
Ten&&m Vol 44, No. 4. pp. IO15 IO 1022, 1988 
I’mted 8x1 Cm11 Bnta~n. 

oo404020/88 13.00+ .cxl 
8 1988 Pcrgamon Ress pk 

BRUNO SIMONEAU and PAUL BRASSARD 

Mpartement de chimie. Universlte Laval, QuBbec. Canada C~K 7~4 

(Received in USA 16 July 1987) 

suualary - A general and regiospeciPic method Por the preparation oP qui- 
nizarins involves the cycloaddition oP electron-rich dienes. Advanta- 
geous syntheses oP several natural products, 2-methylquinizarin, island- 
icin, digitopurpone, erythroglaucin, 5-0-methyllslandictn and 8-O-methyl- 
dlgitopurpone illustrate this procedure. A structure attributed to venti- 
none B is incorrect and 1,4,8-trlhydroxy-6-methylanthraquinone is dlPPer- 
ent Prom a natural substance so described. 

The synthesls oP l.I(-dlhydroxylated anthraquinones, known as qulnlzarins, has aroused considerable 

interest since such products are widely distributed in nature and resemble some anthracyclinones. 

In general, their use as intermediates or models Por the elaboration oP antitumour antibiotics 

revolves around solutions to the regiochemical problems. As a result, numerous increasingly 

ePPective approaches have been suggested Por the synthesis oP helminthosporinl-’ (11). L-methyl- 

qulnizarin’-’ (2). islandicin*-‘) (15). digltopurpone’*ll-‘* (16). erythroglaucinlc*“*l* (17) or - 
their partially methylated derivatives”“‘‘I’-” g and E. 

Most natural naphthazarins and quinizarins carry a methyl group on the 1,4-dlhydroxylated ring 

and although higher homologues are seldom isolated, a Pew ethyl- or propyl-substituted systems 

have nevertheless been encountered. The methodology involving the regiospeciiic cycloaddition oP 

electron-rich dlenes to halogenated quinones. seemed particularly appropriate in this area, since 

it could readily be adapted to the realization oP all the Poregoing substitution patterns as well 

as oP those oP more complex anthracycllnones via important intermediate3 such as 1. 

0 OH 

OH 0 OH 

1 

Numerous methods are available Por the preparation oP the required substrates, the I(-oxobuta- 

noates a,b; among these, a modiPlcation” oP the enamine method proceeded satislactorily in the 

case oP 4-oxo-3-propylbutanoates but could not be induced to give more than a very lou yield (- 

51) oP the j-methyl analogue ‘(b. In a preliminary communication”. enolization oP a +(methoxy- 

methyl)crotonate had also been shown to be inconvenient. Eventually, a modiiied NeP reaction” was 

selected in which the alcoholysis oP a 4-nitrobutanoate (a,b) (as the sodium salt) produced the 

acetal (3.b) and an ePPlcient hydrolysis” oP the latter aiiorded aldehyde 4a.b. The process 

occurs in overall high yield (76-771) with the required Plexibillty and ease oP operation. 

The p-tolueneaulionic acid-catalyzed pyrolysis oP acetal 3 produced some elimination but did 

not give the en01 methyl ether cleanly. On the other hand, enolizatlon oP aldehyde :b in the 

presence oP chlorotrimethylsilane using the trlethylamine-zinc ahloride complex** provided a 90% 

yield ot the B,Y-unsaturated ester F aa a 5:1( mixture oP the Z- and E-isomers (aldehyde P_a gave a 
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781 yield OP the corresponding products in a 2.9: 1.0 ratio). A combination consisting largely oP 

the E-isomer could also be obtained by the use oP trimethylsilyl triilate in triethylamine” but 

the yield did not exceed 561. Analogoua compounds have also recently been prepared by an iodotri- 

methylsilane - induced rearrangement oP 2-siloxycyclopropanecarboxylates*~. 

A second enolization, using the Corey and Gross procedure”, was carried out on the Poregoing 

esters 2a.b and gave slightly better yields of a purer product (85-901) than with the method used 

previously*. Under these two sets oP conditions, the proportions OP stereoisomers can be quite 

diPPerent but it has been shown in another case that the distribution of isomers has little effect 

on subsequent cycloadditions. Thus, ester ?a gave a mixture oP three isomers (a Pourth is barely 

perceptible) oP Z,Z-, E.Z- and Z,E-configuration in a 2.9: 0.9: 1.0 ratio and the method seems to 

Pavor the Z-arrangement at the 1,2-position. On the other hand, a similar enolsilylation oP ester 

sb aliords only two detectable isomers, the Z,Z- and Z,E- Porms. Overall yields oP dienes ga and 

ib Prom +nitrobutanoates, Por the Pour steps, thus reach 50 and 631 respectively (SCHEME I). 
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SCHEME I 

Dienes ia and b react readily with dichlorobenzoqulnones at rocm temperature but only traces oP 

the expected naphthoquinones can be detected. The main products cannot be isolated without decom- 

position but probably result Prom addition to a carbonyl group as it has earlier been established 

with the use oP 4-•ethoxyvinylketene acetalsaO. Attempts to isolate the adduots by chromatography 

yielded only the hydroquinone corresponding to the starting material and illustrate a typical 

behavior OP such products , reminiscent of a dienone-phenol rearrangement. Naphthazarins therePore 

cannot at present be prepared by this approach. 

The eiiectiveness oP diene ib in the synthesis oP naturally occurring anthraquinones, i.g 

quinizarins was first examined using a simple substrate, 2-chloronaphthoquinone (11. The reaction 

was sluggish even at 80 ‘C and required more than five days to reach completion. Under these 

conditions the diene decomposes slowly and supplemental quantities oP the reagent had to be added 

periodically. The adduot was then hydrolyzed at room temperature with 12 N HCl in THF in order to 

minimize the Pormation OP a ubiquitous by-product, the anthraquinone A-methyl ether. Finally 

aromatization OP the adduct was carried out simply by rePluxing the Poregoing mixture and the 

natural product (2) could then be isolated in good yield (761). 

Islandicin (2). digitopurpone (161, erythroglaucin (11) and the non-natural 8-O-methyldiglto- 

purpone (2) were prepared in this manner (62-911) and, by a judicious choice oP the most reactive 

of appropriate substrates (7-111, reaction times were kept within convenient limits (3-45 hours) -- 
(SCHEME III). Application oP the method to the synthesis oP another natural product. 5-O-methyl- 

islandioin (18) however presented some diPPioulties. - In a Pirst attempt, 3-chloro-5-methoxy- 

naphthoquinone (8b) seemed particularly unreactive and aiter 12 days was Pound upan aromatization 
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to yield a dlPPlcultIy separable 1O:l mixture (651) oP 5-0-methylislandlcln (2) and &O-methyl- 

dlgltopurpone (2). In order to circumvent this inconvenience. a new technique was devised which 

confers even greater Plexlblllty to this approach. The Pree juglone (aa) was used as substrate 

for the cycloaddltlon and the resultant adduct was alkylated directly using methyl iodide and 

sllver (I) oxide. The reaction proved to be entirely selective, did not aPPect the sllyl ethers 

or other sensitive Peatures oP the molecule, but did not readily reach completion. APter 48 

hours. aromatization oP the hydrolyzed material gave a mixture oP lslandlcfn (2) (7s) and 1tS 5- 

O-methyl ether cc) (46%) which could easily be separated by chromatography. 

The proven reliability oP this method, as determined by the synthesis OP some natural products 

with well established structures, prompted the investigation OP a Pew compounde, i.e. ventlnone B 

and the 8-nor-derlvatlve, to which somewhat improbable substitution patterns have been attributed. 

The required substrate, Z-chloro-5,7-dlmethoxynaphthoquinone (tlb) had previously been obtained* - 
in low yield (201) by methylatlon oP the crude juglone. It was surmised that the latter was 

rather unstable in contact with slllca gel during the usual work-up. However when arcmatixatlon 

oP the adduct was conducted wlth dilute HCl in THF at room temperature and Pollowed by methylatlon 

a much better yield (68%) could be achieved. 

Cycloaddltlon of diene ib to naphthoquinone fib led to oP an anthraqulnone (2l_) (95%) having 

physical and spectral properties quite diPPerent Prom those OP ventlnone B” (inconsistently 

described as orange in color 1. A reexamination oP the extensive data on this substance suggests 

that it may well be the 4-methyl ether oP erythroglaucln. A selective demethylation oP qulnone 2 

using AlCl, in CH,Cl, gave a product (20). also obtained by cycloaddltlon OP dlene 5b to naphtho- 

qulnone =a, which was clearly identical to one obtained earlier by Rraun”. These results con- 

Plrm the susplclon that the substance isolated by La1 and Gupta ” had been incorrectly identified. 

The lack of inPormatlon on this substance however prevents any attempt to reassign the structure. 
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Ffnally a reaction was also attempted with dlene ?a, the lower homologue OP the reagent uaed in 

the foregoing syntheses. Although the reactivity of naphthoqulnone E, was usually rather high, 

conversion to the corresponding adduct was very slow. The components, brought together Por seven 

days at room temperature and wlthout solvent provided a low yield (27%) oP helmlnthosporln (2). 

ExPERxlmrrAL 

All m.p.8. were taken for samples in capillary tubes with a Thomas-Hoover apparatus and are not 

corrected. me U.V. spectra were determined on a Hewlett-Packard 8450A spectrophotometer, the 

X.R. Spectra on a Beckman model IR-4250 instrument and calibrated with a film oP polystyrene. 

N.M.R. spectra were recorded with a Varlan XL-200 spectrometer using tetramethylsilane as lnternal 

standard. Mass spectra were obtained with a Hewlett-Packard 5995A spectrometer. Merck silica gel 
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60~ a,., Por dry column chromatography, was used throughout in a product-to-adsorbent ratio oP 

1:50-100. Elemental analyses were carried out by Calbraith Laboratories, Inc., Knoxville, Tenn. 

I. Preparation OP dienes 

Methyl 4.4-dimethoxybutanoate (3al 

Methyl 4-nitrobutanoate" (2al 25.0 g; 0.17 mall was introduced dropwise (45 min) into a solu- 

tion oP sodium methylate prepared from sodium (4.30 g; 0.19 mol) and absolute methanol (150 q L). 

The resultant suspension was added slowly (90 mini to a solution of cont. H,SO, (51.9 q L1 and 

absolute methanol (267 mL) at -10 OC. Stirring was continued Por 15 min and the reaction mixture 

was poured into CH,Cl, (500 mL) and water (500 mLl. The organic phase was washed with 15 aqueous 

NaOH (200 mLl, ice water (2 x 250 mL) and saturated NaCl (400 mL). Distillation of the residue 

aPPorded ester 3 (23.1 g; 84%). b.p. 86-88 "C/15 mm Hg (lit." 61-64 'C/11 mm Hg); I.R. vmax 

(Pilml 1735 cm-'; 'H-N.M.R. (200 MHz, CDCl,) 1.93 (2H, td, J-7.5, 5.5 Hz. 3-H). 2.39 (2H. t, J-7.5 

Hz. 2-H). 3.33 (6H. 8. 4,4-OCH,). 3.68 (3H, a, l-OCH,) and 4.40 (lH, t, J-5.5 HZ. 4-H). 

Methyl 4.4-dimethoxy-3-methylbutanoate (Jbl. 

In a similar reaction, methyl 3-methyl-4-nitrobutanoate" (2b) (32.2 g; 0.20 mol) was reacted 

with to sodium methylate (0.22 q ol) in methanol (175 mLl and added to cont. H,SO, (61 q t) and 

methanol (253 mL). Isolation oP the product as above gave ester 2b (30.3 g: 861). b.p. 92-94 

'C/19.5 mm Hg; I.R. Vmax (Pilm) 1735 cm-'; 'H-N.H.R (200 MHz. CDCl,) 0.96 (3H, d. J-6.7 HZ, 3- 

CH,). 2.14 (lH, dd, ~-14.6. 7.9 Hz. 2-H), 2.21-2.40 (1H, m, 3-H). 2.50 (1H. dd, J-14.6, 5.1 Hz, 2- 

H), 3.35 and 3.36 (2 x 3H, 29, 4,4_OCH,), 3.67 (3H, 9, l-OCH,) and 4.10 (lH, d. J-6.0 HZ, 4-H); 

U.S. m/z 145 WCH,O)+. (Found: C. 54.28: H, 9.17. Calc. Por C.HI.O,: C, 54.53: H, 9.15). 

Methyl 3-methyl-4-oxobutanoate (ibl. 

A mixture oP ester 3b (25.0 g; 0.14 mol) and water (50 mL) was refluxed for 90 min. Methanol 

was distilled oPP through a Vigreux column and the residue extracted with methylene chloride (2 x 

50 mLl. Fractionation of the crude product gave pure ester :b (16.5 g; 89X), b.p. 87-88 'C/22 mm 

Hg (lit." 49-51 'C/3 mm Hg); I.R. bax (film) 1735 and 1725 cm-'; 'H-N.M.R. (200 MHz; CDCl,) 6 

1.20 (3H. d, J-7.0 Hz, 3-CH,), 2.38 (lH, dd, J-16.1. 5.9 Hz, 2-H). 2.75 (lH, dd, J-16.1, 7.0 Hz. 

2-H), 2.80-2.96 (lH, m, 3-H). 3.70 (3H. s, I-OCH,) and 9.70 (lH, s, 4-H); H.S. m/z 130 (Ml+. 2,4- 

Dinitrophenylhydrazone. m.p. 136.0-136.5 'C (CH,OH). (Found: C, 46.64; H, 4.45: N, 17.98. Calc. 

Por C,~H,.NcOl: C, 46.45; H. 4.55: N, 18.06). 

Methyl E- and Z-4-trimethylsiloxybut-3-enoate (?a) 

To a suspension oP powdered anhydrous ZnCl, (400 mg) in dry triethylamine (22.2 g; 0.22 mall 

were added ester !!a** (11.6 g; 0.10 mall in dry benzene (30 mLl (18 q in) and then ClSiMe, (21.7 g; 

0.20 mol) (20 min). The reaction mixture was stirred Por 30 min. then kept at 40 'C Por 17 h. 

Volatile Practions were evaporated under vacuum and petroleum ether (b.p. 35-60 'C) (250 q L) was 

added. The insoluble materlal was Piltered ofP and the filtrate was concentrated (this process 

was repeated until salts no longer precipitated). Dlstlllation of the residue gave unsaturated 

ester la as a 1:2.9 mixture oP the E- and Z-isomers (14.6 g; 781), b.p. 42-45 'C/0.55-0.60 mm Hg, 

I.R. vmax (Pilm) 1740,'1660, 1250 and 840 cm-'; 'H-N.M.R. (200 MHz, CDCl,) 6 0.18 (s, Z-4-OTMS), 

0.20 (s, E-I(-OTMS). 2.92 (dd. J-7.6, 1.3 Hz, E-2-H); 3.15 (dd, J-7.0, 1.6 Hz, 2-2-H). 3.67 (9, E- 

I-OCH,), 3.68 (s. Z-I-OCH,), 4.70 (td, J-7.0. 5.7 Hz, Z-3-H), 5.08 (dt. J-12.1, 7.6 Hz, E-3-H). 

6.29 (dt, J-5.7, 1.6 Hz, Z-4-H) and 6.30 (dt, J-12.1 and 1.3 Hz, E-4-H). (Found: C. 50.97; H, 

8.43. Calc. Por C.H,,SiO,: C, 51.03; H, 8.56). 

Methyl E- and Z-3-methyl-4-trimethylsiloxybut-3-enoate (zb). 

Under conditions analogous to those OP the preceding paragraph, ester :b (13.0 g; 0.10 mall 

provided enol ether 5b (18.4 g; 91%) as a 4:5 mixture of the E- and Z-Porms, b.p. 42-45 'C/O.3 mm 

Hg; I.R. v,,,,,, (Pilml 1740, 1675. 1255 and 845 cm-'; 'H-N.M.R. (200 MHz. CDCl,) 6 0.16 and 0.18 

(2s. 4-DTMS), 1.61 (d, J-l.3 Hz, Z-3-CH,), 1.65 (d. J-l.3 Hz, E-3-CH,), 2.87 (d. J-1.0 Hz, E-2-H), 

3.11 (br s, Z-2-H), 3.67 (s. l-OCH,) and 6.15 (m, 4-H). (Found: C, 53.41; H. 9.11; Si, 13.59. 

Calc. Por C,H,.SiO,: C, 53.43: H, 8.97; Si. 13.88). 

I-Methoxy-1.4-bistrimethylsiloxy-1.3-butadiene (?a). 

To a solution oP dry dilsopropylamine (8.60 g; 85.0 camel) in anhydrous THF at 0 'C, was added 

under nftrogen a 1.60 M solution OP n-BuLi (53.0 q L: 85.0 mmoll in hexane. The mixture was 
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stirred Por 15 min then cooled to -78 OC and to it were added successively ClSiMe, (12.6 8; 0.12 

mol) (10 min) and a solution of ester ?a (14.6 g; 77.0 rrmol) in THF (25 mL) (75 min). The mixture 

was stirred Por 15 min. allowed to caue to room temperature, concentrated under vacuum, diluted 

with petroleum ether (b.p. 35-60 'C) (250 q L), and Plltered (this operation is repeated until 

salts no longer precipitated). Distillation oP the residue yielded diene fia (17.1 g; 851) as a 

0.9: 1.0: 2.9 mixture oP the E,Z-. Z-E- and Z,Z-isomers, b.p. 75-77 'C/O.7 m Hg; I.R. vmax (Pllm) 

1665, 1610, 1250 and 845 cm-'; 'H-N.H.R. (200 MHZ, CDCl,) 6 0.18 and 0.27 (2s. l,4-OTHS); E,Z- 

isomer: 3.60 (s, l-OCH,), 4.69 (dd, J-10.5, 1.1 Hz, 2-H), 5.31 (dd, J-10.5. 5.9 Hz. 3-H) and 5.96 

(dd, J-5.9, 1.1 Hz. 4-H); Z,E-isomer: 3.54 (8. I-OCH,), 4.35 (d, J-11.2 Hz, 2-H). 5.79 (dd. 

J-12.1. 11.2 Hz. 3-H) and 6.26 (d, J-12.1 Hz. 4-H); Z.Z-isomer: 3.57 (8, l-OCH,), 4.76 (dd. 

J-10.8, 1.1 Hz, 2-H). 5.35 (dd. J-10.8. 5.9 Hz, 3-H) and 5.94 (dd. J-5.9, 1.1 Hz. 4-H). 

l-Hethoxy-3-methyl-l~4-bistrimethylsiloxy-l,3-butadiene (ib). 

In a procedure similar to the Poregoing, ClSiMe, (14.5 g: 133 mmol) and then a solutlon oP 

methyl 3-methyl-4-trimethylslloxy-3-butenoate (zb) (18.0 g; 89.0 mmol) in THF (25 mL) were added 

to lithium diisopropylamide (98.0 mm011 [prepared Prom diisopropylamine (9.90 g; 98.0 mm011 and 

1.55 H n-BuLi in hexane (63 mL; 98.0 mmol)] in anhydrous THF (100 mL). Distillation oP the crude 

product through a short Vigreux column provided diene fib (22.0 g; 90%) as a 4:5 mixture of the 

Z,E- and Z,Z-isomers, b.p. 69-70 'C/O.3 mm Hg; IR wmax (Pilm) 1655, 1615, 1250 and 840 cm-'; 'H- 

N.M.R. (200 MHz; CDCl,) 0.16 (s. Z,Z-4-OTHS). 0.17 (s, Z,E-II-OTMS), 0.24 (s. Z-E-I-OTHS), 0.27 (s, 

Z,Z-I-OTMS). 1.74 (d, J-l.6 Hz, Z.Z-3-CH,), 1.78 (d, J-l.3 Hz, Z,E-3-CH,). 3.53 (9, l-OCH,). 4.25 

(d, J-1.0 Hz, Z.E-2-H). 4.86 (d, J-1.0 Hz. Z.Z-P-H), 5.79-5.81 (m. Z.Z-4-H) and 6.21-6.23 (m, Z,E- 

4-H). 

II Syntheses of 2-methylqulnizarins 

General method A: To a solution or supenslon of the chloronaphthoquinone (1.00 mmol) in anhy- 

drous benzene (3 mL) is added (3-5 mln) at room temperature, diene ib (549 mg; 2.00 mmol) in the 

same solvent (2 mL). The mixture is stirred Por 1 h at 25 'C. heated to reilux (until t.1.c. 

indicated disappearance oP the naphthoquinone). cooled and evaporated under vacuum. Cont. HCl (2 

q L) is added to a solution oP the crude adduct In THF (10 mL) which is stirred Por 1 h at 25 OC, 

reiluxed Por 1 h (3 h in the case OP acetoxynaphthoqulnones) and poured into a mixture of ether 

(250 mL) and water (150 mL). The organic phase is extracted with 21 aqueous NaOH (3 x 60 mL); the 

basic extracts acidllied with 6 N HCl and extracted with dlchlorcvoethane (2 x 200 q L). APter 

washing the organic solution with water (2 x 150 q t), drying and evaporating, the residue is 

purltied by chromatography on silica gel. 

General method B: As in method A except that, aiter repluxing, the THF -cont. HCl solur,ion is 

poured into water (250 mL) and the crude anthraqulnone extracted with dlchlorcmethane (2 x 200 

mL). The organic phase is washed with water (3 x 125 q L), dried and evaporated. APter trltura- 

tlng with petroleum ether, b.p. 35-60 “C (250 mL). the crude solid Is purllied by chromatography 

(the small amount oP product dissolved in the petroleum ether can be recovered by evaporation oP 

the solvent, extraction with 2% NaOH, and acidiiication in the usual way). 

1.4-Dihydroxy-2-methylanthraquinone (2-Methylquinizarin) (2). 

The reaction oP 2-chloronaphthoqulnone (1)" (193 mg; 1.00 mm011 with diene gb (549 mg; 2.00 

mm011 according to method A (138 h) (an equal Portion OP diene in 1 mL of benzene was added aiter 

95 h), aPter PuriPication by chromatography (C.H,-CCL, l:l), provided P-methylqulnizarin (2) (200 

mg; 7911, m.p. 178 oc (CHcl,-CH,OH) (lit” m.p. 175-176 oc; 6 178-179 DC; 7 170 oc; uv amax- 

(CH,OH) (log E) 226 (4.32). 231 (4.32). 249 (4.60). 284 (4.03), 323 (ah) (3.411, 454 (sh) (3.93). 

480 (3.98). 500 (sh) (3.82) and 512 (3.76) nm: IR vmax (KBr) 1625 and 1580 cm-‘; ‘H-N.M.R. (200 

MHz; CDCl,) 6 2.37 (3H. d. J-O.7 Hz, 2-CH,), 7.16 (lH, br 8. 3-H). 7.78-7.86 (2H, m. 6.7-H). 8.30- 

8.38 (2H, m, 5,8-H), 12.96 (lH, s, ‘I-OH) and 13.35 (1H. 8, l-OH); M.S. m/z 254 (Ml+. (Found: C. 

70.64; H. 3.81. Calc. Por C H 0 IS 10 *: C. 70.86; H. 3.96). 

1,4,5-Trihydroxy-2-methylanthraqulnone (Islandicin) (E5,. 

An analogous reaction applied to dlene cb (2.00 mmol) and 3-chlorojuglone (;a)” (209 q g; 1.00 

mm011 using method A (3h) gave isladicln (Is) (209 mg; 791. q .p. 218.5-219.0 Oc (CHCl,-CH,OH) 

(lit.‘* q .p. 218 “C:” 215-217 'C;" 219-220 ‘C); UV Amax (CH,OH) (log E) 231 (4.61). 252 (4.39). 
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290 (3.97). 464 (sh) (4.07). 4.78 (sh) (4.13). 490 (4.17). 508 (sh) (4.03) and 524 (3.98) nm; IR 

vmax (KBr) 3130 (br) and 1595 cm-'; 'H-N.M.R. (200 MHz; CDCl,) 6 2.38 (3H. d, J-l.1 Hz. 2-CH,). 

7.16 (lH, br s, 3-H). 7.30 (lH, dd, ~-8.4, 1.5 Hz. 6-H). 7.69 (lH, - t. J-8.4, 7.7 Hz. 7-H). 7.89 

(lH, dd. J-7.7, 1.5 Hz, 8-H), 12.28 and 12.32 (2 x lH, 23, 4,5-OH) and 13.48 (lH, s, l-OH); M.S. 

m/x 270 (Ml*. (Found: C, 66.51; H, 3.52. Calc. Por C H 0 I, 10 a: C, 66.67: H, 3.73). 

1,4,8-Trihydroxy-2-methylanthraquinone (Digitopurpone) (16). 

Application of method A (32h) to diene gb (2.00 mmol) and 2-chlorojuglone acetate (?a)'" (251 

q g: 1.00 armol) (an extra 0.5 mm01 of diene in 1 q L of benzene was added aiter 25h) and purifica- 

tion as bePore aiforded digitopurpone (16) (235 mg; 871). m.p. 211-212 OC; (cHcI,-CH,0H) (lit: 

m.p. 209-211 'C; i1 210.5-212 'C; " 209-210 'Cl; UV Amax (CH,OH) (log E) 231 (4.66). 250 (4.40), 

289 (4.01), 462 (sh) (4.10). 476 (sh) (4.15). 490 (4.201, 508 (sh) (4.06) and 522 (4.01) NO; IR 

vmax (KBr) 3150 (br) and 1595 cm-l: 'H-N.M.R. (200 MHz; CDCl,) 6 2.37 (3H. d, J-l.5 Hz. 2-CH,). 

7.18 (1H. br s, 3-H). 7.30 (1H. dd. J-8.2, 1.5 Hz, 7-H), 7.70 (lH, - t. J-8.2, 7.6 HZ, 6-H). 7.88 

(1H. dd. J-7.6, 1.5 HZ, 5-H), 12.33 and 12.71 (2H. 2.9, 4.8-OH) and 13.09 (1H. 8, l-OH): M.S. m/z 

270 (W+. (Found: c. 66.72: H, 3.67. Calc. for C,,H,,O,: C, 66.67: H. 3.73). 

1,4,5-Trihydroxy-7-methoxy-2-methylanthraquinone (Erythroglaucin) (11). 

A condensation analogous to the foregoing. with dlene ib (2.00 mmol) and 3-chloro-7-methoxy- 

juglone' (to) (239 q g; 1.00 mm011 (method A-45h) (0.5 mmol of the diene in 1 mL of benzene was 

added after 25h), after purification in the usual way gave erythroglaucin (2) (186 mg; 62%). m.p. 

206.5-207.5 'C (CHCl,-CH,OHl (lit""' m.p. 205.0-206.0; '* 204 'C; UV amax (CH,OH) (log E) 230 

(4.61). 255 (4.31), 275 (4.291, 304 (4.061, 460 (sh) (4.10). 476 (sh) (4.17). 488 (4.22). 508 (sh) 

(4.10) and 520 (4.04) MI; IR vmax (KBr) 1595 and 1575 cm-'; 'H-N.M.R. (200 MHz; CDCl,) 6 2.37 (3H, 

d. J-l.1 HZ; 2-CH,), 3.95 (3H, s, 7-OCH,), 6.71 (1H. d. J-2.6 Hz. 6-H). 7.14 (lH, br sr 3-H). 7.42 

(lH, d, J-2.6 Hz. 8-H). 12.38 and 12.46 (2 x lH, 2.9, 4,5-OH) and 13.38 (lH, s, l-OH); M.S. m/x 300 

(W+. (Found: C, 64.22; H. 3.94). Calc. for C H 0 L‘ II 0: C, 64.00; H, 4.03). 

1,4-Dihydroxy-5-methoxy-2-•ethylanthraquinone (5-O-Methylislandicin) (la). 

To a solution of 3-chlorojuglone (ia) (209 q g: 1.00 mmol) in dry methylene chloride (3 mL) was 

added dropwlse (10 min) diene ib (549 mg; 2.00 mmol) dissolved in the same solvent (2 mL). The 

mixture was stirred at r.t. for 35 h and evaporated under vacuum. To the residue taken up in 

chloroform (20 mL) were added freshly prepared silver (I) oxide (2.3 g: 9.9 mmol) and iodomethane 

(1.0 q L; 16 mm01 - similar portions were added after 12 and 24 h). The mixture was stirred at 

r.t. for 76 h [additional amounts of silver oxide (1.2 g) and iodomethane (0.5 mL) were introduced 

after 56 h] filtered and evaporated. Aromatization of the methylated adduct was conducted accord- 

ing to method B and separation of the crude products by chromatography (C.H,) yielded islandicin 

(Is) (20 mg; 7%) as a Plret fraction. Elution of a second zone (C.H. - AcOEt 2O:l) provided 5-0- 

q ethylislandicin CG) (130 q g: 4611, m.p. 195 'C (CIH. - petroleum ether, b-p. 65-110 'C) (lit." 

m-p. 193.5-195.0 v;zo 194-195 oc; *I 194.0-196.5 VI; w imax (CH,OH) (log E) 230 (4.54), 249 

(4.32). 287 (3.93). 387 (sh) (3.43). 468 (sh) (4.01). 478 (sh) (4.01). 492 (4.02) and 526 (3.75) 

nm; IR vmax (KBr) 1610 and 1575 cm-l; 'H-N.M.R. (200 MHz; CDCl,) 6 2.35 (3H, d, J-l.5 Hz, 2-CH,). 

4.08 (3~. s, 5-OCH,), 7.15 (lH, br s, 3-H), 7.37 (lH, dd, J-8.4, 1.3 Hz, 6-H), 7.76 (lH, dd, 

~-8.4, 7.6 HZ, ~-HI, 8.04 (lH, dd, J-7.6, 1.3 HZ. 8-H) and 13.32 and 13.33 (2H, 2s. 1.4-OH); M.S. 

m/z 284 CM)+. (Found: C, 67.65: H, 4.38. Calc. for C,,H,,O,: C, 67.60; H, 4.25). 

1.4-Dihydroxy-8-methoxy-2-methylanthraquinone (8-0-Methyldigitopurpone) (2). 

Application of method B to 2-chlorojuglone methyl ether (zb)*' (223 mg; 1.00 mmol) and diene gb 

(2.00 mm01 l 0.50 mm01 after 21(h), and chromatography of the crude product (C,H,-AoOEt 2O:l) 

provided 8-0-methyldigitopurpone (2) (258 mg; 91$), m.p. 211.5-212.0 'C; (AcOEt.1 (lit." 208.0- 

210.5 'C; la 218 OC; *' 209-211 'C); UV Amax (CH,OH) (log E) 231 (4.53). 248 (4.321, 285 (3.95). 

389 (sh) (3.48), 470 (sh) (4.03), 476 (4.03). 492 (4.03) and 526 (3.76) nm; IR vmax (KBr) 1615 and 

1575 cm-'; 'II-N.M.R. (200 MHz, CDCl,) 6 2.36 (3H. d. J-O.8 HZ. 2-CH,), 4.08 (3H. 8, 8-OCH,). 7.11 

(lo, q, ~-0.8 HZ. 3-H). 7.36 (1H. dd, ~-8.4, 1.1 HZ. 7-H), 7.76 (1H. dd, ~-8.4, 7.8 Hz. 6-H), 8.02 

(lH, dd, ~-7.8, 1.1 HZ; 5-H), 12.95 (lH, s, 'I-OH) and 13.69 (lH, s, l-OH); M.S. m/z 284 CM)+. 

(Found: C. 67.55; H, 4.38. Calc. for C H 0 L‘ II a: C, 67.60; H, 4.25). 

2-Chloro-5,7-dimethoxy-1,4-naphthoquinone (zb). 
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To 2,5-dichlorobenzoquinone (531 q g: 3.00 mmol) in dry THF (25 q L) was added 1.3-dimethoxy-l- 

trimethylsiloxy-1,3-butadiene' (668 mg; 3.30 mmol) in the same solvent (5 mL). The solution was 

stirred at 25 "C for & and diluted with 51 aqueous HCl (6 mL). After stirring at the same tem- 

perature for 88h, the mixture was poured into water (200 q L) and extracted with dichloromethane (2 

x 100 mL). The organic extracts were then washed ulth water (3 x 75 mt), dried and evaporated. 

Hethylation of the residue [Ag,O (2.0 g; CH,I (1.0 q L), CHCl, (50 mt) - 23h] and purification of 

the crude product by chromatography (C,H,-AcOEt 1O:l) afforded naphthoquinone fib (518 mg; 68%). 

m.p. 187.5-188.0 "C (C.H.) (lit.' 185-187 'C, *' 187.5-188.5 'Cl. 

l,I(-Dihydroxy-6,8-dimethoxy-2-methylanthraquinone (2). 

Purification by chromatography (C,H,-AcOEt 2O:l) of the crude product obtained from naphtho- 

quinone fib (253 mg; 1.00 mmol) and diene ib (2 mm01 + 0.5 mm01 in 1 mL benzene after 26h) accord- 

ing to method B (70h) gave anthraquinone (2) (300 q g: 95$), m.p. 220.5 'C (CHCl,-CH,OH): UV Amax 

(CH,OH) (log E) 230 (4.581, 275 (4.301, 299 (4.03). 476 (4.06). 488 (sh) (4.05). 512 (sh) (3.87) 

and 524 (sh) (3.75) nm; IR vmax (KBr) 1610. 1580 and 1560 cm-'; 'H-N.M.R. (200 MHz. CDCl,) 2.36 

(3H, s, 2-CH,), 4.00 (3H. s, 6-OCH,). 4.04 (3H, s, 8-OCH,), 6.80 (lH, d, J-2.4 Hz, 7-H). 7.08 (lH, 

br s, 3-H). 7.52 (lH, d, J-2.4 Hz, 5-H), 12.89 (lH, s, 4-OH) and 13.85 (lH, s. l-OH); H.S. m/z 314 

w+. (Found: C, 64.80; H, 4.48. Calc. for C H 0 1, 1. 0: C. 64.97; H. 4.49). 

5-Acetoxy-2-chloro-7-methoxynaphthoquinone (;a). 

This compound was prepared as in the procedure used for naphthoquinone Lb; however the crude 

intermediate 2-chloro-5-hydroxy-7-methoxynaphthoquinone was isolated and recrystallized twice 

(CHCl,-951 C,H,OH). Acetylation of this material (385 mg: 542) in the usual way [Ac,O (5 q L): 

H,SO.; lh] occurred in nearly quantitative yield and provided the acetate ;a (447 ma), m.p. 

198.0-199.0 'C (AcOEt); UV imax (CH,OH) (log E) 267 (4.29) and 385 (3.41) nm; IR vmax (KBr) 1765, 

1690, 1655, 1610 and 1590 cm-'; 'H-N.H.R. (200 MHZ, CDCl,) 6 2.43 (3H, s, 5-OCOCH,), 3.96 (3H, sr 

7-OCH,), 6.88 (lH, d, J-2.9 HZ, 6-H), 7.03 (lH, s, 3-H) and 7.60 (lH, d, J-2.9 Hz, 8-H); MS m/z 

280/282 (Ml+ (4,211 and 238/240 (M-CH,CO)' (100. 33%). 

1,4,8-Trihydroxy-6-methoxy-2-methylanthraquinone (20). 

A: Cycloaddition of diene 5b (2.00 mm01 + 0.50 mm01 after 24h) to naphthoquinone =a (281 mg; 

1.00 nmol), hydrolysis and aromatization of the adduct according to method B (72h) provided, after 

chromatography (CH,Cl,), anthraquinone 20 (203 mg: 68%). m.p. 257.0-257.5 'C (C,H,) (lit." 256- 

257 'Cl; UV Amax (CH,OH) (log E) 231 (4.63), 252 (4.28). 268 (ah) (4.24). 277 (4.311, 305 (4.061, 

460 (sh) (4.13). 474 (sh) (4.181, 486 (4.22), 506 (4.10) and 516 (4.04) nm: IR ha, (KBr) 1595 and 

1580 cm-'; IH-N.M.R. (200 MHz. CDCl,) 2.37 (3H. d. J-l.1 HZ, 2-CH,), 3.95 (3H, s, 6-OCH,), 6.71 

(lH, d, J-2.6 Hz, 7-H). 7.14 (lH, br s, 3-H), 7.42 (1H. d, J-2.6 Hz, 5-H). 12.44 and 12.78 (2 x 

lH, 29, 4,8-OH) and 13.00 (lH, s, l-OH); M.S. m/z 300 CM)+. (Found: C. 63.94; H, 4.14. Calc. for 

CI.H1,O.: C, 64.00; H, 4.03). 

B: A suspension of anthraquinone 11 (100 q g: 0.32 mmol), anhydrous AlCl, (0.4 g; 3.2 mmol) and 

dry CH,Cl, (10 mL) was stirred at 25 'C (75 min) then poured into a mixture of ice (50 g). water 

(50 mL) and cont. HCl (10 q L) and again stirred for 6h. me crude product was extracted with 

CH,Cl, (3 x 150 mL) and the organic solution washed with water (2 x 150 mL), dried and evaporated. 

Chromatography (CHCL,) of the residue gave anthraquinone 20 (77 mg; 81%). 

1,5.8-Trihydroxy-3-methylanthraquinone (Helminthosporin) (12). 

Adaptation of method B (7 days; without solvent) to 3-chloro-7-methyljuglone (E)' (0.50 mmol) 

and diene ia (2.00 mm01 + 2.00 mm01 after 3 days) followed by chromatography (C.H.-Ccl, 1:l) of 

the crude product afforded helminthosporln (22) (37 mg; 271). q .p. 227.5-228.5 'C; (CHCl,-Ccl,) 

(lit.'* 225-226 'C: ' 226-227 "C; ' 228-229 'C; UV Amax (CH,OH) (log E) 229 (4.64). 254 (4.30). 

287 (3.961, 295 (sh) (3.921, 462 (sh) (4.05). 478 (4.10). 486 (4.12). 506 (ah) (4.00) and 520 

(3.89) nm; IR vmax (KBr) 1595 and 1570 cm-'; 'H-N.M.R. (200 HHz. CDCl,) 6 2.49 (3H, s, 3-CH,), 

7.12 (1H. br s. 2-H). 7.30 (2H. s, 6.7-H), 7.70 (lH, br s. 4-H). 12.14 and 12.32 (2 x 1H. 29, 1.8- 

OH) and 13.01 (lH, s, 5-OH); M.S. m/z 270 CM)+. 'Ihis substance is indistinguishable from a sample 

prepared earlier' (IR, mixture m.p. and tic in 4 solvent systems). 
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