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Summary - Methyl B-methoxycrotonate 1s alkylated regiospecifically, through the amon, in the
a-posinion Enolsilylation of the resulting P,y-unsaturated ester affords the corresponding 1,1,2,3-
tetrasubstituted butadiene Cycloaddinon of the latter to the appropriate halogenated
benzoquinone, followed by vanious transformanons, provides the first recorded syntheses of
several natural products derived from 6-ethyl-7-methoxyjuglone

The synthesis of natural products through the Diels-Alder methodology mnvolving electron-rich dienes and halogenated
quinones can be envisaged systematcally with the use of unsaturated esters as precursors' Nevertheless specific
substitution patterns usually require a somewhat different approach 1n each case'* A sigmficant improvement of the
overall strategy would be provided 1f a small number of substrates (butenoates) could be substituted regrospecifically
by diverse reagents thus affording readier access to many different diemic matenals

The substitution of unsaturated esters (less frequently acids) through the corresponding organometallic
dervanve, anion or danion (in the case of acids) has been extensively studied and on occasion has shown a high
degree of selectivity® In particular, reactions mvolving y-bromocrotonate esters and zinc! or tin, uglic acid and LDA
in presence of cuprous 10ns® or crotonate, LDA and HMPA’ are all claimed to provide excellent yields of the o-
substituted products in alkylauon or hydroxyalkylation procedures This result 1s generally favored by the use of low
temperatures and conditions precluding reversibility, among others™® Repetition of earlier methods gave low yields
of complex muxtures in which however the y-substituted products were absent. These approaches have frequently been
applied to 3-methylcrotonates with varying results’ but only linear products have been shown to occur n the few cases
using the 3-methoxy analogues'® (1e 2)

The ultimate objective of the present study consisted mn the preparation, by simple and regiospecific means,
of an unusual group of 6-ethylnaphthoquimones, the structures of which had not been confirmed by synthesis 6-Ethyl-
7-methoxyjuglones mn particular form a small group of fungal metabohites most of which present one of two unusual
features oxidation at the 1'-C position or partial reduction of the quinomic moiety'!

In the onginal project 1t was expected that hydroxyalkylation products 3 and 5, ansing from reaction of
acetaldehyde as electrophile and methyl 3-substituted crotonates (1 and 2), could be selectively enolsilylated to the
desired diene (such as 8) since dehydration of an analogous substance (3, R=H) was reported to be difficult’ However,
mn attempts with the diamons of hydroxy esters 3 and 5 or the amons of silyloxy esters 4 and 6 at different
temperatures and using various bases, enolsilylanon could not be mnduced to occur due to the competing rapid

elmination An approach proposed by Seebach' which favors the required process (via an intermediate such as
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11) would seem to mnvolve more steps than a conventional funcuionahization of the side-chain  (Scheme I)

2-Ethyl-3-methoxy-3-butenoate (7) obtained m essentially the same way as for hydroxyalkylaton was converted
to the mixed vinylketene acetal 8 by a standard procedure (LDA, CITMS) From the 200 MHz nmr spectrum 1t
appeared that the diene consists of only one diastereomer (probably the Z-configuration)®, contains ~ 9% of the C-
silylated compound but 1s otherwise quite pure It decomposes slowly at room temperature and so cannot be punfied
by distillation (even at -30 °C, one third of the reagent 1s converted to the C-silylated i1somer within a month)
Fortunately, diene § was found to be quite reactive and most cycloadditions could be conducted at 0-25 °C and were
usually complete withun a few hours Bromoquinones were the preferred dienophules because of the ease with which
the corresponding adducts aromanze since they contamn sensiive enol ethers In contrast to earhier observations with
other dienes, 2,5-disubstituted benzoquimones seemed to react more rapidly and efficiently than the 2,6-1somers and
lowenng reaction temperatures did not improve yields' Cycloadditions could be carried out 1n THF or benzene and
sometimes better and more rapidly n dichloromethane In the case of benzoquinone 15, an increase n the reaction
rate m dichloromethane was accompanied by an unusual 1f not surprising decrease in regioselectivity, with a 13% yeld
of the "wrong" isomer Finally aromatzation of the adducts could be realized either by slow percolaton through a
column of silica gel or by treatment with HC] in THF

Among simpler natural products 1n this area, 6-ethyl-2,7-dimethoxyjuglone (22)'31* could be obtaned directly,
albeit 1n mediocre yield (44%) from diene 8 and benzoquinone 15 The substance 1s n all respects comparable to the
authentic compound and to a synthetic material obtained earlier 1n extremely low yield and by a not unambiguous
method'® The synthesis of 6-ethyl-7-methoxyjuglone (19) should be possible by hydrogenolysis of the corresponding
2- or 3-bromojuglones (20) and (21) obtained respectuively from benzoqunones 13 and 14 However, catalync
hydrogenation of 21 in the presence of palladum on charcoal and sodum acetate, afforded an array of products
probably resulting from the action of base on the hydrogen bond-stabilized diketoform of the hydroquinone When the
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same procedure was apphed to the acetate of 21 an excellent yield of the debrommated acetate of 19 was obtained
However this ester could not be hydrolyzed to the parent compound, even under a vanety of conditions, without
extensive decomposttion Fally, a cycloaddition with bromobenzoquinone (12) gave a 72% yield of the desired product
18 which was easily separated from a small amount of a bromo-denvative The only spinochrome 1n this senes, 6-
ethyl-2,3,7-tnhydroxyjuglone was obtamed similarly from benzoquinone 17 as the tnmethyl ether (24)'® However the
mp was nearly 15 °C higher than that recorded for the same denvanve, but selective demethylation gave the 2,7-
dimethyl ether 25 having the same m p as the product obtained earlier in the same way (no spectral charactenstics
had been provided) (Scheme II)

Three cometabolites of juglone 22 (one conceivably an artefact) have been shown to be either hydroxylated,
acetoxylated or ethoxylaied n the 1-C posiion of the parent compound !5  Syntheses of these antimicrobial’s
substances were explored on the less sensitive anthraquinone analogue 26 Reaction of the latter with NBS was
unsatisfactory as expected but acetate 26a was readily converted to the acetate of bromide 28 and a simlar result
was observed with the acetate of juglone 22 When treated with AgNO, 1n aqueous acetone, this bromide 27 gave a
145 mixture of the 1'-nitrato denvauve of 27 and juglone 29 mn which the difficultly removed acetyl group had
forturtously migrated to the hydroxyl m posion I'-C Replacing AgNO; by AgOCOCH, afforded an excellent
conversion to natural product 28 Subsequent treatment of this acetate with aqueous acetonitrile or ethanol contammng
2% H,SO, gave the required alcohol (31) and ethyl ester (33) respectively Another fungal metabolite showing partial
reduction of the quinone ring, O-methylasparvenone (35) was obtamned directly by reduction of juglone 19 with
L1AIH,"” while vanous attempts to produce the natural acetone-adduct (36)'° were unsuccessful® (Scheme III)

A number of useful or diagnostic correlations can readily be deduced from the numerous 'H- and *C-NMR
spectra recorded dunng this study In all 6-ethyl-7-methoxyjuglones, signals for 1-and 8-protons fall within the
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narrow margins of 2 69-2 74 and 7 20-7 29 ppm (~ 7 4 for anthraqumones) respectively (except of course 1f position
1' 15 substituted) These are modified to ~ 265 and ~ 75 ppm upon acetylation. In the case of *C-spectra, C-1 and
C-4 resonances vary somewhat according to substitunion at C-2 and C-3 However those at C-5, C-6 (except when
C-1' 15 substituted) and those at C-7 and C-8 are markedly constant as are the corresponding signals for
anthraquinones (1e C-1, C-2, C-3 and C-4) (After thus work was completed, preparation of diene 10 was agan
attempted, care bemng taken to elimmate restdual HMPA Under these conditions, elimination was suppressed and
enolsilylation to diene 8 (R' = OTMS) finally carried out The new reagent, however, was not found to be very
sausfactory m cycloadditions t0 benzoquinones)

EXPERIMENTAL
All melting pomnts were taken for samples 1n capillary tubes with a Thomas-Hoover apparatus and are not corrected
The UV spectra were determined on a Hewlett-Packard Model 8450A spectrophotometer, the IR spectra on a Beckman
Model IR-4250 mstrument and NMR spectra were recorded with a Vanan XL-200 spectrometer using tetramethylsilane
as mternal standard Mass spectra were obtained with a Hewlett-Packard 5995A spectrometer Merck silica gel 60F,,
for dry column chromatography and ICN SihiTech 32-63 60A for flash chromatography were used throughout m a
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product-to-adsorbent rato of 1 50-100 Elemental analyses were carried out by Galbraith Laboratories, Inc , Knoxville,
TN

I Alkylation of Substituted Crotonic Esters.

General Procedure A To a solution of LDA (0 165 mol) at -78 °C, prepared i the usual way at O °C from
dusopropylamine (0 165 mol) m THF (200 mL) and n-butyllithtum (0 180 mol) in hexanes, was added, under mtrogen,
crotonic ester 1 or 2 (0 150 mol) n THF (25 mL) (45 min) followed, after 90 mun, by the freshly distilled electrophile
(0 375 mol) 1n the same solvent (25 mL) and 2 h later by water (200 mL) The reaction mixture was then concentrated
under vacuum and extracted with dichloromethane (3 x 200 mL) Finally the orgamc phase was washed several times
with water, dried and evaporated
Methyl 2-(1-hydroxyethyl)-3-methyl-3-butenoate (3)

A reaction mvolving methyl 3-methyl-2-butenoate (1) (17 1 g, 0 150 mol) and acetaldehyde (16 5 g, 0 375 mol)
according to the general procedure gave hydroxyalkylated ester 3 (235 g, 99%) as a quite pure 2 1 mixture of
stereomers that could not be distilled without decomposition, IR v, (film) 3450, 1730 and 1640 cm™!, '"H-NMR (200
MHz, CDCly) & (major 1somer) 116 (3H, d, J = 62 Hz, 2-H), 172 (3H, s, 3-CH,), 297 (1H, d, J = 8 8 Hz, 2-H),
~34 (1H, br s, I'"OH), 374 (3H, s, 1-OCH,), 418 (1H, m, 1'H), 492 and 494 (2 x 1H, 2d, J = 15 and 15 Hz,
4-H), (mmor 1somer) 120 (3H, d, J = 62 Hz, 2"-H), 181 (3H, s, 3-CH,), 3,03 (1H, d, ] = 73 Hz, 2-H) and 3 69
(3H, s, 1-OCH,) (other signals superposed)

Methyl 2-(1-trimethylsiloxyethyl)-3-methyl-3-butenoate (4).

Azndotnmethylsilane?! (11 3 g, 0 10 mol) was added at 25 °C and under mitrogen to a solution of hydroxy ester
3 dry THF (30 mL) The mixture was stirred for 2 h and evaporated Upon distillation, the residue gave silylated
denvauve 4 (50%), bp 48-51 °C/0 3 mmHg, as a 2 1 mixture of stereomers, IR v, (film) 1735, 1250 and 840
cm!, '"H-NMR (200 MHz, CDCl;) 8 (major 1somer) 008 (9H, s, 1“OTMS), 108 (3H, d, J = 6 2 Hz, 2'-H), 174 (3H,
s, 3-CH,), 303 (1H,d, J = 77 Hz, 2-H), 364 (3H, s, 1-OCHj3), 420 (1H, dq, I = 77, 6 2 Hz, 1'-H), 4 89 and 4 91
(2 x1H,2d,J=15 and 15 Hz, 4-H), (mmor 1somer) 006 (9H, s, 1'-OTMS), 115 (3H, d, ] = 59 Hz, 2-H), 179
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(3H, s, 3-CH;) and 299 (iH, d, J = 84 Hz, 2-H) (other peaks overlap) (Found C, 5720, H, 973 Calc for
C,1Hx,0:81 C, 5735, H, 963)
Methyl 2-(1-hydroxyethyl)-3-methoxy-3-butenoate (5).

To LDA (0165 mol) obtamed as per general method A, were added (60 min) at 0 °C a solution of HMPA
(296 g, 0165 mol) in THF (30 mL) and, after 45 min and upon cooling to -78 °C, methyl 3-methoxy-2-butenoate
(@ (195 g, 0150 mol) m THF (25 mL) (45 mmn) then, 90 min later, acetaldehyde (16 5 g, 0 375 mol) 1 the same
solvent (25 mL) (60 mun) and finally, after 2 h, water (200 mL) The crude product conststed essentially of hydroxy
ester 5 as a 41 mixture of stereomers, IR v, (film) 3300, 1740 and 1620 cm™, 'H-NMR (200 MHz, CDCL) 3
(major 1somer) 119 (3H, d, J = 62 Hz, 2'-H), 303 (1H, d, J = 8 8 Hz, 2-H), 317 (1H, s, 1''OH), 354 (3H, s, 3-
OCH,), 374 (3H, s, 1-OCH;), 409 (2H, s, 4-H) and 425 (1H, m, 1-H)
Methyl 2-(1-trimethylsiloxyethyl)-3-methoxy-2-butenoate (6).

As i the formaton of silylated ester 4, azidotnmethylsilane (8 1 g, 007 mol) and hydroxy ester 5 (87 g,

005 mol) in THF (20 mL) gave ester 6 (6 8 g, 55%), bp 63-66 °C/0 25 mmHg as a 4 1 mixture of 1somers, IR v,
(film) 1745, 1260 and 840 cm™!, 'TH-NMR (200 MHz, CDCl;) 3 (major 1somer) 0 06 (9H, s, 1-OTMS), 109 (3H, d,
] =59 Hz, 2-H), 302 (1H, d, J = 95 Hz, 2-H), 348 (3H, s, 3-OCH,), 365 (3H, s, 1-OCH,), 400 and 409 (2 x
1H, 2d, J = 26 and 26 Hz, 4-H) and 430 (1H, dq, J = 95, 59 Hz, 1"H) (Found C, 5338, H, 891 Calc for
C;H,,0,81 C, 5362, H, 900)
Methyl 2-ethyl-3-methoxy-3-butenoate (7).

In a preparation analogous to that of ester 5, methyl 3-methoxy-2-butenoate (195 g, 0 150 mol) and ethyl
10dide (5835 g, 0375 mol) gave 2-ethyl-3-butenoate 7 (192 g, 81%), bp 79-83 °C/19 mmHg, IR v,,, (film) 1740,
1655 and 1620 cm™, 'H-NMR (200 MHz, CDCl,) 5 090 (3H, t, J = 73 Hz, 2"-H), 180 (2H, m, 1-H), 298 (IH, t,
J =77 Hz, 2-H), 354 (3H, s, 3-OCHj3), 370 (3H, s, 1-OCH,3) and 405 (2H, s, 4-H)
2-Ethyl-1,3-dimethoxy-1-trimethylsiloxy-1,3-butadiene (8).

To a solution of LDA (0 11 mol) m THF (100 mL) at -78 °C was added (45 min) ester 7 (158 g, 0 10 mol)
n the same solvent (25 mL) After 30 min, the medium was warmed to 0 °C for 90 min and again cooled to -78 °C
when chlorotnmethylsilane (16 3 g, 0 15 mol) in THF (25 mL) was added (1h) and stirnng continued for an additional
hour The reaction mixture was then allowed to come to room temperature, concentrated under vacuum, diluted with
petroleum ether (bp 35-60 °C) (250 mL) and filtered (thus procedure was repeated until salts no longer separated)
The residue consisted of fairly pure but labile diene 8 as a single 1somer; 'H-NMR (200 MHz, CDCL) & 018 (9H,
s, 1-0TMS), 092 (3H, t, J = 74 Hz, 2H), 212 2H, q, J = 74 Hz, 1'H), 351 and 353 (2 x 3H, 2s, 1,3-OCH,)
and 4 08 (2H, s, 4-H)

I Cycloadditions with Diene 8.

General Method B A solution of diene 8 was added to the quinone (12-18) 1n the same solvent at 0 °C (10-
30 min) The mixture was stured at this temperature, raised to 25 °C and then evaporated under vacuum The crude
adduct was then aromatized by slow percolation through a column of silica gel (25 g/mmol)

General Method C The cycloaddition was conducted as in method B however aromatization was carned out
by adding 6N HCI (2 5 mL) in THF (5 mL) per mmol of quinone, stinng the muixture at 25 °C for 1 h, pournng 1t
nto water and extracting with dichloromethane
6-Ethyl-5-hydroxy-7-methoxynaphthoquinone (19).

Application of method B to bromobenzoquimone (12) (764 mg, 4 09 mmol) m benzene (15 mL) and diene 8
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(138 g, 600 mmol) 1n the same solvent (3 mL) at ~ 4 °C (90 mn) and 25 °C (20 min) followed by aromatization
(C¢Hg then CH,Cl,) gave crude naphthoquinone 19, punfied by flash chromatography (CH,Cl,-CCl, 1 1), (679 mg,
72 %), mp 110-111 °C (hexane) (lt v mp 103-104 °C), UV A, (CH,OH) (log &) 220 (4 58), 260 (4 21), 267
(4 20) and 420 (3 70) nm, IR v, (KBr) 1670, 1635 and 1600 cm™, 'H-NMR (200 MHz, CDCl;) § 112 3H, t, J
=75 Hz, 2-H), 274 (2H, q, J = 75 Hz, 1'-H), 398 (3H, s, 7-OCH,), 6 87 (2H, s, 2,3-H), 720 (1H, s, 8-H) and
1221 (1H, s, 5-OH), *C-NMR (50 3 MHz, CDCl;) & 12 93 (CH,CH,-6), 16 26 (CH,CH,-6), 56 21 (CH;0-7), 102 61
(C-8), 109 89 (C4a), 126 51 (C-6), 130 63 (C-8a), 138 50 and 138 92 (C-2,3), 160 80 (C-5), 162 97 (C-7), 184 38 (C-
1) and 188 78 (C-4), MS, m/z 232 (72) (M)*, 217 (100) (Found C, 6745, H, 527 Calc for Cj,H,,0, C, 6723, H,
521)

2-Bromo-6-ethyl-5-hydroxy-7-methoxynaphthoquinone (20).

According to method C, 2,5-dibromobenzoquinone? (13) (1 06 g, 4 00 mmol) 1n dichloromethane (10 mL) and
diene 8 (138 g, 600 mmol) in the same solvent (2 mL) at 0 °C (2 h) and 25 °C (2 h), gave, after aromatization,
quinone 20, punfied by chromatography (CCl,-C¢HsCH; 2 1), (099 g, 80%), mp 135-136 °C (petroleum ether, bp
60-80 °C), UV A, (CH;0H) (log &) 223 (4 57), 268 (4 12), 299 (3 97) and 436 (3 71) nm, IR v, (KBr) 1670,
1625, 1580 and 1565 cm™, *H-NMR (200 MHz, CDCl,) § 112 (3H, t, J = 75 Hz, 2“H), 274 (2H, q, } = 75 Hz,
1-H), 399 (3H, s, 7-OCH,), 729 (1H, s, 8-H), 740 (1H, s, 3-H) and 1206 (1H, s, 5-OH), BC-NMR (50 3 MHz,
CDCl,) & 12 84 (CH,CH,-6), 16 28 (CH,CH,-6), 56 28 (CH;0-7), 104 49 (C-8), 109 45 (C-4a), 127 24 (C-6), 129 52
(C-8a), 13925 (C-2), 140 32 (C-3), 16095 (C-5), 162 82 (C-7), 177 17 (C-1) and 18605 (C-4), MS, m/z 310/312
(69/70) (M*), 295 (100) (Found C, 5009, H, 351; Br, 26 28 Calc for C;H,,BrO, C, 5018, H, 3 56, Br, 25 68)
3-Bromo-6-ethyl-5-hydroxy-7-methoxynaphthoquinone (21).

A muxture of 2,6-dibromobenzogumone® (14) (106 g, 4 00 mmol) 1 dichloromethane (10 mL) and diene 8
(1 38 g, 6 00 mmol) 1n the same solvent (4 mL) at 0 °C (1 h) and 25 °C (1 h) was treated as in method B (toluene)
and after chromatographic separation (CH,C1,-CCl, 1-1) gave qunone 21 (0 86 g, 69%), mp 157 5-158 5 °C (hexane),
UV A« (CH;0H) (log €) 222 (4 57), 263 (4 12), 270 sh (4 13), 298 (4 00) and 430 (3 69) nm, IR v, (KBr) 1660,
1630, 1590 and 1570 cm™, 'H-NMR (200 MHz, CDCl) 8 112 (3H, t, } = 75 Hz, 2H), 274 (2H, q, J = 75 Hz,
1-H), 399 (3H, s, 7-OCHy), 722 (1H, s, 8-H), 740 (1H, s, 2-H) and 12 04 (1H, s, 5-OH), *C-NMR (50 3 MHz,
CDCl,) & 12 83 (CH,;CH,-6), 16 35 (CH3CH,-6), 56 28 (CH,;0-7), 103 45 (C-8), 108 80 (C-4a), 126 61 (C-6), 130 61
(C-8a), 139 88 (C-3), 14008 (C-2), 161 46 (C-5), 163 37 (C-7), 181 21 (C-1) and 181 63 (C-4), MS, m/z 310/312
(84/88) (M)*, 295 (100) (Found C 5024, H, 346, Br, 2566 Calc for C;sH,;BrO, C, 5018, H, 3 56, Br, 25 68)
Acetate (Ac,0-H,SO,, 85%), mp 1500-150 5 °C (ethanol), ‘H-NMR (200 MHz, CDCl,) 8 109 (3H, t, J = 75 Hz,
2'-H), 248 (3H, s, 5-0Ac), 256-2 83 2H, m, 1'-H), 400 (3H, s, 7-OCH,), 742 and 747 (2H, 2s, 2,8-H)

Acetate of juglone 19 from bromonaphthoquinone 21

The acetate of juglone 21 (706 mg, 2 00 mmol), NaOAc (250 mg) and 10% palladized charcoal (200 mg) 1n
acetic acid (S0 mL) was hydrogenated at ~ 3 atm for 35 h After elmination of the catalyst, the reaction mixture,
treated with CrO, (550 mg) 1n acetic acid (20 mL) at 25 °C (60 min), diluted with CH,Cl, and washed several times
with water afforded the acetate of juglone 19 (527 mg, 96%), mp 1210-1215 °C (ethanol), 'H-NMR (200 MHz,
CDCly) § 110 3H, t, J = 75 Hz, 2-H), 248 (3H, s, 5-OAc), 2 52-2 80 (2H, m, 1'H), 401 (3H, s, 7-OCH,), 6 81
(2H, AB pattern, J = 103 Hz, Av= 190 Hz, 2,3-H) and 748 (1H, s, 8-H), MS, m/z 274 (17) (M)*, 217 (100)
6-Ethyl-5-hydroxy-2,7-dimethoxynaphthoqunone (22).

Diene 8 (138 g, 6 00 mmol) m THF (4 mL) was added to 2-bromo-5-methoxybenzoquinone? (15) (868 mg,
4 00 mmol) i the same solvent (15 mL) at O °C (45 mun) and 25 °C (20 h) Two supplemental portions of the diene
(691 mg, 300 mmol) m 2 mL of solvent were added after 20 and 40 h respectively Aromatization of the adduct as
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n method C followed by punfication of the crude product by chromatography (C¢HsCH;-AcOEt 10 1) gave quinone
22 (462 mg, 44%), mp 186-187 °C (toluene-ligroine) (lit ' m p 186-188 °C), UV Anex (CH;0H) (log &) 221 (4 52),
263 (4 30), 306 (4 07) and 424 (370) nm, IR v, (KBr) 1675, 1640 and 1595 cm, *H-NMR (200 MHz, CDCly)
S112(3H,t,J=75 Hz, 2H),273 2H, q, J = 75 Hz, 1"H), 390 and 397 (2 x 3H, 2 s, 2,7-OCHy), 6 01 (1H,
s, 3-H), 724 (1H, s, 8-H) and 1249 (IH, s, 5-OH), "C-NMR (503 MHz, CDCl;) § 1288 (CH,CH,6), 1632
(CH3CH,-6), 56 10 and 56 48 (CH,0-2,7), 102 74 (C-8), 108 80 (C-4a), 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-1) and 189 69 (C-4), MS, m/z 262 (100) (M)* (Found C, 64 15,
H, 541 Calc for C\H,,05 C, 6412, H, 538) Acetate (22a) (Ac,0-H,S80,, 94%), mp 1950-1955 °C (ethanol),
'H-NMR (200 MHz, CDCl,) 1 10 (3H, t, J = 74 Hz, 2'-H), 247 (3H, s, 5-OAc), 2 52-279 (2H, m, 1'-H), 385 (3H,
s, 2-OCHjy), 4 00 (3H, s, 7-OCH3), 595 (1H, s, 3-H) and 753 (1H, s, 8-H), MS, m/z 304 (8) (M), 69 (100)
6-Ethyl-5-hydroxy-3,7-dimethoxynaphthoquinone (23)

A similar reaction mixture obtamed from 2-bromo-6-methoxybenzogumone? (16) (434 mg, 2 00 mmol) in THF
(18 mL) and diene 8 (691 mg, 300 mmol) also m THF (6 mL) at 0 °C (45 mmn) and 25 °C (3 h) was treated
according to method B (CgHg then CgHg-CH,Cl, 1 1) and provided quinone 23 (388 mg, 74%), mp 1830-1835 °C
(benzene-petroleum ether bp 60-80 °C), UV A, (CH;OH) (log €) 222 (4 42), 260 (4 22), 265 (4 23), 306 (4 16) and
416 (3 68) nm, IR v,,,, (KBr) 1650, 1635 and 1600 cm™, 'H-NMR (200 MHz, CDCl,) § 111 (3H, t, J = 73 Hz,
2-H) 271 (2H, q, J = 73 Hz, 1-H), 3 89 and 3 97 (2 x 3H, 2s, 3,7-OCH,), 6 05 (1H, s, 2-H), 722 (1H, s, 8-H) and
1208 (1H, s, 5-OH), BC-NMR (50 3 MHz, CDCl,) & 12 92 (CH;CH,-6), 16 19 (CH;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), 161 37 (C-3), 163 55 (C-
7), 183 30 (C-1) and 184 00 (C-4), MS, m/z 262 (100) (M)* (Found C, 64 08, H, 552 Calc for C;;H,,05 C, 64 12,
H, 538)
6-Ethyl-5-hydroxy-2,3,7-trimethoxynaphthoquinone (24).

When applied to 5-bromo-2,3-dimethoxybenzoquinone® (17) (494 mg, 2 00 mmol) in THF (18 mL) and diene
8 (691 mg, 300 mmol) 1n the same solvent (6 mL) at 0 °C (45 mn) and 25 °C (2 h), method B (CgHy then CeHe-
CH,Cl, 1 1), after chromatography (CH,CL)), gave qumone 24 (477 mg, 82%), mp 126 5-127 5 °C (petroleum ether,
bp 60-80 °C) ht ¥ mp 113-114 °C, UV A, (CH,OH) (log €) 217 (4 47), 266 (4 37), 318 (4 08) and 416 (3 63)
nm, IR v, (KBr) 1660, 1635 and 1605 cm™!, 'H-NMR (200 MHz, CDCl,) § 111 (3H, t, ] = 75 Hz, 2-H), 271
(2H, q, ] = 75 Hz, 1H), 396 (3H, s, 7-OCH,), 4 08 and 4 10 (2 x 3H, 2s, 2,3-OCH,), 720 (1H, s, 8-H) and 1220
(1H, s, 5-OH), *C-NMR (50 3 MHz, CDCl,) § 12 92 (CH,CH,-6), 16 23 (CH;CH,-6), 56 14 (CH,0-7), 61 34 and
6158 (CH;0-2,3), 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-1) and 185 89 (C4), MS, m/z 292 (76) (M)*, 277 (100) (Found C, 6159, H, 540 Calc
for C;sH,sO¢ C, 6164, H, 552)
6-Ethyl-3,5-dihydroxy-2,7-dimethoxynaphthoquinone (25).

To a solution of naphthoquinone 24 (292 mg, 1 00 mmol) m acetic acid (20 mL) at 90 °C was added conc
HCI (20 mL) The mixture was kept at the same temperature for 30 mmn, poured into water and extracted with ethyl
acetate (2 x 200 mL) The orgamic exiract, after repeated washing with water (10 x 300 mL) afforded qumone 25 (264
mg, 95%), mp 182 0-182 5 °C (benzene-petroleum ether, bp 60-80 °C) (it '* mp 183-184 °C), UV A (CH,0H)
(log €) 267 (4 48), 324 (422) and 410 (3 72) nm, IR v,,,. (KBr) 3330, 1665, 1645 and 1600 (br) cm’l, 'H-NMR (200
MHz, CDClL,) 6 110 (3H,t, J = 75 Hz, 2'-H), 269 (2H, q, J = 75 Hz, 1'H), 397 (3H, s, 7-OCH,), 4 14 (3H, s,
2-OCHj), 6 84 (1H, s, 3-OH), 724 (1H, s, 8-H) and 1139 (IH, s, 5-OH), PC-NMR (503 MHz, CDCl,) & 1292
(CH;CH,-6), 16 19 (CH,CH)-6), 56 32 (CH,0-7), 60 61 (CH;0-2), 103 96 (C-8), 106 65 (C-4a), 125 51 (C-6), 130 26
(C-8a), 14001 and 142 14 (C-2,3), 16024 (C-5), 163 59 (C-7), 18028 (C-1) and 184 12 (C-4), MS, m/z 278 (100)
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™M)* (Found C, 6069, H, 502 Calc for C,,H,,0s C, 6043, H, 507)
2-Ethyl-1-hydroxy-3-methoxyanthraquinone (26).

A muxture obtained from 2-chloronaphthoquinone (18) (385 mg; 2 00 mmol) m benzene (6 mL) and diene 8
(691 mg, 3 00 mmol) in the same solvent (2 mL) at ~ 4 °C (2 h) and 25 °C (3 h) was treated according to method
B (C¢Hg-CCl, 11) Punfication of the crude matenal by flash chromatography (CH,CL-CCl, 12) gave pure
anthraquinone 26 (458 mg, 81%), mp 158 5-159 0 °C (ethanol), IR v,,,, (KBr) 1665, 1630 and 1590 cm™, 'H-NMR
(200 MHz, CDCly) 8 116 (3H, t, J = 74 Hz, 2'-H), 278 (2H, q, ] = 74 Hz, 1'H), 402 (3H, s, 3-OCH,), 742
(1H, s, 4-H), 7 68-7 86 (2H, m, 6,7-H), 8 19-8 37 (2H, m, 5,8-H) and 1297 (1H, 5, 1-OH), *C-NMR (50 3 MHz,
CDCl,) & 1295 (CH,CH,2), 16 37 (CH,CH,-2) 56 21 (CH,0-3), 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, 10a), 133 88 and 133 97 (C-6,7), 161 82 (C-1), 163 20 (C-
3), 18243 (C-10) and 187 09 (C-9), MS, m/z 282 (59) (M)*, 77 (100) (Found C, 7232, H, 519 Calc for C;;H,,0,
C, 7233, H, 500) Acetate (263) (Ac,0-H,S0,, 93%), mp 1900-1905 °C (ethanol), 'H-NMR (200 MHz, CDCly)
8113 (3H, t, J = 75 Hz, 2"-H), 2 54 (3H, s, 1-0Ac), 2 58-2 84 (2H, m, 1'-H), 405 (3H, s, 3-OCH,), 773 (1H, 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)

I Sidechain-substituted Products.

(£)-5-(Acetoxy)-6-(1-bromoethyl)-2,7-dimethoxynaphthoquinone (27).

A mixture of naphthoquinone 22a (913 mg; 3 00 mmol), NBS (587 mg, 3 30 mmol), benzoylperoxide (100 mg)
and CCl, (45 mL) was refluxed for 18 h. Punfication of the crude product by flash chromatography (CH,Cl, then
CH,C1,-(C;H;),0 11) gave bromoquinone 27 (103 g, 90%), mp 153 5-155 °C (1,2-dichloroethane-petroleum ether,
bp 65-110 °C), IR v, (KBr) 1770, 1680, 1640 and 1620 cm™’, 'H-NMR (200 MHz, CDCl,) 205 (3H,d,J =67
Hz, 2'-H), 2 51 (3H, s, 5-OAc), 3 86 (3H, s, 2-OCH,), 4 07 (3H, s, 7-OCH,), 5 54-5 80 (1H, m, 1'-H), 599 (1H, s,
3-H) and 7 57 (1H, s, 8-H), MS, m/z 382/384 (<1) (M)*, 261 (100) (Found C, 5043, H, 406, Br, 2056 Calc for
C,¢H,sBrO, C, 50 15, H, 395, Br, 20 85)

(£)-1-Acetoxy-2-(1-bromoethyl)-3-methoxyanthraquinone (28).

A reacuion, similar to the foregoing, with anthraquinone 26a (324 mg, 1 00 mmol), NBS (196 mg, 1 1 mmol),
benzoylperoxide (50 mg) and CCl, (15 mL) (16 h), after separation by flash chromatography (CH,Cl,-CCl, 25 1), gave
bromoquinone 28 (365 mg, 91%), mp 190-1915 °C (ethanol), IR v, (KBr) 1770, 1670 and 1570 cm™!, 'H-NMR
(200 MHz, CDCl,) § 209 (3H, d, J = 70 Hz, 2'-H), 2 58 (3H, s, 1-OAc), 4 12 (3H, s, 3-OCH,), 5 62-579 (1H, m,
1'-H), 776 (1H, 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 (<1) (M)*, 281 (100)
(Found C, 5706, H, 419, Br, 1965 Calc for C(H;sBrOs C, 56 59, H, 3 75, Br, 19 82)
(1)-6-(1-Acetoxyethyl)-5-hydroxy-2,7-dimethoxynaphthoquinone (29).

A suspension of bromoquimone 27 (945 mg, 2 47 mmol), silver (I) acetate (125 g, 7 50 mmol) mn 50% aqueous
acetone (50 mL) was stirred for 48 h at 25 °C, diluted with water and extracted with CH,Cl, (3x) The organic
extracts, washed several tmes with water, gave acetoxy-denvative 29 (597 mg, 76%), mp 165-166 5 °C dec (ethanol)
Ut."* (-nsomer, mp 160-163 °C dec), UV A (CH;0H) (log €) 218 (4 62), 263 (4 25), 305 (4 08) and 426 (3 66)
nm, IR v, (KBr) 1725, 1680, 1630 and 1590 cm’!, 'H-NMR (200 MHz, CDCl;) 8 163 (3H, d, J = 70 Hz, 2-
H), 206 (3H, s, 1-OAc), 390 and 4 00 (2 x 3H, 2s, 2,7-OCH,), 6 03 (1H, s, 3-H), 636 (1H, q, J = 70 Hz, 1'-H),
725 (1H, s, 8-H) and 1278 (1H, s, 5-OH), "C-NMR (50 3 MHz, CDCl;) & 18 30 (CH,CH-6), 21 21 (CH,CO,-1'),
56 50 and 56 63 (CH;0-2,7), 64 78 (CH,CH-6), 103 01 (C-8), 109 00 (C-4a), 109 45 (C-3), 12249 (C-6), 13139 (C-
8a), 16055 and 160 95 (C-2,5), 162 37 (C-7), 170 41 (CH;CO,-1), 17921 (C-1) and 189 65 (C-4), MS, m/z 320 (16)
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(M), 69 (100) (Found C, 60,03, H, 514 Calc for C,gH;0, C, 6000, H, 504)
(1)-2-(1-Acetoxyethyl)-1-hydroxy-3-methoxyanthraquinone (30).

The preceding method applied to bromoguinone 28 (81 mg, 0 20 mmol), silver () acetate (100 mg, 0 60 mmol)
and 50% acetone (4 mL) afforded corresponding anthraqumone 30 (50 mg, 73%), mp 163-164 °C (ethanol), IR
Vo (KBD) 1730, 1670, 1620, 1590, and 1570 cm™, 'H-NMR (200 MHz, CDCl,) & 168 (3H, d, J = 6 8 Hz, 2-H),
209 (3H, s, 1-OAc), 405 (3H, s, 3-OCHy), 643 (1H, q, J = 6 8 Hz, 1'-H), 737 (1H, s, 4-H), 7 73-7.86 (2H, m, 6,7-
H), 8 22-8 36 (2H, m, 5,8-H) and 13 24 (1H, s, 1-OH), MS, m/z 340 (19) (M)*, 265 (100) (Found C, 6743, H, 498
Calc for C,gH,,0, C, 6705, H, 474)

(1)-5-Hydroxy-6-(1-hydroxyethyl)-2,7-dimethoxynaphthoquinone (31).

Treatment of acetoxynaphthoguinone 29 (160 mg, 0 500 mmol) m CH;CN (7 mL) with 20% H,SO, (2 mL)
at reflux temperature for 90 mun followed by dilution of the reaction mixture with water and extrachon with CH,ClL,
(3 x) gave a residue which by punficaion by dry-column chromatography (CH,Cl,-AcOEt 4 1) provided
hydroxyquinone 31 (85 mg, 61%), mp 196 5-197 °C dec (chloroform-hexane) @t mp 202-204 °C,' 201-204 °C),
UV (CH;0H) A, (log €) 218 (457), 262 (423), 305 (404) and 424 (361) nm, IR v,,, (KBr) 3560, 1680, 1630
and 1590 cm!, 'TH-NMR (200 MHz, CDCL;) & 156 (3H, d, J = 6 7 Hz, 2'-H), 3 74 (1H, d, ] = 11 8 Hz, 1-OH), 391
(3H, s, 2-OCH,), 400 (3H, s, 7-OCHy), 533 (1H, dq, J = 67, 118 Hz, 1'-H), 6 04 (1H, s, 3-H), 725 (1H, s, 8-H)
and 1285 (1H, s, 5-OH), *C-NMR (50 3 MHz, CDCl,) & 2283 (CH;CH-6), 5641 and 56 66 (CH;0-2,7), 6372
(CH,CH,-6), 103 12 (C-8), 109 14 (C-4a), 109 27 (C-3), 126 73 (C-6), 13072 (C-8a), 15993 and 16051 (C-2,5),
16129 (C-7), 17910 (C-1) and 184 91 (C-4), MS, m/z 278 (8) (M)*, 263 (100) (Found C, 6018, H, 507 Calc
for C;,H,,04 C, 6043, H, 507)

(1)-1-Hydroxy-2-(1-hydroxyethyl)-3-methoxyanthraquinone (32).

By a procedure analogous to the preceding one, acetoxyqumnone 30 (17 mg, 005 mmol) and 20% H,S80, (02
mL) m CH,CN (0 7 mL) (120 min), gave, after dry column chromatography (CH,Cl, then (C,H),0) hydroxyquinone
32, (8 mg, 54%), mp 1395-1415 °C (ethanol), '"H-NMR (200 MHz, CDCl,) & 158 (3H, d, J = 6 § Hz, 2-H), 378
(1H, d, J = 11 8 Hz, 1'-OH), 4 03 (3H, s, 3-OCH,), 5 35-5 42 (1H, m, 1-H), 741 (1H, s, 4-H), 773-7 83 (2H, m, 6,7-
H), 822-8 36 (2H, m, 5,8-H) and 13 31 (1H, s, 1-OH), MS, m/z 298 (4) (M)*, 283 (100)
(£)-6-(1-Ethoxyethyl)-5-hydroxy-2,7-dimethoxynaphthoquinone (33).

A muxture of acetoxynaphthoqunone 29 (163 mg, 0 509 mmol), conc H,SO, (04 mL) in water (3 ml) and
ethanol (6 mL) was heated to reflux for 100 min, diluted with water and extracted with CH,Cl, (3 x) Punfication of
the crude product by dry-column chromatography (CH,Cl,) afforded ethoxyqunone 33 (71 mg, 46%), mp 1350-
1355 °C (chloroform-hexane) (it ¥ mp 136-137 °C, UV A, (CH;0H) (log €) 219 (4 71), 263 (4 38), 306 (4 21)
and 424 (3 86) nm, IR v, (KBr) 1680, 1630 and 1590 cm’), TH-NMR (200 MHz, CDCl,) § 117 (3H, t, J =71
Hz, 1'OCH,CH,), 158 (3H, d, J = 6 6 Hz, 2'-H), 3 37 (1H, m, 1-H), 389 (3H, s, 2-OCHj,), 3 98 (3H, s, 7-OCH,),
517 (2H, q, J = 6 6 Hz, 1'"OCH,CH,), 6 02 (1H, s, 3-H), 7 24 (1H, s, 8-H) and 12 72 (1H, s, 5-OH), BCNMR (50 3
MHz, CDCly) § 1552 (CH;CH,0-1"), 19 34 (C-2"), 56 36 and 56 61 (CH;0-2,7), 64 32 (C-1'), 68 51 (CH;CH,0-1"),
103 07 (C-8), 108 83 (C-4a), 10947 (C-3), 124 35 (C-6), 13119 (C-8a), 16029 and 161 33 (C-2,5), 163 24 (C-7),
173 54 (C-1) and 189 72 (C-4), MS, my/z 306 (<1) (M)*, 69 (100) (Found, C, 6297, H, 6 09 Calc for C,¢H,30, C,
6274, H, 592)

(1)-1-Hydroxy-3-methoxy-2-(1-methoxyethyl)anthraquinone (34).

As m the preceding case, acetoxyanthraquinone 30 (21 mg, 0061 mmol), conc H,SO, (005 mL), in water
(03 mL) and methanol (0 6 mL) (70 mn at reflux and 16 h at room temperature) gave methyl ether 34 (9 mg, 48%),
mp 142 5-144 5 (ethanol), '"H-NMR (200 MHz, CDCl;) & 162 (3H, d, J = 6 8 Hz, 2-H), 329 (3H, s, 1-0CH,), 4 03
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(3H, s, 3-OCH,), 512 (1H, q, ] = 6 8 Hz, 1"-H), 743 (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 (1H, s, 1-OH), MS, m/z 312 (10) (M), 297 (100)

IV Reduction of 6-ethyl-7-methoxyjuglone.

(£)-6-Ethyl-1,5-dihydroxy-7-methoxy-4-0x0-1,2,3-trihydronaphthalene (35).

A solution of juglone 19 (464 mg, 2 00 mmol) n THF (55 mL) was added slowly (2 h) to L1AlH, (500 mg,
24 0 mmol) 1n ether (75 mL) at room temperature and after stirnng was continued for 1 h, the mixture was carefully
poured mto 5% aqueous HCl at 0 °C The crude product, obtamed by extrachion with ether (3 x), was strred at 25
°C m 2,2-dimethoxypropane (25 mL) contaimng camphorsulforuc acid (32 mg) for 75 min and evaporated Punfication
of the residue by dry column flash chromatography (C,Hs),0 afforded trihydronaphthalene 35 (312 mg, 66%), m p
109-111 °C (benzene-petroleum ether, bp 35-60 °C) (it 1 (+)-1somer, mp 132-133 °C), UV A, (CH,OH) (log €)
223 (4 27), 287 (4 23), 650 (1 58) and 656 (1 75) nm, IR v,,, (KBr) 3590-3010, 1620 and 1570 cm’!, '"H-NMR (200
MHz, CDCl,) 6 107 (3H, t, J = 75 Hz, 2-H), 197 (1H, m, 1-OH), 2 00-2 40 (2H, m, 2-H), 246-3 00 (2H, m, 3-
H), 263 (2H, q, ] = 75 Hz, 2-H), 390 (3H, s, 7-OCH,), 4 84 (1H, m, 1-H), 6 63 (1H, s, 8-H) and 12 81 (1H, s, 5-
OH), BC-NMR* (50 3 MHz, CDCl;) § 13 19 (C-29, 15 64 (C-17, 31 74 (C-2), 34 65 (C-3), 5577 (CH;0-7), 68 18
(C-1), 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 (C4), MS,
m/z 236 (47) (M)*, 221 (100)
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