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Ah&met--A convergent synthesis of ( + )-4&methoxydaunomycinone and ( + )-daunomycinone via 
amrelation of a functionalized quinone monoketai with the anion of the corresponding 3cyano- 
l(3H)isobenzofuranone is reported. The quinone monoketal, which serves as the AB-ring component in the 
sequence, was prepared without chromatography from 2,5dimethoxybenmldehyde in sixteen steps. The 
monoketal of proper absolute configuration was obtained by resolution of the imine from (-)-a- 
methylbenzylamine and i&3,4,-tetrahydro - 5,8 - dimethoxy - 4 - 0x0 - 2 - acetyl - 2 - hydroxynaphthalenc 
cyclic 4-(ethylene mercaptole). Two noteworthy aspects of the synthesis were the highly selective reduction ofa 
bicyclic /I-hydroxyketone to afford a diol with the required cis-stereochemistry at the eventual C-7 and C-9 
positions of the anthracyclinone and the regioselective hydrolysis of the quinone biiketal to afford the 
monoketal ofproper regiochemistry for the synthesis of( + )daunomycinone. Thus, ( + )-daunomycinone and 
(+ )-t-demethoxydaunomycinone were prepared in nineteen steps from 2,5dimethoxybenzaklehyde in 
respectiveoverallyieldsof3 and 5~Jtheoverall yieldfortheracemicmaterial was 13%).Thi~yntheticstrategy 
allows a convergent approach to a variety of D-ring analogs. 

CONSIDERABL45 effort over the last ten years has focused 
on synthetic routes to the rhodomycinone aglycons,’ 
especially towards the synthesis of daunomycinone or 
its Qdemethoxy analog. While the latter aglycon is not 
naturally occurring, the symmetrical nature of the B-, 
C-, and D-rings simplifies the synthetic strategy to the 
molecule. Furthermore, preliminary reports indicate 
high biological activity for an anthracycline in which 4- 
demethoxydaunomycinone is the aglywn.3 WongQ 
reported the first synthesis of racemic daunomycinone 
from the 7deoxy compounds by introducing the 
required 7-hydroxyl group via a bromination/ 
solvolysis reaction sequence. A majority of the 
routes to these aglywns, including our regio- 
specific synthesis reported in 1977,6 involved the 
preparation of the 7deoxy compound with the 
anticipation that the 7-OH group could be introduced 
in the last step.6*7a However, difficulties in effecting this 
conversion on a reasonable scale led to the conclusion 
that the 7-deoxy compound was not useful for 
efficiently preparing the aglycon.6*7b*8 Since our goal 
was not onlyihe synthesis of the title compounds, but 
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alsotodevelopasyntheticstrategywhichwouldreadily 
afford analogs, the uncertainty of successfully 
introducing the 7-OH group required for glycosylation 
in other analogs ruled out the respective 7deoxy 
compounds as synthetic targets. Thus, our eKorts 
focused on a convergent route to aglywns in which all 
of the A-ring functionality was present.9 Previous work 
had established that coupling of the anion 2b with the 
functional&d monoketal 3 produced 4 in excellent 
yield. lo The tetracyclic 4 could be converted to a 

mixture of daunomycinone and epi-daunomycinone 
(OH groups at C-7 and C-9 trans) by solvolysis of 4 in 
trifluoroacetic acid ; however, chromatographic separ- 
ation of the two isomers was extremely tedious. This 
made the synthesis useful for the preparation of only a 
few hundred milligrams of pure materiaL This is 
currently a limitation of any synthesis that does not 
produce the proper stereochemistry of the OH groups 
at C-7 and C-9. 

We report herein a useful convergent synthesis of 
( T )4demethoxy-, ( + )4demethoxy- and ( + )- 
daunomycinone, employing the general synthetic 
strategy illustrated by the annelation reaction of 2b 
with 3. 

Synthesis of the AB-ring system 
Our objective was the preparation of an AB-ring 

segment which contained all of the functionality of the 
A-ring of daunomycinone with the proper absolute 
configuration.” This compound would then be reacted 
with a CD-ring portion to produce the wmpletely 
functionalixed tetracyclic system. The basic bicyclic 
system 6 was prepared by the general approach of 
Wong and Schwenk” with several practical improve- 
ments. These procedures, detailed in the Experimental 
Section, allowed preparation of 6 in 63% overall yield 
with no purifications except a simple recrystallixation 
in the final step. The liquid hydrogen fluoride 
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cyclization of the anhydride 6 to the tetralone 7, while 
useful in small-scale work, was impractical for large- 
scale synthesis. Although a number of other Friedel- 
Crafts catalysts did not give good yields in the 6 to 7 
conversion, titanium tetrachloride in methylene 
chloride effected the ring closure reproducibly on a 100 
gram scale in 90”/, yield. With the tetralone acid 7 
conveniently available in quantity, methods for 
introducing the required functionality of the anthra- 
cyclinone A-ring were explored. 

The two CO groups of 7 were differentiated 
chemically by esterification followed by thioketaliz- 
ation to give 8. Attempts to introduce the OH group 
alpha to the ester function in 8 were unsuccessful. 
Attempted oxygenation of the ester enolate of 8 with 
oxodiperoxymolybdenum(pyridine) (hexamethyl- 
phosphoric triamide), the MOO, * HMPA reagent,13’ 
gave a complex mixture of products. Apparently, 
oxidation of the thioketal competes with enolate 
oxidation. Oxygenation of the ester enolate with 
oxygen in the presence of triethylphosphite gave 
primarily recovered starting material.13b This latter 
result is somewhat surprising in view of the high-yield 
oxygenation of the analogous ethylene glycol ketal of 8 
reported subsequent to our studies.rzb 

Since oxygenation of the ester 8 proved difficult, it 
was converted to the methyl ketone using the Corey 
procedure.r4 This conversion was initially conducted 
on the methyl ester of 8; however, the yields of the 
reaction were quite variable, and poor yields were 
obtained on larger scale (50 g) reactions. Surmising that 
part of the difficulty came from the high insolubility of 
the methyl ester in the solvent system, the reaction was 
then performed on the lower melting and more soluble 
ethyl ester. Using the ethyl ester 8, the conversion to 9 
was conducted routinely on a lOOgram scale in over 
90% yield. The required tertiary hydroxyl group was 
then introduced via oxygenation of the ketone enolate. 
The yields for this oxygenation were only reproducible 
when freshly distilled dimethylformamide was em- 
ployed as solvent and the oxygen uptake monitored. 
Otherwise, an induction period was often noted, and 
unless the reaction was quenched at the proper time, 
low yields of 10 resulted. 

With racemic 10 available, its resolution was 
examined using a-methylbenxylamine. Since both 
antipodes of the amine are commercially available, a 
successful resolution would afford the molecule of 
natural absolute configuration. Reaction of 10 with 
(-)-a-methylbenzylamine followed by recrystallization 
from ethyl acetate afforded a 25% yield of optically pure 
imine which was hydrolyzed to a levorotatory hydroxy 
ketone, (-bl0. Our studies at this point were aided by 
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an X-ray determination of theabsolute configuration of 
(-)-lo conducted by the Hassall grouprk which 
established that this hydroxy ketone had the natural (s) 
configuration of the A-ring in the anthracyclinones. 
While the yield of the resolution is only 25x, the 
enriched imine recovered from the initial resolution 
could be hydrolyzed, and the enriched (R)-10 could be 
removed by utilizing the (+)a-methlbenzylamine. 
Thus, hydrolysis of the imine mother liquors atforded 
hydroxy ketone enriched in (R)-10 which was then 
reacted with (+ )-a-methylbenzylamine to afford after 
resolution pure (R)-10. The mother liquors from this 
resolution were then resolved with (-ba-methyl- 
benzylamine to afford additional (S)-10. In practice, 
two such cycles gave a 35% yield of (q-10 from racemic 
10. 

The major remaining problem was the efficient 
conversion of 10 to the cis-lJdio1 13. Ketalization of 
10understandardazeotropicwnditionssometimesled 
to decomposition products as well as the desired ketal, 
but mild ketalization conditions employed in an earlier 
study” gave the ketal 11 in quantitative yield. Various 
methods for reduction of 12, available from thioketal 
hydrolysis of 11, alforded a d&ultly separable cis/traas 
mixture of dials.’ ‘j However, potassium tri-sec- 
butylborohydride reduction of 12 afforded almost 
exclusively the required cisdiol 13.’ ‘I 

Coupling of the AB- and CD-ring segments 
Previous studies on the coupling reaction of the 

model system, 3, with 7-methoxy-3 - (phenylsulfonyl) - 1 
- (3H) - isobenxofuranone as the annelating reagent 
indicated that it was necessary to protect the tertiary 
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OH group to obtain good yields of tetracyclic 
productlo SincethebenzylicOH groupof13needed to 
be protected for theanodic oxidation step leading to the 
quinone bisketal, various methods for protecting both 
OH groups in 13 were examined.** While the benzylic 
hydroxyl group was easily functionalizexl. functionaliz- 
ation of both it and the tertiary OH group of 13 could 
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not be performed cleanly with either t-butyldimethyl- 
silyl chlorideI or chloromethylmethyl ether. 
Apparently, the steric bulk of the ethylene glycol ketal 
and the other ci.s oxygen substitutent hinders 
functionalization of the tertiary position. The difficulty 
in protecting both hydroxyl groups led to the exam- 
ination of the chemistry of the monoblocked system 14. 

Anodic oxidation of 14 in a single cell produced in 
excellent yield the respective quinone bisketal, 15, 
which was directly hydrolyzed to a mixture of two 
regioisomeric monoketals in a ratio of ca 83: 17 as 
determined by HPLC analysis. The major isomer, 
which could be obtained in a pure form by 
recrystallization, was assigned as 16 by analogy to the 
directing effect of an allylic oxygen substitutent on 
model quinone bisketal hydrolyses.20 This assignment 
was subsequently confirmed by the use of the 
monoketal in the syn@sis of (+)daunomycinone. 
While the regiochemistry of the quinone monoketal is 
of no importance for the synthesis of 4demethoxy- 
daunomycinone, it is of concern for the synthesis of 
certain an&racy&ones having D-ring substitutents. 
Fortunately, in the synthesis of (+ )daunomycinone 
vi& infra the crude mixture of monoketals could be 
employed in the coupling step, and the major coupling 
product could be obtained free from impurities by 
fractional recrystallization.21 

The coupling reaction df 16, having an unprotected 
tertiary OH group, with the anion of 3cyano-1(3H)- 
isobenzofuranone22 was examined. Reaction of 2a and 
16 under conditions developed in our model studiesI0 
afforded the tetracyclic compound 178 in 90% crude 
yield. The reason for the high yield of tetracyclic 
product from coupling of 16 11s the low yield obtained 
from the coupling reactions of other systems having a 
free tertiary OH group may be due to the different 
monoketal or different annelating reagent. Hydrolysis 
of the ketal and demethylation of the aromatic 
methoxyl group gave Qdemethoxydaunomycinone in 
excellent overall yield. It is not necessary to purify 
intermediates 17a and l& since the boron trichloride 
demethylation to afford l!h converts both regio- 
isomers to the desired 4-demethoxydaunomy- 
cinone. A similar reaction sequence performed 
with the anion of 7 - methoxy - 3 - cyano - l(3H) - 
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isobenzofuranone23 alTorded ( + )daunomycinone in 
excellent yield. In this case the coupling was performed 
with the crude mixture of monoketals from hydrolysis 
of 15, and the natural regioisomer 17h was fractionally 
crystallized from the coupling reaction mixture. 

SUMMARY 

The chemistry reported herein comprises a highly 
convergent route to anthracyclinones. (+)-Dauno- 
mycinone and ( + )-Gdemethoxydaunomycinone have 
been prepared in nineteen steps from 2$-dimethoxy- 
benzaldehyde in respective overall yields of about 3% 
and S%, (overall yield for the racemic material is 13%). 
The synthesis requires no chromatography, and the 
individual reactions do not have severe scale 
limitations. In fact, this chemistry has been used to 
prepare over 25 grams of racemic 4demethoxy- 
daunomycinone. An additional advantage of this 
approach to an&racy&none synthesis is the ready 
availability of analogs by performing the coupling step 
with modified CD- or AB-ring segments. We plan to 
report on the synthesis and biological testing of these 
mod&d anthracyclinones at a later date. In principle, 
the preparation of “C-ring labeled anthracyclinones 
to aid in tissue distribution and metabolism studies of 
the anthracyclinones” would also be feasible via use of 
a “C-labeled CD-ring segment. Thus, the synthesis 
reported herein satisfies the major goals we set six years 
ago. 

EXPERIMENTAL.= 

Dimethyl-(~5_dimethx~~~ylidene)moloMe. A mixture 
of 2&limethoxyb yde (300 g 1.8 mol), dimethylma- 
lonate (240 ml, 262 g, 1.98 mol), piperidine (9.0 ml), HOAc (3 
ml), and benzene (300 ml) was heated to rellux in an apparatus 
quipped with a Dean-Stark trap (34 ml of lower phase was 
collected over 14 hr). The mixture was diluted with an equal 
volume of Et,0 and washed with 100 ml-portions of 5% Hq 
5% NaHCO,, and brine. Concentration in wcu) yielded a 
yellow oil which was diluted with Et,O/H and cooled to give 
dimethyl~~5dimethoxybenzyiidene)malonate (471 & 93%) 
as yellow crystals suitable for FEZ in the next step. A sample 
recrystallized from E&O showed : m.p. 59-6W ; IR 2950 (m), 
1740 (s), 1725 (s), 1620 (m), MOO-1400 (m, structured), 1272- 
1150 (s. structured); ‘H-NMR (60 MHz, CCIJ 7.80 (s, lH), 
6.78 (m, 3H), 3.75 (overlapping s, 6H), 3.68 (s, 3H). 3.60(s, 3H) ; 
exact mass talc for C,*H1606 m/e 280.0947, obsd 280.0936. 
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Trimethyl - 3 - (2.5 - dimethoxyphenyf) - 1,2,2 - propane- 
tricarboxylate. A mixture of the product from above (100 g, 
0.36 mol) and 10% Pt-C (2.0 g) in THF (225 ml) was hydro- 
genated in a Parr apparatus (initial pressure 59 lb/in.‘, final 
pressure 27 lb/in.2) for 5 hr. The soln was filtered through 
Celite, and the colorless filtrate was used directly in the next 
step. Distillation of a potion of the material through a short- 
path head afforded 900/, of a colorless viscous oil : b.p. 172- 
174”/0.6mm;IR(neat)2970(s), 174O(s),15OO(s).144O(s), 1280 
(s), 1230 (s), 1160 (s), 1050 (s); ‘H-NMR (60 MHz, Ccl,) 6.60 
(m, 3H), 3.80 (s. 3H), 3.70 (s, 3H), 3.65 (s, 6H), 3.58 (obscured, 
lH), 3.10 (d, J = 7.5 Hz, 2H). 

The hydrogenation soln was diluted with sticient THF to 
make the total volume about 1 I and then placed in a 2-1,3- 
necked flask under N2 while NaH (17 g, 60”/. by weight) in 
mineral oil was added over lhr. After H, evolution ceased, 
methyl bromoacetate(59.8 g) was added over 15 min. The soln 
was heated to reflux for 5 hr. and then the THF was removed in 
vacua lo afford a white oily solid (a mixture of product, NaBr, 
mineral oil, and unknown impurities). This material was used 
directly in the next step. Standard workup of a portion of the 
material followed by recrystallization of the product from 
Et,O/PE gave the t&ester- as a white crystalline solid : m.p. 
102.5-104.0”: IR 1730 fsb 1495 fs). 1426 Is). 1310 (sl. 1280 Is). 
1220(s), 119Ois), 1040(sjliH-Nh;Iii(60M‘tiz,CClj;b.60(b;d; 
2H),6.42(brd, lH), 3.55-3.70(overlappings, 15H).3.32(s,2H), 
2.70(s,2H);exactmasscalcforC1,H,,0,m/e354.1315,obsd 
354.1305. 

(2,5-Dime~hoxybenzyl).wcinic anhydride 6. The crude 
triester from two runs as described above [200 g of starting 
dimethyl~2,5dimethoxybenzylidene)malona~e] was dis- 
solved in hot EtOH@OOml), waler(12OOml) and KOH (360g) 
were added, and the homogeneous soln was heated to a gentle 
reflux for 14 hr. The resulting orange soln was cooled and then 
extracted with CHCI, (2 x 400 ml). The ligbht orange aqueous 
phasewascoolediniceandslowlyacidified withconcHCl(600 
ml). After 5 hr at o”, the solid was collected and dried to 
constant weight under vacuum to afford 182.2 g (81% overall 
from Knoevenagel product) of white powdery solid. 

Thecrude&iacid(182.2g,0.584mol)wasaddedtoAc,O(l.O 
l), and the soln was slowly heated to retlux. The solid gradually 
dissolved, and CO2 evolution was apparent. After heating for 
2 hr, the soln was concentrated by distillation at atmospheric 
pressure (5 500 ml of distillate was collected). The resulting 
cloudv soln was filtered (3.4 K of white solid, probably NaBr, 
wascollectad), and the remaining Ac,O was ;cmoved in vacua 
at about 80”. The dark brown oil was then poured into a 1-l 
flask, and the tlask was rinsed, using a minimum amount of 
CHCI,. The solution was rapidly swirled while hexane (about 
350 ml) was added, and then the product was allowed to 
crystallize. After collection of the solid and drying, white 
anhydride( 122 g, 84% from the crude acid) was obtained : m.p. 
74-76” (U” m.p. 75-76”); IR 1860 (s), 1780 (s), 1500 (s), 1220 
(s), 1170(s), 114O(s),928(s),915(s); ‘H-NMR6.69(2s,3H),3.75 
(s, 3H), 3.73 (s, 3H), 3.20-2.74 (m, SH). 

1,2,3,4 - Tetrahydro - 5.8 - dimethoxy - 4 - 0x0 - 2 - nophthoic 
acid7. The anhydride(106 g,O.42 mol) in CH,C12 (5OOml) was 
added to a stirred soln of TiCI (111 ml, 191 g, 1.0 mol) in 
CH,Cl, (1600 ml) at room temp over a period of 20 min. A 
slight warming of the mixture was noted, and the soln was then 
stirred at room temp for 1 hr. The mixture was then cooled in 
ice, and the CH2ClI layer was poured onto ice (300 g). Some 
product precipitated and was collected ; however, the majority 
of material remained as a reddish oily solid on the walls of the 
reaction flask. Water (850 ml) was added to the flask, and the 
soln was vigorously stirred until the reddish-brown material 
was converted into a light yellow solid. This material was 
filtered, combined with the previous solid, washed with 
water, and dried (first in the air and then under vacuum) lo 
obtain the ketoacid (95.4 g, WA).), m.p. 1%201” (lit.” m.p. 
207-208”). suitable for usedirectlvin thenext steu; IR 1740(s), 
1680 (s), i;475 (s), 1280 (s), 1270 (;), 1260 (s), 1170 (s), 1080 (bj; 
‘H-NMR6.9O(ABq,Av = 15.6HqJ = 9Hs2H),3.85(s,3H), 
3.82 (s, 3H), 3.62.7 (m, 5H). 

Ethyl-l,2,3,4-tetrahydro-5,8-dimethoxy-4-oxo-2- 
naphthoate cyclic 4-(ethylene mercaptole), 8 

A mixture of the keto acid from above (142 g, 0.57 mol), abs 
EtOH (100 ml), benzene (550 ml), and p-TsOH (0.5 g) was 
heated lo rellux under a 39 cm-Vigreux column and a Dean- 
Stark trap. The pot temp was adjusted so that the 
benz.ene/EtOH/H,O azeotropc distilled, and the reaction was 
allowed to proceed for 24 hr. Conventional workup afforded 
95% of the ester as a light tan solid. Recrystallization of this 
material from EtOH afforded the ethyl ester as a white solid : 
m.p. 96-98” ; IR 1730 (s). 1680 (s), 1585 (s), 1475 (s), 1255 (br s), 
1085(~);~H-NMR(6OMHz)6.88(ABq,Av = lSH%J = 9HG 
2H), 4.23 (q, J = 6 Hz, 2H), 3.85 (s, 3H), 3.82 (s, 3H), 3.39-2.82 
(m,5H),1.23(1.J = 6.5Hz,3H);exactmasscalcforC,sH,sO, 
m/e 278.1154, obsd 278.1162. 

Moreconveniently, the solvent from thecrudeesterilication 
mixture was distilled at atmospheric pressure, and the solid 
residue was dried under vacuum for several hours. To this 
mixture were added benzene (1.5 I), l&ethanedithiol(48 ml), 
and BF, * Et,0 (0.5 ml). This mixture was heated to reflux 
under a Dean-Stark trap for 12 hr, and then the solvent was 
distilled at atmospheric pressure until the volume of the 
reaction mixture was about 150 ml. The cooled mixture was 
then diluted with an equal volume of PE and cooled in ice. The 
title compound, obtained as a tan solid (184 g, 900/ m.p. 107- 
109”), was used directly in the next step. A sample 
recrystallized from benzene/H gave white crystalline material : 
m.p. 114-l 16”; IR 2950 (m), 2930 (m), 1725 (s), 1590 (m), 1475 
(s), 1460(s), 1285 (s), 1255 (s), 1065(s); ‘H-NMR(90 MHz)6.75 
(s, 2H),4.21 (q, J = 7.6 Hz, 2H), 3.86(s, 3H), 3.76 (s, 3H), 3.57- 
3.41 (m, 4H), 3.2-2.3 (m. 5H), 1.31 (1, J = 7.5 Hz, 3H); exact 
mass talc for CI,H,,O,S, m/e 354.0960, obsd 354.0970. 

1,2,3,4-Tetrahydro-5,8-dimethoxy-4-ox~2- 
acetylnaphthalene cyclic e(ethylene mercaptole), 9 

To a 3-1, round-bottomed flask equipped with a stirrer ahd 
WndenserandmaintainedunderN, wasaddedNaH(37.8gof 
a 60”/, oil dispersion, 0.95 mol). The NaH was washed with PE 
(2 x 25 ml), and DMSO (400 ml) was added. The material was 
slowly heated to 65-70” and maintained a1 this temp until H2 
evolutionczased(2hr).Themixturewascooled to0”,andTHF 
(400 ml) was added. The crude product from the previous step 
(134 g, 0.38 mol) was dissolved in THF (535 ml) and added lo 
the rapidly stirred soln. The ice bath was removed, and the 
brownish-red soln was stirred for 1 hr and then poured into 
water (4 1). This mixture was carefully acidified lo pH 4 by 
dropwise addition of cone HCI, and the soln was extracted 
with CH,Cl, (4 x 750 ml). The extracts were combined and 
washed with water (2 x 2500 ml), the bulk of the solvent was 
removed by distillation at atmospheric pressure, and the 
remaining volatiles were removed from the thick yellow oil by 
vacuumdryingfor 14 hr.Thecrudeketosulfoxideshowed: ‘H- 
NMR 6.78 (s,2H), 4.00(s, ZH), 3.89 (s, 3H), 3.82 (s,3H), 3.51- 
3.39 (m. 4H), 3.20-3.00 (m. 5H). 2.71 (s, 3H). 

The material was dissolved in THF and divided into two 
batches for the Al/Hg reduction. Aluminum foil (57 g, l-in. 
squares) was placed in a 5-1,3-necked, round-bottomed flask 
equipped with an efficient condenser and an overhead stirrer, 
and 2% aqueous HgClt (1 .O 1) was added. The soln was swirled 
for 30 set, then the HgCl, soln was poured off, and a soln of the 
compound in THF (2400 ml) was added, followed by addition 
of water (250 ml). 

Note: The Al is very reactive &er amalgamation, and these 
steps must be done rapidly since afire could result. The reaction 
must be monitored closely since it becomes sufficiently 
exothermic that cooling must be employed; however, the 
reaction temp should be maintained above M”. After 2 hr, the 
Hz evolution ceased, and the mixture was filtered through 
C&e. The THF was removed in uacuo and then used to wash 
the aluminum salts ; this process was repeated three times. The 
product solidified upon concentration to afford 98 g (80%) of 
lightyellowsolid,m.p. 124-129”,whichwasuseddirectlyin the 
next step. The yield of product varied from SO’?/, lo as high as 
95% on 50-gram runs. A sample recrystallized from EtOAC/H 
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showed: m.p. 128-130”; IR 1710 (br s), 1600 (m), 1475 (br s), 
1435(s), 1280(s), 1255(s), 1090(s); ‘H-NMR(9OMHz)6.75@, 
2H~3.38(~,3H~3.74(s,3H),3.63.39(m,4H~3.1-2.45(m,SH~ 
2.26 (s, 3H); exact mass talc for C,,HI,OsSI m/e 324.0854, 
obsd 324.0861. 

1~3,4Tetrokyctr~5,8-dimelhoxy4oxo-2-2- 
hydroxynaphthakne cyclic e(ethylene mercaptole), 10 

To a stirred - 24” soln of the ketone (8.9 g, 27.4 mmol), t- 
BuOH (23 ml), freshly distillal DMF (71 ml), and (EtO)sP (5 
ml, 27.4mmoi) maintained under N, was added a - 50” s&t of 
t-BuOK 16.2 e 55.2 mmoB in DMF (26 ml). 0, was introduced 
into the s&&o and after i5 min one equival&t of O1 (670 ml) 
was absorbed. The light orange mixture was then quenched by 
addition of HOAc (5 ml) affording a light yellow mixture. Two 
such runs were combined and concentrated at 60”/0.2 mm and 
the residue worked up as usual to atIord a Iigbt yellow syrup. 
The majority of remaining v0hxtile-s were removed at room 
temp/10-3 mm over 24 hr. Trituration of the resulting semi- 
solid with Et,O/EtOAc afforded in two crops 12.2 g (6%) of 
light yellow solid, m.p. 143147” suitable for use in the next 
step. Recrystallization of this material from EtOAc gave in 
three crops 10.6 g (56%) of crystalline hydroxy ketone, m.p. 
148150”. The analytically pure material showed m.p. 151- 
153” f,lit.*2c m.p. 152.5-153.0”). 

Resolution of( *hlO. A mixture of( *)-lO(4.8 g, 0.014 mol), 
benzene (100 ml), Linde 4A sieves (10 g), and (+ha- 
methylbenzylamine (3.6 ml, 0.028 mol) was heated to re8ux 
overnight in an apparatus equipped with a Dean-Stark trap. 
The mixture was then filtered through a Celite pad and 
concentratedinuacuotoafford,aftertriturationwithEt,O,the 
diastereomeric imines as an off-white powder, m.p. 165-178”. 
The ratio of the diastereomeric imines can be determined by 
integration of the Me groups at ca 6 1.35 in the 200 MHz ‘H- 
NMR spectrum. In a typical run this crude product was 
dissolved in boiling EtOAc (40 ml), and then the volume was 
reduced to 25 ml. Slow cooling to room temp gave clear 
crystals which were filtered, washed with EtOAc (10 ml) and 
Et,0 (15 ml), and dried to yield 1.55 g (25%) of colorless 
needles: m.p.-19s195.5” ; [ar]p(dioxane)= -29.5”; IR(KBr) 
3240 (ml. 1660 Is). 1475 (s). 1460 Is). 1435 Is). 1260 Is), 1250 (s), . , , ~ , , , . , , 
1080 (s); ‘H-NMR (200 MHz, C,D,) 7.25-7.00 (m; 5H), 6.51 
(AB q, J = 4.4 Hz, Av = 12.9 Hg 2H), 4.37 (q. J = 6 Hz, lH), 
3.55(~,3H),3.4-3.3(m,2H),3.29(~,3H),3.17-2.75(m,7H), 1.42 
(s, 3H), 1.25 (d, J = 6 Hz, 3H); exact mass talc for 
C21H29N03SZ m/e 443.1588, obsd 443.1600. 

The combined mother liquors were concentrated in uacuo 
and then hydrolyxed toenriched( byaddingTHF(3Oml) 
and 5% aqueous HCI (7 ml). This solution was stirred at room 
temp for 0.5 hr, and then the THF was removed in uacuo. The 
aqueous layer was extracted with CH,CI, (3 x 30 ml), and the 
combined organic phases were worked up as usual to afford an 
oil which crystallixed on standing. This hydroxy ketone 
enriched in (SlU was reacted as described above except with 
( - )-a-methylbenxylamine to yield 1.81 g (29oA) of imine : m.p. 
195-195.5”; [a];’ (dioxane) = +29.5”. Note that this latter 
imine is the compound having the natural configuration of the 
anthracyclinone A-ring 

A solution of 5% aqueous HCI (25 ml) was added to a stirred 
solution of tbe imine above (3.05 g, 8.9 mmol) in THF (110 ml). 
The resulting light yellow soln was stirred for 10 min at room 
temp and then concentrated in wcuo to remove the majority of 
the THF. The residue was extracted with CH,Cl, (3 x 30 ml) 
and worked up as usual to afford the levorotatory hydroxy 
ketone, (*lo. Recrystallixation of this material from EtOAc 
gave 2.05 g (89%) of white product : m.p. 178.5-179.5”; [alho 
(CHCl,) = -24.4” {lit.lk m.p. 178.5-179.5”, [a]; (CHCI,) 
= -24.4”). 

1,2,3,4-Tetrahy&o-5,8dimethoxy4oxo-2-acetyl-2- 
hydroxynaphthalene cyclic 4-(ethylene mercaptole), cyclic 
Zethyfeneglycol &eta& 11 

A mixture of ketone lO(61.7 g, 0.18 mol), distilled ethylene 
glycol(312 ml), commercial trimethylorthoformate (240 ml), 
and anhyd pTsOH (1 g) was combined in the above order and 

stirred in an oil bath at 37-40” for 24 hr. The heterogeneous 
soln (white solid in a blue liquid) was poured into 20”/, KOH 
(1200ml)andstirredfor1.5hrinanicebath.Tbesolnwasthen 
diluted with water (Z&stirred for an additional hour, and then 
iiltered. Drying the white solid overnight in cccuo gave the 
ketal as a cream-colored solid (69 g, loo%), rap. 163166” 
(lit.lxb m.p. 162.4-163”). 

For ($11 the homogeneous mixture was poured into 20% 
CH,OH/KOH, and after 30 min, ice was added to precipitate 
thecrudesolid.TheopticaBypurematerialshowed:m.p. DO- 
131”. [alAo (CHCl,) -38.0”, {lit.‘” m.p. 144-146”, [a];’ 
(CHCI,) = -42.4”}. 

Compound 13.*’ The thioketal 11 (22.0 g, 57.3 mmol) was 
dissolved in CHsOH (3200 ml) and water (400 ml), and to the 
vigorously stirred mixture were added HgCI, (22 g, 81 mmol) 
and yellow HgO(16.6g 77mmol).Tbeprogressofthereaction 
was monitored by TLC (Et,O, phosphomolybdic acid spray, 
starting material is blue with R, 0.4 and product is much less 
intense with R, O.l), and the reaction was judged complete 
after 20 min. The soln was filtered through Celite and 
concentrated at co 50-55” in uacuo until the volume was about 
500 ml. The filtered Hg- salts were slurried with CH,CI, (3 
x 300 ml), and this solvent was used for extraction of the 
product from the concentrated aqueous soln. Workup gave 
15.4 g (88%) of the fi-hydroxy ketone as a light yellow solid 
which was used directly in the next step, m.p. 173176” (lit.‘*’ 
m.p. 177.5-178.0”). 

Tbe optically pure material showed: m.p. 182-183”, 
[a]k” (CHCI,) = + 13.9” {lit.‘lc m.p. 182.5-184.0”. [a];’ 
(CHCI,) = + 14.0”). 

A slurry of the crude hydroxy ketone (15.4 g, 0.05 mol) from 
above in THF (500 ml) was cooled in dry ice for about 0.5 hr, 
and then potassium tri-seobutylborohydride (100 ml of a 1 M 
THF soln, 0.1 mol) was added dropwise over 0.5 hr. Tbe soln 
was stirred for 1 hr at dry ice temp and then for 2 hr at room 
temp. The homogeneous yellow soln was cooled in ice, and 
20”/. KOH (225 ml) was added cautiously, followed by 
dropwise addition of 30”/. H,O, (48.6ml). The soln was stirred 
at room temp for 1 hr, and then the excess peroxide was 
destroyed by addition of sodium thiosulfate. Atier 
concentration in uccuo, the aqueous soln was extracted with 
CH,CI, (3 x 200 ml). Workup and trituration with Et20 gave 
a light yellow crystalline solid. This material was crystallized 
from CH,CI,/Et,O to give 13.7 g (89%) of dial, m.p. 125- 
126.5”. 

The optically pure material showed: m.p. 141-143”, [a];’ 
(CHCl,j= + 5.9 ; IR 3530 (br s), 3430 (br s), 1495 (s), 128O(s, 
sh), 1275 (s), 1110 (s), 1095 (s), 1080 (s); ‘H-NMR (200 MHx, 
D,O wash) 6.66(s, 2H), 5.14(br, lH), 4.03 (s,4H), 3.81 (s, 3H), 
3.75(~,3H),3.08(dd.J = 17.7,2.4Hz, lH),2.65,(d,J = 17.7Hz, 
lHL2.36Idoft.J = 2.4.2.4.18.9HziH).1.92(dd.J = 4.9.18.9 
H;.lH),‘1.42’(~, 3H)f exact mass forC,,&iO, talc n.,e 
310.1416, obsd 310.1423. I 

Compound 14.*’ A mixture of the diol 13 (20 g, 0.065 mol), 
imidaxole (20 g, 0.29 mol), t-butyldimethylsilyl chloride (20 g, 
0.13 mol) dissolved in dry DMF(2OOml) was stirred at 45” for 
24 hr. after which time TLC (co 800/. Et,O/H) showed no 
starting dial. The bulk of the DMF was removed at 45”/1 mm, 
and the residue was partitioned between CH,Cl, (45 ml) and 
sat. NaHCO, (200 ml). Standard workup gave a thick oil 
which solidified to give the protected diol(27 g, 96%) which 
was used directly in the next step. The analytical sample of the 
material was obtained by recrystallization from 
CHsOH/H20 and showed: m.p. 106-107”; IR 3440(m), 1600 
(m), 1480(s), 1465 (m), 1260 (s), 1075 (s), 1045 (m), 980 (m), 850 
(m), 780 (m); ‘H-NMR (200 MHz) 6.7 (center of AB, J = 8.7 
H~Av=~2~.4Hx,2H),5.33(unresoivcdt,IH),5.19(s,lH),4.03 
(s.4H).3.76(s.6H).3.12(dd.J = 2.16HzlH).2.70td.J = 16 
Hz, lH), 2.30 (d of poorly resolved 5 J = j4 I&, 1H); i.81 (dd, 
J = 3.5, 14 Hz, lH), 1.46 (s, 3H), 0.86 (s, 9H), 0.25 (s, 3H). 0.08 
(s, 3H); exact mass for C,,H,,O,Si talc m/e 424.2281, 
obsd 424.2259. 

Theoptically pure compound showed :m.p. 126127”, [a];’ 
(CHCI,) = +7.9”. 
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Compound 15.2’*26 A slurry of protected diol, 14, (14 g) and 
1% KOH/CH,OH (600 ml) was anodicaily oxidii using the 
macro Pt electrode and the Pt sheet anode in a thermostated 
cell held at ca 0” with a current of IA. The reaction was 
followed by UV analysis at 290 nm, and the electrolysis was 
terminated after the initial optical density decreased to 1% of 
its initial value (co 3 hr). The mixture was then neutrahxed with 
solid CO, and concentrated on the rotary evaporator. 
Concentration and drying of the product gave a quantitative 
yield of bisketal which was hydrolyxed directly to the 
monoketal. Recrystallization of a sample of the bisketal from 
Et20/H gave a white crystalline compound : m.p. 79-81”. 

The optically pure compound showed: m.p. 103-104”; 
[a];’ (CHCI,) = - 18.7” ; IR 3470 (s), 2960 (s), 2940 (s), 11 lO- 
1080 (vs, br), 1032 (s), 1042 (s), 985 (8); ‘H-NMR 
(CC). * CH,Cl,) 6.06 (s, 2H), 4.73 (distorted t, lH), 4.58 (s, lH), 
3.87(~,4H),3.12(s,3H),3.09(~,3H),3.06(~,6H), 1.8-23(m,3H), 
1.43(dd,J = 3,14Hx,lH),1.23(s,3H),0.87(s,9H),O.l5(s,3H), 
O.lO(s, 3H); ‘“C-NMR 139.8, 133.8, 132.5, 131.5, 111.8.95.7, 
95.2,74.8,65.3,65.2,63.9,61.9,51.2,50.8,50.4(3 C), 34.8,31.7, 
25.9, 18.5, 17.9, -4.8, -4.7. 

A -20” soln of 8% HOAc/acetone (75 ml: 300 ml) was 
added to the crude biiketal, and the homogeneous soln was 
stored at - 20” for 48 hr. The soln was then poured into sat. 
NaHCO, (150 ml), and the majority of the acetone was 
removed on the rotary evaporator. The heterogeneous 
suspension was extracted with CH,Cl, (2 x 250 ml), and the 
organic phase was washed with sat. NaHCO, (150 ml). The 
soln was dried and concentrated to give an amber oil which 
crystallized after being dried under vacuum. The sample was 
dissolved in boiling Et20 (50 ml), and the Et,0 was replaced 
with low-boiling PE (50 ml). The material was allowed to 
crystalliz at room temp to alford 9.5 g (64%) of monoketal 
(TLC and u)o MHz ‘H-NMR analysis showed that this was a 
91: 9 mixture of regioisomers), m.p. 108-l lo”, suitable for use 
inthccouplingstep.Apuresampleofmonoketalwasobtained 
bycarefulrecrystallixationfromEtOAc/H :m.p. 117-l 19”;IR 
3480 (m), 1660 (s), 1090 (s). 1060 (s), 1045 (s); ‘H-NMR (80 
MHx)6.57(ABq,J = lOHx,Av = 27.5H~2H),5.07(disto&d 
t, J _ 2.6 Hz, overlappings, 2H), 4.00 (s, 4H), 3.23 (s, 6H), 255 
(ABq,Av=31Hx,J= 19 Hx with lower field doublet having 
J = 1 fQ2H),2.17(dofdistortedt,J = 19Hz, IH), 1.67(dd,J 
= 3, 19 Hz, lH), 1.41 (s, 3H), 0.84 (s, 9H), 0.26 (s, 3H), 0.13 (s, 
3H); “C-NMR [(CD,),CO] 183.7, 153.0,144.5, 135.8.132.3, 
112.4,95.5,76.6(2C~66.0,64.0,50.8,34.6,33.4,26.1(3c),18.9, 
18.5. -4.6. -4.911 Cmissinx).(Found:C.59.82:H.8.2l.Calc 
for C22H3b0,: d, 60.00; H,-8.f8%). ’ ’ ’ 

The mother liquors were a mixture of regioisomeric 
monoketals which were used in the synthesis of 4- 
demethoxydaunomycinone with a lO-15% reduction in yield 
relative tdthe crystalline material. 

Comoound 17a2’ To a 0” soln of DMSO (52 ml) and THF 
(130 mi) was added dropwise CHsLi (17 ml‘of a 116 M soln). 
After 5 min thecyanophthalide 2a(4.3 g27.2 mmol) in DMSO 
(20ml) was added over about 1 mm. After stirring for 5 mitt, the 
soln was cooled to about -4O”, and the monoketall6 (10 g, 
222 mmol) in THF (30 ml) was added rapidly via syringe. The 
soln turned black, then red, and finally a royal purple. The 
cooling bath was removed, and the mixture was stirred for 2 hr 
at room temp. After addition of 10% HCl(254l ml), the THF 
was removed on the rotary evaporator, and acetone (300 ml) 
was added. After stirring at 30’ for 14 hr, the TLC (202 
CH,OH/CHCI,) showed that deblockinn of the t-butvl- 
dim~thyisilyl g&p was complete, and the heterogeneous 
reaction soln was cooled in ice. The ppt was washed with water 
and dried to afford yellow microcrystalline solid (8.4 g, 87%, 
m.p. 228-234 “) which was used directly in the next step. 
The analvtically oure comoound was obtained by recrvstallix- 
ationfromCH~f?12:m.p.243.~244.5”;IR3~334&,m), 
1671 Is). 1630 fs). 1595 (s). 1455 Is). 1432 Is). 1420 Is). 1382 (9). . I. . ,. , II . ,. , ,. . ,. ,. 

1362 (s), 1255 (s). 1234 (s), 1067 (s), 1045 (s), 990 (s): ‘H-NMR 
(200 MHz) 8.47-8.35 (m, 2H), 7.85-7.79 (m, 2H), 5.08 (s. 
overlapping m, 2H), 3.75 (m, 4H), 3.56(s, 3H), 2.89 (dd, J = 20, 
2.6 Hz, lH), 2.35 (d, J = 20 HI IH), 2.0(d ofpoorlydetined 1, J 

= 17 Hz, lH), 1.45 (dd, J = 17. 5.6 Hx, lH), 0.91 (s, 3H). 
(Found: C, 64.93; H, 5.16. Calc for C,,H,,Os: C, 64.79; H, 
5.16%). 

The optically pure compound showed: m.p. 228229.5” 
[xl;’ = +25/V. 

Compound l&. A mixture of THF (MO ml) and 
concentratedHCl(135ml)wascooled toO”,andthe tetracyclic 
ketal17a (8.4 g, 20 mmol) was added as a slurry in THF (500 
ml).Theicebathwasremoved,and thesolnwasstirredatroom 
temp for 12 hr. After addition of water (250 ml), the acid was 
neutralized with solid NaHCO,. The layers were separated, 
and the THF layer was concentrated to a yellow mushy solid. 
The resulting solid was refluxed with CHsOH, cooled, and 
filtered to afford a beautiful yellow-orange solid (7.8 g, 980/a : 
m.p.206-20ft”;1H-NMR(300MHz) 13.8(s, lH),8.24-8.21(m, 
2H), 7.78-7.72 (m, 2H), 5.27 (br d, 1H). 3.82(s. 3H), 3.15 (dd, i 
= 18.2Hz1~2.94(d.J= 18HzlH12.37(a3Hl.229(dof 
poorly detined’t, J = ‘15 Hx, HI), 2.08 &Id, J = 5, l5 Hz, iH). 
(Found:C,64.99;H,5.34.2~.CaJcforC,,H,,O,:C,65.96;H, 
4.96%). 

4-Dentethoxydaunomycinone. A mixture of the tetracyclic 
ketone 180 (lo.0 g, 26 rnmol) in CH,Cl, (1 I) was cooled to 
-78”. and BCl, (200 ml of a 1M soln in CH,Cl,) was added 
over a period oiabout 5 min. The soln was s&eZat this temp 
for 2.5 hr, and then CH,OH (300 ml) was added. The soln was 
concentrated on the rotary evaporator until a red solid in a 
nearly colorless supematant liquid (about 150 ml) resulted. 
This material was filtered, washed with CHsOH, and dried to 
give an orange solid. The ‘H-NMR (300 MHz) spectrum of 
this solid showed a doubling of peaks as if some boron were 
still complexed to the molecule. The material was slurtied in 
CHsOH (500 ml), and the soln was heated to reflux for 2 hr. 
The soln was then cooled, tihered, and dried for 8 hr at 76” to 
give a bright red solid (9.5 g, 99%), showing a 500 MHz ‘H- 
NMR spectrum identical with that of an authentic sample. The 
m.p. of the product was variable and was not a good criterion 
for purity. Typically, the material had a twodegreem.p. in the 
range 146150”. Slow recrystallixation of the material from 
CH,OH/CHCI, gave beautiful red crystals, m.p. 183-185” 
flit.12* variable m.p.). 

The optically pure compound2e showed m.p. 182-188”, 
[a]:’ (CHCl,) = 148” (ht.* [a]:’ = 165”. lit.rk [a]1 
= 164.5”, fits’ [a]k = 140”, lit.27 [alp = 153”, showing 
spectroscopic properties identical to those reported 
previously).1s 

Compound17b.AsolnofdryTHF(lOml)anddryDMSO(3 
ml) was cooled to 0”. and CH,Li (0.95 ml of a 1.6M soln in 
EtiO) was added dropwise. The -cloudy anionic soln was 
stirred for 5 min, and then 7 - methoxy - 3 - cyan0 - l(3H) - 
isobenxofuranone23 (0.285 g, 1.5 mmol) in DMSO (3 ml) was 
added. The resulting orange soln was stirred for 5 min. and 
crude 16 (530 ma. 1.25 mmoll. dissolved in THF (5 ml). was 
added. The soln-became dark purple after 1 mih and was 
stirred at 0” for 0.5 hr and then at room temp for 1.25 hr. The 
reaction was quenched with 5% HCI (2 ml), concentrated in 
uacuo, and extracted with CH2C12 (3 x 45 ml). Workup and 
concentration atTorded a semi-solid which was dissolved in 
acetone (35 ml) and 5% aqueous HCl(l5 ml). After stirring at 
room temp for 1 hr, TLC (1% CHsOH/CHCls) showed 
complete desilylation. Cold water (50 ml) was slowly added, 
and the soln was cooled to 0” and filtered to yield, after vacuum 
drying, 290 mg (57%) of a light orange solid, 17h (mp. 217- 
220”, with shrinking). The aqueous filtrate was extracted with 
CH2C1,(2x40m1)andthenpuritiedbyflashchromatography 
on a silica eel column (12 x 1.5 cm) with 2% CH,OH/CH,Cl, 
to yieldan&iitionaJ 55mgofpu&product,for~ total yieldof 
345 mg (67%). An analytical sample was obtained by 
recrystallization horn CH,CIJEt,O to yield 17b as orange 
needles : m.p. 220-222”, [a];’ (CHCl,) = + 25.0” ; IR 3500- 
3380 (br s). 1680 Is), 1630 (s), 1590 (s), 1430 (br s), 1385 (br s), 
1285(s), 1230(s), liiO(s),996(s); ‘H-NMRQOOMHx), 14.03(9, 
lH),7.93(d,J=8Hz,lH),7.8(t,J=8HqlH),7.3O(d,J=8 
Hx,lH),5.03(m,lH),4.04(s,4H),3.85(q6H),3.24(dd,J= 2.2, 
18.4Hz, lH), 2.78(d, J = 18.4Hz, lH),2.43(dofdistorted 1, J 
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= 126 Hz, lH), 1.95 (dd, J = 5.2, 126 & lH), 1.45 (s, 3H). 
(Found: C, 62.48; H. 5.35. Calc for Cz.H,,09: C, 63.16; H, 
5.26%). 

Compound 18a To a stirred soln of 17b (340 mg) and THF 
(110 ml) was added WA aqueous HCI (50 ml). The soln was 
stirred at room temp for 42 hr, after which time TLC analysis 
showed no starting material. The mixture was extracted with 
CH,Cl,(3 x 80ml)andworkedupasusualtogive3OOmgofan 
oranae solid. This was recrvstaBimd from CH,OH/Et,O to 
yield-225 mg(73%) of 18b & orange needles, m.p. 205-205.5”. 
The mother liquors were concentrated and a second crop of 
orange needles (32 ma, m.p 2025-203.5”) was isolated for a 
total--tall&d yield of 257 mg (85x), [a]:’ (CHCI,) = 
+82”: IR 3550-335Ofbr sl. 17101sL 1665 (5). 1625(s). 15851s). 
1440 (a 1385 (s)$ lOti (s),‘~H-NMR (ti MHz) 141 (9, iHjl 
7.92(d,J=8H~lH),7.74(t.J=8Hz,lH),734(d,J=8~ 
1H~5.34(m,1H~4.50(s,1H),4.00(~3H~3.84(s,3H),3.15(brs, 
lH),3.19(dd,J=21,18Hr.lH),2.%(d,J=18Hz,1H),2.4O 
(s,jHh2.j7(partially.obscured~fdistorted t, lH),i.O9(dd, J 
= 4.8. 15 Hz 1H). (Found: C. 63.09: H. 5.12.‘& Calc for 
C,,H;,O. : d, 64.67; H, 4.85xj. ’ ’ __ __ _ 

(+)-Dmcnomycinone. A soln of 18b (225 mg, 0.55 mmol) 
dissolved in CH,Cl, (100 ml1 was cooled to -78”. and BCl, 
(5.2 ml of a IM-sohi‘in CH;Cl,) was added dropwise. Th5 
resulting purple soln was stirred at - 78” for 20 mitt and then 
quenched with CHsOH (5 ml). Concentration in uacuo gave a 
crude bright red solid which was dissolved in CHCl, and 
washed with water. Workup afforded a red solid which, upon 
recrystallixation from hot CHsOH with slow cooling, yielded 
125 mg of beautiful dark red crystals, m.p. 210-212”. The 
mother liquors were chromatographed on silica gel (9 x 2 cm 
column. 1.5X CH,OH/CHCl, as eluant) to vield 50 ma of red 
crystals; m.p:211-1212d. The total recry&ll&l yield was 175 
mg (86%): m.p. 210-212” (lit.29 m.p. 212-213”), [a];’ 
(dioxanc) = + 175.0” {litz9 [u];’ (dioxane) = + 183.0”}. 
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