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Abstract-Sharpless kinetic asymmetric epoxidation on (f)-2-(1-hydroxyethyl)-5,8dimethoxy-3,4- 
dihydronapI1thalenc(8)followcd by LAH reduction gave R-2~S-l-hydroxyethyl)-2hydroxy-5,8dimethoxy- 
1,2,3#ctrahydronaphthaknc and the undesired antipode. The former was converted to R-( -~Zacetyl-2- 
hy&oxy-5.~~oxy-l~,4_tctrahydrona~~~~~R~-~53, while the latter was cpimerized and 
recycled. R4-b5 has been exploited for the synthesis of (+)-4&methoxydaunomycin. 

During the past decade the anthracycline antibiotics 
such as daunomycin (la) and adriamycin (2a) have 
enter& as the most e&&e drugs for the treatment of 
a broad spectrum of human cancera However, like 
other anticancer agents, these compounds also display 
various side effects, the most serious being the 
cumulative dose dependent cardiotoxicity.’ To 
overcome this major drawback there has been a 
continued interest in the total synthesis of these 
antibiotics including one of its analogues, 4- 
demethoxydaunomycin @a), which has now assumed 
considerable clinical importance as it is found to be 8 
to 10 times more effective than daunomycin or 
adriamycin.’ Further, 4-demethoxydaunomycin @a) is 
orally active. As there is no possibility of obtaining 3a 
by fermentation, and many suitable methods5’ for the 
synthesis of Ldaunosamine including two of our 
approaches) either starting from glucose or gluco- 
samine and its coupling to the aglycone, [4demethoxy- 
daunomycinone (3b)] have already been accom- 
-6 our main efforts have been dire&d towards 
evolving a convenient synthesis of the aglycone moiety, 
4demethoxydaunomycinone (3b). During the last 3 to 
4 years, we have evolved various approaches7-9 for the 
synthesis ofdifferent aglycones such as daunomycinone 
(lb),’ 1 ldeoxydaunomycinone,* and 4-demethoxy- 
daunomycinone (3b).9 The distinguishing features of 
our approaches are their simplicity, flexibility and 
conceptually novel which can be adopted for the 
preparation of anthracyclinone analogues. In spite of 
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the fact that we have evolved innumerabk methods for 
the synthesis of 4demethoxydaunomy&tone (3bA our 
primary objective of obtaining 4-demethoxy- 
daunomycin (3a) in gram quantities remair& as an 
unsolved task mainly due to non-availabihty~ of a 
suitable method for the preparation of enantiomeri- 
tally pure aglycone ( - )4demethoxydaunomycinone. 
As (-)4demethoxy-7deoxydaunomycinorn$( -)-I] 
can be conveniently transformedlo into optically active 
aglycone Qb), most of the maearchers from various 
schools have dimcted their efforts for the preparation of 
(-)-4,eitherbyresolution”of(f)-4orbyasymmetric 
SJdESiS. l2 However, these methods sutTer from.the 
severe drawback in the conversion of the u&sued 
antipode to either racemic or the desired antipode 

Other reported procedures6 make use of an opti- 
cally active 2-acetyl-2-hydroxy-5,8dimthoxy-l,2,3,4- 
tetrahydronaphtbalene [II-( -)6J by adopting it as an 
AB synthon which is then transformed into the deaired 
(-)-5 by adopting Won&r proced~re.~~ The R4-)5 
has been obtained either by resolution’* of ( f )-5 or by 
microbisJ1h or chemical reduction* 5 to the products 
which were then converted to R-( - )-5 by appropriate 
reactions.However,inaIlthescmethodstheconversion 
of the undesired antipode to the desired compound is 
impractical. 

We envisaged that Sharpless asymmetric epoxi- 
at.ion16 on a suitable allylic alcohol would provide us 
with an optically active epoxy alcohol that could be 
readily converted to the desired ( - )-S which can then 
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be built up to the tetracyclicsystem (4). For this purpose 
allylic alcoh&s, 8 and 9 were considered as they can be 
kinetically resolved into a mixture of epoxide and R- 
alcohol based on the fact that the S-enantiomer reacts 
much faster compared to the R-enantiomer when 
natural L(+)tarQric acid ester is used in the 
epoxidation reaction with t-butylhydroperoxide 
(TBHP) in the presence of titanium tetraisopropoxide 
(TIP). Thus alcohol 8 is expected to give the desired 
cpoxide(10)(8chemef)whereasalcohol(f)-9willyield 
the undesired epoxide (loci), because titanium alkoxide 
tartrate catalyst strongly favours erytlvo product. The 
epoxide 10 can be transformed to R-(-b!! by 
appropriate reactions and the undesired R( + )alcohol 
(8) can be inverted to the desired ‘S alcohol 6 which can 
be recycled to R-j -)-5. Based on the above prediction 
our attention has been directed to the preparation of 
the required allylic alcohol 8. 

The reported proceduresl’ for the preparation of 8 
are lengthy and require chromatographic separation. 
We delineate a process (Scheme 2) for the synthesis of 
allylic alcohol (8), which is simple in operation and may 
be carried out in large scale. Diels-Alder reaction of 
bcnwquinone with butadiene in acetic acid at room 
temperature afforded the adduct 11 which was 
methylated with dimethylsulfate in the presence of 
potassium carbonate in refluxing acetone to afford 5,8- 
dimethoxy-Udihydronaphthalene (12) as colourless 
solidin quantitative yield.i9 Vilsmeier formylation20 of 
12 with phosphorous oxychloride and dimethylfor- 
mamide failed under various reaction conditions to 
afford the formylated product at the olefinic carbon 
enroute to 14. We therefore decided to isomer&e the 

double bond in 12 to a more reactive position as in 13. 
Thus 12 was treated with potassium t-butoxide in 
dimethylsulfoxide at room temperature under nitrogen 
atmosphere to afford 5,8dimethoxy-3,4-dihydro- 
naphthalene (13) in quantitative yield. 13 when 
subjected to Vilsmeier formylation reaction con- 
ditions’s produced the expected S$-dimethoxy-3,4- 
dihydro-2-naphthaldehyde (14)“’ as a single crystal- 
line product, m.p. 91-92”. Grignard reaction on 
aldehyde 14 with methyhnagnesium iodide in ether was 
straightforward and gave racemic 2-(1-hydroxyethyl)- 
$8~dimethoxy-3,4dihydronaphthalene (8)r’ in 90”/, 
yield. The above sequence of reactions gave the desired 
racemic alcohol (8) in 66% overall yield from 
benxoquinone, thereby providing a method for 
obtaining suflicient amounts of 8 for enantioselective 
epoxidation studies. 

First, kinetic resolution of (f)-8 by using the 
Sharpless asymmetric epoxidation procedureis was 
studied at - 15”. Thus allylic alcohol (8) was treated 
with titanium tetraisopropoxide (ITP), I(+)- 
diisopropyl tart rate@IPT) and t-butyl hydroperoxide 
(TBHP) in the molar ratio of 1: 1: 0.6 respectively at 
- 15”. The progress’ of the reaction was monitored by 
titrating the concentration of TBHP in the reaction 
mixture. Initially the reaction was very fast and became 
sluggish after 4 hr. After 10 hr, reaction was almost 
complete as indicated by the presence of two 
compounds, one of which had the R, value 
corresponding to the starting material while other was 
faster moving than the allylic alcohol. This mixture was 
subjected to silica gel column chromatography using 
benzene as eluant ; the faster moving component was 
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obtained in almost 40% yield and was characterized as 
5,8dimethoxy-2-tetralone (17)22 by comparison 
(spectral as well as m.p.) with an authentic sample. The 
slower moving component was crystallised from 
hexane and character&d as R - (+) - 2 - (1 - 
hydroxyethyl) - 5,8 - dimethoxy - 3,4 - dihydro- 
naphthalene (7). The R-con@uration of 7 was given by 
comparison of its m.p. (8189”) and [a]n value [ + 20.4”, 
(c, 1.55 EtOH)] with the known data for S<-)-61sb~21 
[m.p. 88-89” [alo- 20.4 (c, 1.55 EtOH)]. 

The isolation of optically active R4+)-7 from the 
reaction mixture clearly indicated that asymmetric 
epoxidation had taken place as expected. (S)-Allylic 
alcohol (6) had epoxidixed but unfortunately the 
epoxyalcohol had undergone a fragmentation reaction 
under these reaction conditions to give tetralone (17). 
The formation of tetralone (17) may be explained by 
assuming the intermediate 15 undergoing Grob type 
fragmentation23 to enolate (16). 16 on work up 
produces tetralone (17) (Scheme 3). To our knowledge 
this type of cleavage has not been reported under 
Sharpless epoxidation conditions. 

To circumvent the fragmentation reaction we 
decided to repeat the above epoxidation at lower 
temperature; thus the allylic alcohol (8) was subjected 
to kinetic resolution under the Sharpless asymmetric 
epoxidation conditions described earlier at below 
-50”. After completion of the reaction in 10 hr, 
aqueous acetone was added to the reaction mixture 
maintained at the same temperature (- 55 to - 50). The 
product obtained after removal of inorganic salts and 
solvent, was worked up as usual. TLC of the product 
indicated absence of tetralone (17) and presence of a 
slightly slower moving compound besides starting 
material. The separation of the mixture was 
unsuccessful because of their close R, values as well as 
the unstable nature of the epoxide. The crude reaction 
mixture was reduced with LAH in tetrahydrofuran to 
give a semisolid (containing two products with distinct 
R, values 0.6 and 0.3 which was subjected to 
chromatographic separation (silica gel) to obtain allylic 
alcohol R4 +)-7, mp. 88-89 [a];‘+ 20.3 (c, 0.5, EtOH) 
and R - (-) - 2 -(S - 1 - hydroxyethyl - 2 - hydroxy - 5.8 - 
dimethoxy - 1,2,3,4 - tetrahydronaphthalene (18A2’ 
m.p. 154-155” [a]$‘-49.7 (c, 0.5, Et0I-I) each in 35% 
yield. 

The undesired antipode R-( +)-‘I was inverted by 

treating it with triphenylphosphine, diethyl axodicar- 
boxylate and benxoic acid in THF’* to give the 
benxoate of ( -)-a which was de-G-benxoylated with a 
catalytic amount of sodium methoxide in methanol to 
obtain (-)-a in overall 700/, yield. The asymmetric 
epoxidation of (-)-6 with TIP, L<+bDIPT and 
TBHP followed by reduction with LAH gave 18 in 83% 
yield, m.p. 152-M”, [a]n-47.6 (c, 0.5 EtOH). 

Oxidationof(-)-18withFetixon’sreagenta5gaveR- 
(-)-4 m.p. [a]$‘-48.8 (c, 0.5 CHCl,) which was fused 
with phthalic anhydride in an intimate mixture of 
Al&-NaCl(5 : 1) at 180” for 2 min and usual work up 
gave ( -)4demethoxy-7deoxydaunomycinone6 (4) 
(m.p. 227-228”) [a]:‘- 84” (c, 0.1, CHCl,). 

As the conversion of 4 to 4demethoxy- 
daunomycinone (3b)‘O and subsequently to 4- 
demethoxydaunomycin (3a)‘j by convenient methods 
have already been discussed we consider that our 
present approach can constitute a practical total 
synthesis of optically active 3a2’j 

EXPERIMENTAL 

M.ps were determined in open capillaries and are 
uncorrected. Optical rotations weremeasured on JAKO DIP 
181 polarimeter in CHQ, or EtOH. IR spa%ra were recorded 
in nujol mulls unless stated to the contrary on Perk&Elmer 
Inkcord model 683 spectrometer with NaCl optics. ‘H- 
NMR spectra reoorded in CDCl, using TMS as intemal 
standard on Varian T-60 or Varian FT-80A spectrometers 
(6 = 0 ppm). Mass spectra (MS) were obtained with a CEC 
spectrometer model 21-1lOB. using an ionising voltage of 70 
eV and a direct inlet system. 

Column chromatography was performed using silica gel 
(100-200 mesh, Acme make). Progress of the reactions was 
checked by TLC on 0.2 mm layers of silica gel, using an iodine 
chamber for visualisation. 

S,&Dimet~oxpl,~~y~o4_dU?yctroMphthcllene (12). To a soln of p 
kenxoquinone(54.Og.O.5 mol)ingtacialAcOH(500ml)Jiquid 
butadiene (108 g, 2 mol) was added while stirring and the dear 
soln was allowed to stand at room tetnp for Mhr. The contents 
were poured on crushed ice with stirring. The colotuiess ppt 
was filtered, washed with icacold water and dried (72.2 g, 
80%). 

A mixture of the above adduct (64.8 g, 0.4 mol), Mc,SO, 
(126.0 g, 1 mol) and K,CO, (200 g) in dry acetone (1.0 lit) was 
rcftuxed for 36 lu(TLC, benxene). Acetone wasdistflled off and 
the contents were cooled. Crushed ia was added to the 
mixture, the solid was liltered, washed with water (till free from 
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Work up as usual provided 10 (620 mg) which was reduced 
with lithium ahnninium hydride (0.19 g5 mmok) to afford 18 
(0.464 g, 740/d as a solid, [a];’ - 34.6 (c, 0.5, EtOH), which on 
two crystaflisations from ether furnished colourless needles of 
18, m.p. 151-153” [~]~~-47.6 (c, 0.5 EtOH). 

R-(-)-2-AceryI-2-hydroxy-5,8-&erhoxy-1,&3,4- 
retrahy&onaphth&ne(S). To an aqueous AgNOs soln (20.0 g, 
0.12 moL in 120 ml water), celite was added while magnetic 
stirringandtothiswasaddedNa2CO,aq(16.OgO.l5mokin 
160mol water)dropwisewhikstirring.Thethick yellow slurry 
was8ftcred,washedfreeofaubonateanddriedonrotavapour 
at 100”. 

To this powder was added 18 (7.5 g, 0.03 mole) in 300 ml 
benxene. The contents were retluxed with vigorous stirring for 
4 hr. TLC (silica gel, benxene : acetone 9 : 1) indicated absence 
of starting material. The benxene soln was filtered hot, the 
residue washed with a tittle hot benxene and the tiltrate after 
concentration was chromatographed on a silica gel column to 
affordS(6.Og 800/. It wascrystalhsedfrom hexane(m.p. 128- 
129”, [~]~~-48.8”, (c, 1.0 CHCls); Iit6 mp. 13O-132”. [a];’ 
- 50” (c, 1.0 CHCl,) ‘H-NMR : CDCI, 1.85, (t, ZH, CH,), 2.30 
(s,3H,C0CH~Q8O(bs,2H,ArCH,),2.76(t,2H,ArCH,),3.40 
(s, lH, OH), 3.66 (s, 3H, OMe) 3.73 (s, 3H, OMe), 6.60 (s, 2H, 
ArH), IR: 1685 cm-’ (C=G); M’ 250. 

( -)-%Demethoxy-7deoxydaunomycinone (4). A homo- 
geneous mixture of phthahc anhydride (11.0 mg, 0.75 mmol), 
R(-)S (125.0 mg, 0.5 mmol). anhyd AK& (1.0 9) and NaCl 
(0.20 g) was immersed in an oil bath preheated to 180”. The 
contents were stirred for 2 mitt and cooled. The solid red mass 
was treated with cold aqueous saturated oxalic acid soln (100 
ml). After heating (70”) for 10 min, the contents wem cooled, 
extracted with CH,Cis (50 ml), and after drying the solvent 
was evaporated. The orange-red residue (150 mg, 85%) was 
dissolved in benxene and chromatographed on short silica gel 
column. The eluate on concentration and crystalhsation from 
benzene afforded optically pure (-)-I mp. 227-228”, [a];’ 
-84” (c, 0.1 CHCI,); Iit6 m.p. 228-230, [a]~“-87” (c, 0.1. 

CHCI,). ‘H-NMR : 1.95 (m, 2H, CHx), 2.37 (s, 3H, I! --CH,), 
3.OO(m,4H,ArCH,),3.76(s,1H,OH),7.78(m,2H,ArH),8.31 
(m, 2H, ArH), 13.39 (s, 2H. ArGH). IR: (nujol): 1690 (free 
C=O), 1640 (bonded 0) cm-’ M+ 352 
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