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Summary - Alkylanon, hydro~al@latwn and acylation of 3-methyl-, 3-metho_ay- and3.4-dunetho~crotonates 
can be iruiuced to occur exclusively In the a-position Conversron of the products to dmes then provuies. 
through cycloaddition, a wide vane@ of substmtion patterns Thts approach is rllustrated by sunplrfied 
syntheses of a number of naturally occurnng qwwnes and cot#irms the structures proposedfor vunuaqwwne 
C, Fgeranylenwdin, cinnalutein, 4%ithydroxydtgitolutetn, 2-hydroxyMandicin l-methyl ether and 
calyculatone l-methyl ether 

Recently, many useful methods have been proposed for effecnve syntheses of naturally occumng qumoms I3 

Schemes drrected towards highly regoselectwe results, m pmcular for speafically methylated polyphenohc pmducts, 

have generally tequired Mfetent approaches for each arrangement of subshtuents In practice, only dlenes denved from 

a few readdy avatlable butenoates can be constdered to provtde a umfied strategy 111 tlus ared The observanon that the 

reaction of tmsahuated ester mlates wth electrophlles can be dlrected preferentMy to ather the a- or the yposttton has 

now led to the development of a generaltzed methodology for the. more htghly substmted cases 

Numerous papers on the alkylahon and hydroxyalkylation of cmtomc ester enolates have helped to dehmlt the co&- 

ttons that favor etther a- or y-substmmon’ A reexaminanon of some of these methods has suggested the use of an estab- 

hskd procedure (LDA, HMPA, THF, -78%‘) for the present ObJectlve Under these cotitums. substttunon of 3-methyl, 

3-methoxy- and 3,4~etixycmtonates is restricted to the a-posttton m the only detectable product (a - 14 rmxtllre of 

dmstereomers m the case of hydroxyakylaaon) Thus, the prepsratton of an array of mtermedlates for the syntheses of 

tetra- and pentasubstttuted Qenes can be envtstoned sm from a small number of readtly accessible substrates 

After this approach had successfully keen applied to electmphdes such as methyl’ and ethyl iodtde6 as well as m 

acetaldehyde6, attentmn was turned to other reagents that could eventually lead to expedlhous syntheses of a vanety of 

natural products Benzyl, lsoptznyl and geranyl groups were readdy mtroduced mto 3-methoxyctutonate 1, through their 
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branides, and afforded mtenuediates 24 m good to excellent yteld (70-9596) The products. even in the crude state. 

showed all the desired characteristics, i e. only monosubstitutlon had occurred w&out detectable amounts of the y-tsomer. 

In most cases, the resultant 8-unsaturated esters were parttally isomenxed during purtficatton, without mconvemence 

however, smce both fonns wete easily enolixed m the next step of the pmcess 

Although the use of HMPA for the alkylatton could be &pensed wuh on occaston (as m the case of methyl mdide. 

but not of acetaldehyde), rt was adopted systemancally thtoughout. Subsequent ehmmatron of thts addrnve by washmg 

wrth a concentrated solunon of copper (II) mtrate also tesulted. m one case, 111 extensive hydrolysts of the enol ether 

However, this occurrence was not mopportune smce the ketoester could then be converted to stlyl enol ether (4) and then 

affotds a more readtly deptotected end-product, smce ~methoxyanthraqumones am not easily cleaved 

The a- and @unsaturated esters so obtamed were then converted almost quanutattvely, by standard ptoced~re&~. 

mto the requned dmnes (5-7) and cycloaddmon of the latter to appropriate naphthoqumones (8,9), followed by 

atomattxation. camed out m 72-8496 overall yteld The approach then provided a concise preparatton of 2- 

benxylxanthopurpurin 3-methyl ether (10) as well as first syntheses of vrsnnaqumone Ce (11) and 7-geranylemodmg (12) 

Attempts to rsomenxe vtsnuaqumone C to A” (11, R 1 = A’-tsopentenyl) by the usual means (strong base or &drum 

mchlonde”) were uusuccessful The demethylanon of vkumaqumone C to 7-1~oprenylemodm’~ (11, R, = H) usmg boron 

tnbtomtde resulted in extenstve decomposmon whde that of 2-benxylxanthopurpunn 3-methyl ether provided a htgh yreld 

of a homogeneous product” that presented somewhat ambtguous charactensttcs (SCHEME r) 
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In considering altemate electmphiles. epoxides and other cychc ethers could provide, m phxple, convement means 

of intmducing appmpriate substituents although, in view of their weak reactivity, these reagents did not appear very 

pmmlsmg In fact, various tries to effect substituhon with and without catalysis by Lewis acids such as boron trifluoride 

were invariably unsucessful 

At tis pomt, the process of hydmxyalkylahon apphed earher usmg acetaldehyde was ieexammed The reactmn 

had proceeded smoothlfl, but attempts to enohze the product (13 or 14) resulted only m rapid ehminahon with formation 

of pentadiene 16. By resmctmg the excess of base and carefully ehmmadng any residual HMPA. enolsilylation was in 

fact favored and the desued butadlene 17 ilnally obtained and moreover m almost quanWaWe yield However, &ene 17 

proved to be a poor annulating partner, It IS pamcularly unstable, undergoes a sort of retm-aldol process and m a reaction 

w~tb S-cNoro-2,3-dlmethoxy~~~o~ yielded only 23,7-mmethoxyJuglone3 (16) DEN 16 on the other hand could 

conshtute an alternahve to the previously prepared 4-methoxy-fmethoxycarbonyl-2-tnmethykuloxypenWbene” It 1s more 

&y avculable than the vmylogous ketene acetal but shows low reactwity and, m a test with 3-chloro~uglone, gave only 

27% of the expected aloesaponann I a-methyl e&f’ (19) (SCHEME II) 
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A simdar process usmg formaldehyde was ongmally undertaken m order to evaluate the effect of a less hmdered 

su~tuent. The difficulty of conductmg the reactmn under anhydmus conditions could be mthgated by the use of a 

codtstdlate of the aIdehyde and THF obtamed after depolymerization of parafomaldehyde by ptol~sulfomc 



174 B CARON and P BRASSARD 

llnhydw16 Insplteofthelow umcemm6on of tknaldehyde m the drsttllate, a 50% yield of the mquhed alcohol 15 

was obtained in an initial attempt and could undoubtedly be imptoved However the unsatisfactory behavior of the 

co- homologous Qene 17 effecttvely fomstalls the use of thts approach for the synthesis of subsmuted luudms 

The a-subsbtuuon of dienolates by other reagents was then constdered usmg the 3-methyl dertvauve (26), a 

convement substrate for a wade range of appltcatmns The condensatton wtth propargyl bromide occurred m nearly 

quantttanve yteld and the product eventually led to a amcme synthests of Javamcm’7 whtch wdl be reported elsewhere 

However the main objective consisted m reabxmg acylatums that would provide easy access to mtennedmtes for the 

pmparauon of &enes stmtlar to some obtamed earher but only wnh consukrable &fficuhy@ E!lectmphiles such as 

carbomWs or methyl cbloroformate were eventually rejected either because of low reacuvny or for gtvmg ptoducts 

ummmmaW wrth dnsopmpylaminofonnate. Reacttons wtth cyanofonnate’g proceeded sansfactonly when two equivalents 

of base am used in order to compensate for deptntonatton of the more acnhc end-product Isopropylnlenemslonatelonate, i e 

22 obtamed after spontaneous rsomertxation of the double bond, 1s of coutxe avatlable by other mean.?, but the better 

ymld, shorter mactton nme and more general scope of this apptoach gtve it a considerable edge over older methods 

At first, some Qfficulty was expenenced m attempung to enohxe substances such as tsopropyhdenemalonate 22 

The use of LDA, ~th or whout TMEDA. mvariably gave msoluble and unreacnve mtermediates Eventually, 

enolsrlylatton was camed out strmght-forwardly by the consecuttve acnon of NaH and ClTMS The usefulness of dtene 

22, much mom teaddy accessrble man the previously prepared analogous compound, IS dlustrated by a first synthesis of 

the naturally occmrmg amhraqmnone, cmnalmem2’ (24, R=H) (SCHEME III) 
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SCHEME II1 

Fmally, the apphcauon of thts approach to the enol ether (25) of commercmlly avarlable methyl 

4-methoxyacetoacetate has led to the pteparanon of the first example of pentasubsututed dlenes of the type under 

constderanon (vmylketene acetals) The selecuve alkylatton of cmtonate 26 by methyl todtde afforded mtennedtate 26 
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and evdy chene 29 The latter, m fpte of its high degree of subsntutmn. combmed rapidly wtth chlomjuglones as 

well as then acetates and could then provide various unusual substnutlon pattems (selectively methylated pulyphenollc 

arrangements) m an unambiguous fashion In this way, tt was possible to confum the structmes of thtee natural 

sul!&mces, 45d1hydmxydlgltolutel# (93), 2-hydtoxyrslandicin l-methyl & (34) and calyculatone l-methyl ether 

(99) (SCBBMB IV) Moreover, the enolate mn of cmtonate 96 could be acylated wtth cyanofotmate, as descnbcd m a 

prevtous case Unfortunately. the conespundmg &era? 99 was found to be qmte mett m cycloadditton processes wtth 

quinones 
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SCHEME N 

Syntheuc vtsmiaqumonc C (1 l), 7-gemnylernodm (19) and cmnalutem (24, R=H) wete found to be. identical wnh 

the natural products by ducct comparison Aloesaponarm I 6-methyl ether (19) was mdtstmgmshable from a sample 

pmpated carher The spectral and phystcal chamctensttcs of 4,5dthydroxydignohnem (93). 2-hydroxytslamhcm l-methyl 

ether (34) and calyculatone l-methyl ether (39) am in good agreement wtth extenstve pubhshed data assummg that the 

m p of compound 34 IS the result of a typographtcal etror (authenuc samples am as yet unavatlable) 

EXPBRIMENTAL 

All meltmg pomts were taken for samples m c@lary tubes wtth a Thomas-Hoover apparams and are not corrected 

The W spectra were determmcd on a Hewlett-Packatd Model 845OA spectmphotome.ter. the IR spcctm on a Beckman 

Model IR-4250 mstmment and NMR spectra were recorded wtth a Vanan XL206 spectrometer usmg tetramethylstlane 
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as lntemal standam Mass spectra were obtamed with a Hewlett-Packard 5995A spectrometer Merck slhca gel 6OF, 

for the ammatwahon of adducts and ICN SthTech 32-63 60A for flash chmmatography were used throughout in a pmduct- 

to-adsotbent rauo of l:SO-100 Elemental analyses were camed out by Galbranh Laboratones. Inc , KnoxwIle, TN Exact 

masses were provnled by the Laboratotre de specttometne de masse, Umversm? de Mont&l, Qub 

I Substitution of Crotonlc Esters 

General PKWZ&W A To a soluuon of the LDA-HMPA complex prepared, under mtrogen, from dnsopropylamme 

(0 110 mO1) m TI-IP (135 mL), n-butylhthmm (0 115 mol) m hexanes at 0°C (25 mm) and HMPA (0 110 mol), also m 

TI-IP (20 mL) at -78T (20 mm) was added cmtomc ester 1,20 or 25 (0 100 mol) m the same solvent (15 mL) (15-40 

mm) The rmxture was sttrmd at -78’C (15-30 mm), then at 0°C (60-90 mm) and agam cooled to -78V when the 

electrophtle (0 175-O 250 mol) m THP (25-40 mL) was added to tt (60-90 mm) Sttmng was contmued at the same 

temperature (2 h) and the soluhon, upon mturmng to mom temperature, was quenched by addloon of saturated aqueous 

NI&Cl(200 mL), concentrated under vacuum and extracted with CHzcl, (3 x 200 mL) The restdue, dtssolved m ether 

(Zoo mL), was washed with 30% aqueous Cu(NO.& (3 x 200 mL), dned (MgSO,) and evaporated 

Methyl 2benayl3-methoxy-2- and 3.butenoate (2 a,b) 

Ester 2 a,b was obtamed from 3-methoxycmtonate 1 (13 0 g, 0 100 mol) and benzyl bmmtde (29 7 mL, 0 250 mol). 

accOnbng to general procedure A, as a 3 1 mixture of the 2- and 3unsaturated isomers, b p 113-l 15Y!/O 3 mmHg (18 4 

g, 84%) whtch was used as such m the next step 

Careful fracuonauon of the mtxture afforded pure methyl 2-benzyl-3-methoxy-2butenoate, IR (film) 1705, 1615 

cm-‘, ‘H-NMB (200 MHz, CDCl,) 8 2 45 (3H, s, 4-H). 3 66 (3H, s, 3-OCH,), 3 70 (2H, s, 2-CH3.3 72 (3H, s, 1-OCH,), 

and 7 IO-7 34 (5H, m, l’-CbH& MS m/z 220 (17) @I)+, 91 (100) 

Separanon of the crude product by flash chmmatogmphy (CCq, then CCl,-CHzClz 1 1) gave methyl 2-benzyl-3- 

methoxyd-butenoate. lB (Iilm) 1745, 1660, 1620,160O cm-‘, ’ H-NMB (200 MHz, CDCl,) 8 2.93-3 24 (2H, AB patt of 

ABX pattern, v = 26 4 Hz, J = 13 6.7 7.7 7 Hz, 2-CIQ, 3 38 (lH, t, J = 7 7.7 7 Hz, 2-H) 3 55 (3H, S, 3-OCH3,3.66 

(3H. S, 1-0CI-Q 4 00 (2H, s, 4-H), and 7 14-7 36 (5H, m, l’-C6Hs), MS m/z 220 (3) (Iv@‘, 91 (NO), exact mass calcd 

for C,,Hl,03 220 1099, found 220 1108 

Methyl 2isoprenyl-3-methoxy-2- and 3-butenoate (3 a,b) 

Applying procedure A to substrate 1 (13 0 g, 0 100 mol) and moprenyl bmmtde (20.1 mL, 0 175 mol) provided a 

1 15 mtxttne of the 2- and 3-unsaturated ester (3 a,b) (17 9 g, 90%). b p 69-89WB 4 mmHg [a second frachon (1.0 g, 

5%) conststed of a 1 3 mtxtum of the same isomers], IR (Blm) 1745, 1660, 1625 cm-‘, ‘H-NMR (200 MHz, CDCls) 8 

(for the 2-butenoate) 156 and 166 (2 x 3H, 2s, 3’-CIQ, 2 43 (3H. s, 4-H), 3 49 (3H, s, 3-OCI-I& 3 64 (3H, s. 1-OCIQ, 

4 09 (2H, dd, J = 7 7,2 9 Hz, II-H), and 4 87-5 00 (lH, m. 2-I-I). (for the 3-butenoate) 162 and 168 (2 x 3H, 2s. 3’-CH& 

230_260(2H,dofABpartofABXpattem,v=229Hz,J=143,75,75,72Hz,l’-H),3M(lH,t,J=75,75Hz, 

2-H), 3 54 (3H. s. 3-OCH,), 3 69 (3H, s, 1-OCH,), 4 05 (2H, s, 4-H), and 5 05 (lH, - t, J = 7 2 Hz, 2-H). MS m/z 198 

(4) @I)+, 69 (100). exact mass calcd for C,,H,sO, 198 1256, found 198 1244 

Methyl Zgeranyl-3-oxobutanoate 

The alkylauon of ester 1 (13 0 g, 0 100 mol) usmg geranyl bromide (34 7 mL, 0 175 mol) as m procedure A gave 
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the hydW=d htle CompOund (18 0 g. 71%), bp 113-12OT/o.15 mmHg, IR (film) 1740. 1715, 1615 cm-‘, IH-NMR 

(200 MHz. q) 6 158.161 and 166 (3 x 3H. 38.3’. 7’. 7’-CH& 1 87-2 16 (4H, m. 4’, Y-H). 2.21 (3H. s, 4-H), 2 55 

(WV t, J = 7.3 Hz, l’-H), 3.45 (IH, t, J = 7 3 Hz, 2-H). 3.71 (3H, s, l-OCHs), and 4.95-5 14 (2H, m, 2’, 6-H), MS m/z 

252 (4) w+. 69 (100) Anal. Calcd for C,&,o, C, 7139, H, 9 59 Found C, 71.31, H, 9.70. \ 

Methyl ~genu@-3-trimethylsiloxy-2-butenoate (4) 

A muture Of the fo=gomg keto ester (10 7 g. 0 040 mol), umdazole (0 163 g, 2 40 mmol) and hexamethyl&sdaz,ane 

(9 30 m& 0 044 mol) WBS heated to reflux for 4 h, stirred at a(18 h) and concentrated at 85OC (3 h) under vacuum (0.1 

mmHg) The =ldue (12 9 g, 99%) contested of an e~sentlally puxe 5 1 nuxtwe (used wthout further purification) of the. 

z- and E-lsOmerS of en01 ether 4, JR (film) 1710, 1620,1250,830 cm-l, ‘H-NMR (200 MHz, WC&) 5 (Z,-Isomer) 0 24 

(9H, s. 3-S). 158 and 166 (3H. 6H, 2s, 3’. 7’, 7’-CH& 1 88-2 16 (4H, m. 4’, 5’-H). 2 27 (3H, s, 4-H), 2 97 (2H, d, 

J = 6 6 J-k I’-H), 3 67 (3H, S, l-OCH& and 4 96-5 15 (2H, m, 2’, 6’-H), MS m/z 324 (6) (M)+, 73 (100) 

Methyl 3-methyl-2-propPrgyl-3-butenoate (21) 

3-Methylcmtonate 20 (114 g, 0 100 mol) and pmpargyl bromide (16 7 mL of an 80% solutmn m tolm. 0 150 

mol). as in precedmg cases but quenchmg at -78T, prowded crude ester 21 (15 7 g) Distillanon of the latter (3 32 g) 

gave Pure butenoate 21 (2 52 g, 78%). b p 64-65’VlO mmHg. IR (fUm) 3290.2100, 1740, 1640 cm-‘, ‘H-NMR (200 

=, CDQ,) 6 175 (3H. dd, J = 14,O 8 Hz, 3-CH& 1.98 (lH, t, J = 2 6 Hz. 3’-H), 2 39-2 79 (2H, d of AB part ofAF$x 

paaemv=416Hz.J=169,77,77,26Hz,l’-H),327(1H,t,J=77,77Hz.2-H),371(3H,s.1-~~,493(1H, 

dq,J=14,08Hz,4_H),and496(1H,dq,J= 14. 14 Hz, 4-H). MS m/z 152 (3) (M)+, 91 (100) Anal Calcd for 

C$,,O, C. 7103. H, 7 95 Found C, 7138. H, 8 15 

Methyl 2methoxycarbonyl3-methyL2butenoate (22) 

The condensatum of 3-methylcmtonate 20 (114 g, 0 100 mol) wth methyl cyanoformate (119 mL, 0.150 mol) as 

per method A, usmg two equivalents of the LDA-HIWA complex and quenchmg the remon mixture after 16 h at rt. 

afforded dtester 22, bp 58-71°CW4 mmHg (12 2 g, 71%), JR (film) 1730,1635 cm-‘. ‘H-NMR (200 MHz, CDCQ 6 

2 04 (6H, s, C-CH& and 3 74 (6H. s, OCH,), MS m/z 172 (8) (M)+. 141 (100) 

Methyl 4metho~2-methyl-3-oxobutPnoate 

The substmmon of methyl 3,4dunethoxy-2-butenoate (25) (16 0 g, 0 100 mol) wth methyl mdxie (9 4 mL. 0.15 

mol) was carned out as 111 method A, omntmg the HMPA and the subsequent treatment by Cu(NO,),, and was followed 

by hydrolysis of the crude en01 ether m 10% aqueous HQ (250 mL) and THF (20 mL) at 25T (20 h) Evaporatmn of 

the solvent, extraction by CH&& (3 x 150 mL) and QshlWon of the crude product gave the correspondmg oxobutanoate 

(12 5 g, 78%), b p 68-72”C/L mmHg, IR (film) 1745, 1720 cm-‘, ’ H-IWR(200MHz,CDCls)6134(3H,d,J=72 

Hz, 2-CH,). 3 40 (3H, s, 4-O(&), 3 67 (lH, q, J = 7 2 Hz, 2-H), 3 72 (3H, s, I-OCH,), and 4 11 (2H. s, 4-H). MS m/z 

160 (16) (M)+, 59 (100) Anal Calcd for C$H,,O, C. 52 49, H, 7 55 Found C, 52 72, H, 7 58 

Methyl 4-methoxs-zmethgl-3-trimethysiloxy-2-but~~e (26) 

The foregomg keto ester (6 41 g, 40 0 mmol) was enolsilylated accordmg to the method used for compound 4 The 

reachon mixture was evaporated at 10 mmHg and the residue. upon disnllanon provided enol ether 26 (8 20 g, 88%). b p 

66-72”CB 5 mmHg, IR (film) 1700, 1610, 1270,835 cm-‘. ‘H-NMR (200 MHz, CDCls) 6 0 22 (9H. s, 3-OTMS). 180 

(3H, s, 2-CH,), 3 31(3H, s. 4-OCH,). 3 69 (3H, s, l-OCH,), and 4 40 (2H. s. 4I-I). MS m/z 232 (7) (M)+, 73 (100) Anal 

Calcd for C,,,H~O,SI C. 5169. H, 8 68 Found C. 5133. H. 8 77 
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h b the preparation of es&r ~.3&dhetho~y~~ 25 (160 g, 0 100 mol) was acylated using methyl 

CY~fdtmate’g (119 mL; 0 150 mol). A pottion (5.0 g) ofthe crude pmduct (17 9 g) in CHaCla (150 mL) was exnacted 

wnh water (2 X 280 mL) and aammted brma (200 mL) then, after punfioatmn by flash chromatography (AcOHt - 

petroleumether,bp.35600C14followedby12),ylelded~~r~(302g.M48)aea3~lmixtuneaPthe~and~ 

iaomere; JR (IcBr) (ziaomcr) 1745 (ah), 1735 cm- ‘. ‘H-NMR (200 MHk CD(&) 8 (z_iaomer) 3 53 and 3 56 (2 x 3H, 

28.3. 4-C=‘Ja), 3.77 (6H. a, 1. l’-CCH& 4.65 (Hi. s, 2-H), and 5 90 (1H. 8.4-H). (E-isomer) 3.63 (3H. s. 3-OCH,). 3.77 

(6H. a, 1, l’-CCJ’f& 3.80 (3H s. 4-0CH&, 3.92 (lH, 8,2-H), and 5 66 (lH, 8,4-H), MS m/x 218 (15) (M)+. 159 (100); 

expct mass cakd for C&,0,: 218.0790, knmd 218 0797 Anal. Calcd. C. 49 54; H. 6 47 Found’ C. 49 48; H, 6.56 

~~B:Toa1O%axceaaofLDAmTHP(-15mLperO01molofeater)at-780CandunderNa 

WeSaddedtbESUbSlllUted crotonate~b,~,4.13,21,2526orn)(15-50mmol)m10-20mZofmesame~v~ 

(20 mm). After 15 mm, the temperatutu was tamed to OOC! for 0.75-2 h and agam lowered to -78OC A 50% excess of 

ClTMS m THF (10-15 mL) Was than mtmduced mto the nnxtum (40-75 mm) whmh was stlrmd at the same temparatum 

forlhandatrtforlh,cotmemmmd under vacunm, dihtted with pennlemn ether, b p. 35-60°C (250 mL), filtamd and 

evapomted(thtsatepcanbempeatedtmtilaaltanolongeraepamte) ThedtenMareaenait~ve,werenotanalyxe&butwed 

dn=dY 

2-Bemzy&3-dhethoxy-l-trimetbyl~xy-l~but8dlene (5) 

when qplied to the 3.1 mixarrc of 2- and J-butenoates 2 a,b (6.6 g. 0 030 mol), general pmdecum B afforded 

esenl~ally pun &em 5 (8.7 8; 99%) as a single taomen ‘H-NMR (200 MHZ, CDU,) 6 0.26 (9H. 8. l-OTMS), 3 49 and 

3.54 (2 x 3H, 28. 19-CCH& 3 53 (2H. s. 2-CH,), 4.07 (2H, s, 4-H), and 7 13-7 32 (5H, m, l’-C&Q 

zIsoprenJrl-lg~o~-l-~~~yl~~-l-trirnotbylaib (5) 

From the 1 15 mtxtum of 2- and 3-butenoatea 3 a,b (7 9 g, 0 040 mol). accordmg to pmcedum B. was obtamed 

quite pun dmne 6 as a amglc taomer (10 7 g. 99%); ‘H-NMH (200 MHZ, CD&) 8 0 20 (9H. s, I-OTMS), 161 (3H, s, 

3’-CJQ. 1 66 (3H, d, J = 1 5 Hz, 3’-CHs). 2.82 (2H, d, J = 7.0 Hz, P-H), 3.51 and 3.53 (2 x 3H, 2s. 1.3OCH& 4 07 (lH, 

d.J=18Hz,4-H),4.09(1H,d.J=l8Hz,~H).and506(1H,dq.J=70:15Hz,2’-H) 

~~yl-l-metb~l9-b~~y~~~l~ut~e 0 

To a aohmon of LDA (16 5 mmol) in THF (20 mL) at -78OC was added (20 mm) CJTMS (2 9 mL, 23 mmol) m 

the same solvent (3 mL) and, at?er 30 mm, butenoate 4 (4 87 g; 15 0 mmol) m THF (10 mL) (75 mm) The reaction 

mtxtum was atnmd at -78°C (40 mm), at -25’C (40 mm) and at rt (30 mm) then evaporated, treated as m method B and 

gave qmte pure dame 7 (5 89 g, 99%) m a 1.9 rat10 of stemomem, ‘H-NMR (200 MHx. CDClr) 6 (pnnctpal momer) 0 18 

and 0.22 (2 x 9H, 2s, 13-DTMS), 158. 163 and 166 (3 x 3H, 3s, 3’,7’, 7’-CHa), 188-2 17 (4H. m, 4, S-H), 2 79 (2H, 

d. J = 7 0 Ha, l’-H). 3 52 (3H, .a, l-CC%), 4 26 and 4 35 (2 x lH, 2s, 4-H), and 5 01-5 22 (2H, m. 2,6-H) 

2-Metho~-3-methoxycarbonyl-l~~n~~~e (16) 

A~~ofester13(139g,800mmol)andHMPA(21mL,O012mol)~n~(45mL)w~added(30~) 

to a suspenalon of LDA (0 19 mol) m the same solvent (120 mL) at -78’C and was followed, after 60 mm, by CD’MS 
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(30 5 mL, 0.240 mol) m THF (40 mL) (40 mln). The mixture was stlmd at -78OC (40 mln), allowed to cool to rt (60 

rmn),concentratedundervacllllmandtreatedwith~~etherasinmethodB ApoIdon(5.99g)oftbecmde 

pmduct (17 5 g) was punfied by flash chromatography on neutral alumina (CCl~-Cf-L&!& 8 1. then 5 1) and provided 

pen&hem 10 (2 98 g, 70%). bp 64-76WU 75 mmHg, IR (Nm) 1710, 1635, 1610 cm-‘, ‘H-NMR (200 MHz, CDCl;, 

6 1 84 (3H, d, J = 7 1 Hz, 5-H). 3 58 (3H. s. 2-OCH,). 3 69 (3H, s, 3-CO&H,), 4 02 (lH, d, J = 2 2 Hz, 1-H). 4 33 (lH, 

d, J = 2 2 Hz, l-H), and 6 96 (lH, q, J = 7 1 Hz, 4-H), MS m/z 156 (53) (I@‘. 59 (100). exact mass calcd for CaH,,O,. 

156 0786, found 156 0774 

In a reacnon sun&u to the foregomg - but omitting the HMPA - ester 13 (3 48 g, 20 0 mmol) m THF (10 mL) 

was added (20 mm) to LDA (0 044 mol) m the same solvent (30 mL) (30 mm at -78V. 40 mh~ at -35°C) ClTMS (7 6 

mL, 0 060 mol) m THF (10 mL) was mtxoduced (40 mm), at -78”C, mto the nuxture wluch was kept at tis temperature 

(60 nun) and at 25°C (30 mm) then concentrated under vacuum After tnzatmenl vnth petroleum ether as m method B, 

the residue afforded &ene 17 (6 31 g, 99%) as one qmte pure Isomer; ‘H-NMR (200 MHz, CDCls) 6 0 09 (9H, s, l’- 

OTMS). 0 23 (9H, s, I-OTMS), 1 21 (3H, d, J = 6 4 Hz, 2’-H). 3 54 and 3 58 (2 x 3H, 2s, 1.3-OCH,), 4 09 (IH, d, J = 

14 Hz, 4-H), 4 19 (lH, d, J = 14 Hz, 4-H). and 4 68 (lH, q. J = 6 4 Hz, I’-f-l) 

l-Methoxy-2-metho~~gcarbonyl-3-methyl-l-trimetRylsiloxy-l~-bu~diene (23) 

A sol&on of Isopmpyhdenemalonate 22 (8 61 g, 50 0 mmol) m THF (20 mL) was added (45 nun) to a suspension 

of 97% NaH (1 86 g, 75 0 mmol) m the same solvent (70 mL) at OY! and under N, The mixture was stnmd at tlus 

temperanUe (20 mm), at 25°C (60 mm) and finally under reflux (75 mm) To the cooled solu~on (O’C), was added 

ClTMS (9 5 mL, 75 mmol) 111 THF (15 mL) (40 mm) and shmng was contmued at the same tempemture (60 mm) then 

at rt (75 mm) The nuxture was then concentrated, tiuted v&h petroleum ether @p 35-WC) (250 mL). filtered and 

agam evaporated I)lsQllaUon of the residue gave &ene 23 (102 g, 83%) as a 1 1 mixture of isomers, bp 

64-66’QU 25 mmHg, IR (film) 1700, 1640, 1580, 1250, 850 cm-‘, ‘H-NMR (200 MHz, CDCl,) 6 (mtxture) 0 31 (9H, 

s, 1-OTMS), 1 84 (3H, -t, J = 1 3 Hz. 3-CH,), 3 61,3 65 and 3 71 (3H, 15H, 15H, 3s. 1,2-OCH3,4 75 (lH, q, 3 = 1 3 

Hz, 4-H), and 5 05 (lH, q, J = 1 3 Hz, 4-H). MS m/z 244 (10) (M)+, 112 (100) Anal Calcd for C,,H,O& C, 54 07, 

H, 8 25 Found C, 53 75, H, 8 32 

1,4-Dimethoxy-2-methyl-1,3-bis~i~thyl~lo~-l~-bu~diene (28) 

The procedure used m the case of dlene 7 was apphed to butenoatc 28 (3 49 g, 15 0 mmol) and gave dlene 28 

(4 52 g, 99%) as a 1 1 mixture of isomers, ‘H-NMR (200 MHz, CDCl,) 6 0 13 and 0 15 (2 x 9H, 2s, 3-OTMS), 0 20 and 

0 21 (2 x 9H, 2s, I-OTMS), 1 61 and 1 65 (2 x 3H, 2s, 2-(X,), 3 46, 3 52 and 3 55 (3H, 6H, 3H, 3s, 1,4-OCH,), and 

5 76 (2 x lH, s, 4-H) 

1,3,4-Trimethoxy-2methoxycarbonyl-l-trimethylsiloxy-l,3-butadiene (29) 

In a preparation analogous to that of dlene 23, butenoate 27 (3 27 g, 15 0 mmol) m THF (IO ml,), KH (0 903 g, 

22 5 mmol) also m THF (25 mL) and later ClTMS (2 9 ml,, 0 023 mol) m the same solvent (5 mL) gave essentrall) pure 

dtene 29 (3 98 g, 91%) as a single Isomer; ‘Ii-NMR (200 MHz, CDCl,) 8 0 34 (9H, s, l-OTMS), 3 46 and 3 47 (2 x 3H, 

2s, 3,4-OCH,), 3 65 (6H, s, 1.2-OCH,), and 5 89 (IH, s, 4-H) 

Ill Formation of anthraquinones 
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To a suspeplstoa of 2-chlon~@Nhoquinone (8) (0.385 g. 2 00 mmol) m dry LWIKUW. (6 mL) at - 6T, was added 

anexcessofdiene5(15&, - 6 mm01) m the same solvent (2 mL) (15 mm). The mix- was stirred at the same 

temperature (60 a) and at rt (3 h). then diluted with CCl, (8 mL) and percolated through a column of silica gel (100 

g) (CA - CCL 11) FW&XUI~~ of the code product by tlash chromatography (dry column) (CH$& - hexanes 11) 

gave anthrclquinone 10 (0.482 g, 70%). m p 182 O-182.5”C (1,2-d~chloroethane - petroleum ether, b p 90-lu)oc), IR 

(KBr) 1670, 1630 cm-‘. ’ H-NMR (200 MHz, CM!Q 6 4 02 (3H, S, 3-0(X-&), 4 10 (2H. s, 2-(X-L& 7 08-7 40 (SH. m, 

I’-C,W, 7 42 (1H. s, 4-J-9, 7 68-7.84 (2H, m, 6,7-H), 8 20-8 34 (2H, m, 5.8-H), and 13 05 (1H. s, l-0. MS m/z 344 

(12) (M)+, 91 (100). AnaL Calcd for C$,,O,: C, 76.73, H, 4.68 Found C, 76 60, H, 4.96, 

A second band consisted of 2-benzyl-1.3dimethoxy~ne (0 099 g; 14%). m p 174.5-175 OOC (1,2- 

d~chloroethane - petroleum ether, b p 90-12O“C) WI3 m p 176 5-177 YC), ‘H-NMR (200 MHZ. C!DCL& 6 3 80 and 4 01 

(2 X 3H, 2s. 1.3-tXX-I~. 4 14 (2H, s, 2X.X-Q 7.08-7.32 (SH, m, l’-C&). 7 64-7 84 (2H, m, 6,7-H), 7 68 (lH, 8,4-H), 

and 8 18-8 34 (2H. m, 5.8-H); MS m/z 358 (2) O+, 91 (100) Anal Calcd for c,H,,o, c, 77 08. H. 5 06 Found 

C. 76 91, H, 5 32 

1SDihydroxg_~~soprenyl-3-methoxy-dmethyl-9,l~~~~quinone (vismiaqulnone C) (11) 

The pmduct obtained from 3-chloro-7-methylJuglo& (8) (0 455 g, 2 00 mmol) and dzne 8 (12 mu, - 4 mmol), 

as m the PWeduU pqXUatIOn. was separated by flash chromatography (C%cl, - hgmine 1.1) A first zone provided 

anmne 11 (0 343 g; 49%), m p. 206-207°C (1.2~dichloroetbane - petroleum ether, b p. 90-1uPc) (bt 8 m p 215- 

217’C). W L (CH@H) (log E) 220 (4 49), 274 (4 46). 304 (sh) (3 97), and 434 (4 09) nm, IR (KEr) 1670,1625,1600. 

1560 cm-‘.‘H-NMR (200 MHZ. CDCld 6 168 and 1.79 (2x3H, 2s, 3’-CH& 2 44 (3H, S, 6-CH,), 3 42 (2~. d, J = 7 2 HZ, 

II-H), 4 01 (3H. s, 3-0CH,), 5 19 (lH, t, J = 7 2 Hz. 2’-H), 7 06 (lH, d. J = 15 Hz, 7-H), 7 40 (lH, s, 4-H), 7 61 (lH, 

d, J = 15 a. S-H), 12 14 and 12 42 (2 x lH, 2s. kg-OH), 13C-NMR (50 3 MHz, CDCQ 6 17 87,22.14,25 80,56 25. 

103 33,110 64,113 65,120 57,121 12.124 18,124 39,132 78,132 97,133 15,148 27,16169,162 41,163 53,182 07, 

and 19123, MS m/z 352 (31) @I)+, 309 (100) Anal Calcd for q,H,Os C, 7158, H, 5 72 Found C, 7137. H, 5 88 

A second band afforded 8-hydroxy-2-~soprenyl-1,3-dunethoxy-6-methylan~umone (0.254 g, 35%), m p 183 5Y! 

(1,2-dXhlomethane - petroleum ether, b p 90-12oOc). ‘H-NMR (200 MHz. CDCl,) 6 167 and 180 (2 x 3H, 2s, 3’-CT&), 

2 43 (3H, s, 6-CHd, 3 46 (2H, d, J = 7 2 Hz, II-H), 3 89 and 4 02 (2 x 3H, 29, 1.3-OCH& 5 14 (1H. t, J = 7 2 Hz, 2’-H), 

7 08 (lH, d, J = 1 1 Hz, 7-H). 7 57 (1H. d. J = 1 1 Hz, 5-H). 7 62 (1H. s, 4-H), and 13 09 (lH, s, g-OH), MS m/z 366 

(50) O+, 53 (100) Anal Calcd for (&H,,Os C. 72 11, H, 6 05 Found C, 71 82, H, 6 09 

2-G~anyl-1,3,8-trihydroxy-6-methyl-9,lO-anthraquinone (7-geranylemodin) (12) 

A mixture of naphthoqumone3 8 (0 113 g, 0 500 mmol) in dry THF (4 mL) and dlene 7 (0 4 mL, - 1 mmol) m the 

same solvent (1 mL) was stirred at OY! (90 mm) and at rt (3 h) then cooled agam to PC and treated urlth 10% aqueous 

HCl (5 mL) The soluhon was stined at the same temperature (30 mm) and at 25T (3 h) then poured mto water 

Extration of the crude product ~th CH,Cl, (2 x 200 mL) and punficahon by flash chromatography (dry column) (C!HC13 

then CHCl, - EbO 1 1) gave anthraqumone 12 (146 mg. 72%), m p 209-210°C (1.2~&chlorcethane - petroleum ether, 

b p 90-120°C) (l~t.~ m p 208-21OT), UV & (CH,OH) (log E) 218 (4 53), 249 (4 16), 282 (4 43), and 438 (4 08) mn, 

R (KEr) 3370 (br), 1665. 1605 cm -I, ‘H-NMR (200 MHz, CDCI,) 8 159, 1 66 and 1 83 (3 x 3H. 3s, 3’, 7’, 7’-CH,), 

2 09 (4H. br s, 4’, 5’-H), 2 44 (3H, s, 6-CH,), 3 52 (2H, d, J = 7 1 Hz, l’-H), 4 98-5 10 (1H. m. 6’-H), 5 28 (lH, t, J = 7 1 
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I& 2-H). 6 38 (lH, s, 3-o. 7 07 (lH, s. 7-H). 7 29 (1H. s. 4-H). 7.61 (1H. s, 5-H). 12 14 snd 12 74 (2 x lH, 2s. 1,8- 

OH); 13C-NMR (50.3 Ml-lx, DMso_dd 6 15.92, 17 42. 21.45, 25 34, 26.05. 108.01, 108.54, 113 24, 120.27, 120 61, 

120.98.123 65,123 94,130 59.13193.132 68.135 14.148 07.16128,16187,162 70,18107. and 189 92; MS m/x 406 

(13) @I)+. 283 (100) Anal. Calcd for -0s. C. 73.87; H, 6 45 Found. C, 73 52, H, 6.59. 

~Hydroxy-3-meUtoxy-2methoxycPrbonyl-l-~~~-9,l~~~q~one (aioesapmutrin I 6-methyl ether) (19) 

The adduct obtained when the mixture of 3-chlorojugloner~ (SO) (0 313 g; 1.50 mmol) and diene 16 (0.351 g, 2.25 

mmol) m benzene (14 mL) was kept at 25°C (1 h) and heated to refhrx (48 h) - an extra pornon of diene (0 117 g; 0.750 

mmol) bemg added after 10 h - was sromauxed by sttrrhrg at rt (24 h) wnh freshly prepared MnO, (0 52 g, 6 0 mmol) 

Separation of the. crude product by flash chromatography (W&la-AcOEt 20.1) ymlded smhn@none 19 (0 131 g, 27%), 

m p 199~2OOT (benzene - petroleum ether, b p 90-12OT) (ltt Is m p 210-212°C). lR (RRr) 1725.1660, 1625 cm-‘. 

‘H-NMR (200 MI-Ix, CDCls) 6 2 74 (3H, s, I-CH3). 3 97 and 4 01 (2 x 3H, 2s. 2-COzCHs, 3-OCI-&). 7 30 (lH, dd, J = 

80,llHz.7-~,762(1H.-t.J=8OHz,6-H),776(1H,s,4-H),778(1H.dd.J=80:11~z,5-H),and1289(1H. 

s, 8-OH), ‘v-NMR (50 3 MHZ, CDCl,, 6 20 09,52 75,56 52, 107 53. 116 88, 119 00.124 98, 13124, 132 50, 133.80, 

137 45, 135 80. 14147. 159 85, 162 43. 167 47. 182 37. and 189 68, MS m/z 326 (83) (M)+. 311 (100) 

l~D~ydroxy-6-me~o~-~~o~~~nyl-3-~~yl-9,l~th~q~~ne (24; R = CH3) 

The mtxture of 3-chloto-7-methoxyJuglon2 (0239 g, 100 mmol) and dtene 23 (0 4 mL, 15 mmol) m dry benxene 

(4 mL) was stmed at - 6T (60 mm) and at 25°C (2 h) then heated to teflux (10 h) - a supplemental portion of diene 

(0 20 mL, 0 75 mmol) in the same solvent (1 mL) bemg added after 6 h. After evaporanon of the solvent, the residue 

was dissolved m THF (10 mL) and treated at WC wnh 10% aqueous HCl(l0 mL) This soluhon was surmd at WC 

(30 mm) and at 25’C (3 h) then pouted mto water and extracted wtth CHaCls (2 x 200 mL) A suspensron of the crude 

product in dry CHscI, (35 mL) contammg anhydrous AlCl, (133 g, 10 0 mmol) was stmed at rt (2 5 h) and hydrolyxed 

m the usual way [me (150 g), cont. HCl(30 mL), H,O (150 mL) - 12 h] Extracnon wtth CH,Cls (3 x 300 mL) and 

purtficatton by flash chromatography (dry column) (C!H& - AcOEt 20 1) followed by mturatmn m ether afforded 

anthraqumone 24 Q = CHs) (0 213 g, 62%). m p 220221°C (1,2-~chloroethane - petroleum ether, b p 9012OT) (lit2 

mp 225Y!), IR (RRr) 1720, 1670. 1615 cm- ‘, ‘H-NMR (200 MHZ, CDCl& 6 2 42 (3H, s, 3-CH& 3 93 and 3 98 (2 x 

3H. 2s,2COsCHs and 6-OCl$). 6 67 (1H. d, J = 2 4 Hz. 7-H), 7 34 (1H. d, J = 2 4 l-lx, 5-H), 7 62 (lH, s. 4-H), 12 14 

and 12 48 (2 x lH, 2s 1,8-OH). ‘3C-NMR (50 3 MHZ, CDCl,) 6 20 35.52 70. 56 15. 106 83, 108 75, 110 04, 114 01, 

12136,129 02,133 33,134 91,145 44.159 45,165 39,166 56.166 83.18138. and 190 37, MS m/z 342 (32) @4)+, 310 

(100) Anal Calcd for C,sH,,O, C, 63 16, H, 4 12 Found C, 63 15. H, 422 

2Carboxy-l$-dihydroxy-6-methoxy-3-methyl-9,lO-anthraquinone (chmaiutein) (24; R = II) 

A nuxture of the foregomg methyl ester (24, R = CHs) (34 mg, 0 10 mmol). methanol (1 mL) and 25% methanolic 

NaOH (1 mL) was shrred at rt (3 h) and refluxed (20 h) then actdtfied and extracted wrth AcOEt. Put&anon of the 

CNde ptoduct by flash chromatography on deacttvated srhca gel (EtsO) gave cmnalutein (24. R = I-l) (32 mg, 98%). m p 

264-265T (acetone - petroleum ether, b p 7WWC) (ht.?’ m p 277T). W L (CHsOH) (log E) 224 (4 51). 255 sh 

(4 26). 267 (4 29), 279 sh (4 28), 434 (4 lo), and 580 (2 19) mn, lR (RRr) 2900 OX). 1685. 1670, 1590 cm-‘, ‘H-NMR 

(200 MHZ, DMSO-da 6 2 40 (3H, s, 3-(X3),3 92 (3H. s, 6-OCH& 6 87 (lH, d. J = 2 4 Hz, 7-H). 7 17 (1H. 6 J = 2 4 

HZ, 5-H). 7 56 (lo, S. 4-H). 12 07 and 13 00 (2 x 1H. 2s. 1.8-OH); MS m/x 328 (30) O+, 310 (RIO), exact mass cakd 

for C!,,Hr20, 328 0583, found 328 0566 
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A mixtum of 3-chloro4ueo=+‘ (so) (0.105 B; 0 500 mmol) in THF (4 mL) aud dkne 28 (0.3 n&, - o 8 mmo~) 

m~a~~lvmt(2mL)was~mdatOOC(60min)andatrt(ul)thcncoolcdtoOOC.Afteraddtticmofanhydrous 

NaOAc (0 082 g; 100 mnW. the suspetlsion was sti at 0°C (15 mm) and at rt (2 h) then heated to reflux (20 mm) 

andpotimtowater. Theresldueofa~~exeact(2x200mL)was~lvedatOOCmTHF(25mL)aadlo% 

~H~(25~)~~~u~~w~~~the~etrmperahve(6o~)suzdat~(3h)~npouredunowater 

my, the cmde product iaoWd by exbacdon with CHCI, (2 x 150 mL) and purified by flash chmmatography (dry 

column) (q% - AcOBt 5.1) yielded amhqwk= 33 (99 mg, 66%), m p 23s231T (1.2-dichl~ - petloleum 

ether, b p 90-12OT) (lit25 mq. 23~242°C. 22 244’c). W &- KX@iI (log e) 253 (4 35). 267 (4 31). 286 (4 18). and 

450 (4.10) m& IR (=r) 3360 (br), 1665, 1615 cm-‘; ‘H-NMR (200 MHz, DMSOdd 6 2 11 (3H, a, 2-(X,), 3.74 (3H, 

s, 4-m&, 7.29 UH. d. J = 7 9 Hz, 7-H-), 7 66 (lH, t. J = 7 9 Hz, 6-H), 7 77 (lH, d. J = 7.9 Hz, 5-H). 10.74 (lH, s, 3- 

0.1199 and 13 13 (2H. 29, 1,8-O, MS m/z 300 (100) (I@+, exact maas c&d for C,&,O,. 300.0634. found. 
u)o 0662. 

The cycloaddltlon of dlene 28 (0 60 mL, - 16 mmol) to 2-chI01qughme aceta@ (31) (0 250 g; 1.00 mmol) was 

conducted as for 2-geranylemodin (12) - a second portion of d~ene (0 10 mL, - 0 25 mmol) bemg added after 3.5 h, at 

0°C (30 mm). and tbe nachon completed at rt (30 min) Aromahzatum of the adduct was camed aa 111 the case of 12 

and hydrolysis of the tesultmg acetate aclueved by mfluxmg (7 h) m methanol (lOa mL) and 10% aqueous HCI (10 mL) 

The crude product ~XXW~RXI by ddution with Hz0 WI mL) and extra&m wrth CHCI, (2 x 150 mL) was aepamted by 

flash chroma@raphy (dry column) on deacnvated s&a gel ((X-L&Q and gave anthq&one 34 (57 mg, 19%), m p 

241-242”C (l,2dicblometbane - petmkum e&r, b p 90-12PC) (ht” m p 21OQ, UV I._ (t&OH) (log e) 235 (4.19), 

252 (4 23), 274 (4.21). 292 (4 04), and 444 (3 99) mu; IR @Br) 3340 (br), 1605 cm-‘. ‘H-NMR (200 MHz, CDCld 6 

2 27 (3H. s. 2-CH3), (3H. s. 4-OCH& 6 94 (lH, s, 3-OH), 7 27 (lH, dd. J = 7 8, 1 1 Hz. 6-H), 7 64 (IH, t, J = 7 8 

Hz, 7-H). 7 82 (1H. dd, J = 7 8, 1 1 Hz, 8-H). 12 90 and 14 01 (2 x lH, 2s. 1,5-OH), MS m/z 300 (100) 0’ Anal 

Calcd for C,$IH,,O, C, 64 00; H, 4 03 Found C, 63 79, H. 4.14 

A second zone (C!H$& - AcOEt 5 1) conslated of 9a-chloro-3,5-tiydroxy+nethoxy-2-methyl-l-oxo-l,4,4a,9a- 

Mrahydro-9,10- amhqumone (125 mg), ‘H-NMR (200 MHz, CDCl& 6 192 (3H, s.2-CH,), 3 07 (3H. s, 4-OCH.& 3 86 

and 3 95 (2 x lH, 2d, J = 2 5 Hz. 4,4a-H), 6 10-6 30 (1H. br s, 3-OH), 7 34 (lH, dd, J = 6 8. 1.3 Hz, 6-H), 7 66-7 75 (2H. 

m, 7,8-H), and 1195 (lH, s, 5-OH), MS m/z 336 (12) 0’. 300 (100) A rmxhue of thy mod&d adduct and K$O~ 

(123 g, 8 9 mmol) in THF (200 mL) was stined at It (6 h), Muted with H,O (200 mL), acidified w~tb 10% HCI and 

extncted v&h CHCI, (2 x 200 mL) The product, punfed as ticated above, was ldenncal w~tb anthraqumone 34 

(0 114 g. 38% - total peld 57%) 

lJ9mhyQroxJr-s;r-dimethoxy3-methyl-9,l~~t~q~o~ (calyculatone l-methyl ether) (35) 

In an approach slmllar to the plecedmg one. 2-chlom-7-methoxyJuglone acetag’ (32) (0 1% g. 0 700 mmol) was 

allowed to mact with an excess of dtene 28 (Ck6 mL, - 16 mmol) Aromanzaton of the adduct was promoted by the 

ation of NaOAc (0 115 8; 14 mmol) to the reaction mixture at OY! followed by an&ficauon unth 10% HCl as 

described for compound 33. The con~pondmg acetate was hydrolyzed m the usual way [IO% aqueous HQ (IO mL1. 

CI$OH (200 nL). at ~eflux (7 h)] and the crude product (recovered as m the preoedrng preparatfon) after punficatmn by 
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flash cbmmatogmphy (dry a&mm) on deactivated silica gel (CHCl, - Et&l l&l) affom w s (84 mg. 

36%). m p 2S1-2S2°C (l&di&loroethane - petmkum ether, b.p 90-lu)oC!) <Ilt?-’ m p. 253OC); UV lk, (CHsOH) (log 

e) 230 (4.40). 2.57 (4 21). 283 (4 43), 321 (4 02). and 438 (4 10) nm. JR (KBr) 3400 (br). 1605 cm-‘; ‘H-NMR (200 MHz, 

C!DCl.& 6 2 25 (3H, 8. 2-CHs), 3 92 and 3.98 (2 x 3H, 2s. 4.7~OCI$), 6 67 (lH, d, J = 2 6 Hz, 6-H). 6 96 (lH, s.3-OH), 

7.36 (lH, d. 1 = 2.6 Hz, 8-H). 13.18 and 13 95 (2 x 1H. 2s. 1,5-OH). MS m/s 330 (100) (I@+, exact mass cakd for 

C,,H,,O, 330 0739, found. 330 0752 Anal. Calcd. C. 6182, H. 4 27 Foti C, 6148, H, 4.58. 

A second fmctton m of the conesponding l-methyl ether (15 mg, 6%), mp 216-217’C (l&d~chlomethane - 

petroleum ether, b p 90-12O“C). IH-NMR (200 MHz. CDC!ls) 6 2 30 OH, 8.2-C!Hs), 3 87,3 91 aud 3 98 (3 x 3H, 3s, 

1,4;7-OC!H,). 6.64 (1H. d. J = 2 5 Hz. 6-H). 6 85 (IH. s, 3-OH), 7 28 (lH, d. J = 2 5 Hz, 8-J-Q and 12 97 (lH, s, S-OH), 

MS m/z 344 (loo) (M)+ 

Contmued eluhon (CHcl, - EbO 2.1) pmv~ded the mod&d adduct sa-chloro-3,5_,7~e~y-2~ 

methyl-l-oxo-1,4,4a9a-tenahydro-9,1~~~~~ (60 mg) S&a gel for flash cluomatography (50 9) was added to 

a WC!&, - AcOEt solution of dus compound and the nuxtme was evaporated to dryness The &due was allowed to 

stand at rt (8 h) and repeatedly extracted unth CHQ, and Et?0 Puntlcahon of ttus material as ticated above gave an 

addrclonal potion of qumone 35 (47 mg. 21% - total yield 57%) 
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