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~&r&-The c~mmadally available dye innxmedistes 1-hydrcxysnthrsquinone, 1-amin*2-methyl- 
anthraquinone and 1,8-dihydroxyanthraquinone (chcysazin) have been daborated in a rceiospecific manner 
into tctmcydic kctodriks. The latter arc potential prcumors of the anthcacycline a&came aklavinone and 
its 4deoxy amlog.’ 

Examinationoftheanthracyclineaklavinone(andits4- functionaJimd side&ain onto an antllraquinone 
deoxy analog) reveals that the aromatic nucleus of the which could generate an anion capable of atta&ing the 
complex structure is that of a simple hydroxy- electron deficient anthraquinone nucleus to give, after 
anthraquinone. We decided to explore the practicality tautomerixation (or proton abstraction) the inter- 
of employing simple hydroxyanthraquinonea as mediate hydroquinone (3) which we felt could be easily 
starting materials in the synthesis of important oxidized to the aklavinone-related structure (4). 

akhinone cllrysazin 

anthracycline aglycones such as aklavinone. Our basic 
idea was to graft a suitably functionalixed A-ring onto a 
cheap, available anthraquinone, using as a key step an 
anionic aromatic substitution reaction onto the 
electron deficient anthraquinone systenL2 Our paper 
describes approaches to the model system 4 
deoxyaklavinone, as well as the naturally derived 
aglycone aklavinone.3 We begin by discussing our 4- 
deoxyaklavinone strategy. 

Our basic idea was to incorporate a suitably 

We chose as our key intermediate, the enone (5). We 
felt that a carbonyl at C, would not only provide the 
latent C, OH group, but also increase the susceptibility 
of the anthraquinone nucleus to nucleophilic attack. 
Furthermore, the desired intermediate (1) should be 
available sic Michael addition of an activated 
methylene compound to the enone (!i). We chose l- 
hydroxy-anthraquinone as our first starting material 
because of its ease of manipulation, ready availability 
and the prospect of synthesizing a 4deoxyanthra- 
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Scheme 2. 

cycline. 1-Hydroxyanthraquinone (6) was subjected to 
a Marshalk alkylation using II-valeraldehyde to give, in 
38% yield, 1-hydroxy-2pentylanthraquinone (7): 
Followingprotectionoftht OHgroupasamethylether 
(S), benzylic bromination was achieved with N,N- 
dibromo-5,5dimetbylhydantoin (DBH).’ Treatment 
of the bromide (9) with AgO,CCF, followed by basic 
hydrolysis of the ester (10) and oxydation of the alcohol 
(11) with PCC gave the ketone (12) in 25% overall yield 
from 6. Phenylselenation of the methoxyketone (12) 
and the derived hydroxyketone (13) gave, after 
formation of the selenides (lk and 13a) and 
elimination, the enones (14 and 15) respectively.6 

Recently, we have developed an alternate and 
improved procedure for the synthesis of ketone 12. 
Diazotization of the commercially available amino 
anthraquinone (16) with nitrosyl sulfuric acid and 
decomposition of the resultingdiazonium salt gave the 
hydroxyanthraquinone (17). Methylation with dimet- 
hyl sulfate in acetone gave the methyl ether (18), which 
afforded the pure monobromide(l9) on treatment with 
DBH in 84% overall yield from 16.5 The bromide (19) 

was converted quantitatively into the phosphonium 
bromide with triphenylphosphine in n-butyl acetate; 
conversion to the phosphonium fluoroborate (29) was 
achieved by precipitation from a methanolic solution 
with HBF,. The ylid, which formed with dimsyl 
sodium, reacted with butyraldehyde to provide the 
truns oletin (21) in 80% yield.’ The desired ketone (12) 
was obtained by regiospeci6c hydroboration of the 
olefin (directed by the OMe group) and direct chromic 
acid oxidation.” 

Michael addition of t-butyl cyanoacetate to the 
methoxyenone (14) led directly to a single isomer of the 
1,2beiithraquinone (22) in 73% yield. Formation of 
22 can be explained by addition of the anion of the 
Michael adduct (23) to an a-position of the 
anthraquinone system, followed by expulsion of a 
methoxide ion. 

A similar Michael addition oft-butyl cyanoacetate to 
the hydroxy enone (15) which bears an extremely poor 
leaving group on the a-position, afforded only the 
expected Michael adduct (24) after 1 hr. However, after 
6 hr, the desired /Lcyclization product (25) was 
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obtained as a single isomer in 75% yield. The use of 
methyl cyanoacetate provided an analogous cycliz- 
ation product (26) in poor yield. 

Acid catalyzed hydrolysis of the ester (25) led directly 
to the cyanoketone (27) by decarboxylation of the acid. 
Reduction of this ketone(27) with NaBH,CN provided 
the alcohol (28). Alternatively, a protected form of 27 
could be obtained by treatment of the cyclixation 
product (25) with propanedithiol, trimethylsilyl triflate 
and trimethylsilyl chloride to give the dithioketal(29). 

To our knowledge, the formation of 22 from 14 
involves the first case of ipso substitution on an 
anthraquinone by a nucleophihc carbon other than 

cyanide. Of more signiRcance, the formation of the 
cyclixation product (25) illustrates a new methodology 
for the annulation of anthraquinones. Studies are 
underway in our laboratory to use this methodology 
for the synthesis of Cdeoxyaklavinone. 

1,8-Dihydroxyanthraquinone (chrysaxin, 30) was a 
convenient starting material for our anthraquinone- 
based approach to aklavinone. We envisioned the 
enone (31) and the tetracyclic nitrile (32) as key 
intermediates in our strategy. Conversion of 1,8- 
dihydroxyanthraquinone to the enone (31) was carried 
out as follows. 

The selective protection of one of the hydroxyls of 
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chrysaxin was accomplished by a procedure employed 
by Mitscher in the aloe-emodin serie~.‘~ The 1,8- 
dihydroxyanthraquinone was heated in Ac,O with 
dissolved B(OH),, and thereby selectively acetylated 
through the intermediacy of a boroacetate protecting 
group. 

The monoacetate (33) was methylated “sing 
dimethyl sulfate and K,COs in refluxing acetone. 
Workup by heating in aqueous base hydrolyzes the 
acetate to give 1-hydroxy-&methoxyanthraq”inone 
(34) in 90% overall yield. 

The formation of a pure substituted allylic ether such 

as 35 proved to be a problem in earlier anthraquinone 
~yntheses.~~ Alkylations “sing bromides more com- 
plicated than ally1 bromide gave low yields due to 
substitution at both a and /3 positions. The Mitsunobu- 
type alkylation reaction totally eliminated this 
problem, as ether (35) was obtained pure in 87% yield 
using l-penten-3-ol.12 

The reaction was carried out “sing diethyl 
axodicarboxylate and triphenylphosphine in THF (0’ 
to RT). Claisen rearrangement of ether (35) could be 
accomplished by two ditferent methods. The rearrange- 
ment was initially carried out in 85% yield by heating in 
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N,N-dimethylaniline at 170” for 1 hr. The superior 
methodology involved the reductive conditions of 
Roberts and Rutledge (Na&O4, DMF-Hz0 1: 1) 
which allowed the rearrangement to proceed smoothly 
and cleanly at 50-70” for l-2 hr in 87-90”/, yield.r3 

Attempts to convert the Claisen rearrangement 
product (36) to the corresponding enone (31) directly by 
oxidation or by bromination/hydrolysisJoxidation 
sequence proved futile. 

Isomerixation of the double bond in the Claisen 
product side-chain from the Zposition to the 
conjugated l-position was accomplished best using 
transition metal catalysis. The catalyst PdCl,(Ph0& 
(30 g/l g cat] in refluxing benzene moved the double 
bond in _ 81% yield. r* A better catalyst proved to be 
RhCl,~3H,Oinrefluxingethanol[1OOg/lgcat] which 
caused isomerixation in >9Ct% yield giving pure 
product (37). IS various bases were employed to 
isomer& the oletln but yields were poor and product 
mixtures resulted. 

Various additions were carried out regioselectively 
across the conjugated alkene (37) in approaches to the 
enone (31). The addition of the elements [0, S], [0, Se] 
and [0, Br] were accomplished regioselectively as 
follows.‘6*” 

We found the bromohydrin easiest to elaborate to 

the required enone. Hydroxyalkene (37) was first 
protected as its methyl ether derivative (38), then 
treated with NBS in H,O/acetone (1: 1) to yield the 
bromohydrin (38) in 79”/, yield. The bromohydrin (3) 
was oxidixed in near quantitative yield to the 
bromoketone with the Jones Reagent. The methoxy 
ortho to the alkyl side chain was selectively deprotected 
with AlCl, in CHsCl, in -89% yield. The hydroxy 
bromoketone (40) was then converted to the enone (31) 
via two similar methodologies. 

The bromide could be displaced from 40 using 
NaSePh in EtOHflHF mixture in high yield to give the 
a-selenoketone which could be converted to the enone 
in one step with MCPBA through the intermediacy of a 
selenoxide which eliminates pyrolytically at room 
temperature. The enone was obtained from the 
bromide in 83% yield for the two steps. 

The sulfur analog of this procedure involved 
displacing the bromide from 48 with NaSPh using 
phase-transfer. conditions (PhSH, NaOH, benxene- 
H20, catalyst) in -9o”/, yield The corresponding 
sulfide (41) was oxidized to a sulfoxide using NaI04 in 
HOAc/H,O mixture in good yield.‘s 

The sulfoxide was pyrolysed to enone (31) in high 
yield by heating in CC14 at 70” for 3 hr.r9 

The key step in our approach was a tandem Michael- 
vicarious aromatic substitution ring closure. Vicarious 
aromatic substitutions have been studied in simple 
aromatic systems, but appear to have been no use in 
natural product synthesis. 2o This was carried out most 
auspiciously using PhSCHICN as Michael donor and 
dimsyl sodium-DMSO as base-solvent system. The 
hydroxyenone (31) was added dropwise as 
a DMSO solution to the preformed anion (3.5 eq. 
NaCH,SOCH,-DMSO) and the solution allowed to 
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stir at room temperature for approx 2 hr. The mixture 
was neutralized with HOAc, diluted with CH$&, 
washed with HzO, and column chromatographed on 
silica gel to yield crystalline (32; m.p. 138-140”) in 83% 
yield. This tetracyclic ketone-&rile, obtained in 22% 
overall yield from chrysazin, contains much useful 
functionalization in the A-ring. Studies on the 
conversion of this in&mediate to aklavinone are 
presently underway in our laboratories. 

32 

EXPERIMENTAL 

M.psweredetcrmioedonaThomas-Hooverapparatusand 
arc uncorrected. Mass and IR (KBr) spectra were determined 
by using Perkin-Elmer 270B and 137 spectrometers, 
respectively. NMR spectra were recorded on a Brukcr 250 FT 
machine with CDCI, soIns containing Me,% as an in- 
ternal standard and are reported in 6 units (J valuea are in 
hertz). Ekmental analyses were petformed by Galbraitb 
Laboratork. All organic extracts were washed and dried over 
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anhydrous Na,SO. prior to filtration and evaporation. AU 
solvents were dried prior to use. 

1-Hydroxy-2-pmtylanthraquinone (7) 
To a soln of 615.0 e 22 mmoll dissolved in 1.5X NaOH (300 

ml) under N, at & Gm added sodium hydros&e (10.0 & 57 
mmol) and the temp raised to 75”. After 15 min a soln of n- 
valeraldehyde (8.1 g, 94 mmol) in EtOH (10 ml) was added 
dropwise and the temp increased to 90”. After 1 hr the mixture 
WA cooled, air bibbled through it for 30 min and 
then acidified with 10X HCI. The soln was heated for 20 min 
on a steam bath and’& green product filtered off, washed 
neutral, dried, and chromatographed (silica gel, CH&I,). 
Recrystallization from EtOH adbrded orange needles of 7 (26 
g.3PA):m.p. 102-104”; ‘H-NMR(CDCl,)0.89-0.94(t,3H, J 
= 7Hz), 1.3&1.42(m,2H), 1.60-1.71(m,2H),2.732.79(t,2H, 
J= 7Hz),7.52-7.83(m,4H),8.27-8.34(m,2H),13.CQ(s, 1H). 
(Found: C, 77.74; H, 5.95. Calc for C,,H,,O,: C, 77.55; H, 
6.12%). 

I-Methoxy-2-pentylant~~uinone (8) 
Asuspensionof7(1 g,3.4mmol),K,C0,(8g,5.8mmol)and 

methyl-ptoluenwulfonate (10 g, 54.0 mmol) in DMF (25 ml) 
and 2-butanone (25 ml) was refluxed for 2.5 hr. The cooled 
mixture was then poured into water, the ppt filtered off, 
washed and dried. The product was chromatographed 
(neutral alumina, CH,Cl,) to afford 8 (0.8 g, 76%) as a pale 
yellow solid afte; recr&&ation from- EtGH : <.$. 88-$l” ; 
‘H-NMR (CD&) 0.90-0.94 (t, 3H, J = 7 Hz). 1.35-1.44 (m, 
2H).1.62-1.72(m,2H),2.74-2.81(t,2H,J= 7Hz),3.94@,3H), 
7.60-7.63 and 8.07-8.10(ABq,2H, J = 8.25 Hz),7.72-7.82(m, 
2H), 8.23-8.30 (m, 2H). (Found: C, 77.71; H, 6.66. Calc for 
CzoH,,03 : C, 77.92; H, 6.49%). 

2~1’-Bromopenty~l-methoxyMthraquino~ (9) 
Asuspensionof8(16Omg,O.S2mmol)and 1,3dibrom&5,5- 

dimethylhydantoin (130 mg, 0.45 mmol) in Ccl, (10 ml) was 
retluxed for 3 hr. The reaction was then cooled. the solvent 
evaporated and the residue chromatographed (silica gel, 
CH,Cl,) to give 9 (115 mg, 57X) as yellow needles after 
re&st&zat&n from EtOH: m.p. 53%’ ; ‘H-NMR (CDCl,) 
0.88-0.93 (1, 3H, J = 7 Hz), 1.241.61 (m, 4H), 2.09-2.18 (m, 
lH),2.&236(m, lH),4.04(s, 3H), 5.58-5.64(t, lH,J = 7 Hz), 
7.W7.85(m,2H),7.95-7.98 and 8.17-8.20(ABq,2H, J = 8.25 
Hz), 2.84-8.31 (m, 2H). (Found: C, 62.21; H, 5.01; Br, 20.90. 
Calc for C,,H,,BrO,: C, 62.02; H, 4.91; Br, 20.67%). 

I-MethoxpZ-(l’-oMpentyl)anthroquinone (12) 
(a) From the bromide (9). To a soln of 9 (2.8 g, 7.4 mmol) in 

trifluoroacetic acid (15 ml) was added silver triauoroaatate 
(2.2 & 9.9 mmol). After 30 min the solvent was evaporated, 
CHCI, added and the insoluble salts filtered off. Following 
evaporation of the solvent, the residue was dissolved in 
CH,CII(lOmI)and stirred for 1.5hrwithXC(2Og,9.3mmol). 
Ether (50 ml) was then added and the soln filtered through 
florisiL Evaporation of the solvent followed by chromatogra- 
phyofthereGdue(silicagel,CH,Cl,)afforded12(1.4g,58~~as 
fine yellow needles after recrystallization from EtOH : m.p. 80- 
82”;‘H-NMR(CDCl,)0.9@-0.96(t,3H, J = 7Hz),3.96(s,3H), 
7.7~7.86(m,3H),8.168.31(m,3H).(Found:C,74.39;H,5.70. 
Calc for C,,H,,O,: C, 74.53; H. 5.590/. 

(b) From the okjin (21). To a soln of BH, - THF (42 ml, 0.97 
M) under N2 at 0” was added a soln of 21(5 g, 16.3 mmol) in 
THFoverl0min.TbesolnwasaUowedtowarmtoroom temp 
and stirring continued for 2.5 hr. Excess hybrid was 
decomposedatO”bycarefuladditionofH20.Aso1nofsodium 
dichromate(21g)inH,S0,(17ml)andH20(209ml)wasthen 
added and the mixture refluxcd for 2 hr. Upon cooling the 
reaction mixture was poured into a large volumeof water and 
the yellow product filtered off, washed and dried. 
Recrystallization from EtOH afforded 12 (3.8 g, 73%) as a 
yellow solid solid identical in all respects to the ketone 
prepared from 9. 

To asoln of 12(0.71 g, 2.2mmol)in EtOAc(20ml) under N, 
was added phenylselenenyl chloride (0.51 g, 26 mmol) and 
HCI (cone 3 drops). Aher 24 hr the soln was washed neutral 
with water and dried over Na#O& The solvent was 
evaporated and the residue chromatographed (silica gel, 
CH,CM to give 12a as yellow needles (0.60 g, 82%) after 
mu&&i&on from EiOH: m.p. lO&103”; ‘HINMR 
fCDCl3 1.04-1.10 (t. 3H. J = 7 Hz). 1.58-1.72 (m. 2HL 1.84- 
i.93(<lH),2.04-i.i3(& lH),3.tiis,3H),4.644.70& lH,J 
= 7 Hz), 7.18-7.41 (m, SH), 7.76-7.87 (m, 2H), 7.W7.93 and 
8.14-8.17(AB q. 2H, J = 8.25 Hz), 8.18-8.29 (m, 2H). (Found: 
C,65.50;H,4.70;Se,17.00.CalcforC,,H,,O&:C,65.27;H. 
4.60; Se, 17.73Yd. 

l-Hydroxy-2~l’-oxo-2’-sele~phenylpoltyl)anthraquinone 
(W 

Using the same procedure as for 12a, 130 was obtained in 
quantitative yield from 13: m.p. 98-98.5” ; ‘H-NMR (CDCI,) 
0.97-1.03 (t,3H, J = 7.15 Hz), 1.51-1.58(m, 2H), 1.631.76(m, 
lH),1.79-2.02(m,lH),4.99-S.OS(t,lH,J = 7.15Hz),7.1>7.37 
(m, SH), 7.837.88 (m, 3H), 8.12-8.16 (m, lH), 8.29-8.34 (m, 
2H),13.6(9. lH).(Found:C,64.98;H,4.34;Se, 16.93.Calcfor 
C,sH,,O,Se: C, 64.80; H, 4.32; Se, 17.05%). 

l-Hydroxy-2~1’-oxopentyl)antkaquinone (13) 
Tba well stirred s& oii2(0.35i 1.1 mmol)inCH&I, was 

added anhyd AlCl, (0.M g, 3.7 mmol). After stirring for 24 hr 
the solvent was removed, and THF (0.5 ml) and W/, HCI (10 
ml) added. After stirring for 3 hr the product was filtered off, 
washed and dried to afford 13 (0.25 R 83X) as yellow needles 
after recrystallization from EtbH: ilp. iT5-156O; ‘H-NMR 
(CDCl,)0.92-0.98(t,3H, J = 7.OHz), 1.34-l&(m,2H), 1.69- 
1.77(m,2H),3.10-3.16(m,2H),8.27-8.34(m,2H),13.59(s,1H). 
(Found : C, 73.93 ; H, 5.23. Calc for C19H,60e : C, 74.03 ; H, 
S.lY/,). 

I-Hydroxy-2-methylanrhraquinone (17) 
To a weU stirred soln of 16(26g,O.11 mmol)in H,SO, (120 

ml)at 5” was added a soln ofnitrosylsulfuricacid(24ml, 5.0419 
M in 87% H2S03 over 30 min. The mixture was stirred at 
room temp for 3 hr and then slowly heatai to loo”. After 

nitrogen evolution ceased (2 hr) the cooled soln was poured 
onto ice and the yellow crystals filtered off, washed neutral 
with water and dried. Recrystallization from DMFafforded 17 
as yellow needles (22 g, 85%): m.p. 181-182” (lit. 4 182-183”). 

l-Methoxy-2-methylanthra4w’none (18) 
To a sbln of 17 i14 g, 5smmol) and finely ground anhyd 

K&O, (7 g, 85 mmol) in refluxing acetone (265 ml) and 2- 
butanone (265 ml) was added Me,SO, (14 ml, 147 mmol) 
dropwise over 1 hr. After approximately one half of the 
Me,SO, was added, an additional portion of K&O, (7 g, 85 
mmol) was added. After 3 hr the mixture was cooled, poured 
into 1WkNaOHand theorangepptfilteredoff,washedneutral 
with wateranddried.RecrystallizationfromDMFgave18(14 
g,95%)asgoldenneedles:m.p.162-164o(lit.5a164-165”);LH- 
NMR (CD&) 2.417 (s, 3H), 3.921 (s, 3H). 7.57-7.60 and 8.01- 
8.04(AB q, 2H, J = 8 Hz),7.72-7.77 (m, 2H), 8.23-8.27 (m,ZH). 

2-Bromomethyl-1-methoxyanrhraquinone (19) 
To a well stirred refluxing soln of 18(14 g, 56 mmol) in dry 

Ccl, (17Oml) was added 1 &dibromo-5,Sdimethylhydantoin 
(DBH) (4.4 g, 15 mmol) and dibenzoylperoxide (0.10 g). After 
0.5 hr an additional portion of DBH (4.4 g, 15 mmol) was 
added followed by dibenzoylperoxide (O.lOg). After 3.5 hr the 
reaction was cooled to room temp, the solvent evaporated and 
the crystalline mass triturated with water. Filtration of the 
product and recrystallization from A&H afforded 19 as 
ydlowneedles(l7g,93%):m.p. 188_189”(lit. 15a 194-195.5”); 
‘H-NMR(CDCl,)4.OO(s, 3H),4.6O(s, 2H), 7.72-7.9O(m, 3H), 
8.00-8.30 (m, 3H). 
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To a stirred soln of 19 (12.9 g, 39 mmol) in n-butylacetatc 
(130 ml) at 100” was slowly added triphenylphosphine (17.6 g, 
67 mmol). After 5 min the reaction was cooled to room temp 
and the yellow crystals fIltered off and subsequently dissolved 
in MeOH (90 ml). Addition of fluoboric acid (20 ml) 
ptecipitated the phosphonium salt (20) as yellow needks (27.3 
g, 970/ which were tiltered, washed with ether and dried. 
(Found:C,69.56;H,4.37.CakforC,,H,,BF,O,P:C,69.51; 
H, 4.21%). 

l-Methoxy-2-@ent-l’-myl)rmt~~inone (21) 
To a sobs of dim@ sodium (prepared from NaH (W/_ 0.42 

g, 8.8 mmol) in DMSO (10 ml) under N3, was added a sofn of 
the phosphonium salt (20) (5 g, 8.3 mmol) in DMSO (10 ml). 
After 10 mitt, n-butylaldehyde (0.81 ml, 9.2 mmol) was added 
and the reaction heated at 60” for 45 min. The cookd mixture 
wasextracted with CHsCl,, washed with brine and then water. 
The solvent was evaporated and residue chromatographed - _ 
(silica gel, CH,C$) to-afford 21(2.55 g, 80%) as yellow crystals 
from EtOH: rap. 114116”; ‘H-NMR (CDCJ,) 0.95-1.10 (t, 
3H, J = 7.7 Hz), 1.51-1.59 (m, W), 225-2.34 (q, 2H, 
J = 7 Hz), 3.92 (s, 3H), 6.42-6.48 (m, lH), 6.81-6.81 (d, lH, 
J = 15.9 Hzl. 7.74-7.78 (m. 2H). 7.85-7.88 and 8.07-8.01 
(AB q. 2H, J = 8.25 Hz), 8:22-8.38(m, 2H). (Found : C, 78.29 ; 
H, 5.94. Cak for C,,H,sOs : C, 78.43; H, 5.88%). 

l-Methoxr2~11’-oxopent-2’-enyl)anthroquinone (14) 
To a well stirred .&ln of 12a(O.50 g, i.1 mmol) in CH,Cl, 

(15 ml) and sat Na,HPO. (30 ml) was added 70X m- 
~hloroperbenxoic acid(O.53 & 2.2 mmbl) over 30 min in.&nall 
portions. After 1.5 hr the phases separated and the 
organic layer washed successively with lo”/. NasSO,, sat 
NaHCO, aq and then water. Evaporation of the solvent and 
recrystallixation from EtOH gave 14 (0.24 g, 70%) as shiny 
yellow plates: m.p. 10~109”; ‘H-NMR (CDCl,) 1.07-1.13 (1, 
3H.J = 7Hx),2.29-235(m,2H),3.93(s,3H),6.58-6.65(m,lH). 
6.83-6.92(m, lH),7.74-7.86(m, 3H),8.1&8.3(m, 3H).(Found: 
C, 74.98; H, 5.09. Cak for C,,H,,O,: C, 75.00; H, S.W/,). 

I-Hydroxy-2-(l’-oxopent-2’-enyl)uathraquiaone (IS) 
The enone IS was prepared from 13a in 89% yield using the 

same procedure as for the conversion of 12a to 14 : m.p. i 16 
120”: ‘H-NMR (CDCL) 1.12-1.18 (t.3H. J = 7.70 Hxl. 2.34- 
2.39(m, 2H), 6.&.91(& lH), 7.0~744(m, lH), 7.81-7:96(m, 
3HX8.2~8.30(m,3H),13.34(s,lH).(Found:C.74.39;H,4.56. 
CakforC,,H,,O,:C,74.5O;H,4.580/,). 

l-t-Butoxycarbonyl-1<yaao-2,3dihj&o-2-ethyl4 
ketobmz[a]aathru-7,12qtdnone (22) 

To a suspension of NaH (WA, 30 mg 0.63 mmol) in DMF 
(1 ml) under N, was added t-butyl cyanoacetate (0.80 g, 8.85 
mmol).After 15minasolnof14(0.10g0.31 mmol)inDMF(2 
ml) was added. ARer 14 hr the mixture was exposed to air and 
then quenched with dilute HOAc. The product was extracted 
with CH,Cl,, washed, dried and chromatographed (silica gel, 
CHIC&) to give after recrystallixation from EtOH 22 as a 
yellow green solid (90 mg, 73%) ; m.p. 202-W ; ‘H-NMR 
(CDCI,) 1.03-1.09 It. 3H. J = 7 Hz), 1.56 (s, 9H), 1.62-1.64 (m, 
iH), 2ti2.2 (111, iH), 2.55257 (m lH), 2.84-3.09 (m, 2H), 
7.83-7.86 (m. 2HI. 8.27-8.32 (m, 2H). 8.52-8.59 (AB q, 2H, 
J = 8.25 Hz): (Found: C. 7252; H,‘5.39; N, 3.29. Caic for 
Cs,H,,NOs: C, 72.72; H, 5.36; N, 3.26%). 

To a sok of 27 (0.19 g, 0.55 mmol) in CH,CI, (24 ml) and 
MeOH (24 ml) was added HOAc to give a soln of pH 5. 
NaBH,CN (0.17 g, 2.8 mmol) was added and the soln stirred 
for 2 hr under N,. The mixture was then extracted with 
CH,Cl, and washed with H,O to give after evaporation of the 
solvent andrecrystallixationfrombenxeneZg(0.188_93~)asa 
mixtureofisomers:m.p. 1!W-191.5”;1H-NMR(CDCf~) l&i- 
1.23(twot,3H), 1.65-1.85(m, IH), 1.85-21O(m, lH),2.30-2.63 
and 2.863.1O(m, lH), 3.7>3.9O(twod, 1H. J = 10 Hz), 5.13- 
5.33 (q, lH, J = 10 Hz), 7.737.93 (m, 2H), 8.00 (s, lH), 8.26 
8.41 (m, 2H), 13.53 (s, IH), 13.58 (s, 1H); high resolution mass 
spectrumm/e347.1161 (cakforC,IH,,N0,:347.1158). 

2+‘-t-ButoxycarbonyImethyl-3’-cyanomethyl-l’-oxopenty[)- 
I-hydroxyanthraquinone (24) Synthesis of dithioketal(29) 

ToasuspensionofNaH(50%,32mg.0.67mmol)inDMF(1 ToasolnofZ5(5Omg0.11 mmol)inCHCl,(12ml)underN, 
ml)under Ns was added t-butyl cyanoacetate(0.5 g, 3.5 mmol). wasaddedpropanedithiol(l2mg,O.11 mmol),TMSCl(18.3 
After 15 mitt a soln of 15 (70 mg, 0.23 mmol) was added and me 0.17 mmol) and a can&tic amount of TMSOTS. The 
after 1 hr the reaction was quenched by pouring onto ice and reaction was stirred 16 hr and then quenched with HsO, 
HOAc. The soln was extracted with CH,Cl, and washed 
neutral with water. The solvent was evaporated and the 

extracted with CH,Cl, and washed with 10% NaOH aq and 
water. The solvent was evaporated and the residue 

residue chromatographed (silica gel, hexane/EtOAc (3 : 1)) to chromatographed (silica gel, CH,ClJEtOAc (3 : 1)) to afford 

alTord the Michael adduct 24 (55 mg, 53yd as a mixture of 
isomers. Recrystallixation from MeOH afforded golden 
yellow needles: m.p. 127-131”; ‘H-NMR (CD&) 0.99-1.05 
(two t, 3H. J = 7.15x 1.50 and 1.53 (s, 9H), 2W285 (m, lH), 
3.23-3.5O(m,2H),3.74-3.75and3.9~3.97(d,lH,J = 3.85H4 
4.4OHx),7.85-7.89(m,3H),8.13-8.38(m,3H), 13.71 and 13.78 
(two s, 1 H) ; high resolution mass spectrum m/e 447.1650 (talc 
for Cs6H,,N0,: 447.1674). 

l-t-Butoxycarbonyl-lO-cyaw8,9-dihydr~9-ethyl-Ghydroxy- 
7-oxct5.12~auphthacenedione (25) 

To a soln ofdimsyl sodium (prepared from NaH (soo/, 0.15 
a. 3.3 mmol) and DMSO (20 ml) under N,) was added t-butvl 
Fyanoacetate (0.23 ml, 1 .immol). After 1 S-&in the solid 15 was 
added and the purpk mixture stirred for 2.5 hr. The mixture 
was then exposed to air for 5 mitt and poured onto ice and 
HOAc. Extraction with CH,Clr and brine followed by 
washing, drying and removal of the solvent gave a red oil 
whichwaschromatottranhed(silicagel,CHXWEtOAc(4: 1)) 
to afford the desirad product g (0.49 g 67%) after r& 
crvstahixation from MeOH : mo. 157-159” (dec): ‘H-NMR 
(CDCI,) 1.05-1.11 (t,3H,J = 7.7Hz), 1.63(s,9H),i.7&1.8l(m, 
2H), 275-2.84 (m, 2H), 2.96-3.05 (m, lH), 7.83-7.88 (m, ZH), 
7.91(s,1H),8.26-8.36(m,2H),14.02(9,1H).(Found:C.69.93; 
H,5.29;N,3.@2.CalcforC2,H,,N0,:C,70.11;H,5.17;N, 
3.15%). 

l-Carbomethoxy-lO-cyarw-8,9-dihydro-9-ethyl-6-hy&ox~7- 
oxo-5,12-naphthacenedione (26) 

Using the same experimental conditions for the anionic 
cyclixation converting 15 to 25, the reaction of methyl 
cyanoa&atewithl5provided26in 1 l%yield:m.p. 195-l%“; 
‘H-NMR(CDCI,) 1.03-l.O9(t, 3H, J = 7.5 Hz), 1.53-166(m, 
2H), 2.77-2.83 (m, 2H), 2.99-3.05 (m, 2H), 4.01 (s, 3H). 7.80 (s, 
lH), 7.84-7.88 (m, 2H), 8.27-8.36 (m, 2H), 14.02 (s, 1H); high 
resolutionmassspectrumm/e4O3.1O42(calcforC2,HI,NO,: 
403.1056). 

Synthesis of ketonitrile (27) 
Asolnof2S(0.5Og,1.1mmol)inHOAc(35Oml)containing 

H,S0,(3 drops) was retluxed under N, for 0.5 hr. Thesoln was 
cooled to room temp and pyridine (10 drops) was added. The 
mixture was then concentrated, extracted with CH,Cl, and 
washed with brine and then water. Evaporation of the solvent 
followed by rapid tiltration of the residue (silica gel, CH,Cl& 
affordedafterrecrystallimtionfrombenxeneZ7(0.33g,830/,)as 
a yellow solid :m.p. 205-206”; ‘H-NMR (CDCI,) 1.04-l.lO(t, 
3H,J = 7.4Hz),1.5~1.77(m,2H),230-2.45(m,lH),2.8t&3.01 
(m, 2H), 4.25 (d, lH, J = 3.9 Hz), 7.80-7.85 (m, 3H), 8.25-8.34 
(m, 2H), 13.97 (s, 1H). (Found: C, 72.63; H, 4.40. Cak for 
C,,H,,NO,: C, 73.04; H, 4.38%). 

synthesis of cyaao alcohol (28) 
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29 an orange solid, as a mixture of isomers (37 rn& 75%) ; m.p. 
234-235”:‘H-NMRICDClJ1.09-1.161n.~3H~2.14-2.191m. 
2H), 2.i2.90 (m, 2fi), 3.G3.30 (m, 6’Hi 3.& (d, O&H; j 
= 9.1Hz),and4.13(d,O.37H,J = 23Hz),7.74@,0.64H),7.81- 
7.85 (m, 2H), S.OO(qO.37H), 8.268.35(m, ZH), 14.22(qO.35H), 
14.25 (s, 0.65H). (Found: C, 65.72; H, 4.85. Calc for 
CI.H,,NO,S1: C, 66.18; H, 4.86%). 

1-Hydroxy-8-acetoxyanthraquinone (33) 
To a homogeneous stirred soln of boric acid (50 g, 0.21 mol) 

in Ac,O (500 ml) was added 1.8dihydroxyanthraquinone (50 
~0.21mol)atW.Themixturewasstirredatthistempfor10hr 
then cooled to room temp. The orange mixture was poured 
into cold water (3 I) and stirred for 1 hr. The resulting yellow 
solid was filtered off, washed with a large volume of water and 
dried. 56 g (95%) of monoacetate 33 w& obtained : m.p. 184- 
185” tit. m.n.I ‘H-NMR ICDCLI 2.49 Is. 3HL 7.31 (d. 1H. 
J = 7:7 Hzb-7:42 (d, lH, J = 8.0 I&), 7.66 it, lfi, J = i.i Hz); 
7.82 (m. 2H), 8.30 (d, lH, 7.7 Hz), 12.58 (s, 1H). 

I-Hydroxy-8-methoxyMthraquiMM (34) 
Toastirredsolnof33(5Og,O.18mol)inaoetonc(600ml)was 

added powdered anhyd K,CO, (40 g, 0.29 mol) and Me2S0, 
(4Oml, 53.3 g,O.42 mol) and heated to 70” for 8 hr. The mixture. 
wascooled to rmrn temp. the green precipitated l-mcthoxy-l- 
acetoxy-anthraquinone was not isolated but poured into 10% 
HCI aq. The resulting yellow solid was filtered off, washed with 
an excess of water and dried. 43.5 g (95%) of the monomethoxy 
34 was obtained: m.p. 185-186”; ‘H-NMR (CDCI,) 4.09 (s, 
3H), 7.29 (d, lH, J = 8.6 Hz), 7.37 (d, lH, J = 8.6 Hz), 7.62 (t, 
lH, J = 8.2 Hz), 7.76 (m, 2H), 7.97 (s, lH, J = 8.2 Hz). 

To a stirred soln of 34 (2Og, 78.7 mmol), triphenylphosphine 
(26g,95.9mmol),andl-penten-3-ol(l2ml, 10.1 g,O.l17mol)in 
dry THF (300 ml) at 0”, was added dropwise from an addition 
funnel diethyl-azcdicarboxylate (20 ml, 20.12 g, 0.127 mol) 
dissolved in dry THF (50 ml). After addition, the mixture was 
stirred at room temp for 1 hr. THF was removed under 
reduced pressure to give a dark red syrup which was filtered 
through neutral alumina with CH,Cl, and then chromatc- 
graph& (silica gel, hexane-ethyl a&ate (3 : 1)). 22.1 g (8%) 
of the vellow ether was obtained. m.u. 97-98.5” : ‘H-NMR 
(CD&) l.lO(t, 3H, J = 7.4Hz), 1.98& 2H),4.01 is, 3HX4.68 
(m. lH), 7.28 (m, 2H), 7.59 (m, 2H), 7.81 (m, 2H). High 
resolution mass spectrum: Calc for C,,H,,O,: 322.1204. 
Found: 322.1201. 

l-Hydroxp2~2-pentenyI)-8-methoxyMthraqui (36) 
ToastirredsoInof35(5g,15.5mmol)inDMF(1OOml)and 

water (100 ml) under N,, was added sodium dithionite (3.1 g, 
21.8 mmol). The reaction was heated to 70” for 1 hr then cooled 
to room temp, air was bubbled in for 1 hr, and the mixture was 
diluted with CH,Cl, (300 ml). The organic phase was 
separated and washed repeatedly with water. The product was 
concentrated in uacuo and chromatographed (silica gel, 
CH,Cl& Recrystallization from EtOH yields 4.35 g (870/,) of 
orange 36: m.p. 127-128”; ‘H-NMR (CDCl,) 0.99 (t,3H, J 
= 7.5 Hz), 2.06(m, 2H), 3.45 (m, 2H), 4.08 (s, 3H), 5.61 (m, 2H), 
7.35 (d. lH, J = 8.4 Hz), 7.49 (d, lH, J = 7.8 Hz), 7.73 (m, 2H), 
7.95 (d. lH, J = 7 Hz), 13.33 (s, 1H). High resolution mass 
spectrum: Calc for C20H,804: 322.1204. Found: 322.1201. 

l-Hydroxy-2~l-pentenyf)-8-methoxyantlvoquiMM (37) 
Toastim~solnof36(10g,31.0mmol)inabsEtOH(2OOml) 

was addal RhCls (100 mg, 1 mol”/.). The mixture was gently 
refluxed under N, for 1Ohr. The EtOH was removed in uucuo 
and the dark red nroduct was chromatouranhed (silica gel. 
hexane-EtOAc (3 _ 1)) to give the isomer&d iken; in a n-4 
auantitative vield. M.D. 109-l 10” : ‘H-NMR (CDCl3 1.05 It. 
jH, J = 7 Hzj, 1.65 (m; 2H), 2.37 &I, 2H). 4.13 is, 383r6.64 (lk; 
lH),6.91(d,lH.J = 16Hz),7.40@,2H.J = 8Hz),7.79(m,3H), 
7.98(d,lH,J = 7.5Hz),13.58(s,lH).(Found:C,74.35;H,5.68. 
Calc for C,,H,,O,: C, 74.55; H, 5.63%). 

l,gDimethoxy-2~1’-pmctmyl)anthraquinonc (3@ 
To a stirred soln of 37 I10 R 3 1.0 mmol) in aoetone 0lO ml) 

under N1 was added pow&& anhyd K&O, (8 & 57.i mmolj 
and Me,SO, (5 ml, 6.66 g 52.8 mmol). The mixture was 
refluxed for 10 hr, cooled and poured into water (1 1). The 
yeUowsolidwasfiltcredoB.drid~chrorrmto~~~lailica 
& hexan+EtOAc (3 : 1)) to give 9.7 g (9P!& of d M$. 88- 
89.5”;‘H-NMR(CDCl,)0.98(t,3H,J = 7.3H.z),l.S4(m,2H), 
2.28(m,2H),3.%(q3H),4.02(s,3H),6.45(m,1H),6.80(d,1H,J 
= 16Hz),7.29(d,lH,J =8.4Hz),7.64(t,lH,J=8.2Hz),7.82 
(m, 2H), 7.95 (d, lH, J = 8.2 Hz). High resolution mass 
spectrum: Calc for CZIHZOO*: 336.1361. Found: 336.1350. 

1,8-methoxy-2+2’-bromo-l’-hydroxypentyf)anthraquinoraquinone (39) 
To a stirred soln of JI) (10 g, 29.7 mmol) in aqueous acetone 

(water 50 ml, aoetone 200 ml) at 0” was added N- 
bromosuccinimide (7.25 g, 40.7 mmol). Upon completion, the 
acetone was removed under reduced pressure and the aqueous 
layer extracted with CH,Cl, (3 x 50 ml). The CH,Cl, extracts 
were dried, concentrated and chromatoaratied (silica ge-l, 
hexane-EtbAc (2: 1)) to give 10.2 g (79%) df 39: m.p. l&- 
139”; ‘H-NMR (CDCl,) 0.82 (t, 3H, J = 7.3 Hz), 1.1-1.9 (m, 
4H), 3.95 (s, 3H), 4.07 (s, 3H), 4.61 (m, 1H). 5.41 (d, lH, J = 7.3 
Hz),7.32(s,lH,J=8.4Hz),7.84(t,lH,J=8Hz),7.9(m,2H), 
8.04 Id. 1H. J = 8.1 Hz). (Found: C. 58.20: H. 4.88. Calc for 
C,,I$;Br&: C, 58.21: ti, 4.880/.). 

1,8-Dimethoxy-2+I’-bro~1’-oxopentyf)anthraguinone (39a) 
Bromohydrin 39 (5 g, 11.5 mmol) was dissolved in acetone 

(150 ml). A 21N Jones reagent soln was added dropwise with 
cooling on ice during additions and warming to room temp 
between additions until the reaction was complete. The 
mixture was extracted with ether (3 x 100 ml) and the ether 
extracts were washed with NaHCO, aq and water. The 
organic layer was dried, concentrated &I &romatographed 
(silicanel. hexane-EtOAc(3: lHtoaive4.7nWX~of~:m.u. 
i07-l&+; ‘H-NMR (CD&) i.OS_is 3H, J-A 7:<Hz), 1.58 (m, 
2H),2.12(m,2H),4.01(s,3H),4.09(s,3H),5.24(m,1H),7.36(d, 
1H.J = 6.9Hz),7.73(t,lH,J = 7Hz),7.84(m,2H),8.10(d,lH, 
J=7.1Hz).(Found:C,58.12;H,4.66.CslcforC,,H,,BrO: 
C, 58.48 ; H, 4.44%). 

1-Hydroxy-8-melhoxy-242’-bromo-l’- 
0xopentyl)anthraquinone (40) 

To a stirred soln of the dimethoxyketobromide (5 g, 11.6 
mmol) in CH,CI, (150 ml) under N, was added AlCl, (1.8 g, 
13.5 mmol). The mixture was stirred overnight at room temp 
before concentration under reduced pressure to giveadark red 
tar. The tar is dissolved in 10% HCl aq (200 ml) and THF (50 
ml) and stirred overnight. The reaction is diluted with water 
and the product is filtered off, dried, and chromatographed 
(silica gel, hexancEtOAc (3 : 1)) to give 4.3 g (89%) of 40 as an 
orange solid. M.p. 144-145” ; ‘H-NMR (CD&) 1.03 (t, 3H, J 
= 7.1 Hz), 1.59(m,2H), 2.15(m, 2H),4.10@, 3H), 5.65(m, lH), 
7.41 (d, lH, J = 9.1 Hz), 7.83 (m, 2H), 7.97(d, lH, J = 7.1 Hz), 
8.07 (d, lH, J = 8 Hz), 14.08 (s, 1H). High resolution mass 
spectrum:CalcforC,,H,,O,Br;416.0258. Found:416.0210. 

l-Hydroxy-8-methoxy-2~l’-oxo-2’- 
phenylthiopentyl)anthra@wne (41) 

NaOH (1.1 g, 27.5 mmol), thiophenol (2.7 ml. 2.9 g, 26.4 
mmol), benzene (50 ml), water (3 ml) and cetyltrimethyl- 
ammonium bromide ( 100 mg, 2 mole%) was stirred vigorously 
for 1Omin and 40(5g, 12.Ommol) wasaddeddropwise. After 2 
hr the reaction was neutralized with 10% HCI aq, the phas*l 
were separated, and the aqueous layer was extracted with 
benzene (50 ml). The combined organic portions were dried, 
concentrated, and chromatographed (silica gel, hexanc 
EtOAc (3: 1)) to give 4.8 g (WA) of 41. M.p. 91-925”; ‘H- 
NMR(CDCl,)0.99(53H,J = 72HzA 1.9(m,4HX4.09(s.3HL 
4.96 (1, lH, J = 7.2 Hz), 7.25 (m, 5H),7.39id, 1H; J = ij Hz); 
7.78 (m, 2H), 7.97 (m, 2H), 13.92 (s, 1H). High resolution mass 
spectrum:Calcfor C,,H,,O,S: 446.1188. Found:446.1210. 
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l-Hy&oxy-8-methoxy-2-(1-oxo-2-~xopheny& 
penrYl)mrthroquinone (410) 
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To a stirred soln of41a(3.1 g, 6.7 mmol), in AcOH (75 ml) at 
lo” was added sodium metaperiodate (1.6 g, 7.5 mmol) 
dissolved in a minimum amount of water. The reaction is 
stirred overnight at room temp, diluted with water and 
neutrahxed with NaHCO,. The product was extracted with 
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