stoffregen. 
Lleblgs Ann. Chem. I??$, 306. 

K. Krohn and F. Hlehe, unpublished results. 

H. MUhlemann. Pharm. Acta Helv. ?p, 195 (1951). 

L. Kopanskl, M. Klaar, and W. Stegllch, Lleblgs Ann.Chem.;zi?. 342. 

The treatment of benzyl halogenldes was unsuccessful also in the aklavlnone 
series; private conununlcatlon of L.A. Mltcher. 

H.J. Bestmann and H. Schulz, Angeu. Chem. 22, 27 (1961). 

G. Stork, A.A. Ozorlo. and A.Y.W. Leong. Tetrahedron Lett. 5175, 1978. 

K. Utlmoto, Y. Wakabayashl, Y. Shlshlyama, M. Inoue, and H. Nozakl. 
Tetrahedron Lett. ~79, 1981. 

R.D. Rleke and S.E. Bales, J. Chem. Soc.,Chem. Commun. 879, 1978. 

E.P. KUndlg and C. Perret, Helv. Chlm. Acta $2, 2606 (1981). 

W. Oppolzer, E.P. KUndlg, P.M. Bishop. and C. Perret. Tetrahedron Lett. 
3901 (1982). 
For another form of highly activated magnesium see: H. Bdnnemann, 
8. BogdanovlC. R. Brlnkmann, D.He, and B. Spllethoff, Angew. Chem. 22, 749 
(1983); Angew. Chem.,Int. Ed. Eng. i??, 728 (1983). 

K. Ogura and G. Tsuchlhashl, Tetrahedron Lett. 1383, 1972. 

R.M. Boden. Synthesis 784,19'/j. 

A.S. Kende and J.P. Rlzzl, J. Am. Chem. Sot. $22, 4247 (1981). 


