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Sunmtwty - TUM novet v&/~k&neacetaes, 1,4-d.iJn&hory-1,3&_4~eihyedi- 
.toxybuaia&~ne and 1,3,4_~ethaxy-l-~~~~xyb~~~ haue been 
pepaud in view 04 the& eventual appLic&n to the synthes& 04 the 
ana2wtwt anU.bi.&ic bikavtin. Ube 06 the doJf.mti in the ek.boJw%n 06 
anthnaqtiones has shown ti b.?kuotuhti ptopoded doa ti natuhae pfwductd, 
pw~pcuin I-m&hyt etheh and I-hydmxywpukn l-methyl &hen wu in dact 
Xhode 06 anthhag&oe dtiwatived. The dewnd diene ham a,jdofided wn@tma- 
tin 04 the naaUe 06 xanthoti 5-methyL ethm a6 weU a6 06 a degradation 

ptoduct 06 bob&y&. A ubbtiution pattan Wed 60h anothm naWt.at 

pkoduct. 5-hy&oxyanWaga.Uo.t 2,5-dimethy& ~&wL, & &a incotiect. 

We have recently shown that naturally occuring 1,4-dihydroxyxanthones can be constructed simply 

and regiospecifically from halogenated benzoquinones and various salicylates'. Extension of this 

approach to dlhalogenated substrates would lead in principle after oxidation, to a xanthenetrione 

appropriately substituted so as to afford the antitumor antibiotic bikaverin (l_) by cycloaddition 

to the required vinylketene acetal. 

Cl-l* 0 OH 0 

Application of a convergent strategy to this problem would require the synthesis of tetra- 

oxygenated dienes that would not only provide the proper substitution pattern of partially methyl- 

ated hydroxyl groups but would also show the desired behavior in cycloadditions involving both 

benzoquinones and xanthenetrjones. In this respect, vinylketene dialkylacetals in general and 4- 

substituted instances in particular have been shown to react unsatlsfactorilly with such dieno- 

philes3. However the use of mixed acetals (i.e. alkyl trimethylsilyl acetals) can largely over- 

come this difficulty4. 

Methyl 4-methoxyacetoacetate (2) readily prepared according to the method of Kato et al. 5a 

gave 1,4-dimethoxy-1,3-bistrlmethylsiloxybutadiene (5) by means of two consecutive enolsilyla- 

tions (91 and 85%). The same ester gwas also converted to the E-enol ether 5 (89%) with methyl 

orthoformate6 in methanol and finally to 1,3,4-trimethoxy-1-trimethylsiloxybutadiene (5) in the 

usual way (92%) (Scheme I). 

The anticipated benefical effect of the mixed acetal group on diene tdid not materialize 

in reactions with benzoquinones. In the case of the 2,5-dichloro compound Ionly a small amount 

of the "normal" adduct could be detected. The only product isolated (45%) resulted from addition 
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Scheme I 

to a quinone carbonyl and was identified as a cyclohexadienone Son the basis of spectral charac- 

teristics (i.e. two singlets at 6 7.09 and 7.16 for the vinyl protons on the N.H.R. spectrum and 

I.R. bands at 3420, 1750. 1725 and 1665 cm-' for hydroxyl. ester, saturated and unsaturated ketone 

functions) (SCHEME II). 
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Scheme Z 

At this point in the attempt to prepare specific naphthopurpurin derivatives we became 

aware of the isolation7 of numerous anthraquinones from callus cultures of &z&mu klgeriuna. 

Two new compounds in particular identified as purpurin l-methyl ether and &hydroxypurpurin l- 

methyl ether showed N.M.R. data that appeared inconsistent with these structures (i.e. 3-H signals 

6 7.46 and 7.45). These would seem to be more appropriately ascribed to peri-protons. Neverthe- 

less cycloaddition of diene 4to 2-chloronaphthoquinone (2) and to 5-acetoxy-2-chloronaphthoqui- 

none (10) was carried out and after aromatization gave the corresponding anthraquinones of unam- 

biguousstructure (11 and 13). As expected the compounds revealed physical properties at com- 

plete variance withthose afthe natural products (SCHEME III). 

OH 

R2 0 0CH3 
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Careful scrutiny of the published data and reference to previous results strongly suggested, 

in spite of the inexplicable absence of m.p.'s. that the substances in question were actually an- 

thragallol Z-methyl ether (l6J and 5-hydroxyanthragallol P-methyl ether (17). Comparison of their - 

spectral properties with those of the former (previously prepared in this laboratory8) and of the 

latter obtained from quinone 10 and P-methoxy-1,1.3-tristrimethylsfloxybutadfene (15) confirmed - 
this hypothesis. 

In the original structural assignments, importance is given to a prominent peak correspond- 

ing to CM-H201+ in the mass spectrum as proof of the presence of a peri-methoxyl group. It has 

now been observed that authentic purpurin l-methyl ethers do not provide such a criterion. The 

fact that anthragallol 2-methyl ethers do give an intense peak in this area stresses once again 

the unreliability9 of this occurrence as a diagnostic test. 

On the other hand, anthragallol P-methyl ethers appear to give a characteristic N.H.R. 

signal at 6 - 4.15 in CUClS solution corresponding to the hindered methoxyl group (purpurin l-meth- 

yl ethers do not exhibit this shielding effect). Moreover such contiguously substituted compounds 

also show U.V. absorption at 485 nm in methanolic hydroxide, a band considered to be typical of 

1,3-dihydroxyanthraqufnones". 

A third product obtained from Cinuhaa Zedgeriunu was identified as 5-hydroxyanthragallol 

2,5-dimethyl ether (18). - Such a structure can readily be verified by reaction of P-chlorojuglone 

methyl ether (14) with diene J5_. - The synthetic anthraquinone E isolated in 86% yield was obvious- 

ly quite different from the natural product, all the more so since the selective demethylation al- 

ready carried out would have given a substance on hand, the one now known to be S-hydroxyanthra- 

gall01 2-methyl ether (17). - Indeed the natural compound does not give the characteristic U.V. 

absorption at 485 nm and the available evidence does not suggest another structure unequivocally. 

However it is quite probably 5-hydroxyanthragallol 1.3-dimethyl ether since the 1,2- and 3,5-di- 

methyl ethers can be excluded on chemical or spectral grounds (SCHEME Iv). 
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Reactions of 1,3.4-trimethoxy-1-trimethylsiloxybutadiene (5) with benzoquinones (7.19.20 .- - - 
and 21) were only slightly more successful than in the case of diene 4 and after methylation of 

the crude product did not give more than 14% of the desired naphthoquinones (SCHEHE V). The major 
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part of the product was invariably constituted of one or more adducts resulting from addition to 

carbonyl groups. In the reactions of dfene dto quinone 1. for instance, an 84% of such a product 

26, analogous to substance S, could be isolated along with only 5-61 of naphthoqufnone 22. Various 

attempts were made to modify the outcome of this reaction, however changes in solvent (C6H6. THF. 

DHF, CH$N) and addition of a Lewis acid (SnC14) or Cu! did not materially improve the distrfbuticm 

of products. 

With naphthoquinones the cycloaddition of diene 5 proceeded normally. 2-Chloro-g-methyl- 

naphthoquinone (27) in particular gave 'I-methylpurpurin trimethyl ether (2) (after methylation) 

which upon selective demethylation and acetylation provided a product identical to the dfacetate 

of 7-methylpurpurin 2-methyl ether (2). a degradation product of bostrycin 
lla . 'I-Methylpurpurfn 

2-methyl ether has recently been isolated from a natural source 
llb . Application of the process to 

3-chloro-7-methyljuglone (28_) was quite efficient in overall yield but also considerably more com- 

plex. Pyrolysis of the crude adduct under vacuum gave four products which could readily be sepa- 

rated by chromatography and identified by spectral means: physcfon, a product of reductive elfmina- 

tion (2%). xanthorin 5-methyl ether (31) (43%). xanthorin 5.8-dimethyl ether (32) (12%) and 6-nor- 

xanthorin 5.8-dimethyl ether (33) (38x) ( an unusual type of demethylation induced by evolved HCl). 

This first synthesis of xanthorin 5-methyl ether (2) has in the meantime provided unambiguous 

confirmation of the structure deduced for a natural product recently isolated from the root bark 

of FentiZago oatyaulatu Tul l2 (SCHEME VI). (Original samples of the compounds described as pur- 

purin l-methyl ether. I-hydroxypurpurin l-methyl ether and Shydroxyanthragallol 2,5-dimethyl 

ether appear to be unavailable). 
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Experimental 
~11 m.p.s were taken for samples in capillary tubes with a Thusas-Hoover apparatus and are not 
corrected. The U.V. spectra were determined on a Hewlett-Packard 8450A spectrophotometer, the 
I.R. spectra on a Beckman model IR-4250 instrument and calibrated with a film of polystyrene. 
N.M.R. spectra were recorded with a Varlsn XL-200 speztraueter using tetramethylsilane as internal 
standard. Mass spectra were obtained with a Hewlett-Packard 5995A Spectrometer. Merok silica gel 
60~ for dry collrmn chrauatography, was used throughout in a product-to-adsorbent ratio of 
1:5@%0. Elemental analyses were carried out by Calbraith Laboratories, Inc., KnOxVille. Tenn. 
Ether refers to diethyl ether. 

Preparation of dienes 
Methyl 4-methoxy-3-oxobutanoate (2). 

To a boiling solution of s;dima met&oxide prepared from sodiun (21.0,9; 0.90 mol) and 
absolute methanol (500 OIL) was added (40 min) methyl 4-brcxao-3-oxobutanoate (58.5 g: 0.30 mol) 
in the same solvent (60 mt). The mixture was refluxed for 10 min. cooled, neutralized with 6N 
HCl (110 mL), filtered and evaporated under vacuum. After pouring into water (500 mL) and 
extracting with CH C12, the crude5Broduct w&s distilled under vacua and gave ester 2 (27.0 8; 
621)) b.p. 42-5’$.2 mm Hg (lit. b.p. 89 C/8.5 mm Hg); IR v (film) 1750, 1720, 
1655 and 1635 cm ; NMR (CDCl 1 6 (keto from) 3.43 (3, 4-OCH )ya2.53 (3, 2-H ). 3.75 (3. 
l-CJCH 1 and 4.08 (3, 4-H2) ana (en01 form) - 
3-OH)? 

4.00 (3, 4-H2),35.29 (3. 2-H) agd 11.88 (3, 

Methyl (E)- and (Z)-4-methoxy-3-trimethylsiloxy-2-butenoate (3). 
To a fine suspension of fused ZnCl (550 mg) in dry trTethylamine (30.5 g; 0.30 111011 

were added (- lh) ester 2 (20.3 g; 0.14 I@) i 
chlorotrimethylsilane (29.8 g; 0.27 mol) . 

n anhydrous benzene (40 q L) agd then (- lh) 
After stirring ovzrnight at 45 C, the mixture was 

filtered, evaporated, diluted with petroleum ether (b.p. 30-60 C) (300 mt) and filtered again. 
After repeating this opegation, the residue was distilled under vacuum and yielded en01 ether 1 
(27.6 g; 911), b.p. 75i7 11.4 mm Hg as a 1:l mixture of stereoisaners; IR Y (film) 1720, 
1630, 1250 and 845 cm NMR (CDCl 1 6 0.27 and 0.29 123 3-OSi(CH 1 3, 3.3y”ts 
4-OCH 1, 3.67 and 3.68 12s l-OCH 9 3.79 Cd J-l.3 Hz iZ)-4-H 1 34?48 Cs (E)l4-H 1 
5.26 js, (E)-2-H] and 5.37'[t, J-3.; Hz, (&2-H]. (F&d: C, $9136; H, 8129; Si, 22146. Calc. 
for CgH1804Si: C, 49.51; H, 8.31; Si, 12.86). 

1,4-Dimethoxy-l,3-bistrimethylsiloxy-l,3-butadiene (4). 
To a solution of LDA prepared in the usual way from anhydrous dlisopropylamine (12.2 g; 

0612 mol) in THF (120 XL) and a 1.6 M solution of n-butyllithium in hexane (80.0 mL; 0.13 mol) at 
0 C then cooled to -78 C. was added (2h) a mixture of ester 3 (26.2 g; 0.12 mol) in THF (30 
mL) and after 20 min chlorotrimethylsilane (13.6 g; 0.12 mol7 (2h). The mixture was allowed to 
warm to room temperature, evaporated under vacuUm, diluted with petroleum ether (b.p. 30-60°C) 
(300 mL) and filtered. After repeating this operation, the re@due was distilled and yielded 
diene i mainly (- 80%) as one iscxner (29.8 g: 85X), b.p. 75-78 C/O.3 mm Hg: IR v (f ilol) 
1680, 1620, 1255, 1220 and 845 cm : NMR (CDCl 1 6 (principal isaner) 0.16 and 0% [2x9H, 
23, 1.3-CSi(CH 1 1, 3.51 and 3.58 (2x3H, 23, 1?4-OCH 1. 4.38 (lH, s. 2-H) and 5.68 (lH, s, 
4-H). (This di&J is somewhat unstable and a correct3analysls could not be obtained). 

Methyl (El-3,4-dimethoxy-2-butenoate (5). 
A mixture of methyl 4-methoxy-3=oxobutanoate (2) (21.9 g; 0.15 mall, methyl orthoformate 

(18.5 g; 0.18 mol), p-toluenesulfon$,c acid (0.4 g) and absolute methanol (50 mL1 was refluxed for 
lOh, concentrated and heated at 100 C for 2h under a vacuuu of 15 mm Hg. The residue, dissolved 
in ether, washed with 2s NaOH gave upon,distillation enol ether 5 (21.4 g; 89$), b.p. 53-4 C/O.2 

j,;:;‘:2:;H)%, 
(film) 1720 and 1635 cm ; NMR (CDCl 1 6 3.42 (3H. s, 4-OCH ), 3.70 and 
1.3-OCH 1, 4.58 (2H. s. 4-H ) and 5!15 (lH, s, 2-H); mass dpectrum: m/e 160 

. (Found: C, 52,49? H, 7.82. Calc. fo? C7H1204: C, 52.40; H, 7.55). 

1,3,4-Trimethoxy-1-trimethylsiloxy-1,3-butadiene (6). 
In a preparation similar to that of diene 2, butenoate 5 (16.0 g; 0.10 mol). diiso- 

propylamine (11.1 g; 0.11 mol), n-butyllithilaa (0.12 mol) and %lorotrimethylsilane (16.3 g: 
0.15 mol) gave diene 6 [in the form of one predominant isomer Ii 80$)3 (21.3 g; 92%), b.p. 
72-76’C/O. 35 mm Hg; ITi v (film) 1675. 1615, 1250 and 840 cm ; RMN (CDCl ) 6 (for 
principal isomer) 0.22 [%: s, l-OSi(CH ) I 3.49, 3.54 and 3.60 (3x3H. 33, ?,3,4-OCH 1. 4.39 
(lH, s, 2-H) and 5.75 (lH, s, 4-H). CFau;ld: C, 51.40; H, 8.77: Si, 11.70. Calo. fo 3 
C,0H2004Si: C, 51.69; H, 8.68: Si, 12.081. 

Reactions of diene 4. 
a) With benzoquinon&. 

General method A: A solution of the diene (2.20-2.60 mmol) in anhydrous benzene (5 q L) is 
added slowly (5-10 min) to the quinone (2.00 mmol) in the same solvent (15 q L). The reaction 
mixture is stirred at room temperature (0.5-4.0 h) and slowly filtered through a column of silica 
gel, 

Methyl 4-(2,5-dichloro-l-hydroxy-4-oxo-2,5-cyclohexadien-l-y1 )-4-methoxy-3-oxobutanoate 8. 
The crude product obtained from diene 4 (2.50 mm011 and 2,5-dichlorobensoquinone 71) 

according to method A (4h) was submitted to ciircmatography (C H then C H -CH CO Et 
2O:l). Repetition of this operation (CH Cl ) gave a fraction 6&nsisting 8ost?y gf dichloro- 
2,5-hydroquinone (137 mg) follwed by es?er28 (291 mg; 451) (a colorless oil that could not be 
further purified without decomposition); W r 
(3.58) MI; IR v 

(MeOH) (ipg c) 224 (3.95) and 296 
(film) 3420 br. 1750, 1725%d 1665 cm ; NKR (CDCl ) 6 (keto form) 

3.53 (3. 4-GCH31p?3.75 (3. l-0CH3). 3.80 (3. 2-H21, 5.20 (3. 4-H), 5.41 (3, l’-OH). 7.09 (3, 



3712 B. S~NEAU and P. BRASSAUD 

3'-H) and 7.16 (s, 6*-H). (en01 form - 151) 3.46 (s. 4-CCH ), 3.79 (s, 1-OCH 1. 5.37 (s, 
l'-(X), 5.47 and 5.72 (2s. 2-q and 4-H). 7.09 (s. 3'-HI, 7!23 (s, 6'-H) and 11.94 (s. 3-OH); mass 
speotrun: m/e 322/324/326 CH] (< 1) and 145 (100). 

b) With naphthoquinones. 
General method B: To a solution of the naphthoquinone (1.00 mmol) in dry benzene (3 mL) is 

added (- 10 min) the diene (1.50 mnol) in the same solvent (2 mL). The mixture is stirred at 
room temperature and the crude adduct is aromatized by slcu percolation through a column of silica 
gel. 

2,4-Dihydroxy-1-methoxyanthraquinone (purpurin l-methyl ether) (11) and 2-hydroxy-1.4-dimethoxy- 
anthraquinone (purpurin 1,4-dimethyl ether) (12). 

2-chloronaphthoquinone 15 (9) (llh) gave a crude 

and 430 (3.83) MI; IR v 

410 (3.83) run; IR v 

Calc. for C,6H,205: C, 67.60; H, 4.25). 

2,4,8-Trihydroxy-1-methoxyanthraquinone (b-hydroxy purpurin l-methyl ether) (3). 
In a similar reaction (method B) using diene 5 and 5-acetoxy-2-chloronaphthoquinone 16 

(lo, C28h - an additional portion of the diene (0.50 nrnol) was added after 25hJ aromatization 
(C H -CH CO Et 1O:l then 5:l) gave the monoacetate of 13 whioh was hydrolyzed by refluxing 
(8R)6in 2 ? t m x ure of 105 aqueous HCl (10 mL) and methaG (100 mL). Purification of the crude 

mater&al by chromatography-(C H -CH CO Et 5:l) gave anthraquinone 13 (142 q g: 50$), m.p. 
242.5 C (95% EtOH); W A (fie8") $106 E) 
(4.11), 335 (3.40) and 4m@ (4.04) run; IR v 

232 (4.39), 249 (4.30). 270 sh (4.1_0\, 290 
(KBr) 3370 br. 1615 and 1555 cm : NMR 

(CDCl ) 4.00 (3H, s. l-OCH 1. 6.87 (lH, sr !@Hltr,, 
Hz. 7&H), 7.67 (1H. 

6.88 (lH, s. 3-H), 7.30 (lH, dd, J-8.3, 1.3 
-t, ~-3.3. 7.6 Hz. 6-H). 7.83 (lb. dd. J-7.6, 1.3 Hc, 5-H) and 12.81 and 

13.62 ($xlH, 2s. 4,8-OH); masf spectrum: m/e 286 [Ml‘ (75), 271 CM-CH3J* (121, 268 

C, 66.94; H, 3.52). 
CM-H 01 (24) and 257 CM-CHO] (19). (Found: C, 63.14; H, 3.45. Calc. for C,5H,006: 

Reactions ol diene 15 with naphthoquinones. 
1,3-Dihydroxy-2-methoxyanthraqulnone (anthrBgallo1 2-methyl ether) 16. 

Anthraquinone 16 was prepared earlier ; NM2 (CDCl ) 6 4.15 (3H. s, 2-OCH ), 6.49 
(lH, s, 3-OH), 7.47 nH, s, 4-H). 7.74-7.83 (2H, m, 6.7JH), 8.22-8.33 (2H, m, 3,8-$, and 13.14 
UH, s. l-OH); mass spectrum: m/e 270 CM] (93). 252 CM-H201 (56) and 241 WCHOl (7). 

1,3,5-Trihydroxy-2-methoxyanthraquinone (5-hydroxyanthraTgllo1 2-methyl ether) (17). 
A mixture of 5-acetoxy-2-chloronaphthoquinone (lo) (1.00 mmol) and diene lL8 

(2600 mmol) in benzene (5 mL) was refluxed for 16h and evaporated. The residue was heated at 
60 C for 4h. hydrolyzed (5h) as for compound 13 and upon purification by ghromatography 
(C H -CH CO Et 5:l) gave anthraquinone 17 (247 mg; 862), m.p. 236.0-236.5 C 
(M&ok &! 2 (log E) 253 +19,, 
1630, 1605, 'P$85 and 1570 cm 

28174.43) and 420 (4.05) nm; IR u (KBr) 3440 br, 
NMR (CDCl ) 6 4.17 (3H S, 2-OCH ), 6.yfX(1H, s 3-OH) 

7.29 (1H. dd. J-8.1, 1.5 Hz. 6:"). 7.47 (?H. s, 4-H). ;.66 (1H. %, J-8.1, 7.7 k, 7-H;. 7.82 
(lH, dd, J-7.7, l&5 Hz, 8-H) and 12*63 and 13.18 (2x1H1 29, 1,5-OH); mass spectrum: m/e 286 CM* 
(73), 271 CM-CH I (lo), 269 CM-OH1 (10). 268 CM-H 01 (61) and 257 CH-CHOI (10). 
(Found: C, 62.84; H, 3.34. Calc. for C,5H,006: C. 62.94; H, 3.52). 

1,3-Dihydroxy-2,5-dimetboxyanthraquinone (5-hydroxyanthragallol 2,5-dimethy) ether) (2). 
The residue obtained from a reactign using 5-methoxy-2-chloronaphthoquinone (1'() and Similar to 
the preceding one was heated at 70 C for 3.5h. Crystallizatign of the crude product tram 95% 
EtOH gave anthraqulnone e (258 q g; 8621, decomposes above 290 C; W A (MeOH) (log o) 
244 (4.;7), 279 (4.44) and 400 (4.00) NO; IR v (KBr) 3280 br, 1655,%25. 1595, 1580 and 
1565 cm : NMR (CDCl ) 6 4.05 (3H, s, 5+XH ),m9:13 (3H. s, 2-OCH 1, 6.47 (lH, s. 3+X), 
7.34 (lH, dd, J-7.7,31.1 HZ, 6-H), 7.41 (lH!. s, 4-H), 7.72 (lH, t: J-7.7 Hz. 7-H). 7.96 (lH, dd, 
J-7.7, 1.1 Hz. 8-H) and 12.99 (lH, s, l-OH); NMR (DMBO-d6) 3.84 and 3.94 (2x3H, 2s. 2.5- 
OCH 1, 7.16 (lH, s, 4-H). 7.57 (1H. dd, J 
J 3 

- 5.7, 4.0 Hz, 6-H). 7.83 and 7.8% (2H. 2d. 
-+4.0, 5.7 Hz, 7,8-y) and 12.75 ClHy%' l-OH); mass spectr9: m/e 300 CM1 (86). 285 

Cf@R ] (10). 283 [H-OH] (181, 282 CM-H O]* (3) and 271 CM-CHOI (9). (Found: C, 
63.93! H, 3.99. Calc. for C,6H,206: C, 68.00; H, 4.03). 

Reactions of diene 6 
a) With benzoquinon& 
Methyl 4-(2,5-diohloro-l-hydroxy-4-oxo-2,5-cyclohexadien-l-yl~-3.4-dimethoxy-2-butenoate (26) and 
2-chloro-5,7,8-trlmethoxynaphthoquinone (22). 

The reaction mixture obtained from 2,5-dichlorobenzoquinone (1) and dlene 6 (2.20 mol) 
according to method A (30 min) was separated (C H then C H -CH CO Et 1:l) into 
several fractions. The intermediate colorless $afid consifitgd o? e&er 26 (567 mg; 8451, q .P. 
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146.5-147.0°C (CH Cl -perWine); W A (MeOH&(log E) 228 (4.U) and 296 (3.60) nm8; 
II7 " (KB~) 
3.72%. s, 

3266 d 1690, 1660 an!=f635 cm ; NME (CDCl ) 6 3.46 (3H, s, 4-OCH3), 
l-OCH );4.03 (3H, s, 3-OCH ), 5.37 and 5.69 ?PxlH, 29, 2-H and 4-H). 5*40 (1H. 

s. l'-OH). 7.09 (ld, S, 3'-~) aiid 7.17 (2~. S, 6'-H); mass spectrum: m/e 3361338 CHI (Cl) and 
159 (100). (Found: C. 46.25; H, 4.21: Cl, 21.23. Calc. for C,3H,406C12: C, 46.31: H, 
4.18: Cl, 2l.03). 

The quinonic head and tail fractions were methylated with exoess CH I (0.5 mL) and AS20 
(0.5 g) in chloroform (25 mL) and after chranato&'aphy (C H -CH CO Et 5:g) gave naphtha- 
quinone 22 (26 to 33 mg; 5-61). m.p. 182.5-183.0 C (Ccl,)! & A3 2(MeOH) (log e) 
220 (4.5n, 242 sh (3.91). 248 ah (3.99). 254 sh (4.08), 259 shm?4.15), 271 (4.21) and 438 (3.67) 
nm; IR Y (KBr) 1675. 1650, 1615, 1585, 1580 and 1545 cm i Nftf3 (CDCl ) 6 3.90 (3H. s, 
7-0~~ ),"V~o (6~. 9. 
282/234 CM] . 

5 8-OCH ) 6.78 (lH, s, 6-H) and 7.03 (1H. 9. 3-H?; mass spectrum: m/e 
(Found: i, 55.31; H, 4.01; Cl, 12.90. Calc. for C,3H,,05C1: C, 55.24: H, 

3.92; Cl, 12.54). 

2-Chloro-5,6.8-trimethoxynaphthoquinone (23). 
A similar reaction mixture obtai=d from 2,6-diohlorobenxoquinone (19) and diene 5 

(2.20 mmol) (30 min) was fractionated on silica gel 
C6Hp-CHjCO Et 1:l). The colored portions were 
pur fit ti& by chromatography (C H -CH CO Et 5:l) afforded naphthoquinone?3 (58 mg; 
lOI), q .p. 169.0 (CC1 ); W A 6(fieOH3 (fog E) 221 (4.610, 237 (4.02). 24?_(4.06), 248 
(4.15), 254 (4.231, 268 (4.27)ma!!70 (4.26) and 436 (3.74) nm; IR v (KBr) 1670, 1655, 1620,. 
1585 and 1550 cm NM (CDCl j 6 3.87 (3H s 6-OCH ), 4.00 and 4'P?lf (2x3H, 29, 
5 8-OCH ) 6.75 (1; s 7-H) 2nd 7.03 (lH;s;3-H); &.?.s spectrum: 
C; 55.2$'H, 3.91; k'12.60. 

m/e 2821284 CM]*. (Found: 
Calc. for C,3H,,05C1: C. 55.24; H, 3.92; Cl, 12.54). 

2,5,7.8-Tetramethoxynaphthoquinone (manpaIn tetramethyl ethy?) (24). 
In an analogous case, 5-chloro-2-methoxybenxoquinone (25 and diene 6 (2.40 mm011 

(method A-2h) were heated to reflux for 1.5h (0.4 mm01 of diene?;eing added aiter lh). 
Aromatization (with recovery of 49% of 20) and methylation of the naphthoquinonic fractions as for 

n’/ mg; 5g), q .p. 164.0-164.5 C (CC1 )'(fit.?o 169-171 ); W A 
22 provided, after chranatogrgphy (C H -CH CO Et l:ld, the expected naphthoquinone (g), 

@&OH) (log E) 218 
(4.54). 243 sh (3.97), 249 sh (4.05): 254 sh (4.14). 260 sh_(4!%), 265 (4.24), 290 (4.03) and 428 
(3.68) MI; 117 v (KBr) 1675, 1635, 1625. 1590 and 1555 cm ; NMR. (CDCl 1 6 3.82 and 
3.88 (2x3H. 2~,~91(7-OCH 1, 3.98 and 3.99 (2x3H, 2s. 5,8-OCH ), 5.99 (1H. 2, 3-H) and 6.78 (lH, 
s, 6-H); mass spectrum:3m/e 278 CM]+. (Found: C, 60.55; H,35.14. Calc. for C,4H,406: C, 
60.43; H, 5.07). 

2,5,6,8-Tetramethoxynaphthoquinone (25). 
Application of method A (1.5h) to 6-chloro-2-methoxybenzoquinone l7 (21) and diene 5 

(2.50 mmol) gave a mixture which was aromatized on silica gel (C H -CH CO Er20:l. then 
1:l). The colored fractions were methylated in the usual way an 9 6upon3pu?lfication by 

192-193 C (CC1 -9k EtO&;2W A 
chronM8graphy (C H6-CH CO Et 1:2) yielded naphthoquinone 25 (77 mg; 14$), m.p. 

(3.72) run; IR ? 
(MeOH) (log E) 276 (4.18& 288 sh (4.16) and 422 

(KBr) 1670, %%5, 1630. 1585 and 1555 cm : NMR (CDCl 1 6 3.83 and 
3.86 (2~3H, ~s,~!!~(~-OCH ) 3.99 (6H, S, 5,8-OCH ), 5.98 (lH, s, 3-H) and36.71 (lH, s, 7-H); 
mass spectrum: m/e 278 PM;+. (Found: C, 60.43;3H, 5.11. 
- ̂ "\ 

Calc. for C,4H,406: C. 60.43; H, 
>.U/J. 

b) With naphthoquinones. 
General method C: To 1.00 nnnol of the naphthoquinone in dry benzene (7 q L) iS added (5-7 

min) diene 6 in the same solvent (3 mL). When the cyc&oaddition appears to be complete, the 
solvent is evaporated and the residue pyrolyzed at 100 C for lh under a vacuum Of -30 nun Hg. 

1,2,4-Trimethoxy-7-methylanthraquinone (2). 
When method C was applied to 2-chloro-6-methylnaphthoquinone l5 (27) and diene 6 (2.00 

mmol) (48h at reflux temperature) and the residue was methylated [(CH ?-SO (4.00 mm%), 
K Co (4.40 mmol), (CH ) CO (50 q L), rePlux 77h], anthraquinone 29 w s isolated in the a2 4 
3uas way and puriried3bg chromatography (C H -CH CO Et 2:l) (18lyg; 582). m.p. 
153-154'C (CC1 ); W A (MeOH) (log E) 24g gh (1.45,. 248 14.51), 254 (4.551, 260 
(41q9,. 280 sh4(4.351 !i?s 404 (3.85) rim; IR v (KBrl 1675, 1655, 1605, 1590, 1580 and 1555 
cm NMR (CDCl ) 6 2.48 (3H s 7-CH 1 3.95m?gH, s, 2-OCH 1, 4.01 and 4.04 (2x3H. 2.3. 
1.4~&H 1, 6.813(l,, S, 3-H): 7I51 (li.'br d. J - 7.9 Hz, asH), 7.93 (lH, br s, 8-H) and 8.09 
(lH, d,3J - 7.9 Hz, 5-H); mass spectrum: m/e 3l2 CM1 . 

1,4-Diacetoxy-2-methoxy-7-methylanthraquinone (30). 
The foregoing quinone 29 (150 mg; 0.48 mmol) was selectively demethylated by rePluxing for 

30 q in in a mixture of 491 HBr(15 q L) and CH COOH (10 ml,). The precipitated solid upon acety- 
l&ion [AC 0 (3 mL) - cow. 
254.5'C (Cl&l -95; EtOH). (li$.llas m.p. 238-243'C; 

H SO41 gave ~t~~quino~~~~2_2480c)~ w A. 30 (112 mg* 631) m.p. 253.0- 

(HeOH) (log ~3 265 (4.531, 281 sh (4.281. 337 sh (3.69) and 363 (j.701 !%: NMR (CDCl 1 6 
2.48, 2.49 and 2.50 (3x3H, 3s. 7-CH and l.lr-CAc), 3.95 (3H, 9. 2-OCH ). 6.94 (lH, s? 3-H) 
7.53 (lH, br d, J - 8 2 HZ, 6-H), 7395 (lH, br s, 8-H) and 8.06 (lH, 2, J - 8.2 Hz, 5-H); 
spectrun: m/e 368 CM]* (11. 326 (13) and 284 (100). (Found: C, 65.53: H, 4.56. Calc. for 

kiss 

C20H,607: C, 65.22; H. 4.38). 

4,5-Dihydroxy-l,2-dimethoxy-7-methylanthraquinone (xanthorin 5-methyl ether) (31). 
1,2.4-trimethoxy-5-hydroxy-7-methylanthraquinone (xanthorin 5.8-dimethyl etherr(zl and 
2,5-dihydroxy-l,4-dimethoxy-7-methylanthraquinone (6-norxanthorin 5,8-dimethyl ether) (33). 
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Application of method C to 3-chloro-5-hydroxy-7-•ethylnaphthoquinone4 (28) and diene 5 
(1.25 nanol) (6h at R.T.) gave several products separated by chromatography (C6H6-CH3C0,Et 
2O:l). 

A first band consdsted of 1,8-dihydroxy-3-$ethoxy-6-methylantdhraqulnone (physcion) 
(6 mg; 2$), m.p. 201-202 C (CHC13-951 EtOH) (lit. m.p. 206.0-206.5 C). 

A segond zone (C6H -CH CO2Et 1O:l) yiglded anthraqulnone 21 (134 mg; 43%). m.p. 
253.5-2!j$.O C (CH2Cl-CH C?) (?lt..iz m.p. 252 C) shown to be identical to the natural 
product ;WA (NeOif) (log E) 227 (4.561, 254 (4 401, 296 (4.16) and 444 (4.14) nm: IR 

(KBr) 3420ma?675, 1630, 1602, 1580 and 1550 cm-'; NMR (CDCl 1 6 2.44 (38, s 
+i!i?i 1 3.92 c3ii , 8. 2-OCH ), 3.97 (3H, s, 1-01X 1, 6.70 (lH, s3 3-H). 7.05 (1H: br 9, 
6-H): i.59 (lH, br s, 8-Hj3and 12.06 and 12.98 (2&H, 29, 4.5-OHj; mass spectrum: m/e 314 CM]+. 
(Found: C. 65.29: H. 4.74. Calc. for C.,H.,.O,: C. 64.97: H. 4.49). 

F&p elution (C H -CH CO 
190.0-190.5 C (CC1 -95% E@Ofi,* f% f 

Et 5!i)'$8vided anthraqulnone 32 (38 mg; 1211, m.p. 

(4.29), 290 (4.26)'and 
&leOH) (log E) 227 (4.65), 254 (4.3'0, 

432 (4106) d~XIR \) (KBr) 1670, 1630, 1580 and 1550 cm 260, ; NM3 
(CDCl ) 6 2.42 (3H, s, 
6.81 ?lH, 3-H), 7.93 

7-CH 1, 3.93 (3H, sya%OCH 1, 4.02 and 4.06 (2x3H, 29, 
s, (1H; br s. 6-H), 7.49 (lH? br s. 8-H) and 12.97 (lH, s, 1,4-OCH3), 5-OH), mass 

spectrum: m/e 328 CM] . 
4.911. 

(Found: C, 65.55: H, 5.16. Calc. for C,8H,606: C, 65.85: H, 

A figal band (C H6 -CH CO Et 1:l) gave anthraqulnone 33 (121 mg; 381). m.p. 
232.0-232.5 C (C H )* 6v A 3 (.&OH) (log E) 225 (4.631, 25rsh (4.34), 254 (4.37). 
260 

'?.J'/', cm : 
290 f463i) andm%40 (4.05) nm; IR v (KBr) 

1545 NM3 (CDC~,). 6 2.43 (3H. s. 7-CH,).m!!?96 and 
3380 br, 3320 br, 1670, 1630, 1585 and 
4.02 (2x3H. 2s. 1.4-OCH-1. 6.83 

(1H. s, 2-OH), 6.97 ?%I, s, 31H1,+7.06 (lH,'br s, 6-H), 7.52 (lH, br s, 8-H) and 13.00 (lH, s, 
5-OH); mass spectrun: m/e 314 EM] . (Found: C, 65.01; H, 4.62. Calc. for C.,H.,,OL: C, 
64.97; H, 4.49). When the Foregoing reaction mixture was aromatized on slli6a'&P, the Pollowing 
distribution of products was obtained: physcion (211, 31 (l(lZ), 21 (511 and 21 (40%). 

1.2.4.5-Tetramethoxv-7-methvlanthraaulnone. . 
The preceding crude reactionmixture as well as compounds 11 and &have been converted to 

the permethylated derivative [(CH ) S8 , K CO ,(CH 1 CO]. m.pd 186.5-187.0 C 
(toluene-betroleum ether. b.b. 90&$0 e) (fit!19 m?o? 185-186 C) and Pound to be identical 
to a previously prepared~sample (NMR and TLC in four solvent systems). 
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