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Summary - Methyl p-methoxycrotonate 1s alkylated regtospecrfcal~, through the atuon, tn the 
a-poston Enoblylanon of ihe resulting p,y-unsaturated ester affords the correspondmg 1,1,2,3- 
tetrasubstltuted butadiene Cycloaddznon of the latter to the appropruxte halogenated 
benzoqumone, followed by vartous tranrfonnarrons, provuies the first recorded syntheses of 
several natural products derived from 6-ethyl-7-methoxyJuglone 

The synthesis of natural products through the DieIs-Alder methodology mvolvmg electron-nch dienes and halogenated 

qumones can be envisaged systematically unth the use of unsaturated es&s as pn~~rsors’ Nevertheless specxiic 

subsmuaon patterns usually reqmre a somewhat Werent approach m each case’* A sigmficant unprovement of the 

overall strategy would be provided If a small number of substrates (butenoates) could be subsntuted !~~o~~~~fically 

by drverse reagents thus affordmg matier access to many tierent dremc mater& 

The substmmon of unsatumted esters (less frequently acids) through the cormspondmg organometalhc 

denvaave, amon or dramon (m the case of acids) has been extensively studled and on occasam has shown a lugh 

degree of selectWy3 In pamcular, reacaons mvolvmg r_bmmocrotonate estem and zmc4 or tm’, tlghc acid and LDA 

m presence of cuprous lons6 or crotonate, LDA and HhPA’ am all churned to pmvlde excellent qRelds of the u- 

subsntuted products m alkylanon or hydroxyalkylatlon procedures ‘IIns result IS generally favored by the use of low 

temperatures and condlnons pmludmg reverslbtity. among others7B8 Repeanon of earher methods gave low yields 

of complex mixtures in which however the y-subsatuted products were absent. These appmaches have frequently been 

applied to 3-methylcrotonates with varymg results9 but only hnear products have been shown to occur in the few cases 

usmg the 3-methoxy ar1al0gue-s’~ (1 e 2) 

The ulamate objective of the present study consisted m the preparaaon, by sunple and reg~ospeafic means, 

of an unusual group of 6-ethylnaphthoqumones, the structmes of which had not been confirmed by symhesis 6-Ethyl- 

7-met.hoxyJuglones m pamcular form a small gmup of fungal metabohtes most of which present one of two unusual 

features oxldaaon at the I’-C poslaon or pamal reduction of the qumomc mole@’ 

In the ongmal project it was expected that hydmxyalkylation products 2 and 2, ansmg from reacuon of 

acetaldehyde as electrophde and methyl 3-subtituted cm&mates (J and 3, could be selechvely enolsilyW to the 

desired diene (such as 8, smce dehydraaon of an analogous substance Q, R=H) was reported to be -cult7 However, 

m attempts with the dmmons of hydroxy esters 2 and 2 or the amons of sllyloxy esters 4 and fi at dlffemt 

temperatures and usmg vanous bases, enolsllylaaon could not be mduced to occur due to the mmpong qld 

ehmmaaon An approach proposed by Seebach” whch favors the W process (via an mterme&ate such as 
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SCHEME I 

lJ would seem to mvolve more steps than a convenhonal functionahzanon of the slde-cham (Scheme I) 

2-Ethyl-3-methoxy-3-butenoate (1) obtamed m essenhally the same way as for hydroxyalkylanon was COWerted 

to the mlxed vmylketene acetal jj by a standard procedure (LDA, ClTMS) From the 200 MHz mnr spectrum It 

appeared that the dlene consists of only one dlastereomer (probably the Z-configuraUon)9, contams - 9% of the C- 

sllylated compound but IS otherwise qmte pure It decomposes slowly at room temperam and so cannot be punfied 

by dlstdlatton (even at -30 “C, one thml of the reagent IS converted to the C-slylated Isomer w~thm a month) 

Fortunately, d:ene 8 was found to be quite reachve and most cycloaddmons could be conducted at O-25 ‘C and were 

usually complete ~thm a few hours Bromoqumones were the preferred dlenowes because of the ease with which 

the correspondmg adducts aromanze since they contam sensitive enol ethers In contrast to earher observations with 

other dlenes, 2.5~&subsntuted benzoqumones seemed to react more rapidly and effiaently than the 2,6-isomers and 

lowermg reacnon temperatures did not improve yields ’ Cycloaddltions could be camed out m THF or benzene and 

sometlllles better and more rapidly in dnzhloromethsne In the case of benzoqmnone u, an increase in the reacnon 

rate m dlchloromethsne was accompamed by an unusual If not surpnsmg decrease m n~@osele~hvlty, with a 13% yield 

of the “wrong” isomer Fmally ammatizatton of the adducts could be reahzed either by slow per&anon through a 

column of silica gel or by treatment wltb HCl in THF 

Among simpler natural products in dus area, 6-ethyl-2,7dlmethoxyJuglone (22)13-15 could bc obtamed dwctly, 

albeit in mediocre yield (44%) from diene 8 and benzoqumone 15 The substance 1s m all respects comparable to the 

authentic compound and to a synthetic matenal obtained earlier in extremely low yield and by a not unambiguous 

method16 The syntheas of 6-ethyl-7-methoxyJuglone (19) should be possible by hydrogenolysls of the conespondmg 

2- or 3-bromoJuglones @Q) and (21‘1 obtamed nzspecnvely from benzoqumones II. and 14 However, catalync 

hydmgenauon of 21. in the presence of pslladmm on charcoal and sodmm acetate, afforded an array of products 

probably resuhmg from the action of base on the hydrogen bond-stabked tietoform of the hydroqmnone When the 
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SCHEME II 

same procedure was appkd to the acetate of 21 an excellent yield of the debrommated acetate of 19 was obtamed 

However Uus ester could not be hydrolyzed to the parent compound, even under a vanety of condlhons, WlthOut 

extensive decomposltron Fmally, a cycloaddlnon ~th bromobenxoqumone (12) gave a 72% yle.ld of the desired product 

18 which was easily separated from a small amount of a bmmo-denvtive The only spmochrome m thts sertes, 6- 

ethyl-2,3,7-tnhydroxyJuglone was obtamed sumhuly from benzoqumone 12 as the methyl ether @#* However the 

m p was nearly 15 “C h@er than that recorded for the same denvattve, but sekcnve demethylatton gave the 2,7- 

dimethyl ether 21 havmg the same m p as the product obtamed earlier m the same way (no spectral charactenstics 

had been provided) (Scheme II) 

Three cometabohtes of Juglone 22 (one conceivably an artefact) have been shown to be either hydroxylated, 

acetoxy1ate.d or ethoxylated m the l’-C postnon of the parent compound 14,15 Syntheses of these micmb& 

substances were explored on the leas senslnve anthraqumone analogue 26 Reamon of the latter wtth NBS was 

unsatisfactory as expected but acetate za was nzaddy converted to the acetate of bronude 28 and a similar result 

was observed with the acetate of Juglone 22. When treated wtth AgNOs m aqueous acetone, thts bmmlde U gave a 

14 5 mixture of the l’-mtrato denvatlve of 27 and Juglone z m wbtch the difficultly removed acetyl group had 

fortuitously migrated to the hydroxyl m posihon F-C Replacmg AgNO, by AgOCOCH, afforded an excellent 

conversion to natural product 29 Subsequent treatment of thts acetate ~th aqueous acetnmtnle or ethanol contammg 

2% H2S04 gave the required alcohol m and ethyl ester m respvely Another fungal metaboltte showmg parhal 

reducnon of the qumone ring, 0-methylasparvenone @) was obtamzd directly by Muchon of Juglone 19 wtth 

LiA1H419 wlule various attempts to produce the natural acetone-adduct (36)15 were unsuccessful~ (Scheme JII) 

A number of useful or-diagnostic correlations can readdy be deduced from the numerous ‘H- and 13C-NMR 

spectra recorded dunng tis study In all 6-ethyl-7-methoxyJuglone& signals for l’-and g-protons fall ~tlun the 
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SCHEME III 

narrow margms of 2 69-2 74 and 7 20-7 29 p p m (- 7 4 for anthraqumones) respechvely (except of course If poWon 

1’ 1s substituted) These are modified to - 2 65 and - 7 5 p p m upon acetylatmn. In the case of t3C-spectra, C-l and 

C-4 resonances vary somewhat accordmg to subsntunon at C-2 and C-3 However those at C-5, C-6 (except when 

C-l’ 1s subsmuted) and those at C-7 and C-8 are markedly constant as are the correspondmg stgnals for 

anthraqumones (I e C-l, C-2, C-3 and C-4) (After thts work was completed, preparatmn of Qene u was agam 

attempted, care bemg t&en to ehmmate residual HMPA Under these condtnons, elmnnanon was suppressed and 

enolsllylation to dlene 8 (R’ = OTMS) finally carned out The new reagent, however, was not found to be very 

sansfactory m cycloaddmons to benzoqumones) 

EXPERIMENTAL 

AU meltmg pomts were taken for samples m capillary tubes wtth a Thomas-Hoover apparatus and am not cone&d 

The UV spectra were determmed on a Hewlett-Packard Model 8450A spectrophotometer, the IR spectm on a Beckman 

Model IR-4250 instrument and NMR spectra were recorded with a Vanan XL-200 spectmmeter usmg tetramethyls~ane 

as mtemal standard Mass spectra were obtamed wnh a Hewlett-Packard 5995A spectrometer Merck sthca gel 6OF,, 

for dry column chromatography and ICN SlhTech 32-63 60A for flash chromatography were used throughout m a 
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OH 0 

product-to-adsorbent ratio of 1 SO-100 Elemental analyses were camed out by Galbranh Laboratones, Inc , Knoxville, 

TN 

I Alkylation of Substituted Crotonic Esters. 

General Procedure A To a soluhon of LDA (0 165 mol) at -78 “C. prepared m the usual way at 0 ‘C from 

dusopmpylamme (0 165 mol) m THF (200 mL) and n-butylhthmm (0 180 mol) in hexanes, was added, under mtmgen, 

croto~c ester 1 or 2. (0 150 mol) 111 THF (25 mL) (45 mm) followed, after 90 mm, by the freshly &tied electropMe 

(0 375 mol) m the same solvent (25 mL) and 2 h later by water (200 mL) The reacnon rmxtum was then concentrated 

under vacuum and extracted with dlchlommethane (3 x 200 mL) Finally the orgamc phase was washed several bmes 

with water, dned and evaporated 

Methyl 2-(1-hydroxyethyl)-3-methyl-3-butenoate @) 

A reacnon mvolvmg methyl 3-methyl-2-butenoate (I) (17 1 g, 0 150 mol) and acetaldehyde (16 5 g, 0 375 mol) 

acconimg to the general procedure gave hydroxyalkylated ester 3 (23 5 g, 99%) as a qmte pure 2 1 nuxture of 

stereomers that could not be dlstdled Whout decompositIOn, lR v, (film) 3450. 1730 and 1640 cm-‘, ‘H-NMR (200 

MHz, CDCl,) 6 (maJor Isomer) 1 16 (3H, d. J = 6 2 Hz, 2-H), 172 (3H, s, 3-CH,), 2 97 (lH, d, J = 8 8 Hz, 2-H), 

- 3 4 (lH, br s. l’-OH). 3 74 (3H, s, I-OCH,), 4 18 (lH, m, l’-H), 4 92 and 4 94 (2 x lH, 2d, J = 15 and 15 Hz, 

4-H), (mmor isomer) 120 (3H, d, J = 6 2 Hz, 2’-H), 1 81 (3H, s, 3-t&). 3,03 (IH, d, J = 7 3 Hz, 2-H) and 3 69 

(3H, s, I-OCH,) (other signals superposed) 

Methyl 2-(l-trimethylsiloxyethyl)-3-methyl-3-buknoa~e @. 

Azldotnmethylsdane2’ (11 3 g, 0 10 mol) was added at 25 “C and under mtmgen to a solution of hydroxy ester 

3 m dry THF (30 mL) The mixture was suned for 2 h and evaporated Upon &stdlanon, the tesldue gave sdylated 

denvauve 4 (50%), b p 48-51 “C/O 3 mmHg, as a 2 1 mixture of stereomers, IR v_ (fihn) 1735, 1250 and 840 

cm-‘, ‘H-NMR (200 MHz. CDCl,) 6 (maJor Isomer) 0 08 (9H, s, l’-GTMS), 108 (3H, d, J = 6 2 Hz, 2’-H), 174 (3H, 

s, 3-CH,), 3 03 (lH, d, J = 7 7 Hz, 2-H). 3 64 (3H. s, l-GCH,), 4 20 (IH. dq, J = 7 7, 6 2 Hz, l’-H), 4 89 and 4 91 

(2 x lH, 2d, J = 15 and 15 Hz, 4-H), (mmor Isomer) 006 (9H, s. l’-GTMS), 1 15 (3H, d, J = 5 g I&, r-~), 179 
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(3H, s, 3-CHs) and 2 99 (lH, d, J = 84 Hz, 2-H) (other peaks overlap) (Found C, 5720, H, 973 &lc for 

C,,H,O,Sr C, 57 35, H, 9 63) 

Methyl 2-(l-hydroxyethyl).3-methoxy-3-butenoate @. 

TO LDA (0 165 mol) obtamed as per general method A, were added (60 mm) at 0 ‘C a solunon of HMPA 

(29 6 g, 0 165 mol) m THF (30 mL) and, after 45 mm and upon coolmg to -78 “C, methyl 3-methoxy-2-butenoate 

Q (19 5 g, 0 150 mol) m THF (25 mL) (45 mm) then, 90 mm later, acetaldebyde (16 5 g, 0 375 mol) m the same 

solvent (25 mL) (60 mm) and tinally, after 2 h, water (200 mL) The crude product conststed essentmUy of hydtoxy 

ester 2 as a 4 1 mixture of stemomers, JR v_ (film) 3300. 1740 and 1620 cm-‘, ‘H-NMB (200 MHz, C~cl,) 8 

(maJor isomer) 1 19 (3H, d. J = 6 2 Hz, 2-H), 3 03 (lH, d, J = 8 8 Hz, 2-H), 3 17 (lo, S, l’-OH), 3 54 (3~, s, 3- 

OCH,). 3 74 (3H, s, l-OCH,), 4 09 (2H, s, 4-H) and 4 25 (lH, m, l’-H) 

Methyl 2-(l-trimethylsiloxyethyl)-3-tnethoxy-2-butenoate (@. 

As m the formahon of stlylated ester & aztdotnmethylsrlane (8 1 g, 0 07 mol) and hydroxy ester 2 (8 7 g, 

0 05 mol) in THF (20 mL) gave ester fi (6 8 g, 55%), b p 63-66 “C/O 25 mmHg as a 4 1 mrxtum of isomers, JR v_ 

(film) 1745, 1260 and 840 cm-‘, ‘H-NMB (200 MHz, CDCls) 6 (maJor isomer) 006 (9H, s, I’-OTMS), 109 (3H, d, 

J = 5 9 Hz, 2-H) 3 02 (lH, d. J = 9 5 Hz, 2-H), 3 48 (3H, s, 3-OCH& 3 65 (3H, s. I-OCH,), 4 00 and 4 09 (2 x 

IH, 2d, J = 2 6 and 2 6 HZ, 4-H) and 4 30 (lH, dq, J = 9 5, 5 9 Hz, l’-H) (Pound C. 53 38, H, 8 91 Calc for 

C1,Hzz04W C, 53 62, H, 9 CO) 

Methyl 2-ethyl-3-methoxy-3-butenoate. 0. 

Jn a preparanon analogous to that of ester 5, methyl 3-methoxy-2-butenoate (19 5 g, 0 150 mol) and ethyl 

iodide (58 5 g, 0 375 mol) gave 2-ethyl-3-butenoate 1 (19 2 g, 81%), b p 79-83 “C/19 mmHg, IR v_ (f&n) 1740, 

1655 and 1620 cm-‘. ‘H-NMB (200 MHz, CDCQ 6 0 90 (3H, t, J = 7 3 Hz, 2-H), 180 (2H, m, l’-H), 2 98 (IH, t, 

J = 7 7 Hz, 2-H), 3 54 (3H, s, 3-OCH,), 3 70 (3H, s, I-OCH,) and 4 05 (2H, s, 4-H) 

2-Ethyl-1,3-dtmethoxy-l-trimethylsiloxy-l,3-butadiene (s). 

To a solunon of LDA (0 11 mol) m THF (100 mL) at -78 “C was added (45 mm) ester I(15 8 g, 0 10 mol) 

in the same solvent (25 mL) After 30 mm, the medium was warmed to 0 ‘C for 90 mm and agam cooled to -78 OC 

when chlorotnmethylstlane (16 3 g, 0 15 mol) in THP (25 mL) was added (lh) and stnrmg contmued for an ad&ttontrJ 

hour The reaction mtxture was then allowed to come to room temperature, concentrated under vacuum, dr~uted wnh 

petroleum ether 0 p 35-60 “C) (250 mL) and filtered @‘us procedure was repeated unnl salts no longer separated) 

The residue consisted of fmrly pure but labile Irene 4 as a single isomer; ‘H-NMR (200 MHz, CDc1,) 8 0 18 (9H, 

s. l-GTMS). 0 92 (3H, t, J = 7 4 Hz, 2-H), 2 12 (2H, q, J = 7 4 Hz, l’-H). 3 51 and 3 53 (2 x 3H, 2s. 1,3-OCH,) 

and 4 08 (2H, s, 4-H) 

II Cycloadditions with Diene 8. 

General Method B A solunon of &ene 3 was added to the qmnone u-w m the same solvent at 0 ‘C (lo- 

30 mm) The mrxture was stmed at thrs temperature, wsed to 25 “C! and then evaporated under vacuum The crude 

adduct was then aromanzed by slow percolanon through a column of s&a gel (25 glmmol) 

General Method C The cycloaddttton was conducted as m method B however ammattzatton was camed out 

by adding 6N HCl (2 5 mL) m THF (5 mL) per mmol of qumone, stnnng the mixture at 25 ‘C for 1 h, pounng n 

into water and extractmg with dmhloromethsne 

6-Ethyl-5-hydroxy-7-methoxynaphthoquinone m. 

Application of method B to bromotxmzoqumone a (764 mg, 4 09 mmol) 111 benzene (15 mL) and &ene 8 
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ln method C followed by punficanon of the crude product by chromatography (C&CHs-Ac0Bt lO 1) gave qmuone 

22 (462 mg, 44%), m P 186-187 “C (toluene-hgrohre) (lit Is m p 186-188 “c), uv a.,_ (~H,oI-J) (iog a) 221 (4 52), 

263 (4 30), 306 (4 07) and 424 (3 70) mu, IR v, (KBr) 1675, 1640 and 1595 cm-t, ‘H-NMR (2OO MHZ, CDCI,) 

8 l 12 (3H. t, J = 7 5 a, 2’-H), 2 73 (2H. q, J = 7 5 Hz, l’-H), 3 90 and 3 97 (2 x 3H, 2 s, 2,7-OCH,), 6 01 (lH, 

s, 3-H), 7 24 (lH, s, 8-H) and 1249 (lH, S, 5-OH). “C-NMR (503 MHz, CDCI,) 6 12 88 (QisC!IQ6), 16 32 

(CH&IQ6). 56 lO and 56 48 (CT&O-2,7), 102 74 (C-8) 108 80 (Wa), 109 14 (C-3), 127 41 (C-6), 129 66 (C-8a), 

160 24 and 160 33 (C-2,5), 162 11 (C-7). 179 30 (C-l) and 189 69 (C-4). MS, m/x 262 (1OO) (I@+ (pound c, 64 15, 

H, 5 4l Calc for Cr4Hr405 C, 64 12, H, 5 38) Acetate @a) (A%O-H,SO,. 94%), m p 195 O-195 5 OC! (ethanol), 

‘H-NMR (200 MHz, CD(&) l lO (3H, t, J = 7 4 Hz, 2-H). 2 47 (3H, s, 5-OAc), 2 52-2 79 (2H, m. l’-I-I), 3 85 (3H, 

s, 2-OCH,), 4 00 (3H, s, 7-OCH,), 5 95 (lH, s, 3-H) and 7 53 (1H. s, 8-H). MS, m/x 304 (8) (M)+, 69 (loo) 

6-Ethyl-S-hydroxy-3,7dimethoxynaphthoquinone (23) 

A similar reacnon nuxtute obtamed from 2-bromo-6-methoxybenxoqumone24 (16) (434 mg, 2 00 ~01) m Tw 

(18 W and dme 8 (691 mg, 3 00 nunol) also m TI-IP (6 mL) at 0 “C (45 mm) and 25 OC (3 h) was treated 

accordmg to method B (C&& then C&-CH&lz 1 1) and provided qumone 23 (388 mg. 74%). m p 183 O-183 5 ‘%z 

(beNene-petroleum ether b p 60-80 “0, UV 14, (CHsOH) (log I?) 222 (4 42), 260 (4 22), 265 (4 23), 306 (4 16) and 

416 (3 68) ran, IR v_ (KBr) 1650, 1635 and 1600 cm-‘, 1 H-NMR(~OOMH~,CDCI,)G~~~(~H,~,J=~~HZ, 

2-H) 2 71 (2H, q, J = 7 3 Hz, l’-H), 3 89 and 3 97 (2 x 3H, 2s. 3,7-OCH,), 6 05 (lH, s, 2-H), 7 22 (lH, s, 8-H) and 

12 08 (lH, s, 5-OH), ‘%-NMR (50 3 MHz, CDc1,) 6 12 92 QI,CH,d), 16 19 (CH#&-6), 56 23 and 56 54 (cH,0- 

3,7), 102 70 (C-8) 109 11 (C4a), 109 32 (C-2), 125 44 (C-6), 131 17 (C-8a), 160 44 (C-3), 16137 (C-5), 163 55 (c- 

7) 183 3O (C-l) and 184 00 (C-4). MS, m/z 262 (100) (M)+ (Found C, 64 08, H, 5 52 Calc for Cl,Hl,OS C, 64 12, 

H, 5 38) 

6-Ethyl-S-hydroxy-2,3,7-trimethoxynaphthoquinone (24). 

When applied to 5-bNmo-2,3-drmethoxybenxoquhxme25 Q) (494 mg, 2 00 mmol) m THF (18 mL) and drene 

8 (691 mg, 3 OLI mmol) in the same solvent (6 mL) at 0 Y! (45 mm) and 25 ‘C (2 h), method B (Q& then C&&- 

CHrCl, l 1). after chromatography (CH&Q gave qumone 24 (477 mg, 82%) m p 126 5-127 5 Y! (petroleum ether, 

b P 60-80 “C) lit ‘* m p 113-114 “C, UV & (CHs0I-i) (Iog E) 217 (4 47) 266 (4 37), 318 (4 08) and 416 (3 63) 

mu, IR v_ (KBr) 1660, 1635 and 1605 cm-‘, 1 H-NMR (200 MHz, CDCls) 6 1 11 (3H, t, J = 7 5 Hz, 2-I-I), 2 71 

(2H. q. J = 7 5 Hz, l’-H), 3 96 (3H, s. 7-OCH,). 4 08 and 4 10 (2 x 3H, 2s, 2,3-OCH,), 7 20 (lH, s, 8-H) and 12 20 

(lH, s, 5-OH), 13C-NMR (50 3 MHz, CDCI,) 8 12 92 &T-I&H,-6), 16 23 (CH&H,-6), 56 14 (CHsO-7), 6134 and 

6158 (CH,O-2.3) 102 72 (C-8), 107 96 (C-4a), 125 28 (C-6), 129 73 (C-8a), 146 71 and 147 03 (c-2,3), 160 55 (c- 

5), 162 64 (C-7), 181 16 (C-l) and 185 89 (C-4) MS, m/z 292 (76) @I)+, 277 (100) (Found C, 6159, H, 5 40 talc 

for C,,H,,O, C, 6164, H, 5 52) 

6-Ethyl-3,5-dihydroxy-2,7-dimethoxynaphthoquinone a. 

To a soluuon of naphthoqumone 24 (292 mg, 100 mmol) m acenc acid (20 mL) at 90 “C was added c.onc 

I-El (20 mL) The mixture was kept at the same temperature for 30 mm, poured into water and extracted wnh ethyl 

acetate (2 x 200 mL) The orgamc extract, after repeated washmg wnh water (10 x 300 mL) afforded qmnone 25 (264 

mg. 95%). m p 182 O-182 5 ‘C (benzene-petroleum ether, b p 60-80 “C) (ht ‘* m p 183-184 “c), UV &_ (C&OH) 

(log e) 267 (4 48), 324 (4 22) and 410 (3 72) mu, IR v_ (KBr) 3330, 1665, 1645 and 1600 (br) cm-‘, ‘H-NMR (ZOO 

MHz. CDCI,) S l lO (3H. t, J = 7 5 Hz, 2-H). 2 69 (2H, q, J = 7 5 Hz, II-H), 3 97 (3H. s, 7-OCH,), 4 14 (3H, s, 

2-OCH,), 6 84 (lH, s, 3-OH), 7 24 (lH, s, 8-H) and 1139 (lH, s, 5-OH), 13c-~ (503 MHZ, a~,) 8 1292 

KHrCHr-6), 16 l9 (CH&H,-6) 56 32 (CH30-7), 60 61 (CH,O-2) 103 96 (C-8), 106 65 (C4a). 125 51 (C-6), 130 26 

(C-8a), 14001 and 142 14 (C-2,3), 16024 (C-5). 163 59 (C-7), 18028 (c-l) and 184 12 (c-4), MS, m/Z 278 (loo) 
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(M)+ (Pound C, 60 69, H, 5 02 Calc for Cr,H,,O, C. 60.43, H. 5 07) 

2-Ethyl-l-hydroxy-3-~~o~~t~~~none @@. 

A mrxtum obtamed from 2-chloro~ (18) (385 mg. 2 00 mmol) m benzene (6 mL) and &ene 8 

(691 mg, 3 00 mmol) m the same solvent (2 mL) at - 4 T (2 h) and 25 “C (3 h) was treated acconlmg to method 

B (C&J&Cl, 1 1) Punflcation of the crude matenal by flash chromatography (CH&C!Cl, 12) gave pure 

amhraqumone 26 (458 mg, 81%), m p 158 5-159 0 ‘C (ethanol), JR v_ (KBr) 1665, 1630 and 1590 cm-‘, ‘H-NMR 

(200 MHz, CDCls) 8 1 16 (3H. t, J = 74 Hz, 2-H). 2 78 (2H, q, J = 74 Hz, l’-H), 4 02 (3H, s. 3-OCH,), 742 

(lH, s. 4-H). 7 68-7 86 (2H, m, 6,7-H), 8 19-8 37 (2H, m, 5,8-H) and 12 97 (lH, s, l-OH), r3C-NMR (50 3 MHz, 

CDCQ 8 12 95 QJsCHz-2), 16 37 (CH&Ha-2) 56 21 (CHsO-3). 102 68 (C-4), 11103 (C-9a), 126 55 (C-2), 126 66 

and 127 10 (C-5,8), 132 35, 133 32 and 133 44 (C-4a, 8a, lOa), 133 88 and 133 97 (C-6,7). 16182 (C-l), 163 20 (C- 

3), 182 43 (C-10) and 187 09 (C-9), MS, m/z 282 (59) (MY, 77 (100) (Pound C. 72 32. H, 5 19 Calc for C,,H,,O, 

C, 72 33, H, 5 00) Acetate @a) (AczO-HsSO,, 93%), m p 190 O-190 5 Y! (ethanol), ‘H-NMR (2Ctl MHz, CDQ,) 

8 1 13 (3H. t. J = 7 5 Hz, 2-H), 2 54 (3H, s. I-OAc), 2 58-2 84 (2H, m, Y-H), 4 05 (3H. s, 3-OCHs), 7 73 (lH, s, 

4-H). 7 66-7 81 (2H, m. 6,7-H) and 8 16-8 29 (2H, m, 5.8-H). MS, m/z 324 (15) (M)+. 267 (100) 

III Side&tin-substituted Products. 

A mrxture of naphthoqumone Za (913 mg; 3 00 mmol), NBS (587 mg, 3 30 mmol), benzoylperoxlde (100 mg) 

and CC& (45 mL) was refluxed for 18 h Punficauon of the crude product by flash chromatography (CH,Cls then 

CH&!lz-(CzH&O 1 1) gave bromoqumone 27 (103 g, 90%), m p 153 S-155 ‘C! (1,2dtchloroethaue-petroleum ether, 

bp 65-110 “0, IR v, GBr) 1770, 1680, 1640 and 1620 cm- ‘, ‘H-NMR (200 MHz. CDCI,) 6 2 05 (3H. d, J = 6 7 

Hz, 2-H), 2 51 (3H, s, 5-OAc), 3 86 (3H. s, 2-OCH3, 4 07 (3H. s, 7-OCHs), 5 54-5 80 (lH, m, II-H), 5 99 (lH, s, 

3-H) and 7 57 (lH, s, 8-H), MS, m/z 382/384 (cl) (I@+. 261 (100) (Pound C, 50 43, H, 4 06, Br, 20 56 Calc for 

C,,H,,BrO, C, 50 15, H, 3 95, Br. 20 85) 

(f)-l-Acetoxy-2-(l-bromoethyl)-3-methoxyanthraquinone (2& 

A reactron, smnlar to the fomgomg, with aothraqumone %a (324 mg, 1 00 mmol), NBS (196 mg, 1 1 mmol), 

benzoylperoxlde (50 mg) and Ccl, (15 mL) (16 h). after separauon by flash chromatography (CH,CI,-CCl, 25 1). gave 

bmmoqumone S (365 mg, 91%). mp 190-1915 T (ethanol), JR v, (RBr) 1770, 1670 and 1570 cm-‘, ‘H-NMR 

(200 MHZ, CDCI,) 8 2 09 (3H, d, J = 7 0 Hz, 2-H). 2 58 (3H, s, 1-OAc), 4 12 (3H, s. 3-OCH,), 5 62-5 79 (lH, m, 

II-H), 7 76 (lH, s, 4-H), 7 68-7 83 (2H. m, 6,7-H), 8 16-8 31 (2H, m, 5.8-H). MS, m/z 402/404 (cl) @I)+, 281 (100) 

(Found C, 57 06, H, 4 19, Br, 19 65 Calc for C,&JH,,BrOS C, 56 59, H, 3 75, Br, 19 82) 

(f)-6-(l-AcetoxyethyI)-5-hydroxy-2;7-diminone (29). 

A suspension of bmmoqumone a(945 mg, 2 47 mmol), srlver (I) acetate (125 g, 7 50 mmol) m 50% aqueous 

acetone (50 mL) was stumd for 48 h at 25 T, diluted wrth water and extracted with CHzClz (3x) The orgamc 

extracts, washed several hmes with water, gave acetoxy-denvauve 29 (597 mg, 76%), m p 165-166 5 ‘T dec (ethanol) 

(htt4 (-)rsomer, m p 160-163 ‘C dec). UV k,_ (CH,OH) (log E) 218 (4 62). 263 (4 25), 305 (4 08) and 426 (3 66) 

mu, IR v_ (KBr) 1725, 1680, 1630 and 1590 cm- ‘, ‘H-NMR (200 MHz, CDCls) 8 163 (3H, d, J = 7 0 Hz, 2’s 

H), 2 06 (3H, s, l-OAc). 3 90 and 4 00 (2 x 3H, 2s, 2,7-OCH,), 6 03 (lH, s. 3-H). 6 36 (1H. q, J = 7 0 Hz, II-H), 

7 25 (lH, s, 8-H) and 12 78 (lH, s, 5-OH), 13C-NMR (50 3 MHz, CDCls) 8 18 30 ~&H-6), 2121 &!~~sCoz_l’), 

56 50 and 56 63 W-J@-2,7), 64 78 (CH&H-6), 103 01 (C-8), 109 00 (Wa), 109 45 (C-3), 122 49 (C-6), 13139 (C_ 

8a). 160 55 and 160 95 (C-2.5). 162 37 (C-7), 170 41 (CH&O,l’), 17921 (C-l) and 189 65 (C-4), MS, m/z 320 (16) 
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(M)+, 69 (100) (Found C, 60,03, H, 5 14 CaIc for C1&IIh07 C, 60 00, H, 5 04) 

(f)-2-(1-AcetoxyethyI)-l-hydroxy-3-methoxyanthraquinone @@. 

The precedmg method apphed to bromoqumone 28 (81 mg, 0 20 mmol). sliver (I) acetate (100 mg, 0 60 mmol) 

and 50% acetone (4 mL) afforded correspondmg anthraqumone 30 (50 mg. 73%), mp 163-164 OC (ethanol). JR 

v, (KBr) 1730, 1670, 1620, 1590, and 1570 cm- ‘, ‘H-NMR (200 MHz. CDCla 6 168 (3H, d, J = 6 8 Hz. 2’-H), 

2 09 (3H, s, l’-OAc), 4 05 (3H, S, 3-OCH& 6 43 (lH, q. J = 6 8 HZ, l’-H), 7 37 (lH, s, 4-H), 7 73-7.86 (2H, m, 6,7- 

H), 8 22-8 36 (2H, m, 5,8-H) and 13 24 (lH, s, l-OH), MS, m/z 340 (19) (M)‘, 265 (100) (Found C, 67 43, H, 4 98 

Calc for C,,H,,O, C, 67 05, H, 4 74) 

(~)-5-Hydroxy-6-(l-hydroxyethyl)-2,7-dimethoxynaphthoquinone m. 

Treatment of acetoxynaphthoqmnone 29 (160 mg, 0 500 mmol) m CH,CN (7 mL) with 20% H,SO, (2 mL) 

at reflux temperature for 90 mm followed by dilution of the reacnon mixture with water and extractmn with CH,C!l, 

(3 x) gave a residue whtch by punficanon by dry-calm chromatography (CH&lz-AcOEt 4 1) pmvlded 

hydroxyqumone a(85 mg, 61%), m p 196 5-197 ‘C dec (chloroform-hexane) (ht.14 m p 202-204 OC,*’ 201-204 “C), 

UV (CH,OH) &, (log E) 218 (4 57), 262 (4 23), 305 (4 04) and 424 (3 61) mn. IR v_ (KBr) 3560, 1680, 1630 

and 1590 cm-‘, ‘H-NMR (200 MHz, CDCI,) 6 156 (3H, d. J = 6 7 Hz, 2’-H), 3 74 (lH, d, J = 118 Hz, l’-OH). 3 91 

(3H, S, 2-OCH,), 4 00 (3H, s, 7-OCH,), 5 33 (lH, dq, J = 6 7, 11 8 Hz, l’-H), 6 04 (lH, s, 3-H), 7 25 (lH, s, 8-H) 

and 12 85 (IH, s, 5-OH), 13C-NMR (50 3 MHz, CDCI,) 6 22 83 GH&H-6), 56 41 and 56 66 (CH,O-2,7), 63 72 

(CH&H,-6), 103 12 (C-E), 109 14 (@la), 109 27 (C-3), 126 73 (C-6), 13072 (C-Ea), 159 93 and 16051 (C-2,5), 

16129 (C-7), 179 10 (C-l) and 184 91 (C-4), MS, m/z 278 (8) (M)+, 263 (100) (Found C, 60 18, H, 5 07 Calc 

for C,,H,,O, C, 6043. H, 5 07) 

(f)-l-Hydroxy-2(1-hydroxyethyl)-3-methoxyne &). 

By a procedure analogous to the precedmg one, acetoxyqumone 30 (17 mg, 0 05 mmol) and 20% H,SO, (0 2 

mL) m CH,CN (0 7 mL) (120 mm), gave, after dry column chromatography (CH,cI, then (C,H&O) hydroxyqumone 

32, (8 mg, 54%), m p 139 5-141 5 “C (ethanol), ‘H-NMR (200 MHz, CD(&) 6 158 (3H, d, J = 6 8 Hz, 2’-H), 3 78 

(lH, d, J = 11 8 Hz, l’-OH), 4 03 (3H, s, 3-OCH,), 5 35-5 42 (lH, m, l’-H), 7 41 (lH, s. 4-H), 7 73-7 88 (2H, m. 6,7- 

H), 8 22-8 36 (2H, m, 5,8-H) and 13 31 (lH, s, l-OH), MS, m/z 298 (4) (M)+, 283 (100) 

(*)-6-(l-EthoxyethyI)-5-hydroxy-2,7-dime~oxynaph~oq~none @). 

A mixture of acetoxynaphthoqumone 29 (163 mg, 0 509 mmol). cone H,SO, (0 4 mL) m water (3 ml) and 

ethanol (6 mL) was heated to reflux for 100 mm, diluted with water and extracted wnh CH,cI, (3 x) Punfiction of 

the crude product by dry-column chromatography (CH,Cld afforded ethoxyqumone 33 (71 mg. 46%). m p 135 O- 

135 5 “C (chloroform-hexane) (ht l5 m p 136-137 ‘C, UV 14, (cH,OH) (log &) 219 (4 71). 263 (4 38), 306 (4 21) 

and 4 24 (3 86) nm, IR v, (KBr) 1680, 1630 and 1590 cm- ‘, ‘H-NMR (200 MHz, CDCl& 6 1 17 (3H, t, J = 7 1 

Hz, l’-OCH&&), 158 (3H, d, J = 6 6 Hz, 2’-H), 3 37 (la m, l’-H), 3 89 (3H, s, 2-OCH,), 3 98 (3H, s, 7-OCH,), 

5 17 (2H, q. J = 6 6 Hz, I’-OQ$CH,), 6 02 (lH, s, 3-H), 7 24 (lH, s, 8-H) and 12 72 (lH, s, 5-OH), 13C-NMR (50 3 

MHz, CD&) 6 15 52 a&H,O-l’), 19 34 (C-2’), 56 36 and 56 61 (CH,O-2.7). 64 32 (C-l’), 68 51 (CH&HzO-I’), 

10307 (C-E), 108 83 (Gla), 10947 (C-3). 12435 (C-6), 131 19 (C-Ea), 16029 and 161 33 (C-2,5), 163 24 (C-7), 

173 54 (C-l) and 189 72 (C-4), MS, m/z 306 (~1) (M)+, 69 (100) (Found, C, 62 97, H, 6 09 Calc for C,,H,,O,, C, 

62 74, H, 5 92) 

(*)-l-Hydroxy-3-methoxy-2-(l-methoxyethyl)anthraquinone Q4). 

As In the precedmg case, acetoxyanthraqumone 30 (21 mg, 0 061 mmol), cone H,SO, (0 05 mu), m water 

(0 3 mL) and methanol (0 6 mL) (70 mm at reflux and 16 h at mom temperature) gave methyl c&x 34 (9 mg, 48%). 

m P 142 5-144 5 (ethmOl), 'I-I-NMR (200 MHz, CDCI,) 6 162 (3H, d, J = 6 8 Hz, 2’-H), 3 29 (3H, s, ~‘-ocH~), 4 03 
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(3H. s, 3-OCHs), 5 12 (1H. q, J = 6 8 Hz. l’-Ii). 7 43 (1H. S, 4-H), 7 73-7 86 (2H, m. H-6.7). 8 23-8 35 (2H, m, 5,8- 

H) and 13 26 (IH, s, l-OH), MS, m/z 312 (10) @I)+, 297 (100) 

IV Reduction of 6-ethyl-7-methoxyjugione. 

A solutton of Juglone 19 (464 mg, 2 00 mmol) m THF (55 mL) was added slowly (2 h) to LIAB-I, (900 mg, 

24 0 mmol) m ether (75 mL) at room temperature and after stunng was contmued for 1 h, the. mtxtme was camfolly 

poured mto 5% aqueous HQ at 0 “C The crude product, obtamed by extractton wtth ether (3 x). was suned at 25 

‘C m 2,2dunethoxypropane (25 mL) contammg camphorsulfomc acid (32 mg) for 75 mm and evaporated Punficauon 

of the restdue by dry column flash chromatography (CzHs),O afforded tnhydronaphthalene 35 (312 mg, 66%), m p 

109-111 “C! (benzene-petroleum ether, b p 35-60 “C) (ht l9 (+)-Isomer, m p 132-133 “C), W &,,_ (CHs0I-I) (log E) 

223 (4 27). 287 (4 23). 650 (158) and 656 (175) nm, IR v_ (KBr) 3590-3010. 1620 and 1570 cm-l, *H-NMR (200 

MHz. CDCls) 6 107 (3H. t, J = 7 5 Hz, 2-H), 197 (lH, m. l-OH), 2 00-2 40 (2H. m, 2-H), 2 46-3 00 (2H, m, 3- 

H), 2 63 (2H, q. J = 7 5 Hz, 2-H), 3 90 (3H, s, 7-OCH,). 4 84 (lH, m. I-H), 6 63 (lH, s. 8-H) and 12 81 (1H. s, 5- 

OH), ‘3C-NMRX (50 3 MHz, CDQ,) 6 13 19 (C-2’), 15 64 (C-l’), 3174 (C-2), 34 65 (C-3), 55 77 (CH,O-7). 68 18 

(C-l), 10041 (C-8), 109 80 (C-4a), 118 91 (C-6). 145 36 (C-8a), 161 80 (C-5). 163 49 (C-7) and 202 09 (C-4), MS, 

m/z 236 (47) (M)+, 221 (100) 
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