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Abetract-A new route for large scale preparation of the 1(4H)-naphthahxone 4 from pcrillaldehyde 10 was 
developed Condensation of 4 with the methoxyphthalidesulfone 3 gave the lldeoxydaunomycinonc 
precursor Sa which was used as an intermediate to daunomycinone (2s). 

The established therapeutic use of daunorubicin (la)’ 
and adriamycin (lb) as anticancer agents’ and the 
report that lldeoxydaunorubicin (lc) and ll- 
deoxyadriamy&in (la) are less cardiotoxic* has 
generated strong interest in the total synthesis of these 
important compounds-’ 
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Buc~ound: Recently, we reported the use of the 
reaction sequence shown in Scheme 1 as a procedure for 
efficient regiospeci6c preparation of the aatyl 
substituted naphthacenone 6,’ an established inter- 
mediate to lldeoxydaunomycinone (2e).6c*/ At that 
time, it was recognized that introduction of an oxygen 
functionality at the 1 l-position in Sa would provide a 
potentially expedient route to 9 which can be converted 
to daunomycinone @a). In effect, Se could serve as a 
common intermediate to two important classes of 
anthracychnones. 

In the previously reported synthesis,several grams of 
!5a were prepared through condensation of the 
phthalidesulfone 37-9 with the naphthalenone 4. The 
limitations imposed on the product quantity originate 
with the method of preparation of 4. Large scale 
synthesis of this key intermediate was stymied by the 
required use of methyl copper at low temperature 
(-30”) under dilute reaction conditions to effect 

transformation of a diacid chloride intermediate to a 
dimethylketone. 

In this paper, we describe the development of a new 
andpracticalrouteforlargescalesynthesisofthe1(4H)- 
naphthalenone 4. Also presented is the development of 
a reaction sequence to transform the hydronaphtha- 
cenone 5a to the establish&‘* daunomycinone 
precursor 9. 

1(4H)-Nuphthalenone (4): Because it has both a 
masked methyl ketone and the correct regicchemical 
pattern of functionalixation, commercially available 
perillaldehyde (10) was selected as a starting material 
for the preparation of the 1(4H)-naphthalenone 4. 
Another factor intluencing this selection was that the 
unsaturated moiety in 10 was ideal for elaboration of 
the B-ring with an unsaturated enone fragment. 

The conversion of perillaldehyde (10) to 4 was 
accomplished as shown in Scheme 2. Grignard addition 
of allyhnagnesium bromide to 10 gave the homoallyl 
alcohol 11 (98%) which on oxy-Cope rearrangement 
(KH,DME,A)‘“furnishedthealdehyde12in73%yield 
as a mixture of geometric isomers. Reaction of 12 with 
methyllithium followed by Swem oxidation 
(ClCGCOCl, DMSO, Et,N)’ ’ gave the methyl ketone 
13 in 77 to 83% overall yield. Simultaneous oxidative 
cleavage of the ally1 and isopropylidene functionalities 
in 13 was accomplished in a single step through 
ozonolysis (O,, MeGH, -65”) with reductive workup 
(DMS, 12hr). Theinitiallyreceivedproduct(95%yield) 
was determined to be the keto dimethylacetal1Q from 
the methoxyl absorptions at 3.29 ppm in its ‘H-NMR 
spectrum and from its quantitative hydrolysis to the 
aldehyde 14h on brief treatment with dilute aqueous 
acid. 

Two procedures were developed to transform the 
keto dimethylacetal14a to the l(4H)naphthalenone 4. 
Simply refluxing a solution of 14a in THF with aqueous 
hydrochloric acid for several hours gave, after 
chromatography, the naphthalenone 4 in ap 
proximately 52% yield. The yield proved to be 
somewhat erratic and a more reliable, although more 
involved procedure was developed to convert 1Q to 4. 
Brief exposure of lb to dilute hydrochloric acid in 
THF quantitatively furnished the aldehyde 14h. 
Intramolecular aldol cyclization and dehydration to 4 
and its hydrogen chloride addition product was 
accomplished by reacting 14b with an ether solution of 
dry hydrogen chloride. Subsequent treatment of the 
mixture with triethylamine in benxene at reflux 
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Scheme 1. 

dehydrohalogenated the chlorine containing adduct to 
the 1(4H)-napthalenone 4. Although 4 was crystalline, 
purification through fractional recrystallization was 
tedious, and ultimately distillation proved more 
expedient. 

The developed sequence, which has been used to 
prepare SO gram quantities of 4 from perillaldehyde 
(lo), is quite practical since the reactions can be 
conducted on a large scale, and all the intermediates 
and the final product are readily purified by distillation. 

7,9-Dideoxydaunomycinone (9) : Standard conden- 
sation of the 1(4H)-naphthalenone 4 with the lithium 
t-butoxide generated anion of the phthalidesulfone 3 
was used to produce the hydronaphthacenone 5a.le9 
As in earlier work, the occurrence of 51 as a mixture of 
geometric isomers was evident only after methylation 
(K&IO,, Me,S04, butanone, 2 days, A; 79%) to the 
dimethylether Sh.lz Equilibration of the initially 
received 5b with sodium hydroxide in ethanol gave a 
single isomer with the all trans stereochemistry. 

Homolytic bromination and solvolysis were en- 
visioned as a means for the regiospecific introduction of 

an oxygen functionality at C-11 in the hydra 
naphthacene intermediate 5a. MacKay et a1.13 have 
reported that benzylic bromination of the similarly 
substituted hydroanthracenone 15 is difficult but prior 
conversion to the borate derivative 1Sc results in 
regiospecific introduction of a bromine atom. Because 
of the implied difEculties that might be encountered, a 
similar study, shown in Scheme 3, was conducted on 
derivatives of the anthracenone 151 prior to 
undertaking the bromination of 5%. 

The hydroanthracenone 15a was conveniently 
prepared through phthalidesulfone condensation with 
2-cyclohexen-l-one,9’ then methylated (Me2S04, 
K&O,) to furnish the dimethylether derivative 191. In 
contrast to the report of MacKay et al., 15b was found 
to smoothly undergo direct homolytic bromination 
(NBS, Ccl,, hv). Subsequent solvolysis (THF, H,O) of 
the bromo intermediate afforded the hydroxy 
compound 15d (65% overall yield) which on Collins 
oxidation14(Cr0,-2Py,CH,C1,;67~0)gavetheleuco 
quinone 16. The existence of 16 solely in the keto form 
was shown by its ‘H-NMR spectrum; the methylene 
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protons occurred as a singlet at 3.05 ppm and there were 
no phenolic protons. The ability of selenium dioxide to 
effect dehydrogenation of l+dione system~‘~ was 
employed to chemically verify the structural assign- 
ment.. Treatment of 16 with selenium dioxide gave the 
anthracenedione 17 in W/, yield. 

The same reaction sequence was employed to 
transform the hydronaphthacene sb to 7. Homolytic 
bromination (NBS, Ccl., hv) of Sh gave the 1 1-bromo 
intermediate which was solvolyzed in aqueous THF. 
The product, an isomeric mixture of 11-hydroxy 
compounds SC @O-70% overall yield), was readily 
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separated from other by-products by filtration through 
florisil. Jones (CrO,, acetone) or Collins’* 
(GO,-2Py, CH2Cl,) oxidation of SC gave the leuco 
quinone7(5&63%yield)asevidenad bytheabsenceof 
phenolic absorptions in the ‘H-NMR spectrum. 

In initially planning this approach to 9, it was 
recognized that selective demethylation of the 5,12- 
methoxyl groups would becrucial to the overall success 
of this route, and might well require a number of 
manipulative steps.” A straightforward solution to this 
potentially troublesome transformation was devised 
based on the well known capacity of boron halides to 
selectively demethylate methoxyl functionalities ortho 
to carbonyl groups. I6 First, it was necessary to alter the 
electronic properties of the carbonyl group in 7 so that 
only complexation, and not en01 borate formation,,” 
would occur. Dehydrogenating 7 to the tetrahydro- 
naphthacenone g (84% yield) with selenium dioxide 
(CH,Cl,, cat. CF,CO,H) readily accomplished 
the desired change and generated the correct oxidation 
state of the final product. Treatment of 8 with boron 
trichloride at -6-O” proceeded in the expected 
regiospeci& manner to furnish 9 (79% yield) which was 
identical with a sample prepared earlier by us using a 
different route.” 

EXPERIMENTAL 

M.ps are uncorrected and were taken on a Kofler hot-stage 
microscope. IR spectra were recorded on a Perkin-Elmer 621 
spectrophotometer and expressed in wavenumbers. Proton 
and 13C NMR spectra were recorded on a JEOL FX9OQ 
spectrometer. Chemical shifts were reported as d values in 
ppm relative to TMS. Mass spectra were obtained with a 
DuPont21-491Bspcctrometeratanionidngvoltagcof7OeV. 
Analytical TLC &as conducted on S x CO an -precoated 
TLC dates [silica net 60 F-254. layer thickness 0.25 mm) 
ma&actured by f Merck and Co. Silica gel for columd 
chromatography was from E. Merck (60. 70-230 mesh 
ASTM). Florosil for column chromatography was from 
Fisher ScientiEc (W-200 mesh). 

Tetrahydrofuran (THF) was distilled from lithium 
aluminum hydride (LiiH,). CH,Cl,, CC14, and dimethyl- 
sulfoxide (DMSO) were distilled from CaH,. Dimethoxy- 
ethane @ME), hexane, and t-BuOH were distilled from Na. 
Methylethylketone (MEK) was dried over MgSO, and 
filtered. Pyridine was distilled from BaO. Hexane, CH,Cl,, 
and EtOAc for extraction or chromatography purpo~ were 
simple distilled. Chromium trioxide was dried at loo” under 
vacuum. Ally1 bromide and triethylamine were distilled prior 
to use. All other reagents were used without purification. 

1 - (1 - Hydroxy - 3 - butenyf) - 4 - (1 - methylethenyf) - 
cyclohexane (11). Ally1 magnesium bromide was prepared by 
dropw-ise addition of a soln of ally1 bromide (228 ml, 0.264 
mol) and 1,2dibromoethane (13.6 ml, 0.160 mol) in ether (SO 
ml) to a chilled (0’) magnetically stirred mixture of Mg 
turnings (15.3 g, 0.640 mol) in anhyd ether (200 ml) under N1. 
To insure that the Grignard rtagent had completely formed, 
the reaction was stirred a further 2 hr. +Perillaldehyde 10 (25 
g, 0.150 mol) in ether (SO ml) was added dropwise over 1 hr to 
the still chilled Grignard reagent, then stirred overnight. The 
excess Mg was filtered off using a Buchner funnel with no filter 
paper and the resulting soln was quenched by addition of 
excess NH,Cl aq (400 ml). The layers were separated and the 
aqueous phase further extracted with ether (2 x 200 ml). The 
combined organic layers were washed successively with 
NH&l aq (200 ml), NaHCO, aq (200 ml), water (200 ml) and 
brine. Evaporation of the ether at reduced pressure and 
distilationbf the residue gave 30 g(93%) of 11 asa light yellow 
oil with b.p. 102-105” (1.5 mm) which was homogeneous by 
TLC1H-NMR66.O-S.S(m,2H),S.3&S.OO(m,2H).4.71(brds, 
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W), 4.03 (t, lH, J = 8 Hz), 1.73 (s, 3H), 2.4-l.O(m, 8H); mass 
spectrmn,m/z 192(M+‘);IR@m)cm-’ 3400,3080,1640,990, 

warm to room temp and stir overnight. When a starchiodide 
test was negative, nitrogen was flushed through the soln to 

910,880. remove excess dimethyl suhide. The soln was concentrated at 
2 - (2 - Propenyf) - 4 - (1 - methyfethenyf) - cyclohexcae reduced pressure at room temp to one-fourth the original 

carboxoldehyde (12). KH in oil (227 g, 35”/, 79.5 g KH, 1.70 volume, then diluted with EtOAc (200 ml) and brine (100 ml). 
mol) was washed successively with dry hexane(3 x 200ml)and The EtOAc layer was senarated. dried (Na,SO,). filtered. and 

were separated and the aqueous layer was further extracted 

oncewithdryDME(2OOml)toremove theoil,thensuspended 
in dry DME (l-l.5 1) with magnetic stirring under Nz. The 

with EtOAc (2 x 200 ml). The combined organic solutions 

alcohol 11 (95.6 g, 0.498 mol) in DME (100 ml) was slowly 
added dropwisc to the hydride suspension so as to maintain a 
moderate rate of Hz evolution. Once addition was completed, 
the mixture was stirred for 0.5 hr at room temp to ensure anion 
formation. The orangcred soln was heated at reflux for 48 hr 
and during this period it turned dark red. The reaction was 
cooled to room mmp and the excess KH was decomposed by 
dropwise addition of isopropyl alcohol (160 ml). Addition of 
glacial AcOH (1X ml) to neutralize the reaction produced a 
ppt which dissolved on addition of water (200 ml). The layers 

evaporated at reduced &ssure to yield i3.7 ;‘(940/ of the 
dimethyl acetal Ma which was homogeneous by TLC but an 
iosmeric mixture by NMR and was used in the next step 
without further purification. ‘H-NMR a4.64.2(m, lH), 3.48, 
3.31, 3.21 (s, 6H-combined), 2.15,2.11 (s. 6H-combmedk 2.6 
1.2 (m, 9H). IR(fihn) cm-i 1700; mass spectrum, m/z 226 
(M -OCH,)+‘. 

tur&lgreenwaswarmedonaste& bathfor20minandNaCl 
(excess) and ether (80 ml) were added. The mixture was stirred 

6 - Acetyl - 4o,5,6,7,8,8a - hexahydro - l(4H) - ~phthalenone 
(4). Two procedures were employed to transform 14a to 4. 
Method A: The dimethylacetal Ma (14.1 g 55 mmol) was 
dissolved in THF (180 ml) containing HCl(6 N, 80 ml) and 
magnetically stirred at room temu (0.5 hr). The mixture which 

were evaporated at red&d pressure and the r&&ant oil was with heating for 3dmin and then at room temp for 40min. The 
taken up in ether (800 ml) and washed successively with layers were separated and the aqueous phase was further 
NaHCO, aq (2 x 200 ml) and brine (200 ml), then dried extracted with ether (500 ml). The combined ether solns were 
(MgSO,), filtered, and evaporated at reduced pressure. washed with NaHCO, aq (200 ml) and brine, then dried 
Distillationoftheresiduegave70g(73%)of12asalightyellow 
oil with b.p. 90-95” (3 mm). The ‘H-NMR suectrum and a 

(MgSO,), filtered, and evaporated at reduced pressure. 
Chromatottrauhv of the residue on silica ael(lO0 a. benmne) 

TLC showed the product to be a 1: 1 mixture of isomeric 

combined), 2.61.0 (m, 11 H). IR(film) cm ’ ’ 3080,2706,1730, 

aldehydes. ‘H-NMR 6 9.71,9.67 (s, lH-combined), 6.0-5.3 (m, 

1645. 995, 910. 885. (Found: C. 81.31: H. 10.32. Calc for 

lH), 5.20-4.80 (m, 2H), 4.69 (brd s, 2H), 1.71, 1.67 (s, 3H- 

C,,H,,O: C, 81.20; H. 10.48%). 
1 - Acetyl - 4 - (1 - methyletheny[) - 2 - (2 - propenyl) - 

cyci0hexme(l3). A soln of 12 (70 g, 0.365 mol) in ether (200 ml) 
was added dropwise over a 1 hr period to a chilled (- lw), 
magnetically stirred solution of.MeLi (316 ml, 1.5 M, 0.474 
mol) in anhyd ether (200 ml) under N,. The reaction was 
heated at reflux for lb min and then quenched by the slow 
addition of water (200 ml) followed by glacial AcOH (30 ml). 
The layers were separated and the organic phase was washed 
with water (2 x 200 ml), NaHCO, aq (100 ml) and brine, then 
dried (MgSO,). filtered, and evaporated at reduced pressure to 
give 74.3 g (98%) of 12 which was used in the next step 
without purification. A TLC of the product showed two spots. 
‘H-NMRd5.95.3(m. lH).5.15-4.9O(m.2H).4.68(brds2H). 
4.3-3.3 (m, lH), 1.69 (s, $I), 1.25 (s,‘3H), 24-1.8 (m, 13Hj; 
IR(tihn) cm-’ 3380,3080,1645,990,905,890. 

prepared sample of4. Method B : ihedim%hyl acetall& (28.7 

gave 5.6g(?3g)df4as amixtureofisomerlwhich s&lifiedod 

g, l12.0mmole)diisolved inamixtureofTHF(5OmI)and HCl 
(lN, 60 ml) was stirred at room temp for 2 hr. Solid NaHCOJ 
(excess) was added and the mixture extracted with EtOAc (2 

standing. This material exhibited identical TLC behavior and 

x 100 ml). The organic phases were combined and 
successivelywashedwith water(100ml),NaHCO,aq(100ml), 

had a ‘H-NMR snectrum corresuondina to an altemativelv 

and brine, then dried (MgSO,), filtered, and evaporated at 
reduced pressure to give 25.2 g of 14b. ‘H-NMR d 9.71 (s), 2.7- 
1 .O (m). 

arid the combined organic layers were washed with NazCO, 
aq (100 ml) and brine, then dried (MgSO.), filtered, and 

To a chilled (-60”) magnetically stirred soln of oxalyl 
chloride (25.3 ml, 0.288 mol) in dry CH,CI, (500 ml) under N, 
was slowly added a soln of DMSO (40.8 ml, 0.577 mol) in 
CHzClz(lOOml)overa2Ominperiod.Thenasolnoftheabove 
alcohol (30.0 g, 0.144 mol) in CHzCl, (200 ml) was added 
slowly over a 25 min period. The reaction was stirred for an 
additional 25 min. Then Et,N (120 ml) was added in a thin 
stream which produced a ppi. After an additional 15 mitt, the 
reaction was warmed to room temp and the ppt dissolved. 
Water (150 ml) was added and the layers were separated. The 
aqueousphasewaafurtherextractedwithCH,CI,(2 x 200ml) 

hexane the material had m.p. 94-99”. A more expedient 
procedure for puriEcation of 4 was to distill (b.u. 120”. 0.8 mm) 

An anhyd ether soln of HCl(0.97 N, 110 ml) was added to a 
magnetically stirred soln ofthe above aldehyde in anhyd ether 
(325 ml) under N,. The mixture was stirred at room temp for 
20 hr. then excess sat NaHCO, aq was added and the layers 
separated. Theether soln was washed with water(200ml), then 
dried (MgSO,), filtered, and evaporated at reduced pressure to 
give 23.8 g of a dark oil. A ‘H-NMR spectrum of this material 
showed the presence of the enone 4. A septet at _ 4.05 ppm 
indicated some HCl addition product of the enone 4 was 
present.Inordertoconvert thissecondarymaterialback to the 
naphthalenone 4, the oil was taken up in benzene (200 ml) and 
Et,N (15 ml) was added. The mixture was heated at reflux for 
2.5 hr, then cooled. The benzene soln was washed with water 
(200 ml), HCI (2N, 200 ml), water (200 ml), and KOH (1 N, 100 
ml), then dried (MgSO,), filtered, and evaporated at reduced 
pressure. Filtration of the residue through silica gel (10 g, 
EtOAc) yielded 23.0 g of a viscous oil which was extracted with 
hot hexane (liquid-liquid extractor). Evaporation of hexane 
under vacuum gave 18.5 g (64”/, from the acetal) of 4 which 
crystallized upon cooling. After two recrystallizations from 

evaporatedat reduced pressure. Distillation of the residue at the product from the initial chromatography. ‘HiNMR s 
reduced pressure gave 24.6 g (820/ of 13 as a light yellow oil 7.08-6.80(m, lH),6.1&5.80@, 1H),2.16(s,3H).2.60-1.10(m, 
with b.p. 90-100” (2 mm). The ‘H-NMR spectrum and a TLC 11H). i3C-NMR 6 210.6, 199.9, 148.4, 129.3, 50.0.39.9, 34.5, 
analysis showed the product was a mixture of isomeric 33.2,27.8,27.6,24.6; mass spectrum, m/z 192(M+‘). The TLC 
ketones. ‘H-NMR 6 5.9-5.4 (m, lH), 5.26-4.84 (m, 2H), 4.68 behavior, IR, ‘H- and ‘“C-NMR spectra were identical with 
(m, W), 2.14, 2.10 (s, 3H-combined), 1.70, 1.60 (9 3H- 
combined), 2.4-1.0 (m, 9H). IR (Elm) cm-’ 3080,1715,1645, 
990,912,890; mass spectrum, m/z 206 (M+‘). 

1,4 - Diucetyl- 2 - (2,2 - dimethoxyethyl) - cyclohexane (Ma). 
O3 was bubbled throughacold( -7O”)solnof13(29.1 go.141 
mol) in MeOH (300 ml) until the blue color of 0, persisted 
(- 3.5 hr). The ozonolysis apparatus was turned off and Oz 
followed by Nz was flushed through the reaction until the blue 
color of excess 0, disappeared. To the still cold reaction was 
added dimethyl sulfide (100 ml) and the mixture allowed to 

that of an alternatively prepared sample.’ 
9 - Acetyl- 5,12 - dihydroxy - 4 - methoxy - 7,8,9,1O,lOa,ll- 

hexuhydro - 6(6aH) - naphthacame (S). The phthalide 
sulfone 3 (10.0 g, 32.9 mmol) was added in powder form to a 
magnetically stirred cold (- 70°C) soln of lithium t-butoxide 
(98.7 mmol) prepared from n-BuLi (2.1 M, 47.0 ml, 98.7 mmol) 
and t-BuOH (9.6 ml, 102 mmol) in dry THF (100 ml). The 
resulting yellow soln was stirred for 15 min, then 4(6.63 g, 34.5 
mmol) was added in powder form. The reaction was stirred for 
15 min during which time the soln turned red. The ice bath was 
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removed and the reaction, while stirring, was allowed to come 
to room tcmp and react for 2 hr. HCl was added (4 M, 25 ml, 
lOOmmo1) giving a yeBow soln which was concentrated under 
reduced pressure to one-haIf volume. The precipitated 
product was filtered oU and transferred into boiling acetone 
(250 ml). The soln, upon cooling, was filtered to yield 9.0 g 
(77%) of k as a yellow powderwith m.p. 223-227”. ‘H-NMR 
(1.5% CF,CO,Ha,) 6 7.8-7.4 (m, 3H), 6.94 (dd, lH, J 
=8Hz,J-2Hz),4.03(s,3H),2.31(s,3H),3.5-1.2(m,11H); 
mass spectrum, m/z 354 (M +‘). 

9- Acetyl-4,5,12- trimethoxy - 7,8,9,lO,lOa,ll- hexahydro- 
6(6aH) - naphthucenone (Sb). Anhyd K,CO, (87 g, 630 mmol) 
and dimethylsulfate (48 ml, 50.8 mmol) were added to Sa (9.0 g, 
25.4 mmol) dissolved in dry methyl e&y1 ketone (1 1). The 
mechanicallystirredmixturewasheatedatretluxfortwodays. 
The reaction was cooled and the carbonate was l&red off and 
washed with hot methyl ethyl ketone(700 ml). Et,N (100 ml) 
was added to the filtrate and stirred for several hours to 
destroy excess dimethyl sulfate. The solvent was evaporated at 
reduced pressure and the residue was taken up in EtOAc (900 
ml) and washed with water (3 x 500 ml); then dried (MgS03, 
filtered, and evaporated at reduced pressure. Repeated 
recrystallization of the yellow residue from EtOAc-hexanes 
gave 6.14 g (63%) of pure Sb with m.p. 178-180”. 
Chromatography of the combined recrystallization filtrates 
on silica gel (100 g, l&2@/, EtOAc-hexanes) furnished 2.25 g 
(23%; 88% overall) of Sb as a mixture of geometric isomers. 
Brief treatment of this mixture with alcoholic NaOH gave a 
single product with TLC, behavior, ‘H-NMR spectrum and 
m.;. identical with the major isomer. ‘H-NMR> 7.7-7.4 (m, 
2H16.861d.lH.J = 8Hz).3.99(s.3Hl.3.91(~.3H),3.85(~.3H). 
2.20(~ 3H), 3.61.3 (m. ItH); f&s.9 .&ctrUm, m/z 382‘(M+j. 

9-Acetv1-1I-kvdro.rv-5.6.12-tr~methoxy-7,8.9.10.10a.11- 
hexahydro - 6(6aH) - nuphthucenone (Se). To !!b (4.0 g, 10.5 
mmol) dissolved in hot dry Ccl, (1.3 1) was added N- 
bromosuccinimide (2.3 g, 12.6 mmol). The mixture was 
magnetically stirred and heated at rdux under illumination 
(275 W sunlamp) for exactly 20 min, then immediately chilled 
in an ioe bath. The precipitated suc&imide was liltercd off and 
the CC& evaporated at reduced pressure (bath < 40”). The 
residue was taken up in THF (300 ml), water (300 ml) was 
added and the mixture stirred at room temp for 2.5 hr. The 
reaction solution was concentrated under vacuum to 2/3 
volume and sat NaHC03 aq (50 ml) was added. The mixture 
was extracted with EtOAc (3 x 150 ml) and the organic phase 
was washed with water (100 ml) and brine, then dried 
(Na,SO,). filtered, and evaporated at reduced pressure. 
Chromatography of the residue on florosil (100 & 10% 
EtOAc-CH,Cl* followed by MeOH) yielded 2.68 g (64%) of 
nearly pure-5c which after &crystal&ion (CH,~,-C&) 
had m.u. 123-125”. ‘H-NMR (CDCl,) 6 7.7-7.3 (m. 2HI, 6.84 
(d, lH,- J = 9 Hz), 5.14 (brd ; lH),-j.97, 3.86,‘3.84 (I; 9H- 
combined),2.17,2.05@, 3H-combined), 3.3-1.5(m, 10H);mass 
spectrum, m/z 398 (M”). 

9 - Acetyl- 4,5,12 - trimethoxy - 6a,7,8,9,lO,lOa - hexahydro - 
naphthacene-6,11-dione(7).Thealcoho1k(5.15&12.9mmo1) 
dissolved in CH,Cl, (50 ml) was added in one portion to a 
magnetically stirred soln of Collins reagent prepared from 
pyridine (42 ml, 0.52 mol) and 00, (15.5 g, 0.155 mol) in 
CH,Cl(4OOml). The reaction was stirred at room temp for 1 hr, 
then decanted, and the CHzCl, soln evaporated. Both the 
residue from the reaction and the evaporation were extracted 
with hot EtOAc (3 x 200 ml) which was then filtered. The 
combined Et0Acaxtract.s w&e washed with NazCO, aq (2 
x 100 ml). water (200 ml) and brine, then dried (MgSO,), 
filtered and evaporated at I&UCXYJ pre&ure to give 2.?5 g(54o/,j 
oflasa 1 : 1 mixtureofisomerswhich wasusedin thenext step 
without further purification. ‘H-NMR d 7.96 (d, lH, J = 9 
Hz), 7.59 (t, lH, J = 9 Hz), 7.06 (d, lH, J = 9 Hz), 4.02, 3.99, 
3.97,3.95 (s, 9H_combined), 2.21.2.14 (s, 3H_combined), 2.3- 
1.4 (m, 9H); mass spectrum, m/z 3% (M+‘). 

9 - Acetyl - 4,5,12 - trimethoxy - 7.89.10 - tetrahydro- 
nuphthacene - 6,11- dione(8). A mixture of7(2.65 B. 6.7 mmol), 
seleniun dioxide (1.49 g, 13.4 mmol), trifluoroacetic acid (4 ml) 
and water (2 ml) in CH,Cl, (250 ml) was stirred at room temp 

for 3 hr. The reaction was decanted and the residue was washed 
with C&Cl,. Addition of CaO-solution (UK) ml) to the 
combined organic layer precipitated colloidal selenium and 
gave an emulsion. The s&nium was removed by filtration 
through a c&e pad and the organic layer was separated, 
washed with water (20 ml) and brine, then dried (MgSO,), 
filtered and evaporated at rcdFlcad prcasure. Chromatography 
of the residue on silica gel (100 g, 045% EtOA~zClz) 
gave 1.98 a (75%) of 8 as orange crystals with m.p. 183-185” 
&er re&&ll&tion (CH,Cl&&). ‘H-NMR d 7.94 (d, 
1H.J = 9Hzl.7.601t.lH.J = 9Hzl.7.06M.lH.J = 9Hzj.4.01 
(~,8H),3.96(s~3H),~.~7(s~3H),2.6-~.2(m~~H);&ssspec~rum, 
m/z 394 (M “). (Found : C, 69.90 ; H, 5.60. Calc for C H 0 23 12 (, : 
C, 70.03 ; H, 5.62%). 

9 - Acetyl - 6.11 - dihydroxy - 4 - methoxy - 7,8,9,10 - 
tetrahydronaphthacen - 5,12 - dione (9). Boron trichloride (60 
ml,1MsolninCH,Cl,,6Ommol)wasaddedtoasolnof8(1.83 
g, 4.6 mmol) in dry CH&Iz (2M ml) at - 60” under Nz and the 
mixture magnetically stirred for 3 hr. MeOH (20ml) was added 
to destroy the excess boron trichloride and the dark mixture 
was allowed to warm to room temp. NaOH aq (2 N, 130 ml) 
was added and the resulting blue soln was stirred for 1 hr. 
Acidification with HCl (12 M, 10-20 ml) gave a deep red- 
colored CH&lz soln and a red ppt which was neither soluble 
in CH,Cl, nor water and was presumed to be the boron 
complex of 9. In order to hydrolyze the complex, the CHzCl, 
soln and the ppt were combined and the solvent evaporated at 
reduced pressure. The residue was taken up in MeOH (200 ml) 
containing NaOH (10 ml. 6 IV) and stirred for 2 hr and then 
acidified with HCl (12 M). The resulting mixture was 
neutralized with NaHCO, aq and concentrated, and the 
residue repeatedly extracted with EtOAc (100 ml). The 
combined EtOAc extracts were evaporatal and the dark red 
residue was taken up in CHzCl, (2oOml) and filtered through 
silica gel (20 g). The eluted material was recrystalhzed from 
CH,Cl,-hexane to give 1.35 g (79”/,) of 9 as red crystals with 
m.p. 244-247”. TheTLC behavior and the ‘H-NMR spectrum 
of9wereidenticalwith analtemativelypreparedsample “and 
a mixed m.p. was undepressed. ‘H-NMR 6 8.04 (d, lH, J = 8 
Hz),7.74& lH,J = 8Hz),7.34@, lH,J = 8Hz),4.08(~,3H), 
3.2-2.4 (m, 5H), 2.29 (s, 3H); mass spectrum, m/z 366 (M+‘). 

1 - Hydroxy - 9.10 - dimethoxy - 2.3 - dihydro - l(4H) - 
anthracenone(l5d). To thedimethylether lSb(2.4g,9.4mmol) 
dissolved in dry boiling CCl, (1 1) under N, was added N- 
bromosuccinimide (2.0 g, 11.3 mmol) and the mixture heated 
at reflux was illuminated with a sunlamp for exactly 20 min. 
The reaction was then immcdiateIy chilled in an ice bath and 
the precipitated succinimide filtered off. The solvent was 
evaporated under vacuum (bath < 40”) and the dark residue 
redissolved in THF (100 ml) containing water (100 ml) and 
stirredat roomtempfor 1 hr.SolidNaHCOs(4g)wasaddedto 
the soln which was then extracted with EtOAc(4 x 50ml). The 
combinedorganicphaseswerewashedwithwater(l00ml)and 
brine (50 ml), then dried (MgSO,), l&red, and evaporated 
under reduced pressure. Chromatography of the residue on 
tlorosil(50 g) with hexanes-CHzClzjl : 1) yielded 1.7 g (65%) 
of esscntiallv pure 15( with m.p. 124126” (CH,Cl,-hexane). 
‘H-NMR 6-813-8.1 (m, lH), 8.i-7.9 (m, lHj, 7.7-7.4 (m, 2H), 
5.47 (brd s, lH), 3.97, 3.95 (s, 6H-combined), 3.34 (brd s, lH), 
3.2-2.0 (m. 4H). 

9,10 - Dimethoxy - 53 - dihydroanthracene - 1,4 - dione (16). 
To a soln of Collins reagent prepared from pyridine (9.5 ml, 
118 mmol) and CrO, (5.9 g. 59 mmol) in dry CHzCl, (130 ml) 
wasadded asoln of10d(1.54g, 5.7mmol)in CHzCIz(23ml)in 
one portion. After stirring for + hr at room temp under N,, 
ether (5Oml) was added and the mixture filtered through celite. 
The filtrate was washed with water (75 ml) and brine, then 
dried (MgSO.), filtered and evaporated at reduced pressure. 
The resi&e 4~ recrystallized (&her-hexane) to give 1.02 g 
(67’0 oforanae-vellow needles with m.o. 137-140”. ‘H-NMR 
6 8.5-8.3 (m,>Hj, 7.8-7.6 (m, 2H), 4.06 (s, 6H). 3.06 (s, 4H); 
mass spectrum, m/z 270 (M “). 

9.10 - Dimethoxy - 1,4 - anthracenedione (17). To the 
anthraquinone 16 (300 mg, 1.1 mmol) dissolved in a soln of 
CHzCIz (10 ml) and p-dioxane (10 ml) was added selenium 
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dioxide (246 mg, 2.2 mmol) and heated to retlux for 2 hr. Then 
dilute HCI (30 ml, 4 N) and ether (60 ml) were added and the 
mixture filtered and the layers separated. The aqueous layer 
was further extracted with &her (1 x 50 mlh then &shed with 
water (50 ml), brine, dried (MgSO,), and evaporated at 
reduced pressure. The residue was recrystallbzd (MeGH) to 
yicld270mg(900/of17asorangecrystalswithm.p. 192-195”. 
‘H-NMR68.5-8.3@11,2H),7.9-7.7(m,2H),6.89(s,2H),4.06(~, 
6H).(Found:C,71.6O;H,4.55.CalcforC H 0 .C.71.63; 16 12 ** 
H, 4.51%). 
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