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1
PROCESS FOR THE SYNTHESIS OF OPTICALLY ACTIVE ANTHRACYCLINES

Flield of the invention _
The present invention refers to a process for the synthesis of optically active

anthracyclines wherein the optically active key intermediate (R) 2-acetyl-2-
ihydroxy-1,2,3,4-tetrahydronaphthalene 5,8-dialkoxy of formula I.

R
‘OH

OR
wherein: R = Ci.3 alkyl, preferably methyl.
is prepared starting from 5,8-dialkoxy-3,4-dihydronaphthalene by acylation,
asymmetric dihydroxylation, transformation into chloroacatate dehydrochloridation

and final hydrolysis.
The invention refers also to the intermediates of formula V e VI:

Me ? Me
oA “Ohc
Me Me
.V )|
Having an enantiomeric excess higher than 95%.

State of the art
As It Is known the anthracyclines of formula VIl

Wherein: R = H, OH, OCHs; R2=H, OH; R3 =X, Y 0 Z where



15

WO 0240496 PCT/EP01/13217

are compounds having a wide therapeutic use as anti-neoplastic drugs.

Known compounds of formula VIl having the above said properties are for
example Daunomicin (VIll, wherein: Ry = OCHs, Rz = H, Rs = X), la Doxorubicin
(Vill wherein: Ry = OCHs, Rz = OH, R3 = X), I'Hydrarubicin (VIll wherein; Ry = H,
Rz = H, R3 = X) e I'Epirubicin (VIll wherein: Ry = OCHs, Rz = OH, Ra = Y), or the
compounds described in EP721456, in particular the compound of formula Vill
wherein R; = H, Rz = OH, Rs = Z, disaccharide anthracycline which Is now under
clinical development.

The synthesis of anthracycline of formula Vill requires many steps and is normally
performed starting from an optically active tetraline of formula | which is reacted by
a Friedel-Crafisreaction with phthalic anhydride or s derivatives as phthaloyll
dichioride or phthaloyll chioride methylester and thereafter cyclised. The so
obtained tetracycle is protected in the 13-oxo position with ethylenglycol, Is
brominated in position 7 and converted into a 7-OH derivative with known methods
(see Arcamone et al. , Experientia, 1878,34,1255; Wong et al. Can. J. Chem.,,
1971, 489, 2712; Swenton et al. , Tetrahedron, 1984, 40, 4625 ). After deprotection
the anthracyclinone of formula VI (wherein R; = H) is used as such or Is converted
into a 14 acyloxy derivative (compound of formula VIl wherein Rz = O-
acyl)according to known procedures.. Thereafter the compounds of formula V1l are
glycosidated with protected mono- or disaccharides as described In literature (see
Arcamone et al., Experientia, 1978, 34, 1255; Terashima et al., Bull. Chem. Soc.
Jpn, 1988, 59, 423 ) and in EP .....6, by deprotection the anthracycline of formula
VIl are obtained. ' ¥
In the above described process, or in other similar processes which inciude as
intermediate a tetraline, the key intermediate Is the tetraline of formula | itself as

above defined.
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This AB synthon (Wong et al. Can. J. Chem, 1971, 49, 2712) allows the formation
of the corresponding optically active anthracyclinone of formula V1l wherein Ry =
H, OH, OCHy and Rz = H, OH, O-acyl whersin the acyl group is chosen among
formyl, acetyl, mono-, di- or trichloroacetyi, preferably acetyl.

Vil
As above sald the compound is finally converted In the desired anthracycline.
The stereochemistry of position C-9 of the anthracyclinone is very important for the
biological activity of these compounds since only the compounds having (S)
configuration In C-9 show an antitumour activity.
Therefore also the tetraline intermediate of formula | must obviously possess the
same stersochemistry (I.e. an absolute configuration R).
The tefraline 1 is nomally prepared. According to the Iterature, as a racemic
mixture starting from 2-acetyl-5,8-dimethoxy tetraline Ilf by oxydrilation In position
C-2 with potassium t-butoxidef-butanole in the presence of oxygen followed by
reduction “In situ® (Wong et al., Can. J. Chem., 1971, 48, 2712 ; Gardner et al.,
J.Org. Chem.1968, 33, 3294).
The compound Il was prepared, with very low yields by reacting 5,8-dimethaxy-
34-dihydronaphthalene Il with N-N-diphenylacetamide- POCls applying the
conditions of the Vilsmeier-Haack reaction followed by the reduction of the double
bond.
Several attempts of acylating compound Il have been reported but all unsuccessful
(Rama Rao et al. Ind.J.Chem.1985, 24B, 697).
Altematively the compound Ill was prepared with & yield of about 50% in 4 steps
by reaction of 5,8-dlacatoxy-3,4-dihydronaphthalene with acetyl chloride/AICl; and
formation of a chioroacefyl derivative, followed by dehydrochloridation with LiCl,
hydrolysis and methylation “in situ™ (Russell et al. J. Chem. Soc. Chem. Comm.

1983, 984).
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Another reaction path for obtaining the pre'cursor It reported in literature includes
five steps starting from 5,8-dihydroxy-1,4-diidronphthalene with a total yield of
about 50% (Glles et al. S.Afr.J.Chem, 199043, 87).

The racemic tetraline | is thereafter converied into the pure enantiomeric
compound using the normal methods applied for the resolution of racemes through
diasterecisomeric Schiff bases on the acetyl lateral chain with (-)}-1-
phenylethylamine (Arcamone et al. BP 02691/75, 1975). Altemstively the
enantlomeric pure compound was prepared by Kinetlc resolution via a Sharpless
asymmetric epoxidation followed by oxidation of the obtained aliyl alcohol obtained
by reducing 2-acetyl-5,8-dimethoxy-3,4dihydronaphthalene (Sharpless et al.
J.Am.Chem.Soc. 1981, 103, 6237). Another method for obtaining the optically
pure tefraline consists in the stereoselective reduction of the racemic mixure with
bakers' yeast to dlastereolsomeric dioles mixtures followed by chromatographic
separation and re-oxidation (Terashima et al, Chem. Pharm. Bul. 1984, 32,
4328).

An asymmetric synthesis of the teftraline | starting from precursor Il by
enantioselective dihydroxylation Is described In M. Nakajima et al, Tetrahedron,
1983, 49, 10807, but the several steps and the final excess of tetraline | and
especially the use of osmium tetraoxide In stolchiometric quantities, instead of
catalytic, quantiies and the use of expensive chiral amines (always In
stoichiometric quantities) quantities at a temperature of — 110°C, makes very
difficult the industrial use of this synthesis.

Other asymmetric synthesis of AB synthon using chiral compounds or compounds
comprising chiral derivatives of natural compounds are repaorted In literature but all
these synthesls are very complaex and unsuitable for industrial application (Krohn,
Angew. Chem. Int. Ed. Engl., 1988, 25, 790).

Summary of the invention

The present invention describes a process for the preparation of anthracyclines of
formula Viil as above defined Vil wherein the optically active tetraline of formuia |
as sbove defined is stereoselectively prepared starting from 5,8-dialkoxy-3,4-:
dihydronaphthalene |l which, contrary to the methods applying the resolution of
racemic mixture, which are difficult to perform, and give ylelds inferior to 30%,
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shows the advantage of giving the key Intermediate | in ylelds much higher than
those reported In literature and is easily industrially exploitable .
In particular, aithough the literature reported as frultiess, or non interesting
because of the low yields, the attempts of acylating qompound Il { Rama Rao et al.
Ind.J.Chem.1985, 24B, 697, Russell et al. J. Chem. Soc. Chem. Comm. 1983,
994, Glles et al. S.Afr.J.Chem, 199043, 87), the 5,8-dialkoxy-3,4-
dihydronaphthalene (compound of formula Il wherein R Is a group Ci3 alkyl,
preferably methyl) can surprisingly be acylated in just one step in the presence of
an acyl chloride and aluminium ftrichioride forming the cofresponding acyl
derivative [ll. Moreover this innovative application of the procedure of
enantioselective catalytic dihydroxylation of olefins (Sharpless et al., Chem. Rev.
1994, 84, 2483) to give the insature acyl derivative allows to obtain the optically -
active diol IV in a good yleld. The compound is thereafter converied into the
corresponding 1-chloro-2-acetyl-derivative by Sharpless procedure (Sharpless et
al, Tetrahedron, 1992, 48, 10515) and dehalogenated following known methods,
for example by catalytic hydrogenation or in the presence of tih and a radical
precursor or can be directly dehydroxylated by catalytic reduction. The final
hydrolysls of the ester group allows the formation of compound ! in good yields
and high optical purity.

il in
in Schema I it is reported a process for obtalning the tetraline of formula | wherein
R = CHy. In this case the starting product Is the 5,8-dimethoxy-34-
dikydronaphthalene li, obtained by known methods starting from butadiene and p-
quinone (Fleser et al., JAm.Chem.Soc., 1948, 70, 3151).
in splte of the fact that in Iiterature the attempts of acylating the compound 1i were
reported as fruitiess or non interesting because of the low yields, the 5,8
dimethoxy-3,4-dihydronaphthalene Il Is treated with acetyl chloride In the
presence of an excess of aluminium trichloride, preferably 5 — 9 moles of
aluminium trichloride for one mole of acyl chioride, at the temperature of -35° +
25°C, preferably at 0°C. After the usual work-up and crystaliisation with ethyl
acetate, the product, 2-acetyl-5.8-dimethoxy-3,4-dihydronaphthalene is obtained
in yields higher than 70%.
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Compound 1l is stereoselectively converted to diol IV by a Sharpless asymmetric
dihydroxylation which is described in literature for other olefin substrates
(Sharpless et al., Chem. Rev. 1994, 94, 2483). The reactive used in this step Is
AD-mix a (catalogue Aldrich, reactive 39275-8, see also J. Org. Chem. 1982, 57,
2768) with a further addition of the osmium sait (K:0sOz(OH),) and
methanesuiphonamide.

The osmium salt is always In catalytic quantity vis-&-vis the substrate. The reaction
ls perfoomed at low temperature—4 e +20°C, preferably at 0°C, the yleld s 70%,
with an enantiomeric excess higher than 85%. '

The optically active diol IV Is converied info a chloroacetate V through the
formation “In sit® of a cycle intermediate using timethylortoacetate in the
presence of an acld catalyst followed by treatment with trimethyisilyl chloride
according to @ method already described In IRerature for different dicles (Sharpless
et al. Tetrahedron, 1992, 48, 10515).

This step gives yields higher then 80%.

The reduction of the chloroacetate to acetate VI can be performed photochemical
or by thermic treatment In the presence of tributyltinhydride and radical precursors
as AIBN or BPO or by catalytic hydrogenation.

The ylelds are higher then 80%.

The acetate can be obtalned directly by catalytic reduction of diol IV.

The hydrolysis. of the acetate can be performed with ionic exchange resins In
quantitative yleid. Altematively the known methods for the hydrolysis of the
acslates, as the freatment with sodium methoxide or sodium hydroxide.

-What reported in Scheme | can be easlly applled to the synthesls of all the
compounds of formula |, using the comresponding starting products.

The tetraline | which Is an object of the present invention Is therefore obtained in
only 4-5 staps with a total yield much higher than the one reported for the known
processes. _

Moreover, the reaction conditions as described make it possible the Industrial
scale up of the process. The subsequent steps of the process through the
anthracyclinone to the final anthracycline are performed as described in Iiterature.
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The process according to the Invention will be better understood in the light of the
hereinafter reported Example which refers to the Schems 1 l.e. to the preparation
of the tetraline of formula | wherein R = CHs.

EXAMPLE 1

Synthesis of i

To a suspension of aluminium trichloride (449 g) in dichloromethane (2 1) in
nitrogen current, acetyl chlorlde (380 ml) is added drop by drop at 0°C. After 30
min. stirring at 0°C, to the so obtained solution a solution of 5,8-dimthoxy-3,4-
dihydronaphthalene 1l (80 g) in dichloromethane (2,5 ) is slowly added drop by
drop. After 30 min stiming at 0°C the mixture was hydrolysed with ice. After
separation of the organic phase and washing with HC| 1N (3 x 6 1), H20 (3 x 4l)
and brine (2°x 4 1), the solvent was evaporated u.v. at 40°C glving a yellow solid
residue (98 g). By crystallisation from refluxing ethyl acetate 71 g of the deslired
compound Il where obtained.

Yield 73 %.

'H NMR (CDCly): 2.44 (s, 3H, Hio); 2.53 (m, 2H, He); 2.80 (m, 2H, Hg); 3.30, 3.84
(28, 6H, OCHs); 6.75 (dd, 2H, Ha + Hj); 7.81 (m, 1H, Hy); '

3C NMR (CDCls): 19.8, 20.5 (Cs, Ce); 25.3 (C1o); 55.9, 56.1 (OCHj3); 108.5, 113.2
(Cz2, C3); 122.8, 127.2 (Cua, Cea): 131.5 (Cg); 137.2 (C7); 150.4, 151.0 (C4, C4);
188.8 (Cs).

TLC: r.f. 0.80 (Petrol ether/Ethy! acetate = 80/20).

HPLC: r.t. = 8.8 min (Conditions: Lichrospher 100 RP 18 (5um, 250 x 4 mm)
CH3CN /H20 + 0.1 % TFA = 60 /40; 1 mUmin; A =214 nm; 20 pl of a solution 1

mg/10mi)
EXAMPLE 2
Synthesls of IV

To a solution of AD mix-a (600 g) and Kz0802(OH) (1 g) in water (2 [} £butancle
(2.15 1), methansulphonammide (40.7 g), sodium blcarbonate (109 g) are added.
The mixture was stirred up to complete solution of the solid components, cooled
down at 0°C, added with 4-acetyl-3 4-dlhydronaphthalene (100 g) and vigorously
stied for 96 h,
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After complete reaction of the precursdr. checked by TLC (Petrol ether/ethyl
acetate = 80/20), 630 g of sodium bisuiphite are added in portions and, after 1 h
stirring, 4 | of AcOE! are added and the phases are separated.

The organic phase was washed with NaOH 1N (1 x 2 I}, H20 (1 x 2 I) and
evaporated under vacuum.

The obtained solid was soived in 750 mi CH2CI2 and the solution was extracted
with H2504 3 % saturated with K2S04 (4 x 200 ml), NaHCO3 s.s. (1 x 300 ml)

and H20 (1 x 300 mi).

The organic phase, dried on anhydrous MgSO4, was evaporated under vacuum
leaving a solld residue.

The product was crystallised from AcOEt / cyclohexane = 1/1, filtered and dried
under vacuum.

78.7 g of a arystalline solid were obtained. Yield: 70.5%

TH NMR (CDCls): 1.87 (m, 2H, He); 2.38 (s, 3H, Hyo); 2.79 (m, 2H, Hs); 3.78, 3.84
(2s, 6H, OCHs); 3.81 (m, 1H, Hg); 4.87 (d, 1H, OHg); 5.29 (s, 1H, OHy); 6.71 (s,
2H, Ha + Hy). i

3¢ NMR (CDClg): 19.1 (C1o); 25.8 (Cg); 28.7 (Cg); 55.7. 55.7 (OCHs); 68.5 (Ce):
78.7 (Cy); 108.0, 108.8 (Cz, C3); 125.8, 127.1 (Cuas Cua); 151.1, 152.3 (G4, C4);

214.2 (Cp).
TLC: r.f. 0.25 (Petrol ether/Ethyl acetate = 80/20)

HPLC: r.t. = 4.4min (Conditions: Lichrospher 100 RP 18 (5um) 250 x 4 mm
CH3CN / H20 + 0.1 % TFA = 50/ 50; 1 ml/min; A = 214 nm; 20 pl of a solution 2.8
mg/10ml)

e.0. = 98 % determined by chiral HPLC (Conditions: Chiralcel OD 250 X 4.6 mm;
n-hexane / EtOH = 90 / 10; 1 mVmin; A = 214 nm; 20 pl of a solution 1.3 mg/ 10
mi)

m. p. = 141-143°C,

[0]>= -21.9° (c = 1.0, CHCI3)
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EXAMPLE 3

Synthesls of V

To a solution of diol (77 g) in CH2Cl2 (600 ml), under nitrogen,
trimethylortoacetate (59.3 ml) and piridiniumtoluene-4-sulphonate (2 g) are added.
The solution s stired at room temperature for 24 H. The solvent is evaporated
under vacuum leaving a solid residue.

The solid was solubilised CH,CL, (600 ml) and added, under nitrogen, with
trimethyisilyl chloride (65 mi). The reaction mbdure is stired at room temperature
for 1 h and, after evaporation of the solvent under vacuum, was treated with
cyclohexane (400 ml) under vigorous stirring for 3 h.

The solid was filtered and dried under vacuum.

98.1 g of the desired product were obtained {quantitative yield).

'H NMR (CDCly): 1.96 (s, 3H, Hio); 1.97 ~ 3.15 (m, 4H, Hg + Ha); 2.43 (8, 3H, H2);
3.81, 3.87 (2s, 6H, OCHs); 5.35 (d, 1H, H.): 6.76 (dd, 2H, Hz + Ha);

¥C NMR (CDCls): 19.6 {C11); 20.2, 20.5 (Cs, Cs); 26.3 (C12); 52.9 (Ce); 55.8, 56.0
(OCHs); 82.9 (Cy); 108.3, 110.1 (Ca, Cs); 123.2, 1254 (Cy,, Caa): 150.7, 161.6 (Cq,
Cs); 168.8 (C11); 204.2 (Co).

TLC : r.f. = 0.55 (Petrol ether / ACOEt = 75 / 25)

m.p. = 128-138°C.

[a],®=-~16.2° (¢ = 1.0, CH2CI2).

EXAMPLE 4

Synthesis of VI

To a solution of chloacetate (97 3 g) in toluene (2 ) AIBN (1.5 g) and tributyl-
tinhydrure (225 ml) were added In nitrogen cument. The mixture was stimed under
the light of a 200 Watt wolfram lamp for 24 h and thereafter extracted with water
(500 ml). The organic phase is separated, dried and evaporated under vacuum.
The residue Is treated with cyclohexane (500 mi) under stirring, filtered and dried
under vacuum at 40°C. '

67.8 g of the desired product are obtalned In the form of a white solld

Yield : 80.3 %.
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H NMR (CDCl): 1.95, 2.50 (2m, 2H, He)i 2.05 (1.3H, Hqg): 2.22 (1.3H, Hy2); 2.40,
2.90 (2m, 2H, Hs): 3.00 (dd, 2H, Hs); 3.77, 3.80 (28, 6H, OCHa); 6.66 (m, 2H, H; +
Hs).

¥C NMR (CDCls): 19.5, 21.0 (Cs, Ce); 24.0 (C1o); 26.7 (C12); 30.2 (Ca); 55.8, 55.5
(OCHg); 83.6 (C7); 107.0, 107.2 (C2, Cs); 122.7, 125.1 (Cus, Cea); 150.8, 1514 (C4,
C4); 170.5 (C44); 208.5 (Cy).

TLC : r.f. = 0.28 (Toluene/Ethyiacetate = 95/5)

HPLC: rt = 7.4 min .(Conditlons: Lichrospher 100 RP 18 (5um) 250 x 4 mm,
CH3CN/ H20 + 0.1 % TFA = 60 / 40; 1 mi/min; A = 214 nm; 20 pl of a solution 1.2

mg / 10 mi)
m.p.: 110-118°C.

[a],®: 46.3° (¢ = 1.0, CHCI3).

EXAMPLE 5

Synthesis of |

To a solution of acetate (68 g) In methanol (5 I) the Amberiite IRA-400 resin (OH)
(183 ml) previously activated by treatment with NaOH 30% (8 x 400 ml) and
washed with water (5 x 400 ml) and methanol (4 x 400 ml) was added. The
reaction mixture is stimed for a night at room temperature. After removal of the
resin by filtration and evaporation of the solvent under vacuum a solid residue was
obtained which after crystallisation from cyclohexane/ethylacetate, filtration and
drying gave 51.85 g of desired product. '
Yield: 92 % .

'H NMR (CDCh): 1.89 (m, 2H, Hs); 2.33 (s, 3H, Hig); 2.91 (m, 4H, Hg + Ha); 3.85
(s, 1H, OH); 3.77, 3.80 (2s, 6H, OCHs); 6.66 (s, 2H, Ha + Hs).

13C NMR .(CDCls): 19.2 (Cp); 23.9 (C1o); 29.7, 32.4 (Ce, Cp); 55.5, 55.8 (OCHa);
76.4 (C7): 107.0, 107.4 (C,, Ca); 122.7, 125.5 (Csa, Cea); ‘i51.1, 151.8 (Cy, Cy);
2123 (Cy).

TLC: rf. = 0.27 (Petrol ether/Ethylacetate = 80/20

HPLC : rt = 5.8 min (Conditions: Lichrospher 100 RP 18 (5um) 250 x 4 mm,

CH3CN/H20 + 0.1 % TFA = 50 / 50; 1 mUmin; A = 214 nm; 20 pl of a solution 2.5
mg/mi)
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.6 = > 99% determined by chiral HPLC (Conditions: 6hira|ce| OD 250 X 4.6 mm;
n-hexane / EtOH = 90 / 10; 1 mlU/min; A = 214 nm; 20 ul of a solution 1.35 mg / 10
mi)

m.p. : 126-129°C.

[0],® = 46.2° (c = 1.0, CHCl3)

OMe
AICIs, CH 00 AD-MIX 8
OMe
I m
OMe OH a :
' - 1) MeC(OM
— ) ’Hltuf)h _ c .
2) MesSiCI :
v v
OMe OMe
BusSnH OH"
ABN c =
OMs Me
vi I

SCHEME |
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Claims
1. Process for the preparation of anthracycline of formula Viil:

comprising the formation of the intermediate of formula (I):

R

L) OH

wherein: R = C,.3, alkyl
characterised In that sald intermediate of formula (1) Is prepared starting from a 5-

dlalkoxy-3,4-dlhydronaphthalene of formula (ll):
‘OR

]
wherein R = Cy.s alkyl
2. Process according to claim 1, wherein:
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a) the 5,8-dialkoxy-3,4-dihydronaphthalene of formula Il, according to Claim 1, Is
" acylated in a single step forming the corresponding acyl derivative (Iif)

5 n

Wherein R = C,.g alkyl
b) the acyl derivative (lIl} is enantioselectively hydroxylated to form the diol (IV)

10
Whereln R = Cy3 alkyl
Which is transformed by known methods in the tetralin of formula (1) ae defined in
claim 1,
c) the above sald tetralin is converted Into the anthracyclinone of formula Vil

15
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wherein R; = H, OH, OCHs, Rz = H, OH, O-acyl where the acyl is chosen among
formyl, acetyl, mono-, di- or tri-chloroacetyl and this Is finally converted into the
anthracycline of formula Viil, as defined in Claim 1, by known techniques.

3. Process according to claim 2 wherein R = methyl and R; = acetyl.

4. Process according to claims 2 and 3 whereln the acylation of (I} to (ill) Is
performed in acety] chloride In the presence of an excess of aluminium chloride at
—35°C - + 25°C.

5. Process according to cialm 4 wherein the acylation is performed at 0°C.

8. Process according to claims 1 — 5 wherein the enantioselective dihydroxylation
according to step (b) is performed using catalytic quantities of oemium using the
reactive AD-mix o with a further additon of an osmium salt and
methanesulphoneamide.

7. Process according to claim 8 wherein the osmium salt used is K20sO2(OH),.

8. Process according to claim 7 whereln the reaction is perfformed at -4 - +20°C.

9. Process according to claim 8 whereln the reaction is performed at 0°C.

10. Process according to claims 1 — 8 whereln the anthracyclinea of formula (VIit)
are: daunomicin (VIil, wherein R; = OCHs, Rz = H, Rs = X), doxorubicin (VIil
wherein: Ry = OCHj, R"; = OH, Ry = X), Phydrarubicin (VIll whereln: Ry=H, Rz2=H,
Rs = X) Pepirubicin (VIll, wherein: Ry = OCHs, Rz = OH, R; = Y), or a tetracycline of
formula Vil wherein: Ry = H, Rz = OH, R; = Z, whers X, Y and Z are as defined In
claim 1. '

11. Optically active compound of formula V

\'/
12. Optically active compound of formula VI
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A Stereoconvergent Synihasls of (+)-4-Demethoxydaunomycint
A. V. Rama Rao,* J. §. Yadav, K. Bal Reddy, and A. R. Mahendale

National Chemical Laborstory, Foona 411 008, india

Sharpless kinstic ssymmetric spoxidation on (1)-2-(1-hydroxyethyl)-5,8-dimethoxy-3,4-dihydronaphthelens [(8)]
followed by LIAIH, reduction gave RA<{~}-2<{S-1-hydraxyethyl}-2-hydraxy-5,8-dimethoxy-1,2,3.4-tetrahydronaph-
thalene [(--)-{10)] and the undesired antipode: the former was converted into A-{—)}-2-acetyl-2-hydroxy-5,8-
dimethoxy-1,2,3,4-tetrahydronaphthalene [R-{-}-{3)] while ths Istter was epimerized and recycled.

We have recently reported’ a number of .Inetho& for tha
synthesis of racemic anthracyclinones (1), the aglycones of
antitumour anthracyclines (2), such as daunomycinone (1a),

1 This work forms part of the Ph.D., Disscristion of K. Bal Reddy,
University of Pooua, July 1943. -

BNEDCCID: «XP__2188363A_|_»

4-domethoxydaunomycinone (1b), 11-deoxydannomycinone
(1¢), and 4-demethoxy-11-deoxydannomycinone (1d). How-
ever, studies on the structure-activity relationships have
indicated that 4-demethoxydauncmycin (2b), not available by
famentation methods, is ¢a. 10 times more effective than
tatural dsymomyein (2a) or adriamycin (2e) and clinical trials

\o
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method) of the racemic allylic alcohol (8) prepared from
benzoquinone. The undesired antipode (8b) is then
epimerized and recycled. Our presant metbod is exceptionally
umplelndenytoopemetonhesyntheuhofumtyof
aglycones in optically active form.

Diels-Alder reaction of benzoquinone with butadiene in
mudatmmmmm(rt)aﬂordedthelddu(l)
in 90% yield.¢ O-Methylation (Mezso.u K7COy, bailing
acetone, 4 h) gave 5,8-dimethoxy-1,4-dihydronaphthalenc?
(9. Bmumyudmmhonof(S)(BulOK MesSO, 1.t.,
N;) resulted in the formation of $,8-dimethoxy-3, 4
dihydronaphthalene (6) in 100% yield.t [Colourless crysials,
hexane, m.p. 70°C, 'H n.m.r. (CCl)) 8 6.83 (m, 1H, H-1),
6.63 (s, 2H, ArH), 5.85 (m, 1H, H-2), 3.80 (s, 6H, Me),
2127 (m. 4H, H-34)). Vnkmewr formylation of (§)
(POCY;, N,N-dimethylformamide, 80°C, 4 h) gave the

(4) aldehyde (7) (m.p. 9]—82‘6) Grignard mwonon('l)
o E:,o),s .;-'d. b, Ny -ﬂmled the (:)2-
hydro:ye 1)- imethoxy-3,

Qe (m.p. n—nm-’é: 1t.3 m.p. 78—79°C).

; Kinetic rewh.monof(:t)-(l)wclmed aout mt —55 to
@ ‘ —ﬁ‘c by treating (8) (1 mol. equiv. &;;) cnéc_:)! :qumulllly
with titanium tetraisopropoxide . -isopropyl-

X tartrate {L-(+)-DIPT], and t-butylhydroperoxide (TBHP) ina
: 1:1:0.6 molar mtio. The progress of the reaction was

monitored by titrating the comcentration of TBHP. After

{8) ReH tompletion of the reaction (10 h), the reaction was quenched

OMe (7) RaCHO with aqueous acetone maintained at —50°C. Usual work op?

& (8) R = CHIOH)Me pnnmm;ofmrodum(s)nnd(lb)whuhwudnaly

) jected to reduction [LIAIH,, tetrabydrofuran (THF), r.t.,

4 h] followed by chromato separstion (liliﬂ E. ben-
zene~acetone) to give R-(+)-(8b) {38% yield. °C.

[alp® + 20. 3' (¢ 0.5, E1OH)} end R-{-)-Z-(S-l-
hydroxyethyl)-2-bydroay-5,8-dimethoxy-1,2,3,4-tetrabydro-

naphthalene (—)-(10) {40% yield, m.p. 154—155°C, [a]p®

—49.4° (¢ 0.5, EtOH); it.* m.p. 154—155°C, [a]p® —49 T(c

0.30, EIOH)} The undesired antipode (+)—(lb)wlnm1ed'

by reacting with triphenylphosphine, diethyl azodicarboxyl-

OMa ate, and benzoic acid in THF to give the benzoate of (—)-(8a).

@b) R'a K Rle OH tion (silica_gel, heuno—ncuone) afforded (—)-(8a)

. yield, m.p. 86--88°C, [a]p™ —18.6"(c 0.5, EtOH)).

tion of (—){8a) [CHyCl;, —55 t0 ~50°C TIP, 1+)-

TBHP, N, followed by reduction with I.JAIH. ve ( —)-(m)

{83% ylekl m.p. 152—154°C, []p® —47.6" (¢ 0 S, EtOH)}

Onidation of (—)-(10) with Fetizon's re gio {
celite) R-(~ {m.p. 128—129°C, [a]p2® —48.8° (¢ l
CHCY); lit.® m.p. 130—132°C, [a]p® -50° (c 1, CHQLy)}).
Fusion of R<{-)-(3) with phthalic anhydride in an intimate
mixture of AlCly-NaCl (5:1) at 180 °C (2 min) and usual work
up gave {—)-4-demethoxy-7-deoxydannomycinone (11) {m.p.
21--28°C, [a]p® -84°C (¢ 0.1, CHCh); lit.!! m.p.
m—m'c [o]lp?® —87°(c 0.1, CHCI;)}

. As the conversion of (11) mtn (1b)12 and subsequently into
(2b) by mt;:nmnl methods!! has already been described, “i
are reported to be promising.2 Although numerous syntheses ~ consider that our approach constitutes & practical tota
of anthracyclinones have been reported, the ongml% amem- - Synthesis of optically active (2b).
blage of Wong et al.? for the tetracyclic system of as + cD .o )
coupling, making use of the key intermediate, 2-acetyl-2-
hydroxy-5,8-dimethoxy-1,2,3. Lteﬂlhydmnlphllllh:ene m(J)
oh:’nntunl ?n':f tl.;:m anlh:lc;elmonel mudl:lygn (l".'l:;l $ We are thankful to our colicagues, Jaweed and Sathaye for meking
uently, numerous approaches have been developed for ;\;:thle largs amounts of this product, M"&”’"“"""nﬁ";
the syathesis of (3) and this compound has been resOlved 10 a0, Coin. P 0. Cre ot . N Wenrenir 1 O St
obtain optically pure R-{(—)-(3).4 We now wish 10 report 8  Chems Commun., 1983, 954,
?‘mmmmmmd“mmﬂ'(‘)ﬂ)W' Mkmmpnalﬂamm-dmf

Ohte o

asymmetric epoxidation® (kinetic resolution  analyses.
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Functionalization of an A-Ring Side Chain
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A conveniem tota] synthesis of a new 7-deoxyidarbicinons derivative 21, the aglyeon of the anticancer ant-
biotic idarubicin anslogue, is described, Key features of the synthesis are the Fricdel-Crafts acylation and the
functionalization of an A-ring side chain. A synthon 14 for the A and B rings was prepared from inmermediate

6 in five steps.

Intreduction

The clinica) utility of the anthmacycline antitumor antibio-
ties’3”? such as doxorubicin (adriamycin) 1, dsunorvbicin
{dsunomycin) 2, end carminomyein 3 is well established
(Figure 1). However, their uses for cancer chemotherapy are
seriously hampered by their side effects, especislly by dese-
related cardioloxicity. Therefore, numerous synthetic efforts
have been devoted w0 overcome these disadvantages culmi-
nating in the development of artificial 4-demethoxyadrismy-
cin 4 and 4-demethoxydsunorubicin (idarubicin) 5, which
could show improved pharmacologlcal profile.' Since the
biological activity of the anthracyclines is critically depen-
dent on the functiona) groups at C-4, C-8, C.9, C-10, or C-
14 positions in an aglycon, extensive effors have been
devoted 10 functionalization of these positions. Some anthre-
cycline derivatives possessing fluorine atom or amine func-
tions, the most interesting and promising congeners in light
of the structure-activity relstionship® have bees synthesized
reeently 47™3¢ In more recent papers, we have also reported
the successful synthesis of verious enthracycline deriva-
livel.""'

Herein, we deicribe the total synthesia of 3 new 7-deoxy-
idanubicinone derivative 21, a potential prodrug’ of anthra.
cyclinone including an ester linkage of 14-OH in idarubici-
none with a butyric acid residue. Additionally, we wish to
des- cribe the synthetic studies on an AB-syntbon 14 neces-
sary for the synthesis of the aglycon.

L.AGisamcs 3, OMe. By OM

1. Dumavhizin 1, = OMe, Res i

1, Camimsupen M=M= 0N

4, d-Derncthgeystrinmyein i, = 1. By = OM
4, Massbainh [ Y Y ]

Figure 1. Some Dsunomycin Derivatives.
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Results and Discuesion

In the previous repors, we frequently used the Michae)
type reaction or the Friedel-Crafu scylation for the effective
construction of tewacyclic skeleton in anthracyclinone.’ In
this paper, we synthesized a new 7-deoxyidarubicinone de-
rivative 21 through the Friedo)-Crafis acylation®%-16 of the
preformed bicyclic AB-ing synthon 14 with D-ring phtha-
loyl dichloride (17) and the fimctionalization of C-)4 sitc in
the aglycon, For this target, our AB-synthon 14 was pre-
pared from teoalene (6) by the soquence depicied in scheme
). Tetralene {6) was obtained from tetralone by the known
procedure.'® Dasgupta and Ghatak reported the synthesis of
a.pmsstursied aldehyde 7 from a tetmlone through three
steps involving S-ketoacetals.'! But, we synthesized the al-
dehyde 7 ftom tetralene 6 using Vilsmeier-Haack resgem"
in one step. The Grignard reaction of sldehyde 7 with
methyimsgnesium bromide gave the addition product 8. The
double bond of 8 was subjectad to epoxidation with various
methods to produce epoxide 9. Becauss the epoxide 9 were
apt to be converted to undesired product when the material

nlsy S
N =gy I, A o= »
“‘u.n,'l:—m ! umReagy ,."'l-
I
11,0 8-y
- "

Scheme 1. (3) POCh. DMF, 0°C. (b) CHsMgBr, THF, 10 °C. {¢)
m<CPBA, CH:Ch, -10°C. (d) Method A) ~BuQOH, VO(acac), PhH,
n.; Mahod B) (+)-DIFT, Ti{OIPr). +BuOOH, CHCh. -T8"C =
0°C. (¢) LAH, THF. nt. {f) Ag+CO; on celite, FhH, reflux.
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was handle with in an air stmosphere, the mixed product was
directly used in the next reduction without scparation. The
first anempted method was applied by m-chloroperbenzoic
acid (m-CPBA) mediated epoxidation which was previgusly
reporied ™™ The cponidarion of ()-8 using m-CPBA for
the formation of racemate 11 was not succeysful and the un-
identified materials and reactants were mainly recovered,
probably due 10 the instability of the structure affeeted by the
sqong oxidant 1o prevent the desired intermediate. The sec-
ond method involved the epoxidation with teri-butyl hydro-
peroxide and a catalyric amount of vanadivm axyscetyl-
acetonate (VO(acac)) in benzene veported by Terashima er
al.’ The epoxidation of the racemic allylic alcohol ()-8
using Terashima method followed by reductive clesvage of
the unstable epoxide (+)-9 wes found to give the intermedi-
ate (£)-12/13 remaining some side products, The TLC spois
were Ry=0.75 (8), 0.5 (212/13), 0.3, and 0.27 (eluant: 50%
ethyiaceuwte in hexane). Therefore, we have also investigated
to analyze the structure of the side products. Through a care-
ful Nash column chromatography using silica gel in hexane/
_ ¢cthylacetate as chuant, we could isolate diasteromeric mix-
e of (£)-12/13 in 45% vyield based on (*)-8 and an isomer
of the side compounds (15/16), which were much less than
the desired products, in the ratio of about 1:5 determined by
'H NMR annlysis of the crude product. Direct recrysmlliza-
tion of the dissteromeric mixmure of ((£)-12/13) in ether
offorded the major dissiercomer ((£)-12, 39%) in a pure
state. The crude dinsteromeric mixture ((x)-12/13) showed
the two benzylic carbons as two strong signals at 29.] and
30.7 ppm and two petk signals at 27.3 and 33.1 ppm in the
C NMR spectrum. The intergration ratio for the two sets of

signals was found 1o be very similar w Terashima's resuls as——

96 : 4. The last two compounds (Ry= 0.3 ond 0.27) were also
- supposed to be diastereomers (2R°)-(15/16) having three
hydroxyl groups based on the following spectroscopic and
mass data: (a) two methine proton of 15 were observed mt
5 5.45 (3, 1H) and 4.78-4.83 (g, IH, J=63 Hz, C-1%),
wheress those of 16 were found et 5 5.08 (s, 1H) and 3.77-
3.80 (q, 1H, J= 6.6, C-1"); (b) three hydroxy! protons of 1S
or 16 were all disappesared when treating a few drop of D0;
(c) the GC/MS spectrum showed at m/z 268 (M), 206, 191,
164, snd )49. The formation of the isometr suggest that
hydrolysis of unstable epoxide 12 oceur in o moisture stmo-
sphere. The last method wes attempted under Sharpless con-
dition vsing (+)-diisopropyl D-taruate ((+)-DIPT), ritsnium
{(IV) isopropoxide (Ti(OiPr)d), sud rerr-butyl hydroperoxide
at =78 °C." Optically pure (2R)-(--)-122 was obwined from 8
in 42% yield through the asymmetric epoxidation followed
by reduction with lithium aluminum hydride. This method
way plways detected ca. 33% of unreacted material (8) due
to the kinetic tesolution, accompanicd with small amounts of

Olll?l (-]

due

11u
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Scheme 2. (3) AICh, PRNO;, 80-100 °C. (b) PHT, THF, 11, 24 hna.
{c) 1% NaOH. MexCO, refiux. (d) BuCO:H, DCC, DMF, .

side-products as described above, Oxidation of (£)-12 or (=)
12a with Fetizon resgemt'® in benzene afforded (£)-11 snd
()14 m 90% and 78% yields, respecrively. The physical
snd spectral properties of (£)-11 or (~)-14 were identical in
all respects with the literature. ™ 13r<1%

DA-125 conuining & S-alanine residie developed by
Dong-A Phermaceutical Co., Ltd. (KR) was prepared by
pucleophilic displacement coupling using 8 N-Boc-f-alani
sodium salt and a C-14 bromodsunomycin in acetone/water.
The DA-125 prodrug was found 1o have higher anticancer
activity and less cardiotoxicity than the previously reported
dounorubicin family.' Therefore, we wish 1 also prepars a
new anthracycline derivative through the functionalization
of the C-14 position in & 7-deoxyidarubicinone. It had been
previously esmblished that phthaloyl chloride (17) could be
condensed regiospecifically with some AB-ring moieties in
respectable yields."*¢ After condensation of 17 and (-)-14
based on our published papens™™ to afford 18 in good
yields, bromination of C-14 site with pyrrolidone hydromi-
bromide (PHT) in THF'? gave 19 in $0% yield. Hydrolysis
of 19 with |% NaOH in refluxing acetone gave mainly 20 in
53% yield. The esterification!® of the product 20 with butyric
scid under dicyclohexylearbodimmide (DCC) and 4-dimethyl-
aminopyridine (DMAP) in dry NN"-dimethylformemide gave
21 (5194) as & msjor product and trace amount of unidenti-
fied materisls. Since introduction of the 7-OH group ina 7-
deoxysnthracyclinons hay been reportad previously in two

L4

¢

steps,® tha developed route could provides aglycon of .

new idsrubicinone derivative.
Experimental Section

All reactions were run under dry nitrogen or argon stmo-
sphere with oven~dried glassware, unless specified other-
wise, All solvents were carefully dried and distilled by lite-
muture procedure® prior to use. Bulk grade hexane was dis-
tilled prior 10 use. Merck pre-coated silica gel plates (Ar.
5554) with fluorescent indicator were used as analyticsl
TLC. Gravity column chrometography and flash colunan chro-
matography were carried out on silics gel (230400 mesh
from Merck).

'"H NMR and 'C NMR spectra were recorded on 2 JEOL



776 Bull Xureon Chem. Soc. 2000, Vol, 21, No. 8

INM EX-400 spectrometes. Proton chemical shifts (5) were
reported in ppm downfield from teramethylsilane (TMS),
and C reconsnce were recorded using the 77.0 ppm CDCl,
resonance of the solvemt ag an imemal reference and re-
ported in ppm downfield from TMS. Infrared specra were
recorded on a Nicolet S-DXB series FT-IR spectropholome-
ter. Mass specera were obtained on & JEOL JMX-DX 300
specrometer by the electron impact or a Hewlen Packard
5972 series mass sclective’ detector. Optical rottions were
measured with JASCO DIP-360 spectrophotometer. Melting
points were determined in capillary wbes on a Biichi 510
mehing point apparatus and were uncorrected.

5,8-Dimethoxy-3,4-dihydro-2-naphthalencarbaldehyde
(7). Phosphorus oxychloride (630 ml., 67.6 mmol) was
added slowly to stirred dimethy!\formamide (20 mL) a1 0 °C.
The mixtire was warmed to room temperamre, sturred for
20 min, cooled to 0°C, and added dropwise via s double-
tipped needle into a solution of naphthalene 6'° (8.57 g, 45.0
mmol) in dimethylfermamide (50 mL) st 0 °C. The ice bath
wag removed, and the orange reaction mixture was heared to
reflux for 2-3 hrs. Afler cooling to 0 °C, a solution of sodium
acewte (24.52g, 0.18 mol) in water (80 ml) was added
slowly. The mixwre was refluxed for 30 min, coofed 1o room
temperature, and cxtracted with diethy] ether (2 x 100 mL).
The combined organic layers were washed with water, satu-
rated aqueous sodium bicatbonate, and brine. Afier drying
over anhydrous magnesium sulfate, the solution was concen-
mwated to give 7 (7.17 g, 73%) as light yellow needles: mp
92.94°C; 'H-NMR (CDCl) § 9.76 (s, 1H, CHO), 7.70 (s,
1H), 6.88 (d, /=8.79 Hz, 1R, ArH), 6.76 (4, 1H, J=8.79
He, ArH). 3.85 (s, 3H, OCHa), 3.81 (s, 3H, OCR;), 2.84 (1,
2H, J= 6,54 Hz, CHy), 2.50 (t, 2H. J = 8.54 Hz, CH:); C-
NMR (CDC);) 6 193.01, 150.92, 15026, 140.36, 138.02,
127.43, 122,09, 113.86, 108.50. 56.05, 55.84,20.01, 18.19; IR
(film) 3052, 3005, 2952, 2824, 1655, 1481, 1252, 1085 em™";
MS (m/z) 218 (M*), 189 (M-29), 174, 159, 144, 13], 115,

(£)-1(5,8-Dimethoxy-3 4-dihydro-2-naphthalenyl)-1-eth-
anol (8). To a stirred solution of sldehyde 7 (8.97 g, 41.1
mmal) in tetrabrydrofuran (100 mL) st 10 °C was added drop-
wise a solution of methylmagnesium bromide (20.5 mi,
6).6 mmol, 3.0 M in ether) under nitrogen atmosphere, The
reaction mixwre was stirred at room temperawre for | hr.
After completion of the reaction by monitored on TLC, satu-
rated squeous ammanium chloride was sdded and the mix-
ture Wat extracted with ether (2 ¥ 100 mL). The extracts
were combined, dried over anhydrous magnesium sulfate,
and evaporated. The residue was recrysullized from cyclo-
hexane to give 8 as coloriess needles (8.67 g, 90%): mp
78°C; 'H-NMR (CDCl,) 6 1.34 (d, JH, J=6.35 Hz, CH3),
2.25 (m, 2H, CH3,), 2.44 (s, 1K, OH), 2.76 (m, 2H, CH>),
3.77 (s, 6H, 20CH)), 4.42 (q, 1H,J= 3.4 Hz, CH), 6.68 (4,
1H, ArH), 6.64 (d, 1R, ArH), 6.77 (s. 1H, CH); "C-NMR
(CDCly) 8.150.3, 149.4, 143.8, 124.5, 12).9, 1153, 109.2,
108.5, 77.4, 56.0, 22.17, 215 20.9; IR (film) 3402, 2938,
2838, 1474, 1252, 1098 cm™'; MS (m/fz) 234, 216 (M-18),
201, 175, 14}, 128 115.

l-(d.‘J-Dimetho:y-l 5,23, 7b-tetrahydronaphtho]l.2-b]
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oxiren-1-yl)-1-ethanol (9).

Attempted condition with (+)-8 and m-CPBA: A mix-
ture of 8 (300 mg, 1.28 mmol) and m-CPBA (70%, 0344 g,
1.54 mmol) was dissolved in 50 mL of methylene chioride and
stirred at -10 °C for 2 bry, The reaction mixture was diluled
with 50 mL of methylene chloride and washed successively
with 10% agueous sodium carbonate sohstion and brine,
dried over anhydrous sodjum sulMate. This method was at-
temnpted under several different conditions. But, neither of
these procedures was succeasful for the epoxidation, and
only unidentified materials were mamly obtained.

(157)-1-I(1sR",7bR")-4,7-Dimethoxy-1a,2,3,7b-tetraby-
dronaphtho]),2-bloxiren-]1-yi}-1-ethancl ((£)-9). serr-Buty)
hydroperoxide (0.45ml., 6,0 M solution in decans, 2.77
mmol) was added to » mixture of )-8 (0.72 g. 3.07 mmol)
and vanadium oxyacetylacetonate (0.11 g, 0.43 mmol) in
benzene (100 ml), and the whole was atirred at room 1em-
persture for 45 min, Concentration in vacuo gave 8 crude
minure ag 2 yellow oil. Because the resulting mixnye was
quite unstable, the mixed product was immediately osed for
the next reduction without fusther purification.

(1'S)-1-{(1aR,7bR)4,7-Dimethoxy-15,2,3, 7b-tetrahydro-
naphﬂ:o[l}b]nml-yﬂcﬂnn—l-ol (9. (+)-Diisopro-
pyl D-tartrate (89.8 pL., 0.43 mmol) was added at-75°C o a
solution of titanium (IV) isopropoxide (127.0 ;il., 0.42 mmol)
in methylene chloride (20 mL) under argon stmosphere. A
solution of the olefin 8 (0.5 g, 2.13 mmol) in 0 mL of meth-
ylene chloride was then added, and the resulting mixture was
stirred at -75 °C for 30 min. Zert-Bury] hydroperoxide (356.0
4L of 6.0 M solution, in decane, 2.13 mmol) was then added
over 8 period of 15 min, and the reaction mixwre was stitred
a1 -75 °C for 1 hr, and allowed to reach 0 °C over 2 further
period for 2 hrs. The organie solvent was concentrated by a
rolavapor to give (—)-9 s oil that could be used directly n
the preparation of (~)-12a without further separation.

2-(1-Hydroxyethyl)-5,0-dimethoxy-1,2.3,4-tetrshydro-2-
naphthalenol ((£)-12) and Its Jsomer ((2)-13) from (&)-9.
A solution of above crude {£)-9 (0.75 g, 3.01 mmol) in tet-

rahydrofuran (5 mL) was added dropwise o a suspension of
lithium sluminum hydride (023 g, 6,06 mmol) in tetrahy-
drofuran (10 mL) at 0 °C and the whole was stirred at room
temperarure for 8 hrs. The reaction mixwre was allowed o
warm to room temperature before being cooled to 0°C,
quenchod with ZN-sodium hydroxide (SOmL), and the
upper orgenic phase was scparated. The aqueous phase was
further extracted with ethylacetate. The organic extracts were
combined and washed successively with water and brine,
end dried over magnesium sulfate. Filvation and concentra-
tion in vacuo gave 3 crudemixture of wo pair of disstereo-
mets (12/13, 15/16), which was purified by flash chroms-
wgraphy (hexane/ethylacetate = 2/1 — 1/1) 1o give 15 (ca.
3.6%), 16 (ca. 18.1%), and 12/13 (0.35 8. 45.2% from 8) as
s white powder. Since sepanation of the a diastereomeric
mixture of (£)-12/13 (mp 142-148 "C) was not carried out
throughout purification, this sample should consist of the
two diasteromers in the ratio of 96 :4 determined by C
NMR snalysis of two benzytic carbons. The *C NMR spec-
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tum of this sample supported this nssumprion. '*C NMR (in
CDCL): 29.1 (€, or ), 30.7 (Cy or C.) for ()12 and 27.3
(Cy o1 Ca), 33.) (Ca or Cy) for (£)-13 (this ratio of two sets of
signals was 96:4). The remaining portion of the crysmis
(350 mg)- was direcxly reerystellized from diethyl ether o
give pure (&)-12a as white crystals (302 mg, 39%): mp 150-
153 °C, (1it.™ 154-155 °C); "H-NMR (CDCly) 5§ 1.28 (d, 3H,
J=63 Hz, CHj), 1.57-1.98 (m, 2H, CH:), 2.59-2.54 (two 3,
2H, OH), 2.70-3.00 (m, 4H), 3.72 (g, 1H. /= 6.3 Hz, methine
), 3.77 (a. 3H, OCH;), 3.79 (s, 3H, OCH)), 6.64 (s, 2H,
ArH); BC-NMR (CDCY;) §151.9, 1513,126.1, 1242, 107.],
72.8,72.2, 55.6,30.7,29.1,19.8, 17.1; IR (film) 3338, 2945,
1481, 1252, 1084 em™'; GC/MS (m/z) 252 (M*), 234 (M-
H,0), 207 (100), 189 (38), 175.

(15" 2R")-2-|(15")-1-Hydroxyethyl}-5 8-dimethoxy-1,23 4=
tetrahydro-1,2-nsphthalencdfol ((%)-15). Spectral daa
of (%)-18: 'H-NMR (CDCl) & 1.31 {d, 3H, J=6.25Hz,
CH;), 1.68-1.74 (m, IH, CH), 1.80 (bs, LH, OH), 2.08-2.15
(m, 1H, CH), 2.20 (bs, 1H, OH), 2.61-2.69 (m, 1H, CH),
2.96-3.01 (m, 1H, CH), 3.78 (s, 3H, OCH,), 3.79 (s, 3H,
OCHj), 4.78-4.83 (q, 1H, J= 635 Ha, methine H), 5.45 (s,
1H, mechine H), 6.67 (d, 1H,/=8.79, ArH), 6.78 (d, 1H,J=
.79 Hz, ArH). GC/MS (m/z) 268 (M*), 206 (100), 191, 180,
164, 149,

(1R",25")-2-|(15")-1-Hydroxyethyi]-5.8-dimethoxy-1,2,3 4~
tetrahydro-1,2-naphthalenediol ((x)-16). Specusl dam
of (£)-16: 'H-NMR (CDCL) & 1.30 (d, 3H, /=635 Hz,
CH)). 1.64-1.71 (m, I1H, CH), 1.93-2.05 (m, 1H, CH), 2.55
(bs, 1H, OH), 2.71-2.89 (m, 2H. CHai), .29 (bs, 1H, OH),
3.77-3.80 (q, 1H, J=6.83 Hz methine H), 3.78 (s, 3H,
OCHy), 3.82 (s, 3H, OCH,), 4.25 (bs, 1H, OH), 5.08 (s, IH,
methine H), 6.71 (s, 2H, ArH); GC/MS (m/z) 268 (M"), 206
(100), 191, 180, 164, 145,

(2ZR)-2«((1'S)-1-Hydroxyethyl)-5,8-dimethoxy-1,2 3 4-tetra-
hydro-2-naphthalenol {(-)-12a). Reaction of asbove un-
stable (—)-9 and lithium aluminum hydride (20.0 mg, 0.53
mmot) in tetrahydrofursn (20 mL) as described for the pro-
paration of (+)-9 yielded unreacted 8 (0.17 g, ca. 33% reeo-
vered), (~)-13 (023 g, 42% yield from 8) as a pale yellow oil
that crystallized oa stonding, mp 128-130 °C (white powder
from ether/hexane), and smaill amounts of 15 and 16, The
compound (—)-12a had 'H and ’C NMR, IR, and mass data
as reported above, [alp™ -36.7° (c = 0.9, CHyOH). (lit™ [alo
-49.7* {c = 0.3, ethanol), lit** {a)p -34.3° (c = 1.2)).

1-{2-Hydroxy-5 8-dimethoxy-1,2,3,4,-tetrahydro-2-naph-
thalenyl]-1-cthanone ((x)-11). Fetizon reagent (silver car-
bonare on cclite 50 wt (34), 1.0 mmol of Ag2COson 1.0 g of
the reagent)'® (8.52 g, 8.52 mmol) was added to a benzene
solution (SO mL) of (£)-12 (0.43 g, 1.70 mmol), snd the
mixture was heated at reflux for 30 min, then cooled. An
insoluble material was filtered off and washed with benzene
(50 mL). The combincd filrate and washings were concen-
trated in vacuo, giving brown oil. The regidue was purified
by flash chromarography (hexane/ethylacetate = 3/1) to give
11 (0.38 g, 90%) as eclorless crystals: mp 100-102 °C; 'H-
NMR (CDCly) & 1.83-2.05 (m, 2H, CH), 2.32 (s, 3H, CH;),
2.75-2.99 (m, 4H), 3.62 (s, 1H, OH), 3.76 (s, 3H, OCH,),
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- 3.79 (s, 3H, OCHy), 6.64 (4, I1H, J=8.79 Hz, ArH{), 6.67 (4,

1H, J=8.79 Hz, ArH); IR (film) 3480, 1700, 1452 em™; GC/
MS (m/z) 250 (M"), 232 (M"-Hz0), 207 (100). Those spec-
tral properties were identicat with those reported,™'>

1-[(ZR)-2-Rydroxy-5 8-dimethoxy-1,23 4-tetrahydro-2-
naphthalenyl]-1-ethanone ((—)-14). Oxidation of (~)}-12a
(230 mg, 0.91 munol) with Fetizon reagent'? (3.64 g, 3.64
mmol) as described for the preparation of (+)-11 yielded 177
mg (78%) of optically pure (-)-14 after purification by crys-
wllization in hexane: mp 128-130 °C; [a)c™ 48.2° (c = 0.98,
CHCL), (Jit'"™ mp 127-128.5 °C, [a)n™ 49.7° (c = 0.5, etha-
nol), lit™* 128-129 °C (a]p® -48.8° (¢ = 1.0, CHCl;)). This
sample exhibited the ssme spectral (IR, 'H NMR, and mass
dats) properties'®*!* a3 described above.

{8R)-8-(Z-Bromoaceryl)-6,8,11-trihydroxy-5,7,8,9,10,12-
hexahydro-5,12-nsphthacenedione (19). 7-Deoxyidar-
bicinone (=)-18 ([oJp® -84.4° (c = 0.1, CHC), 97%ee, lIn'™
(oo™ -87.0° (c = 0.12, CHCh) (035 g, 0.99 mmol) which was
successfully obuined from previously reponted papers®™¥
and pyrrolidone hydrotribromide (0.54 g, 1.09 mmol) were
placed in tetrahydrofuran (50 mL) and stirred ot 23 °C for
24 lws, The reaction mixrure was diluted with methylene
chloride (50 mL), washed with water and brine, dried over
anhydrous magnesium sulfate. The mixare was concen-
traled in vacuo to give red residue 19 (0.37 g, 86%): mp 170-
171 *C; '"H-NMR (CDCl,) & 13.44 (3, 2H, OH), 8.34 (m, 2H,
ArH), 7.84 (m, 2H, ArH), 4.38 (s, 2H, CHy), 2.86-325 (m,
4H, CH;), 2.05-2.19 (m, 2H, CHa); GCMS (w/z) 431 (M"),
413,352,

(8R)-8-GlyeolyF6:8,1 1-trihydroxy-5,7,8.9,10,12-hexa-
hydro-5,12-nsphthacenedione (20). A med residue 19
(030 g, 0.70 mmof) was dissolved in scetone (30 mL). ARer
the acetone solution had been made alkaline (pH = 8) by the
addition of 1% NaOH (1 mL), it wes refluxed for [0 min
and concentrated in vacuo. Water was added to the residue,
ond the squeous Mmixture was extracted with methylene chio-
ride, washed with water and brine, dried over umydm.
magnesium sulfate, filered, and concentrated in vacuo to
afford crude produet as & solid. Flash column chromatogra-
phy (hexane/ethylacetate = 1/1) afforded a pure 20 (021 g,
80%) a5 red powder: mp 192 °C; [alo™ +49.9° (¢ = 0.004,
CH;OH); 'H-NMR (DMSO-dy) § 13.44 (3, 2H, OH), 834
(m, 2H, ArH), 7.72 (m, 2H, ArH), 4.75 (s, 2H, CHy), 2.36-
3.25 (mn, 4H, 2 x CHh), 2.05-2.19 (m, 2H, CHa}; IR (film) 3449,
2918, 2851, 1736, 1676, 1588, 1461, 1259, 1165, 1071 cxo™;
GC/MS (m/z) 368 (M™), 350 (M*-H,0), 310, 292,

2-Ox0-2-[(ZR)-2,5,12-trihydroxy-6,11-dioxo-1,2,3.4,6,11-
bexshydro-2-naphthacenyljethyl butyrste (21). Di
cyclohexylcarbodiimide (0.42 g, 2.04 mmol) was addea to &
sohution of 7-deoxyidarubicinone 20 (025 g, 0.68 mumol),
butyric acid (124.0 L, 1.36 mmol), and catalytic amount of
4-dimethylaminepyridine (DMAP) (0.10g, 0.81 mmol) in
dry dimethylformamide (15 mL). The reaction mixture was
allowed to stir ot room temperature for 6 hrs, at which time
the mixture was evaporated in vacuo. The residue was dis-
solved in methylene chloride (S0 mL) and waghed with water
(80 mL) and brine (2 x 50 mL). After drying over magne-
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siumn sulfate, flash column chromatography (hexane/ethyl-
scetate = 3/1) gave 71 (0.27 g, 90.6%) as a red xolid: mp
169-170 °C: 'H-NMR (CDCl,) & 13.48 (s, 2. ArOH), 8.33-
8.34 (m, 2H, ArH), 7.81-7.84 (m, 2H, ArH), 5.1 (s, 2H,
CHy), 29-3.6 (m, 4H, 2 x CH;), 2.45 (1, 2R, J=732Hz,
CH,), 1.93-2.34 (m, 2H, CHj), 1.63-1.83 (m, 2H, J=
732 Hz, 7.81 Hz, CH:), 1.01 (t, 3H, J= 732 B2, 7.8]1 Hz,
CH,): IR (filmm) 3429, 2925, 2858, 1723, 1635, 1582, 1467,
1273, 1085, 1017 em™; GC/MS (m/z) 438 (M"), 420 (M-
Hi0), 368.
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Short-Step Asymmetric Syntheses of Anthracycline
Antibiotics via Enantioselective Dihydroxylation by
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Abstract: Shor-sxp ssymmesric synthases of (+)-7-dehydrgay-4-demethoxydaenomycinone 4 snd (-)-9-descelyl-7-
dehydroxy-i-demethoxy-§-hydroxymethyldaunomycinone 5 were accomplished vin enanticselective
dilbrydroxylation by asmium setroxids with chiral dismine 13,

The clinical utility of the anthracycline antitumos antibiotics such as adriamycin (doxorubicin) 1 and
daunomycin (deunorubicin) 2 is well established.! The 4-demethoxy series of compounds 4 and 5 have been
developed as artificial anthracyclines of improved phamnacological profile. Since the biological activity of the
enthracyclines is critically dependent on the chirality at C.9, extensive cfforts have bean devoed o asymmetric
construction of this chiral center in the desired absolute configuration.2: 3

We have reponied the highly enantioselective dihydroxylstion of olefing by osmium tetroxide with a chiml
diamine 13.4 Employing our system, diols of exceptionally high ee can be obtained from mono-, lrans-di-, and
trisubatituted olefins. The enantioface selection is shown by the general presentation in Fig. 2, Since both (+)-
and (-)-13 are readily accessible in oplically pure form, this method provide a powerful tool for the synthesis of
optically active alcohols in high-ee with desired absolute configuration from achiral olefins. In order to
desnonstrate the synthetic utility of our method, ssynmetsic syntheses of the anthracyclinones were exmmined.
We describe herein the deisils of succeseful short-siep asymmelric syntheses of (+)-7-dehydroxy-4-
demethoxydaunomycinone 4 and its hydroxymethyl analog (-)-9-deacetyl-7-dehydroxy-4-demethoxy-5-

1da i 5.
hydroxymethy! o uwgﬁlm OMe

i 1. A:-ymmalric Syntheses ol Anthvacyclines .

10807
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Syntheiic Plan

Optically active 7 and 8 are the most common key intermediates for the synthesiy of anthracyclines because
it can be easily vmnsformed into tetracycline skeleton by Friedel-Crafis condensation 1o afford 6 snd 4,
respeciively. Our originel plan for the asymmetric synthesis of 7 and 8 is 10 construct the stereocenter by
enantioselective dihydroxylation of 10 and 11 followed by reductive removal of benzylic hydroxyl group.
Applying the peneral preseniation of the asymmetric dihydroxylation in Fig. 2, (-)-13 should be employed as a
chiral diamine in order to obtain 7 and 8 with desired absolute configuration,

Ph, Ph 080, - (+)-13
R %J:NJN::LH' u

(13
=~ -

Rt o Os0,
H R2
n'\,_an /ﬂ'>_<n' /
0o ?’o Ph 'H!FP

m\,Cn:é"N ::’-%%T R'BI_I“ "

o HO OW
P —J 080, - ()18
Fig. 2. Enantiosslective Dihydroxylation of Olefins with OsO, with Chira) Diamine 13

Enantioselective dihydroxylation of dihydronaphthalenes was studied with regard 10 the effect of vinylic
substituents on efficiency in ssymmetric induction. Treament of dihydronaphthalene with osmium tetroxide (1.1
eq) in the presence of (-)-13 (1.2 eq) in THF (0.0l M) at -110°C for 6 h and the foliowing reductive hydrolysis
of the resultant osmate with sodium bisulfite in refluxing aqueous THF, provided the corresponding diol, The
optical purity and absolute configuration were determined by their conversion to 7 and 8. As shown in Table 1,
both 10 and 11 were oxidized in satisfaciory ee with predicied absolwte configuration (Run 1, 2). Howe
dihydroxynaphihalene with an ethylene acetal group provided the diol in only 35 % ee (Run 3). The steric size of
the substituents apparently affecied the enantioselectivity. Since 7 and 8 are the importani key intermediates for
the synthesis of anthracyclines, this enantioselective diydroxylstion was proved to be effective in constructing
the requisite chiral centers of anthracyclines. The successful results in the enantioselective dihydroxylation of 10
and 11 prompied us 10 accomplish the asymmetric syatheses of (-)-9-deacetyl-7-dehydroxy-4-demethoxy-9-
hydroxymethyldaunomycinone 3 from 10 and (+)-7-dehydroay-4-demethoxydaunomycinone 4 from 11.

Table 1. Enantioselective Dihydroxylation of Dihydronaphihaienes by OsO4 with {-)-13

Run Olefin__ [aJ5*(CHCI3) () (%) yield (%)
1 10 -35.3 85 9%
2 11 -17.6 R 7 9%
3 12 - 245 36 77
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Synthesis of 9-Deaceryl-7-dekydroxy-4-demethaxy-9-hydroxymethyldaunomycinone 5

Total synthesiz of (-)-9-deacetyl-7-dehydroxy-4-demethoxy-9-hydroxymethyldaunomycinone § was
perfarmed as shown in Scheme 1. The diol 14 oblained by enantioselective dihydroxylation was treated with
triethylsilane in trifluoroacetic acid to provide 7 {85 % ee, [a)5-29.5° (CHCI3): t.5 {a]F-34.5" (CHCI3)} in
94 % yield. Friede)-Crafis condensation was carried out with phthaloyl dichloride-aluminum chioride in
nitrobenzenc® to provide tetracyclic core skeleton 6. Recrystallization from loluene guve practically optically pure
6 {{0)-57.2" (CHCI3Y: kiL? [a]h-60.0° (CHC13)] in 68 %. This three-step procedure is the shortest route via
asymmetric synthesis 10 obtain 6, which is a versmiile key intermediste for the synthesis of anthracyclines with
correct absolute configuration. We tranaformed € into 9-deacetyl-7-dehydroxy-4-demethoxy-9-
hydroxymethyldaunomycincne 5. To overcome the solubility problem, 6 was benzylnsed with benzyl bramide to
obiain 15. Reduction of ester was performed by successive hydrolysis and diborane reduction. Debenzylation
by camlytic hydrogenation afforded optically pure 5 {[a)5-31° (dioxane), liL3K ([a]3-32° (dioxane)) in overall
22 % yield from 6.

OMe OMa OH OMe

COOMe 1) (.}13080, ! E1,SiH COOMs

O‘ 2) aq.NaHS0, - OF,CO0H
OMe 10 OMe 14 OMe »

O OH O Omzd
e QOO0 - Q000
AICl, PhNG, NeH

o OH O Omal 5

0 OBzl 0O OH
1) aq,KOH ' CHOH HyOH
2) (BH,)p O‘O‘ - vy Q‘e‘ o

o oBa . O OH 5

Schemme 1. Asymmetric Synthesis of 5

Synthesis of 7-Dekydroxy-4-demetharydaunomycinone 4

Total synthesis of (+)-7-dehydrony-4-demethoxydaunomycinone 4 was performed as shown in Scheme 2.
The diol 18 obtained by enantiosclective dihydroxylation was treated with triethylsilane in rrifluoroacetic acid 10
provide 19 as a 3:4 diastereomeric mixture which was then oxidized with sulfur rioxide-pyridine complex and
triethylamine in dimethylsul{oxide to0 afford 8 (82 % ee, [u.]#-39.3‘ (CHCl3): e [a]:p’-ﬂ.r (CHC13)) In 68
% overall yield. Friedel-Crafis condensation with phthaloyl dichloride-aluminum chloride in nitrobenzeneS to
provide the teracyclic core skeleton 4. Recrystallization from benzene afforded 4 | [a]f,”HSO' (dioxane); lie.?
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{o)3+157° (dioxane)) in optically pure form. ‘The presemt four-siep asymmetric synthesis in optically pure form
constitutes the shortest route 10 4, Elaboration of 4 to 4-demethoxydaunomycin is established technology.?

OMe OMe OH OMe OH
COMe 1) (.)-13:080, A SOMe  EnsH Me
@‘ 2) 8q.NaHSO, " CFyCOOH

Ome M OMe 18 OMe 43
OMe

Py-50,, E4N OMe

——s H

OMe »

Sunmary

The shortest asymmetric syntheses of (+)-7-dehydroxy-4-demethoxydaunomycinone 4 and (-)-9-deacetyl-
7-dehydroxy-4-demethoxy-9-hydroxymethyldaunomycinone 5 were accomplished via ensnlioselective
dihydroxylation by osmium tetroxide with chiral diamine 13. These syntheses proved ths! enamicselective
dihydroxylation mediated by the chiral dismine 13 is effective in consiructing the requisiie chiral cemers of the
twget molecules.

Experimental Section

Mehing poinis were measured using & Biichi 510 melting point apparstus and are not comrected, Opiical
rotations were taken with & JASCO DIP-370 digital polarimeter. IR specia weye nken with & JASCO TRA-)
infrared spectrometer and expressed in cm-1. TH-NMR spectra were taken with a JEOL FX-100 spectromeser al
100MHz. Chemical shift values are expressed in ppm relative to internal teramethylsilane, Abbreviations are as
follows: 3, single1; d. doublet: t, wriplet; q, quartier; m, multiplet, br, broad. MS spetra were taken with a JEOL
DX-300 mass spectromeier. '

(18,2R)-Methyl 1,2,3.4-Tetrahydro-1,2-dihydroxy-5,8-dimethoxynaphthaiene-2-carboxylate
(14)

Ta a cooled (-78°C) solution of the chirul diamine ¢(-)-13 {80 mg, 0.17 mmol) in THF (6 mi) was adked &
solution of osmium tetroxide (40 mg, 0.16 mmol) in THF (3 mi). A solution of 18 (37 mg, 0.14 mmo)) in THF
(5 ml) was added to the bright wine-red solution above at -110°C and the whole was stirred for 6 h at the same
temperature. Sodium bisulfite (1.0 g) and water (2 ml) was added to (he reaction mixiure and the whole was
stirred for 10 h mnder reflux. The reaction mixture was basifled with NeHCO3 and concenirated. The res:dae
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was suspended in ethyl acetate (50 ml) and fillered through Celite pad. The water layer of the filurate was
exmacted with ethyl acewte (20 mi x2) and combined organic layer was washed with brine and dried over
Nu2504. Concentration and following purification by silica gel column chromatograplyy (benzene-ethyl acetate,
10V1 10 1/1) gave chiral diamine 13 (77 mg, 96 ) and diol 14 (40 mg, 95 %) as a caramel of [a)};-35.3"
(c=0.80, CHCI3). IR {CHCI3): 3550, 1740. 'H-NMR (CDCl3) 8: 2.0-2.3 (2H, m, CH2), 2.8-3.0 (2H, m,
CH2). 3.7-3.9 (11H, m, OCH3, OH), 5.29 (1H, 5. CH), 6.73 (2H, &, A1). MS m/z: 282 (M*), HRMS Caled
for C14H1806: 282.1100. Found: 282.1068.

(2R)-Methyl 1,2,3,4-Tetirahydro-2-hydroay-5,8-dimethoxy-naphthalene-2-carboxyiste (7)

A mixwure of diol 14 (23 mg, 0.078 mmol), iriethylsilane (0.016 ml, 0.093 mmol), and trifluoroacitic acid
{04 ml) was stired &2 0°C lor 20 min.  Satd.NaHCO? (10 mD) and ethyl aceiaie (30 mi) was added 10 the mixture
and the organic Iayer was washed with sptd.NaHCO3 and brine. Afier drying over Na2504 and concentration,
the residue was purified by silica gel column chromatography (hexane-ethyl acetate, 20/1) to afford 7 (20.3 mg,
94 %) as & carsmel of [a]}-29.5" (c=2.03, CHCl3), (85 %ee, S [al}f-34.5" (c=1.24, CHCI)). R
(CHCla): 3550, 1730. 1H-NMR (CDCI13) &: 1.9-2.1 (2H, m, CH3), 2.7-3.0 (SH, m, CH3 OH), 3.76 (3H. 5,
CH30). 1.78 (3H, s, CH30), 3.82 (3H, 5, CH30), 6.64 (2H, 5, Ar). MS m/z: 267 (MH*), 266 (M*), 248
(M+-H20).

(2R)-Methyl §,2,3,4,6,11-Hexahydro-2,5,12-1rlhydroxy-6,11-dloxonaphthacene-2-
carboxyiate (6)

To u solution of 7 ([u]g-ZD.S' {c=2.03, CHCl3), 85 %ee,10 mg, 0.038 mmol) in nitrobenzens (1 ml) was
added a solwtion of aluminum chioride (10 mg, 0.075 mmol) in nitrobenzene (! mi) and the mixnme was stimred
for 30 min at room temperawre. Phihaloyl dichloride (7.6 mg, 0.037 mmol) was added (o the resulting green
solution and the whole was stimed a1 100°C for 30 min. §.2N oxalic acid {10 m!) and ethy] acetate (20 mi) were
added to the resulting purple selmion and the whole was filtered throngh Celite pad. The waler layer was
exwracted with ethyl acetate {20 ml x3) and the combined organic layer was washed with satd.NaHCO3 (20 mi
x2), brine (20 ml), After drying over MgSO4, concentration followed by silica gel column chromatography
(benzene-dichloromethane, 1/4) afforded 6 {11.0 mg, 80 %) as red prisms of mp 198-203°C. [a]’D"-SI.O'
{c=0.10, CHCl3), [85 Sbee). Recrysiallization from toluene (0.1 mi) a1 -78°C gave red prisms (9.4 mg, 68 %) of
mp 209-210°C. [a]}-57.2" (¢=0.10, CHCI3). {1it.7 mp 210.5-211.5°C. {x]}-60.0" (c=0.10, CHCI3)}. IR
(KBr): 1730, 1620, 1590. 'H-NMR (CDCI13) &: 2.0-2.2 (2N, m, CH2), 2.9-3.1 (5H, m, CH2,0H), 3.88 (3H,
s, CH30), 7.8-7.9 (2H, m, Ar), 8.3-3.4 (2H, m, Ar), 13.49 (2H, 3, ArOH). MS nvz: 368 (M*).

(2R)-Methyl 5,12-Bis(phenylm ethoxy)-l.l,!.d.‘.l 1-hexahydro-2-hydroxy-6,11-
dioxonaphihacene-2-carboxylate (15) '

A suspension of NaH (60 % dispersion in oil. 25 mg, 0.62 mmol) in THF (1 ml) was sdded 10 & solution
of & (100 mg, 0.27 mmoal) in THF (100 ml) at -78°C under Ar aimosphere and allowed to stand st room
temperature. Tetra-n-bulylammonium iodide (220 mg, 0.60 mmol) and benzy! bromide (0.5 ml, 4.2 mmol) were
added to the reaction mixture and the whole was stirred under reflux for 5 h. After adding 10 % HC] (20 ml). the
whole was extracted with ethyl acetaie {20 ml x3). The combined orpanic layer was washed with 10 % HO (20
mi), satd. NaHCO3 (20 m1), brine (20 ml).and dried over M;SQ4. Purification by silica gel column
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chromstography (benzene-dichloromethane, 1/0 1o 1/4) followed by recrystallization from benzene afforded 15
(137 mg, 92 %) as yellow prisms of mp 191°C. [a]ﬁi-rZS' (c=0.12, CHCI3). IR (CHCI3): 1730, 1670. 1K-
NMR (CDCl13) §: 1.8-2.0 (2H, m, CH2), 2.9-3.0 (SH, m, CH3, COH), 3.80 (3H, 5, CH30), 5.03 (4H, s, CH3).
7.3-7.8 (124, m, Ar), £.2-8.3 (2H, m, Ar). MS m/z: 548 (M), 530 (M*-H20). Andl. calcd for C34H2307:
C, 74.44; H, 5.14. Found: C, 74.28; H, 5.10.

(2R)-5,12-Bis(phenyilmethoxy)-},2,3,4,6,11-hexahydro-2-hydroxy-6,11-djoxonaphthacene-2-
carboxylle acid (16)

3 % KOH (0.45 ml, 0.24 mmol) was added to a solution of 18 (93 mg, 0.17 mmel) in THF-MeOH (3:1, 4
ml) and the whole was stired for 1 h. Afier adding 10 % HC) (5 rul), and the whole was extracied with ethyl
aceiate (20 ml x3) and washed with water (10 m) x3), brine (10 mi) and dried over MgSO4. Purification by silica
g¢) column chromatography (dichloromethane-methancl, 8/1) efforded 16 (70 mg, 77 %) as a caramel. [0)5-
27° (c=0.55, CHC13). IR (CHCI3): 1670, 1720. 'H-NMR (CDC)3) 8: 1.8-2.1 (2H, m, CH?2), 2.7-3.1 (4H, m,
CH3), 5.00 (4H, s, CH2), 6.1 (2H, brs, COOH, OH), 7.0-7.8 (12H, m, Ar), 8.0-8.2 (ZH. m, Ar). MS m/z:
534 (M*). HRMS Calcd for CazH2607: 534.1679. Found: 534.1631.

(BR)-6,11-Bis(phenyimethoxy)-7,8,9,10-tetrahydro-8-hydroxy-8-hydroxymethyl-§,12-
naphthacenedione (17)

Diborane (1M in THF, 0.37 ml, 0.37 mmol) was added to a solution of 16 (20 mg, 0.037 mmol) in THF
(2 ml) at 0°C and the reaction mixture was stirred for 4 h at room tempemture. 10 % HCl (20 mY) was added 1o
the mixmre and the whole was stirred for | h at room iempersture. Afier extraction with ethy) aceiate (20 mi x3),
the organic layar was washed with 10 % HC) (20 mi), satd. NaHCO3 (20 ml), brine (20 ml) and dried
Na2504. Purification by silics gel column chromatography (benzene-ethyl acetate, 3/3) afforded 17 (10 mg,
%) 28 yellow prisma of mp 170°C. [x)3-37" (c=0.32, CHCI3). IR (CHCI3): 1670, 1400. VH-NMR (CDC13)
&8 1.5-2.0 (2H, m, CH2), 2.7-3.0 (SH, m, CH2, OH), 3.44 (1H, s, OH), 5.04 (4H, 5, CH?), 7.3-7.6 (10H. m,
Ar), 7.7-1.8 2H. m, Ar), 8.2-8.3 (2H, m, Ar). MS m/z: 521 (MH*), 520 (M1), 502 (M+-H20). HRMS
Caled for C33H2806: 520.1886. Found: 520.1906.

(8R)-7,8,9,10-Tetrahydro-6,8,11-trihydroxy-8-hydroxymethyl-5,12-naphthacenedlone (9-
Deacetyl-7-dehydroxy-4-demethoxy-9-hydraxymethyldsunomycinone 5)

A mixmre of 17 (5 mg) and palladium on carbon (10 %. 2 mg) in dioxane-cthanol (1:1, 2 ml) was stirred
for 12 h at room 1emperature under hydrogen atmosphere. Filistion followed by purification with silica get
column chromatography (dichloromethane-acetone, 4:1) afforded 5 (2 mg, 61 %) ns red prisms of mp 233-
236°C. []5-31° (c=0.20, didxane).{lit 3k mp 235-238°C. [a]5-32" (¢=0.06, dioxane).] IR (dioxane): 1630,
1590. 1H-NMR (pyridine-ds) 8: 2.0-2.5 (2H, m, CH2), 3.0-4.0 (8H, m, CH2, OH, singlet mt 4.02), 7.6-1.7
(2H, m, Ar). £.3-24 QH. m, Ar). MS mvz: 340 (M*). 308 (M*-CH20H), 291 (M*+-CH20H-H20). HRMS
Caled for C19H 1606: 340.0947. Found: 340.0959,

(1R,2R)-2-Acetyl-1,2.3,4-1etrahydro-5,8-dimethoxynapbthalene-1,2-dlol (18)
To a cooled (-78°C) solution of the chiral diamine {-)-13 (98 mg, 0.21 mmol) in THF (10 ml) was added a
solution of osmium tetroxide (48 mg, 0.19 mmol) in THF (1 ml). A solution of 11 (40 mg, 0.17 mmoD) in THF



BNBDUCID:. «XP_ _ 2108366A_ | >

Syntheses of anthracycline antibiotics 10813

() ml) was added to the bright wine-red solution above at -110°C and the whole was stirred for & h a1 the same
temperature. Sodium bisulfite (0.20 g) and water {4 ml) was added to the reaction mixture and the whole was
stired for 14 h under reflux. The reaction mixture wag basified with NaHCO3 and concemumied. The residun
was suspended in ethy] sceme (50 ml) und filicred Yrough Celite pad, The water layer of the filunte was
extracted with cthyl acetate (20 m] x2) gnd combined organic layer was washed with brine and dried over
Ne2804. Concentration and the following purification by sitics gel column chromatography (benzene-ethyl
acetate, 10/1 1o 1/1) gave chiral dismine 13 (94 mg, 96 %) and diol 18 (44 mg, 96 %) as a carame!l of [a]f-
17.6° (c=).10, CHCI3). IR (CHCl3): 1710, 1600. 1H-NMR (CDC13) & 1.7-2.1 (24, m, CH2), 2.39 (3H, &,
CH3CO0), 3.7-39 (2H, m, CH2), 3.8-4.0 (8H, m, CH30, and OH), 5.31 (1H, 5, CH). 6.72 (2H, s, Ar). MS
mfz: 267 (MH1), 266 (M*). HRMS Calcd for C14H1805: 266.1154. Found: 266.1174.

{2R,1'R) snd (2R,)'S5)-1,2,3,4-Tetrahydro-2-(1-hydroxyethyl)-5,8-dimethoxynaphthalen-2-ol
(19)

A mixtare of diol 18 (17 mg, 0.064 mmol), wiethylsilane (0.14 ml, C.08% mmol), and wrifluoroacetic acid
(0.7 mi) was stirred at -20°C for 12 h. Said.NaHCO3 (10 m)) and ethyl acetate was added 1o the mixiure and the
organic layer was washed with satd. NaHCO3 and iyine. Afier drying over Na2504 and concentration, the
residue was purified by silica gel column chromatography (hexane-ethyl acemte, 3/1) to afford 19 (125 mg, 78
%) as a caramel. IR (CHCl3): 3400-3450, 1600, 1480. IN.NMR (CDCI3) &: 1.25 Gisomer: 127) (3H, d,
J=THz, CH3), 1.5-2.0 (SH, m, CH, CH3, OH), 2.5-2.,9 (4H, m, CH2), 3.77 (3H, s, CH30), 3.78 (3H, s,
CH30), 6.63 (2H, 5, Ar). MS m/x: 253 (MH), 252 (M¥). !H-NMR showed the ratio of isomers was 3:4.

(2R)-2-Acetyl-1,2,3,4-tetrahydro-§,8-dimethoxynaphthalen-2-0t (8)

Triethylamine (0.32 ml, 2.3 mmol) and sulfur trioxide-pyridine complex (130 mg, 0.82 mmol) were added
to & solution of diol 19 (20 mg, 0.080 mmaol) in DMSO (0.2 ml). After adding 10 % HCl (10 ml) and ethyl
acetate (50 mi), the organic layer was washed with 10 % HC1 (10 mi), satd. NaHCO3 (10 mi x2), brine and dried
aver Na3S04. Concentration followed by purificmion by silica gel column chromawogmphy (benzene-ethyl
acetate, 7/1) afforded § as colorleas prisms (8.8 mg, 57 %) of mp 122-125°C. [a)h-39.3" (c=0.88, CHCI3)(82
%ee, lit.d mp 128-129°C, [a]’.?-u.z' {c=0.982, CHC13)]. IR (CHCI3): 1710, 1490. JH-NMR (CDC13) &
1.8-2.1 (2H, m, CH2), 2.30 (3H, s, CH3CO), 3.61 (I1H, s OH), 3.79 (3H, s, OCH3), 3.82 (3H, s, OCH3),
6.71 (21, 5, Ar). MS m/z: 251 (MHH), 250 (M*), 232 (M+-H20).

3,4-Dihydro-5,8-dimethoxy-2-(1-methyl-2,5-dioxan-1-yl}naphthslene (12)

A mixture of kewone 8 (36 mg, 0.16 mmol} , ethylene glycal (96 mg, 1.5 mmot) and p-toluenesutfonic acid
{3 mg, 0.016 mmal) in benzene (13 mJ) was stirced under reflux azeotropically for 12 h. The reaction mixture
was diluted with cthy) acetate (40 ml) and washed with sa1d NaHCO3 (10 ml), water (20 ml x2), brine (20 ml)
and dried aver MgS0O4. Concentration followed by purification by silica ge! column chromatography (benzens)
afforded 12 as & caramel (47 mg, 99 %). IR (CHCI3): 1660, 1600. 1H-NMR (CDC13) 5: 1.54 (3H, s CH3),
2.1-2.3 (2H, m, CH2), 3.78 (6H, s, OCH3), 3.8-4.0 (4H, m, CH3), 6.68 (2H, s, Ar), 6§98 (1H, 5. CH). M§
m/z 276 (M¥). Caled for C16H2004: 276.1361. Found: 276.1384,

(1S,2R)-3,4-Dihydro-5,8-dimethoxy-2-(1-methy)-2,5-dioxan-1-yl)naphthalene-1,2-diol (20)
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To a cooled (-78°C) solation of the chiral diamine (-)-13 (60 mg, 0.13 mmol) in THF (8 ml) was added a
solution of osmium tetroxide (29 mg, 0.12 mumol) in THF (1 mi). A solution of 12 {29 mg, 0.11 mmol)) in THF
(2 ml) was added to the bright winc-red solution above at -110°C and the whole was stirred for 2 h at the same
temperature and then 4 h at -78°C. Sodium bisulfite (1.0 g) and water (S ml) was added 1o the reaction mixture
and the whole was stirmed for 12 b under reflux. The reaction mixture was basified with NaHCO3 and
concenirated. The residue was suspended in ethyl acewus (30 ml) and filtered through Celite pad. ‘The water layer
of the filtrate was extracted with ethyl acetxte (10 ml x2) and combined organic layer was washed with lrine and
dried over Na2804. Concentrmied and purification by silica gel column chromalography (dichloromethane-cthy]
acetate, 6/1) afforded diol 20 (25 mg, 77 %) as a carame] of [u]§-24.5' (c=1.24, CHC13). IR (CHCl3): 3500,
1600. !H-NMR (CDCl3) §: 1.46 (3H, s, CH3), 2.1-2.3 (2H. m, CH2), 2.7-2.9 (2H, m, CH32, OH), 3.56 (1H,
s, OH), 1.77 (3H, 1, OCH3), 3.84 (3H, s, OCH3), 4.02 (4H, s, CH2CH?2), 5.14 (1H, s, CH), 6.70 (2H, s,
Ar), MS m/z: 311 (MH*), 310 (MY). HRMS Caled for C16H2206: 310.1415. Found: 310.1410.

{2R)-2-Acety)-1,2,3 4-tetrabydro-5,8-dimethoxynapbthaien-2-0f (18) from ketal 20

* A solution of ketal 20 (19 mg) and 10 % HCl (0.4 ml) in THF (4 mJ) was stirred for 2 d at room
tempersture. The mixture was dliuied with ethyl acetate (90 mi) and washed with sa1d NaHCO3 (10 mi), ixine
(20 mi) and dried over Na2S04. Concensation followed by silica gel column chromatography (benzene-cthyl
acetste, 10/1) gave 18 (14.3 mg, 88 %) & a caramel of {a]5-7.7° (c=1.43, CHCI3). (36 See based on the
optical rotation of Table 1 Run 2).

(RR)-8-Acetyl-7,8.9,10-tetrahydro-6,11,8-1rlhydroxy-5,12-napbthacenedione (4-Demethoxy-7-
dehydroxydsunomycinone 4)

To » solution of B ([u]},’-39.3' (c=0.880, CHCl3), 82 % ce, 15 mg, 0.060 mmol) in nitrobenzene (2 ml)
was added a solution of aluminum chloride (16 mg, 0.12 mmol) in nitrobenzene (0.5 ml) and the mixture was
stirred for 30 min at room temperature. Phthaloyl dichloride (12 mg. 0.060 mmo!l) was added to the resuluing
orange solution and the whole was stimed at 100°C for 1| h. 0.2N oxalic acid (10 mi) and chloroform (30 mI)
were added to the resuhimg pwple solution and the whole was filiered through celite pad. The water layer was
extracted with chioroform (10 mi x3) and the combined crganic layer was washed with satd. NaHCO3 (20 ml x2),
brine (20 m)). Afer drying over M504, concentration followed by silica ge) cohrmn chromatography (benzene-
dichloromethane, 1/3) afforded 4 (16 mg, 76 %) as red prisms of mp 209-215"C. [a]§-73.0‘ (c=0.14, CHCla),
{81 %ee). Recrystallization from benzene (0.5 ml) gave red prisms (9.0 mg, 53 %) of mp 217-218°C. [a}%'
-86.2" (c=0.10, CHCI3), {(96 Teee, 1iL? mp 218-219.5°C, [a}5)-90.6" (c=0.106, CHCI3)}. IR (KBr): 3400,
1700, 1620, 1H-NMR (CDCl3) &: 1.7-2.2 (2H, m, CH3), 2.39 (3H, 1, OCH3), 2.8-3.5 (4H, m, CH2), 3.80
(1H, 2, OH), 7.7-7.9 (2H, m, Ar), 8.2-8.5 (2H, m, Ar), 1349 (2H, s, ATOH). MS m/z: 352 SM"'). 309 (M*-
COCH3). '

The authors are grateful 10 Dr. Shiro Terashima, Sagami Chemical Research Center, Tokyo, Japan, for
providing samples.
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2-Acetyl-5.8-dimethoxy-1,2,3,4-1etrahydro-2-naphthol (4), the key synthon for the total synthesis of various antitumor
anthracyclinones. has been prepared citber from 1.4-dimethos yasphthalene and making use of metal-ammonia reduction or
from benzoquinonc and going through Dicli-Alder resction with 1.3-butadiene. 4 is then converied inte ()4

demethaxydsunomycinone (3).

In the field of anthracyclines as anticancer agents! , the
synthetic analogue, 4-demethoxydaunomycin (3a) has
assumed considerable clinical importance as it is found
to be 8 to 10 times more effective than naturally
occurring daupomycin (1a) or adriamycin (2s)?.
Further, 3a is orally active® . As there is no possibility
of obisining 3a by fermentation, and many suvitable
methods for the synthesis of L-daunosamine including
two of our approaches* either starting from glucose or
glucosamine and its coupling to the aglycone (4
demethoxydaunomycinone, 3b), have ‘already been
accomplished? , our main efforts have been directed
towards evolving a convenient synthesis of the
aglycone (3b). Amongst several approaches® towards
the synthesis of both daunomycinone (1b) and 3b, the
method first employed by Wong er al.” for the
assemblage of the tetracyclic system by AB + CD

coupling seems to be most promising. It involves the
preparation of 2-acetyl-5,8-dimethoxy-1,2,3,4-tetrs-
hydro-2-naphthol (4) representing the final AB rings
and its condensation by acylation with phthalic
anhydride corresponds to CD rings in the teuracyclic
system. Various methods have since been reported for
the synthesis of 4 which can be smoothly converted
into 4-demethoxy-7-deoxydaumomycinone (5)°. We
now report an efficient and a much simpler approach
towards 4 ecmploying casily accessible organic
intermediates. Precise experimental procedures for the
successful elaboration of such products have been
outlined in view of their interesting application for the
synthesis of other anthracyclinones. )
Our first approach for the synthesis of 4 was from
1,4-dimethoxynaphthalene (6) and used of mectal-
ammonia reduction as the key sicp as depicted in

1 :R=OMe; R'*H
2 tR=0Me ;R =0H
3 1 RsR'=H

*NCL Communication No. 3687

Xase Hl . XbeH
H Nl-lg
H
H .
H
8
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2 QO QO
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Me OMe OMe OMe
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= Pocl,
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10 )11 12
Scheme 1

Scheme 1. Thus metal-ammonia reduction of 6 cither
with lithium in liguid ammonia or lithium in
cthylenediamine or potassium in ethylenediamine
resulted in the recovery of starting material (in
different gram atom equivalents). However, 6 on
reduction with potassium in liquid ammonia, followed
by quenching the reaction mixture with cthanol
afforded 5,8-dimethoxy-1,4-dihydronaphthailene (7).
The various attempts to acylate the ethylenic double
bond in 7 to achieve B (e.g. acetic anhydride-BF,-
etherate, acetic anhydride-AlCl;, acetyl chloride-
SnCl,, acetyl chloride-ZnCl,, acetic acid-PPA eic)
which could then be casily epoxidised and redutively
opened 10 give the desired 4, resulted in a complex
mixture. Jn view of this it was decided to isomerise the
olefinic bond in 7 to the conjugated position as in 9 in
the hope that 9 will be more prone 1o such acylation
reactions. 7 on treaiment with potassium r-butoxide in
dimethyl sulphoxide under nitrogen atmosphere at
room temperature resulted in the formation of 5,8-
dimethoxy-3,4-dihydronaphthalene (9) in almost
quantitative yield. After several unsuccessful attempts
to acylate 9, it was found that using N,N-
diphenylacetamide-phosphorous  oxychloride in
chloroform resulted in the formation of 2-ace1yl-5,8-
dimethoxy-3, Mihydronaphlhaknt (10) in 10% yiek.
Attempis 1o improve the yicld of 10 by varying the
conditions of Vilsmeier-Haack reaction were
unsuccessful. Catalytic hydrogenation of 18 using 5%
Pd/C resulted in the formation of 2-acetyl-5, §-
dimethoxy-1,2,3,4-tctrahydronaphthalene (11) in 90%,
yield. Tertiary hydroxylation at C-2 position in 11 was
achieved by treating 11 with potassium s~butoxide in 1-
butanol and bubbling oxygen followed by reduction
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with zinc/acetic acid” to give the desired (+)-2-acetyl-
5,8-dimethoxy-1,2,3,4-tetrahydro-2-naphihol (#) in
607 yield. It was evident that this approach is not
svitable to obtain 4 in reasonable quantity,

Earlier .it was demonstraied® that 9 underwent
formylation under Vilsmeier-Haack conditions using
dimethylformamide and POCl, 10 give 2-formyl-5,8-
dimethoxy-3,4-dihydronaphthalene (1Z) which could
be smoothly transformed to 4 by appropriate
reactions. However, 12 itself was obtainable through
multistep operations® . This approach, therefore, was
not attempted.

In yet another approach (Scheme 2} Diels-Alder
reaction of p-benzoquinone with 1.3-butadiene
glacisl acetic acid at room temperature afforded the
adduct (13) in 907 yield. Methylation of 13 (Me,;SO,-
K ; CO;-acetone method) afforded 5.8-diméthoxy-1.4-
dihydronaphthalene(7) in 907, vield. This product was
identical in 8]l respects with that obtained by metal-
ammonia reduction on 1.4-dimethoxynaphthalene (6).
Base-calalysed isomerisation of 7 with potassium -
butoxide in DMSO afforded 9 in quantitative yield.
Vilsmeier-Haack formylation (POC1,-DMF, 80" of 9
gave 12 in more than 90%, yield. Grignard reaction on
12 with methylmagnesium iodide in cther afforded
{ £)-2«1-hydroxyethyl)-5.8-dimethoxy-3.4-dihydro-
naphthalene (14) in 66%, overall yield.

Epoxidation of 14 unng -butyl hydroperoxide.
vanadyl acctylacetionste in benzene al room
temperature followed by reduction with lithivm
aluminium hydnide ip tetrahydrofuran at room
temperature afforded the vicinal diol (16). Fetizone
oxidation'? of ( +)-16 resulied in the formation of (+)-
4 in very pood yield. Further conversion of ()4 10 4
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demethoxydsunomycinone (3b) was achieved a5
depicted in Scheme 3.

Compound (4) was converted into 4-demethoxy-1-
deoxydaunomycinone (5) in 70% yield®. The
hydroxylation of the C-7 benzylic position in 5 was
achieved by literature procedure via bromination of
the corresponding triacetate (17), using 1,3-dibromo-
5,5-dimethylhydantoin'®. Treatment of the bromo
compound (18) with silver trifluoroacetate in
trifluorcacetic acid at room teinperature gave 19 in
30%, yicld. Various modifications made at this stage
did not improve the yield of 19. Hydrolysis of 19 with
sodium hydroxide in THF yielded ( +)-4-demethoxy-
daunomycinone {3b) in 40%; yield. The PMR and other
spectral data of 3b are in complete agreement with the
carlier reported datal!.
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‘Thus the total synthesis of { +)-3b was accomplished
by a practical and preparatively useful method.

Experimental Procedure

Melting points are uncorrected. IR spectra were
recorded on a Perkin-Elmer model 683 spectrophoto-
meter and PMR spectra on either Varian T-60 or
Varian FT-80 spectrometer (chemical shifts are given
in 4 scale) using TMS as an internal standard. Mass
spectra were recorded on a CEC 21-110B mass
spectrometer. ! )

Analytical thin layer chromatography (TLC) was
performed on (15x4 cm) glass plates with Acme's
silica gel and visualisation of the spots was achicved by
exposure to iodine vapour. For column chromatog-
raphy Acme’s silica gel (60-120 mesh) was used. All

9
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solvents and reagents were purified and dried by
standard techniques.

(a) 5,8-Dimethoxy-1.4-dihydronaphshalene (7)

To a stirred and cooled (—33°) solution of 1.4
dimethoxynaphthaiene (6, 0.53 g, 2.8 mmol) in liquid
ammonia {20 mi) was added potassivm metal (0.672 g,
6 gram atom ¢q.) in portions during 10 min. After
stirring for 30 min at 33° the colour of the reaction
mixture changed from blue to brown. Stirring was
continued for further 3 hr at room temperature when
most of the ammonia was evaporsted. The reaction
wes quenched by adding absolute ethanol (25 ml)
dropwise and stirred for 30 min. Ethanol was removed
in vacuo, water (25 mi) added and extracted with
chloroform. Evaporation of chloroform gave a
gummy residue, which on chromatography over silica
gel (benzene - hexane, 1:9) afforded pure 7 (0.213 g,
407, as colourless needles, m.p. 53° (lit.'? m.p. 50°);
PMR (CCl,) : 3.20 (d, 4H, benzylic ~CH,), 3.73 (s,
6H, 2 x OCH; ), 5.80 (1, 2H, vinylic CH), 6.47 (s, 2H,
aromaticy M* 190 (Found; C, 76.1; H, 7.5. Calc. for
C,,H,,0;: C, 7158 H, 74%). Alterpatively 7 was
prepared in 90% from p-benzogquithione-butadiene
adduct (13) as follows:

(b) Toa solution of p-benzoquinone (54 g, 0.5 mol)in
gl acetic acid (500 m)) was introduced hquid butadiene
(81 g, 1.5 mol) at 0%, the reaction mixture allowed to
stand a1 room temperature for 36 hr, and poured over
crushed ice with stirring. The colourless compound
that precipitated was filtered and dried to obtain 13(73
& 90%). ‘

A mixture of 13 (64.8 g, 0.4 mol), dimethyl sulphate
(126 g, 1 mol) and potassium carbonate (200 g, 1.4 mol)
in dry acetone (1 litre) was refluxed for 48 hr. Usual
work-up afforded a solid which was crytallised from
methanol to give 7(68.3 g, 90% ) as colouriess needles,
m.p. 51° (lit.’? m.p. 50°). *

5,8-Dimethoxy-3,4-dihydronaphthalene (9) .

To a solution of 7(0.57 g, 0.003 mol) in dry dimethyl
sulphoxide (2.5 ml) was added potassium t-butoxide
(40 mg, 0.00036 mol) and stirred under nitrogen a1
room temperature for 6 hr. The reaction mixture was

poured over crushed ice and the solid separated was*

filiered, and crystallised from hexane to give 9(0.56 g,
9874 as colourless plates, m.p. 70°, PMR (CCl, ) 2.2 -
2.7 (m, 4H, Hs on C-3 and C-4), 3.73 (s. 6H, 2x
—OCH,), 5.93, 6.83(m, 1H each, Hs on C-2and C-1),
6.53(s, 2H, aromaiicx, M * 190(Found: C, 75.7;H, 7.4.
CI;H |401 l'ﬂquinl C. 75.& H. 7.‘“.).

2-Aceryl-58-dimethoxy-3,4-dihydro-
naphthalene (10)

To a solution of 9(0.95 g, 5 mmo)) in chloroform (5
ml) was added a reagent (5 ml), prepared by mixing
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N,N-diphenylacetamide (2.1 g, 10 mmol) and POCl,
(1.61 g, 16.6 mmol) in chloroform (5 ml). The reaction
mixture was refluxed for 4 hr, saturated aq. sodium
acetate added and extracted with chloroform. Drying
(Na,SO,) and evaporation of chloroform gave a
gummy product, which on chrgmatography on silica
gel (hexane - benzene 9:1), gave 10 (0.094 g, 107() as
yellow ncedles, m.p. 102° (lit.'° m.p. 104°); PMR
(CDC1, ) 2.37 (s, 3H, COCH,), 2.23-2.83 (m, 4H, 2
xCH,), 3.76 (s, 3H, OCH,), 3.83 (5, 3H, —OCH,),
6.43, 6.66 (dd, J = 8 Hz, 2H aromatic), 7.60 (s, 1H,
olefinicy, M* 232 (Found: C, 72.1; H, 6.9. Calc. for
Ci.HIQO;'. C, 724 H, 6-8%).

2-Acetyl-5,8-dimethoxy-1,23 4-tetra-
hydronaphthalene (11) )

A solution’of 10 (1 g, 0.004 mol) in ethanol (25 m.
and 5% Pd/C (0.1 g) was hydrogenated at 20 psi and
room temperature with mechanical shaking for 5 hr.

.The catalyst was {iltered, washed with ethanol (10 mj)

and the combined ¢thano] solution evaporated to
dryness. The colourless residue was crysiallised from
cthanol-pet. ether (2:1) 10 give 11 (0.9 g, 90%), m.p. 81-
82° (lit.”.m.p. 81-82*%; PMR (CDCl,) 22 (s, 3H,
COCH,;),2.2-3.2(m, 7H,3 xCH, & CH), 3.73(s, 6H, 2
x OCH,), 6.46(s,2H, Ar-H}; M* 234 (Found: C, 71.8,
H, 1.1. Calke. for CI4H||°3.: C. 11-3; H. 7.7%).

(1)-2-Acetyi-5,8-dimethoxy-1,2,3,4-tetra-
hydro-2-naphthol (4)

A solution of 11 (0.57 g, 2.45 mmol) in dry +-butyl
alcohol (5 ml) was added to an oxygen saturated
solution of potassium s-butoxide in 7-butanol (45 m]).
Dry oxygen was bubbled into the solution for 5 min,
while keeping the reaction at 35°. The solution
cooled to 0° and glacial acetic acid added unu:.‘::.
became acidic. Zinc dust {2 g) was immediately added
and the solution stirred at room temperature for 6 hr.
Zinc dust was filtered off and the filtrate concentrated
on a rotary evaporator to give a residue which was
diluted with water and extracted with chloroform. The
chloroform layer was dried (Na,SO, ), evaporated and
the residue crystallised from methanol-ether to give 4
(0.6 g, 60% ) as colourless needles, m_p. 99° (lit.® m.p.
97°% PMR (CDCl, ) 1.85 (1, 2H, C-3H), 2.3 (s, 3H,
—COCH, ), 2.76 (1, 2H, Ar—-CH,), 2.8 (bs, 2H, Ar
—~CH,), 3.4(bs, IH, —OH, D,0 exchangeablk), 3.66
(l. 3H, -“:H;) 3-73(3. 3,“. "WH;). 6-6“, 2“. Ar-
H) IR (CHCl, ) 3200 (OH), 1685 cm ~* (C=0}k M*
250 (Found: c. 67.& H. 7.2. Cale. for C..H“O‘: C.
62.2; H, 7.2%).

5,8-Dimethoxy-3,4-dihydro-2-naphthal-
dehyde (12)

To @ precooled (0} solution of 9 (38 g, 0.2 mol) in
dimethylformamide (80 ml) was added Vilsmeier-



Haack reagent prepared from POCI, (46 g, 0.3 mol)
and DMF (36.5 g, 0.5 mol). The reaction mixture was
heated at 80° for 3 hr and the hot solution poured over

crushed ice. The solid that separated was filtered,’

washed with water, and dried and crystallised from
methanol to give 12(39 g, 90%) as light yellow plates,
m.p. 91-92° (lit.* m.p. 91-92°), PMR (CCl, ) 2.03-2.90
(m,4H, Hs on.C-3 and C-4), 3.7(s, 3H, OCH, ), 3.76 (s,
3H,OCH,), 6.5(dd, 7 = 8 Hz, 2H, Ar-H), 1.33(1, 1H,
vinylic H), 9.36(s, 1H, aldehydicy; M* 218 (Found: C,
71.6; H, 6.6. Caic. for C,3H,,0,: C, 71.§ H, 6.47,).

2{1-Hydroxyethyl)-58-dimethoxy-3 4-di-
hydronaphthalene (14)

To a solution of methylmagnesium iodide (60 ml, 35
g, 2.1 mol) in ether, a solution of 12(21.3 g, 0.1 mol} in
ether (600 mI) was added through a syringe under
nitrogen at 10° and then stirred at room temperature
for 1 hr. Saturated aluminium chloride sohition (100
ml) was added and the mixture stirred for 20 min. The
organic layer was separated, washed with water, dried
(Na,SO,) and concentrated 10 give (1)-14 as a
semisolid, which crystallised from, pet ether in
colourless needles. (21.1 g, 90%), m.p. 78-79° (lit. m.p.
78-79*), PMR (CDCl, ). 1.3 (d, J = 6Hz, 3H, CH,-
CHOH) 1.73(bs, H, —OH, D,0 exchangeable), 2.06-
2.36 (m, 2H, Hs on C-3), 2.56-2.86 (m, 2H, benzylic
CH,), 3.7(s, 64,2 x —OCH,;),4.1 -4.5(q, 7 = 6Hz,
1H, —CH,—CH-OH), 6.43 (s, 2H, Ar-H), 6.53 (bs,
1H, vinylic H; M* 234 (Found: C, 71.9; H, 7.8. Cale.
for C14H|.03: C. 71.8; H. 7.7./.).

2-Hydroxyethyl-2-hydroxy-5,8-dimethoxy-1,-
2,3, 4-tetrahydronaphthalene (16)

To a solution of 14(4.68 g, 0.02 mol) in benzene (100
mi) was added vanadyl acetylacetonate (0.1 g, 0.003
mol) followed by -butyl hydroperoxide (70%) (6 ml,
0.045 mol) at room temperature, and stirred for 4 hr.
Benzene solution was washed with water and dried
(Na,SO,). Removal of solvent on rotavapour gave 15
as a thick light brown gummy material which was
subjected to LAH reduction as such. .

To a solution of 15 in dry tetrahydrofuran (100 mb),
LAH (1.14 g, 0.03 mol) was added in portions during
30 min and stirred for 3 hr. Saturated sodium

carbonate solution was added at §° and the contents

were stirred for 30 min. The solid separated was
filtered and washed with chloroform. The filtrate on
evaporation of solvent gave a semisolid which was
crysiallised from benzene to give colourless needles of
+)-16 (3.53 g, 70%), m.p. 145° (lit.® m.p. 145-46°);
PMR (CDCl, X 1.25 (d, J = 6Hz, 3H, CH,—~CHOH),
1.5 - 2.12 (m, 4H, 2H on C-3 and 2x OH, after D,0O
exchange integration reduced to half), 2.44 - 2.93 (m,
4H, Hs on C-1 and C-4), 3.75 (g, |H merged with
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methoxy groups, CHy~CH=OH), 3.75 (s, 3H,
—0OCH,), 3.76 (s, 3H, OCH,), 6.56 (s, 2H, Ar-H).

(+)-2-Acetyl-5,8-dimethoxy-1,2,3,4-tetra-
hydro-2-naphthol (%) _

To the Fetizone reagent (20 g) (silver carbonate on
celite powder) was added dry benzene (250 ml) and 16
(3 £, 0.012 moi). The contents were refluxed for 2 hr,
filtered hot, benzene solution concentrated and passed
over a column of silica gel with benzene as eluent to
afford (+)-4, (1.8 g, 60%), m.p. 99° (lit.* 97° lit.'°
100-1°).

{ £ )-4-Demethoxy-1-deoxydaunomycinone (5)

Anintimate mixture of 4(0.25 g, 0.001 mol), phthalic
anhydride (0.25 g, 0.0016 mol), alumipium chlorde
(2.5 & and sodium chloride (0.5 g) was heated at 180°
for 5 min. The resultant reddish mass was treated with
a saturated solution of oxalic acid to give a red
coloured solid, which was filtered, washed with water,
dried and chromatographed on a silica gel column
using 2%, acetone in benzene as cluent to give (+ )45
(0.245 g, 707) as reddish plates, m.p. 212-15° (lir.*?
m.p. 210-12°, PMR (CDQ1, ), 1.96(1, 2H, Hs on C-8),
2.36 (s, 3H, COCHj,), 3.03(m, 4H, Hs on C-7 and C-
10), 3.62(s, 1H, OH, D,0 exchangeable), 7.78 (m, 2H,
Ar-H), 8.26 (m, 2H, Ar-H), 13.27 (s, 2H, phenolic OH)
(Found: C, 68.3; H, 4.7. Cak. for C;;H,,O,: C, 68.2,
H, 4.6%).
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Synthesis and antitumour activity of new daunorubicin and adriamycin analogues

F. Arcamone, L. Bernardi, B. Patelli, P. Giardino, A. Di Marco, A.M. Casazza, C. Soranzo and G. Praten
Farmilalia, Ricerca Chimica, via del Gracchi 35, 1-20146 Milano (Iialy) and Istitvto Nazionale per lo Studio e la Cura dei

Tumori, via Venezia 1, I-20133 Milano (Iraly), 28 March 1978

Summoary. A new gynthetic procedure for the preparation of daunorubicin and adrinmycin analogues bearing different
substituents on ring D, has been developed. The new compounds display outstanding efficacy sgainst experimental

tumours of mice.

Clinical usefulness of adriamycin (I) has prompied the
study of new analogues of the antitumour anthracyclines
with hopet‘ull‘_r broader spectrum of activity and/or reduced
cardiotoxicity?. New derivates modified in the C-9 side
chain and in the sugar moiety. have already excited phar-
macological interest™?, However, it has recently been found
that, 4-demethoxydaunorubicin Via sad 4-demethoxy-
adriamycin Vils, obtained by total synthesiz of the agly-
cone moiety, according to Wong's synthetic sequence®,
display a considerable antitumour activity on experimental
tumours of laboratory animals™. .
Synthetic spproaches to the daunomycinone system have
been developed in different laboratories after the original
synihesis of racemic Mmuhaq-?-o-melhyldlunomyﬁ-
none carried -out by the Canadian suthors®, These ap-
ches include both Diels-Alder type reactions for the
ilding of the tctracyclic chromophore®™® as well as
studies based on the Friedel and Crafts acylation of sppro-
priate tetralines with phthalic acid derivatives!-Y. Racemic
compounds were invarisbly obtained, Further develop-
ments have also been recarded in the glycosydation of the
anthracyclinones?. .
A simplified synthetic procedure for optically active Va has
been developed and 18 reported here, This procedure is

based on the direct formation of 7-deoxy-4-demethoxyday-
somycinone IMla by condensation of the optically active
teiralin I with phihalic anhydride, a resclion which is
accompanied by an outstanding prescrvation of the chiral
ceutre, notwithstanding the harsh conditions employed. In
the present communication, we also report on the antito-
mour activity of a group of new daunorubicin and adriamy-
cin analogues (VI-f and V1Ib) carvying different subatituents
on the mromatic ring and synthesized sccording to this
general procedure, )

Chemistry. (S)-(-)-6-acetyl-14-dimethoxy-6-hydroxytetra-
in" (1, 4 g 16 mmoles), phthelic anhydride (4 g
27 mmoles), NaCl (8 g) and AIC]; (40 g) were thoroughly
mixed and trangferred into a flask immersed in an oi] bath
a1 180°C. The resulting melt was stirred for 2 min and after
cooling the solid was treated with an excess of a saturated
agueous solution of oxalic acid. The suspension ‘'was ex-
tracted with chloroform and the extract was evaporated to
give & residue which was takez np in cther to give 4 g
(11.3 mmoles) of His, m.p. 228-230, [a}f—87" (c=0.1
CHQ))) Amax 460, 486, 520 nm (CHCl,). This product was

-ketalized at C-13 with ethylene glycol (6 m!) in benzene

{200 ml), in the presence of p-toluenesulphonic acid (0.2 g),
for 5 h st reflux. The crude ketal was dissolved in & mixmre
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of chloroform (250 ml), carbon tetrachloride (100 ml) and
water (200 ml). and reated at 80°C for | h with bromine
(4 g) and 2-7-azo-bis-isobutyrsonitrile {1 g). The organic
layer was washed repeatedly, evaporailed in vacuo, and the
residue, mosily 4-demethoxy-7-cpidaunomycinone, was
trezted overnight with trifluoroacetic acid aod then with an
"excess of a 4% concentrated ammonium hydroxide in
acetone to pive, after chromatography on nilicagel, 4-
demethoxydsunomycinone’ (1Va), m.p. [84-186°, [c}¥
+ 170" (c=0.] dioxanc), imax 458, 484, 518 nm (CHCl,)
(1.2 g, 3.25 mmoles), .
The aglycone (1 g) and 2,3,6-trideoxy-3-triflucroacetamido-
4-0-trifluoro  acetyl-a-L-lyxo-hexo-pyranosyl chloride'
(12 g) were dissolved in dichloromethane (150 ml), then
silver triflate (1 g) in diethyl ether (20 ml) was addcd, in the
dark and in 10 min, at room 1emperature. After 20 min,
excess NaHCO, solution was added, the organic layer was
cvaporated, the residue was taken up in methanol {50 ml)
and refluxed 30 min. Evaporstion of the solvent lefl a
residue that was chromsiographed on a short silicagel
column (chloroform/acetone —95/5 as cluent) 1o give a-N-
trifluoroacetyl-4-demethaxydaunombicin (0.8 g)’ that was
dissolved in 0.1 N NaOH (55 ml). After 30 min the solution
was brought to pH 8 with HCl and extracted with chloro-
form. The solution was concentrated to 10 ml and metha-
nolic HC] was added to pH 4.5. Addition of ether gave a
rg:ll ,p(ae;:ipime of 4-demethoxydaunorubicin hydrochio-
ride? (0.5 g). :
This proccdure, which greatly simplifies the synthesis of
¥Va, has been found suitable for the preparation of the
analogues IVh, m.p. 208-210°, imax 460, 484, 518 nm; TVc,
m.p. 143-145", Amax 464, 492, 526 nm; IV4, m.p. 195-197°,
dmax 474, 492, 528 1im; IVe, m.p. 160-162°, imax 478, 506,
542 nm; IVL, m.p. 185-187°, imax 467, 477, 511 nm. The
condensation of the sterically hindered 3,6-dimethyl- and
3 6-dichlorophthalic anhydrides required somewhat higher
temperatures and Jonger times and accordingly a small
amount of racemic maierial was formed and could eventu-
ally be eliminated by erystallization, being less soluble that
the optically active form. Since, however, it has already
been proved'® that racemic 4-demethoxydsunomytinone
couid be clearly resolved through the condensation with
2,3, 6-trideoxy-3-trifluoroaceiamido-4-0-trifluoroacelyl-o-
L-lyxo-hexo-pyranosyl chloride in the presence of silver
triflate to the 7(S), 9(S)-u-glycoside and to the 7(R), HR)-5-
glycoside, easily 1solated in pure form by chromatography,
it was found convenieni to use this procedure with all the
dsunomycinone analogucs synthesized, irrespective of their

woxic and antitamonr activity of the new analogues compared
with deunorubitin and adriamycm

Compound  Cytoloxicity® L 12101leukemia P 388 leukemia
(ECsqg, ng/ml) in mice? in mice®

Do ASTH Dose* ASTY
Daunorubicin 10.00 29 144 40 05
Via 0.15 1.0 150 . 0.7 200
vib 580 123 iy b1 20
Vie 2500 33.7 111
Yid 1005 &6 147 10.0 165
Vie 7135 200 116 ns 140
vif 21.00 100 135
Adriamycin 1500 29 141
Vila 0.10 0.$ 166
Viib 7.00 44 173

» Inhibjtion of colony-fonmnq‘ ability of cuitured Hela cells afier
24 h expomure to the drug * Tumowr inoculum 10% cells, ip.
¢ Optimgl doscs, showing no loajcity (treattnent ip. on day 1,
g of b, wi). 9 Average survival time expressed as percent of
untreated controls. € Tumour inoculum 108 celis, i.p.
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optical purity. Subsequent chromatographic separation of
the N-trifluoroscetyl-a-glycosides (Va-f} from the aceom-
panying small amounts of 7(R), HR)-f-glycosides, fol-
lowed by alkaline hydrolysis of the trifluoroacetamido
group, yielded the optically pure daunorubicin analogues
Via-f. Conversion of VIb 10 ViIb was performed via bromi-
nation at C-14 and nucleophilic substitution of halogen
with hydroxy group'’. All compounds displayed chromato-
graphic and spectroscopic properties consigtent with the
attributed structures.

Blological data Al substituted 4-demethoxydaunorubicing
VIb-f displayed a high level of cylotoxic ectvity, although
inferior to that of VIa (1able). Similarly, VIIb appeared less
effective than Viis, but still more aclive than adriamycin
itself. With the exception of the halogen-substituted com-
pounds, all derivatives presentied in the table displayed
activity on L1210 leukemia in mice. In the daunorubicin
series, compounds VIb and VId appeared notcworthy, in
addition to already known Via, as regards to the antitu-
mour efficacy in vivo. In the adriamycin series, ontstanding
antitumour properties were exhibited by VIIb, whose effect
on the survival time of tumour-bearing animals wag cl
superior 0 that of adriamyecin. This compound was
more effective than the corresponding daunorubicin analo-
gue Yib. Derivatives Vib, Vid and Vie were also tesed on
P328 lcukemia in mice in comparison with deunorubicin
nd VIb was about twice as potent as

daunorubicin, the 14-dimethyl snalogue Vid appearing

R!' R2

H H

H CH,

H Ql

CH; H

a H

H =~CH=CH~CH=CH-

V: Ri=COCF;, R*=H
V:R3=Ré= H
Vil: R¥= H, R'%= 01

-t g'R
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instcud Jexs polent and less aclive than daunorubicin, Via
and Yib.

The biological properties of the new analogues indicate
that considcrable modification on ring D of the antitumour
anthracyclines is compatible with the exhibition of antitu-
mour efTicacy. In particular, the 2,3-dimethyl-4-demcthoxy
analogue showed promising results in the animal tests.
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Naphthoquinone derivatives from the fongus Hendersonula 1oruloidea

G.W. van Eijk and H.J. Roeymans™?

Centraalbureau voor Schimmelcultures, P.O. Box 273, Baarn (The Netheriands), I March 1978

Summary. 2 yellow naphthoquinone derivatives were isolated from several pathogenic strains of Hendersonula toruloidea
Neitrass. They were identified as 2,7-dimethoxy-6-cthyl-5-hydroxy-1,4-naphthoquinone and 2,7-dimethoxy-5-hydroxy-6-
(1-acetoxyethyl)-1.4-naphthoquinone by means of physico-chemical methods.

A fungus isolated from a patient (foot) was found 1
produce yellow crystalline material on melt agar. The
fungus (CBS 131,78) was provided by M.K. Moore of
St.John's Hospital for Discases of the Skin in London and
identified as Hendersonula toruloidea Nattrass by G.A. de
Vries of the Depariment of Medical Mycology of our
ingtitute. The strain M 56 (CBS 145,78 =1M1 198935), one
of several other isolates from patients supplied by C. K.
Campbell of the M.R.C. Unit on the Experimental Pathol-
ogy of the Skin in Birmingham, showed the same
phenomenon as described above. TLC of an ethyl acetaie
extract of & culture of both sirains revealed the presence of
2 yellow main pigments. Since only 1 pigment formed by
H. toruloidea has been described®, it was decided to investi-
gate the nature of the 2 meubolites.

Each strain was grown oz malt agar in 100 petri dishes for
20 days at 24 °C. Cultures were extracted with ethyl acetate,
Purification was accomplished by means of column chro-
matography and preparative TLC using toluene/acetone
(85:15, v/v) as the developing system. Merck silica gel 60
26x3 cm columns and Merck 2 mm silica gel thick-layer
plates were used. Separation of the 2 pigments wis success-
ful on the silica gel plates.

Yellow bands compriting compound A, R; 0.43-0.52 and
compound B, R,0.53-0.63 were scraped off and eluted with
chloroform/methanol (2;1, v/v). A and B were obtained as
orange needles by twice recrystallizing from toluene/light
petroleum 60-80°C (1:1, v/v). A and B showed identical
UV-visible spectra indieating the same chromophoric sys-
tem for both pigments. The absorpiions measured were
similar 10 those described’ for the substapce originally
isolated from M.roruloidea. Further study (MS, [R and
PMR) revealed that B wag identical with the known Hen-
dersonula pigment, which was identified as 2,7-dimethoxy-

BNBDOCID: <XP__2188%4A_|>

6-¢thyl-5-hydroxy-1,4-naphthoquinone  (2,7-dimethoxy-6-
cthyljuglone, C, H(O4). High resolution MS of A gave the
formula C,;H,,0,. Imponant peaks were observed at m/e
2718 (M — CH,CO) and m/e 260 (M — CH,COOH). The IR-
spectrum of A in CCl, compared with that of compound B

Formation of compounds A and B by other strains of K. loruioidea

Swinain No. . Origin Yicld

myg/20 petri dishes

A B
CBS 20433 Plant - -
CBS 251.49 Plant - -
CBS 136.77 Man 14 04
CBS 131.717 Cow 10.4 1.7
CBS 661.T™ Man - -
CBS 682. T Man 02 -
Mg Man - -
M 4gs- Man 02 09
M 52+ * Man - -

* Isolates from M. K. Moore; ** isnlates from C.K. Campbell.



An Economical and Versatile

-Dialkoxy-2-acetyl-3,4-

Y
dihydronaphthalenes: Key Precursors for the Synthesls of Chiral

Anthracyclines

Richard A. Russsil.*® Geoffrey J. Collin.* Paul S. Gee,* and Ronald N. Warrenar®®
s Depertrnent of Chemistry, Faculty of Military Studiss, Univarsity of New South Wales, Duntroon, A.C. T

2600, Austrslia

b Depanmam of Chemistry, The Facuities, Australian National Univensity, G.P.0O. Box 4, Canberra,

A.C.T. 2601, Australie

B,B-Diacetaxy-2-acetyl-3,4-dihydronaphthalens, prepared by a new route from the Diels-Alder adduct of
bute-1,3-diene and p-bsnzoquinone, is selectively deacetylated (Cs2COy in tetmhydrofuran or KzCO5 in
dimethyl sulphoxide) to intermediates suitable for use in chiral anthracycline synthesis.

No short, cheap synthesis of the daunomycin group of
anthracycline antincoplastic agents is yot available despite the
continuing efforts of synthetic chemists. We! and others® have
demnonsirated that 5,8-dialkoxy-2-acetyl-3, 4-dihydronaphtha-
lenes [e.g. (5), (9), and (11)] are veruatile intermediates useful
as ap-synthops for the enantiospecific syntheais of anthra-
cyclines. 5,8-Dialkoxy-2-scetyl-3,4-dihydronaphthalenes are

-
(1) o:) / (3)

LI

OR?
%) R'c 2= MeCO
(5 R!- H‘- e
(6) R's H, Rla MeCD
{7) R'= Me, R%s MeCO
{8) R'=Ms, Ris H
(9) R's Me, Ric O4,Ph
(10) A'e CH,Ph, R« MeCO .
(1) R« CH,Ph, Rl Me
12 R'=CHPh, Rla H
1M Raflay :

COMe
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prescently aveilable only by tedious multi-step sequences®
which arc unsuitahle for Jarge scale preparations. We pow
report a solution to this problem, which is short and uses
simple reagents. Additionally, it allows discrimination be-
tween the C(5) and C(8) hydroxy groups of (13), a feature we
have indicated previoualy,* can be exploited to control
regiospecificity in anthracyclinone syntheses.

5 B—Dmydraxyu .Ldnhydmmphthnlms {1) is readily avail-
able in one step from benzoquinone and buta-1,3-dienc?
Under forcing condltionst the double bood can be conjugated
and the product recovered as the bisacetate (2). The addition
of acetyl chioride, catalysed by AlIC],, forms a stercoisomeric
mixture of the chloro-ketones (3) which, without purification,
meay be dehydrochlorinated by LiCl, to afford (4). Thus the
bezic skeleton ia assembled in two operations, which Is con-
siderably shorter than any published route. Hydrolysis of (4),

Table 1
Starting
compound Product* M.p./°C Yied/%
8; @) 137138 3
4) 148—15%0 sor
“ - 103—-104¢< 65
gi 111173 62
157158 35
201—203 8o
. 0 111112 (1
4 (10, 131—132 5
(ﬂ (1) 132—134 65
= All mwwnds isfactory busti n-lgn
ape:uﬁw data. Opumi?ed y.n:ltdt. ¢ Lit.'e::.:. m'f:i'u . and
1 tioa of (1) (50 g) can be achicved by heoating it.

In a solution of sodium hydramde {150 g and water {120 ml) at
reflux upder argon for 4 h.
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followed by in sits methylation yields (5), a well-publicised
intermediate® in the enantiospecific and racemic synthesis of
daunomycinone.

We examined next the mono-deacetylation of (4). Sclective
cleavage of the acetoxy group at C(8) occurred on treatment
with cassium carbonate in tetrahydrofuran (THF) to afford
(6). Anhydrous potassium carbonate in dimethyl sulphoxide}
was also-successful and offered an economic advantage. Zinc
catalysed methanolysis’ was unsuccessful.

The phenol (6) was methylated in sitis to yicld (7) which, ina
single step could be further hydrolysed to (8), and benzylated
to yield the ketone (9). The successful conversion of (4) to (9)
was thus achieved in four steps.

2-Acetyl-B-benzyloxy-3,4-dihydro-5-methoxynaphthalene
(11), the regicisomer of (9), was prepared in a similar way by
reversal of the methylation-benzylation sequence. Isolation of
the aceiate (10) was necessary, prior to its hydrolysis to the
phenol (12) and subsequent methylation.

The availabilily of the ketones (9) and (11), each by a simple
process, renders these compounds good candidates for a large
scale synthesis of (4 )}-daunomyrinone.

$ Monodeacetylation with K,CO, is slow If THF is used as a
solvent.

995

The realisation of such a synthesis together with the prepara-
tion of a variety of other chiral anthracyclinones has been
achieved® and will be reported elsewhere.

The financial support of the Australian Research Grants
Scheme is gratefully acl:.nowledged We also thank Mr. R.
Waring for technical assistance.

Recelved, 26th April 1983; Com, 526
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Novel Carrier Molecules for ‘Up-hill’ Transport of Metal Picrates

Shinji Tsuchlya,” Yutaka Yamada, and Mansbu Send
Institute of Industrial Science, University of Tokyo, 7-22-1, Roppongi. Minato-Ku, Tokyo 106, Japan

N-N Ylides hava been synthesised for novel use as carrier molecules to transport metal picrates and organic
anions through a liquid membrane; potassium picrate was successfully transported against its concentration

gredient.

Metal ion transport across membranes is important in bio-
logy and is of greatl current intesest.! Several functional
carriers such as cyclic multidentate ligands or ionophores have
been synthesised 8o as to mimic artificially the biological
carriers M

We report on an ‘op-hill® transport system eonmung ofa
Tiquid membrane containing an ylide as a novel carrier mole-
cule. The ylides used here are carbonyl-stabilized aminim-
ides, the electronic structures of which have been studied by
X-ray photoelectron speciroscopy.®’ The oxygen atom of
the carbonyl group is conjugated to the anionic nitrogen in the
aminimide and can bind to metal ions. The anionic nitrogen
in the aminimides can also form a salt with HCl and so their
elecironic structures are affected by the concentration of pro-
tons in solution. Wec have been interested, then, in the
aminimides as novel pH dcpendent carriers of metal jions and
to compare the cfficiency of such transport with thet by the
clectrostatic ficld of the oxygen atoms of, for instance, crown

The aminimides could also be used as carriers for organic
anions in that they possess a quaternary nitrogen atom.

The aminimides (1) and (2) were synthesized from the

corresponding hydrazonium salts. It is very important for

the aminimide to have a long hydrocarbon chain as the con-
comitant insolubility in the agueous phase protects the liquid
membrane system from degradation. The structures of (1)
and (2) were assigned from their i.r., n.m.r., and mass spectra
and elemental analyses. For example, the wW(C=0) of (1) and
(2) are 100 cm™ lower than those of the corresponding
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hydrazonium salts and downfleld shifts were observed for the
methyl hydrogen atoms of the aminimides from those of the
hydrazine derivatives in their respective 'H n.m.r. spectra.
The pK, values of the aminintides are 4.0—35.0, though the
exact values can not be ascertnined owing to the insolubllity
of (1) and (2} in water.

Participation of the carbony] oxygens of the aminimides in
the complexation of KCIO. was shown by *H nm.r. and
Fourier tramform (F.t.) i.r. apectroscopy. The addition of
KQQ, to ['H.]muhmol solutions of the aminimide caused
significant changes in the chamical shifts of the methyl groups
attached 1o the quaternary nitrogen [AS(Me,N*) = 0.10
p-p.m.]. Furthermore, the carbonyl absorption in the F.1.-i.r.
spectrum was broadened by the addition of KCIQ, to &
methanol solution of the aminimide. The extraction of
potassium fon by the aminimides was examined using the
equilibrium of potassium picrate between an aqueous phase
and a chloroform phase. Assuming that the complexation
berween metal picrate and aminimide was I : 1, the jon extrac-
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1 2
OPTICALLY ACTIVE ANTHRACYCLINONES n, o SOt
CROSS-REFERENCE TO RELATED Ry ~C0CH,
APPLICATION 5 oH
This application is related 10 and incorporates by R
reference the entire contents of applications, Ser. No. ! ]
560,105 (now U.S. Pat. No. 4,039,663), 568,437 (now Ry o OCH,
abandoned) and 579,901 (now U.S. Pat. No. 4,046,878), ;, o “ou
filed respectively on Mar. 19, 1975; Apr. 16, 1975; and 10 Il
May 22, 1975, all of which are owned by the assignee R, cocs,
hereof. ""w
BACKGROUND OF THE INVENTION R,
1. Field of the Invention 15 R, o OH cl,ll
The invention relates to certain novel optically active VIIT (78 : 95)
anthracyclinones of the daunomycin group, daunosami- R, o] OH
nyl derivatives of said compounds and methods for the R, _-CocH,
preparation thereof.
2. The Prior Art 20 OH
While the optically active anthracyclinones of the R,
invention are novel, the corresponding racemates of o o ou
certain of them have been described in the literatare; see r, VI OR L om)
C. M. Wong et al, Canad J.Chem., 49, 2712 (1971) and 0o oH
Canad J Chem., 51, 466 (1973). 23 x cocn
1 ;]
SUMMARY OF THE INVENTION ~on
‘The present invention, in one aspect thereof, relatea R
to a novel class of optically active anthracyclinones of ' ]
the daunomycin group and to the dsunosaminyl deriva- 30 & ° on  On
tives thereof. In ancther aspect, the invention relates to R, ovm-agﬁ’,
methods for the preparation of such compounds. COCH,
These compounds are useful for the treatment of B -
malignant diseases, particularly aarcomss, breast can- OH
cer, bronchogenic carcinoms, malignant lymphomas, 35 R
nenroblastomas, acute leukemia and bladder cancer, 1
The novel anthracyclinones of the invention are oipi- R o OH |
cally active com s of the formulae IV", VII™ 78 : 98)
vV , VIOI', VIII®, VIII'” and VIII"™":
a0 Wherein
%, o ocH, (a) R, is hydrogen and R, and R,lrelhenmelndm
i hydrogen, methyl, methoxy, chlorine or bmmme;
R, COCH, () R; and R; are both hydrogen and R, is methyl,
~OH methoxy, chlorine or bromine; or
R 4 (©) Ryand R;are both hydmgen aod R; is methoxy.
1 U The above optically active anthracyclinones of the
R, o N‘u’ formulse IV, IV”, VIF, VII”, VIII'' and VIII"” are

themselves novel, although some of the corresponding
racemates have been described by C. M. Wong et al,
sp fzpra. The synthesis of the racemates as described by
Wmaﬂmmmhmm

R, OCH, | N OCH,
ll: : :mi # : :%ﬂg l|: : : co : : :COCII,m! ol
R, cooc';l, o s R, COOCH, o lequid
Ry CI:-I,“ R, u(:ﬂ-l.

R, O OCH,

R, O OCH, "y
v
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R, COCH (cH,08), R,
PO

R, O om,c{—);
L i mfﬂ'%*

R, O OCH,
v
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-continued

R,
Vi
R,

R,
OH OH

vl
The above reaction scheme yields anthracyclinones
of the general formula VIII in the racemic form,
whereas the natural aglycones are optically active and
have the 7S : 9S configuration (sccording to the nomen-
clature of Cahn, et al, Experientia, 1936, 12, 81).

2, O

In order to obtain the natoural anthracycline antibiot- 20

ics and/or their analogues substituied in ring D by con-
densation of the aglycones with an appropriate deriva-
tive of dauncsamine according to applications Ser. Nos.
568,437, filed Apr. 16, 1975 (now abandoned) and

579,901, filed May 22, 1975 (now US. Pat. No. 25

4,046,878), it would therefore be preferable to employ
oplicllly active aglycones having the 7S : 9S configura-
tion rather than condensing the daunossmine derivative
with the racemic agiycone and subsequently separating

the (—)daunosaminyl (+)anthracyclinone from the 30

(—)aunosaminyl (- )anthracyclinone, by a trouble-
some and time consuming procedure such as fractional
crystallization or chromatography.

It is known (Eliel, Siereachemisiry of Carbon Com-

Ppounds, page 35, — MoGraw-Hill, 1962) that the optical 38

resolution of alcohols can be carried out in the best
manner through a salt formation of the hemiphthalates
with an optically active base. However, the poor solu-
bility of the anthrecyclinones V1II and their derivatives

in most solvents makes this procedure practically use- 40

less. Morcover, from e practical and economical point
of view the resolution should be performed at the earli-
est possible stage in the oversll synthesis in order to
perform the synthetic procedure on the optically nctive

intermediate already having the required configuration. 45

The first intermediate having the necessary chiral cen-
ter is the ketol derivative 11. Prior to this invention, no
method was known for the optical resolution of such a
derivative.

Thia invention sccordingly provides a novel process 30

for the optical resolution of a ketol having the genersl
formula 11 herein, which compriscs reacting (- )-1-phe-
nyl-ethylamine with racemic 1,4-dimethoxy-6-hydroxy-
G-acetyl-tetralin in » suitable solvent such as acetonitrile

to give the diastercisomeric Schiflf bases which are 33

separated by crystallization and from which the enan-
tiomeric ketols 11 are recavered by acid treatment. The
separation is clean-cut and totally unexpected since no
previous cases of the resolution of ketones via ketimines

have been reported (Eliel, loc. cit., page 56); most prob- 60

ably because Schiff bases are usually rather unstable and
decompose easily during crysullization. Moreover, it
has now been found that the optically active ketols I1
can be reconverted into the mcemic ketol IT and it is

therefore possible to convert the racemic ketol II into 65

the required optically active form in very high yield, via
the resolution of the racemic keton II with (—)-1-phe-
nyl-cthylamine followed by the reconvension of the
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R, O OCH, R, O OH
R, | mluq, R, COCH, ?
OH 7> OH =
l| . nI l
O OCH, R, O OH :
) v

unwanted isomer back into the racemic form, and repe-
tition of the optical resolution.
mnbovemmmschmepmedbywmeul
employs, in several of the reaction steps, strongly acidic
conditions which favor the racemization of the chiral
center viz a plamar carbocation (Eliel, loc. cit., page
372); and in fact, operating as described by Wong et al
on optically active ketol I1, the resulting anthraquinone
IV is completely devoid of optical activity. The present
invention accordingly provides a novel method of syn-
thesizing of the optically active compounds IV’ and
IV” which comprises condensing an optically active
ketol II with an appropristee phthalic acid monoester

monochloride of the general formula I':
R, r
R, COOR,
R,

wherein R,;, R; and R; are as defined above, and R, i3
methy), ethyl or halosubstituted ethyl, in the presence
of a Lewis acid mch as anbydrons aluminum chloride in
2 suitable solvent such as carbon disulphide, dichloro-
methane, tetrachloraethane, benzene or nitrobenzene to
give, afier trestment with sodium bydroxide, an opti-
cally active benzoy) benzoic acid III. Compound I is
then cyclized to the corresponding optically active
compound 1V’ or IV” with liquid bydrogen fluoride or
with methanesujphonic acid/P,0, The reagent me-
thanesulphonic acid/P;0, is disclosed in J.Org.Chem.,
38, 4071, (1973).

In view of the easy racemization of the keto] chiral
center, the isolation of compounds IV’ and IV" in opti-
cally active form is quite unexpected.

The aptically active compounds IV’ and TV" can
surprisingly be converted, according to the invention,
into the optically active forms of the ketal V withont
racemization, by treatment with ethylene glycal in the -
presence of p-toluenesulphonic acid at elevated temper-
aturea. Treatment of the optically actjve ketsl V with
N-bromo-succipimide in carbop teirachloride gives a
lshile 7-bromo-ketal, which on treatment witth metha-
nol, yields a mixture of 7(S) and 7(R) methyl ethers.
‘These methyl ethers may be demethylated at the 6- and
11-positions by tresting same with an aluminum halide,
such as alominum chloride or bromide in a homogene-
ous solution in chlorobenzene, bromobenzene or nitro-
benzene, preferably, nitrobenzene, to produce the
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demethylated compounds-in high yield and in & single , . . ]
step. The amount of sluminom halide wsed s nat critical o0 of VII with trifluoroacetic m 't.s lo'30' C. for
lndunbefmltozomolupu-moleorthemuwl;g § 1o 20 hoors and subsequently with.sodium bicarbonate
ether compound, but the best results.are obtained . jves anthracyclinones of vir
4-8 moles of aluminum halide. The temperatore at 5 fmnﬂmm-mep?a - of formula
which the reaction is conducted can be varied from 0°  together with their 7(R) epimers that are separsied by
to 50° C., but: the best results are obiained at tempers- P— vIIr
tures of 20° C. or less. Thia procedure Is disclosed in 7" =00 OF chramatography 10 give pure VIIF
greater detail in U.S. Pat. No. 3,963,760 which core-  (Cis 7,9 diol diastereomer). The 7(R)-epimer VIII
sponds to British Patent No. 1461190. Using this tech- 10 (trams 7,9 diol disstereomer) is isolated: and. event
nigue, the optical activity of the demethylated com- diol ) )i o evu "i:
pounds i retained; thus there is obtained & mixture of ~ recycled together with VII for the triflucroacetic
Sy "‘Jﬁﬁﬁ’“m"?ﬁ’f‘,‘if’m" whid:Il- th,: trestment. Similarly, from the (+) form of the ketoln 11,
trested uoroacetic subsequently wi \ .
sodium bicarbonste o give the corresponding 7(S).and 15 Operating as above, the compound VII" (R : 9R con-
7(R) hydroxy derivatives. These latter are scparated by figuration) and its 7(S)-epimee VIM™-(7S.: 9R configu-
c.rymllmonor.by::hrpmnngn_phyonnlmselw ration) can final] be ohii
ﬁwthenppmpmleoyt.:uﬂylmwepmempom y be obtained. ]
VIII' (78.: 98 configuration), VITI” (7R : 9R configurs- The invention also.provides.s: process.for the symthe-
l.ion)ndthm%epm:n,thlthIlI"'.('mE!chnﬂgu- B ofa X, X', X1, X¥, XH, XJ', XIIl and
ration) and VIIL*” (79 : 9R configuration) in which R, campound X, X', ’ AL
R,end R;are as defined above. The compounds VIII'to  XIIT' in which Ry, R; and Ryare-as defined sbove and
Vﬂlm’m;:mmm that we provided by the b 4 H or COCF;, The compounds X, X', X1, XT, X1I,

A prepanstion of the optically active anthracycli- 3¢ XIV, X111 and XIII’ sre slso.novel compounds provided
nones VIII' aceording to the invention is described by the invention
below in greater detail by way of example. The racemic .
ketol 1] is condensed with (—)-1-phenylethylamine in a
svitable aprotic solvent such ms acetonjtrile to give a o ex -
crystalline Schiff base IX. 0 M COCH,

R, 1
) - oM K
'k n.‘ i ~ R, | ™

and mather liquors from which, by treatment with di- 40 on

lute acid, the (—) and (4) forms of the ketol II are

isolated. h O on cocH,
The (—) form of the keto) 11 i then condensed with R

an sppropriate phihalic acid monoester monochloride

in a suitable solvent such as carbon disulphide, dichloro- 45 ®, Non

methane, tetrachloroethane, nitrobenzene or benzene in R, O U!'I)

the presence of aluminum trichloride or another Lewls

acid to give the corresponding optically active benzoyl

benzoate IIl. This compound III is hydrolyzed with

alcholic sodium hydroxide and the resulting acid is then 30 o

treated with liquid hydrogen fluoride at & temperature -

of 0" to 25° C. for 3 to 10 hours or with methanesul- NHR,

phonic acid/P;0y reagent at 25° C. for 24 hours. The

resulting anthraquinone TV’ is then treated with diethyl- s, ©H

ene glycol in benzene or cthylene tetrachloride in the 93 .

presence of a trace of a strong acid such es toluene-gul- R O OH COCH, x1

phomic acid in an apparstus provided with a trap to R ] /

collect the water formed in the reaction, to give the 1

coresponding aptically active ketal V which is then 2 .

irradiated with a tungsten lamp at reflux in carbon tetra- 60 ! R, O O

chloride with N-bromo-succinimide for 5 to 15.minutes ‘0

to give the labile 7-bromoketal. The latter compound is

pot isolated, and is trested with methanol to yield a

mixtore of 7(S) and 7(R) methy}ethers V1. This mizture H °
(without purification) is reacted witth aluminum chlo- &5

ride in benzene, nitrobenzene or tetrachlorocthane at NHR,
between §* and 50° C. for 1 10 10 hours to give & mixture oH

of %(S) and 7(R) methoxy-anthracyclinones VII. Treat-
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v 7
-continued xr
R, O OH 3
R, 1 7
R, oH - 5
R O OH
[ o]
NHR,
OH
15
R O OH X
R, i ODCH,
R AN
' n.: 5 on: | on 20
y! _
7:_7
NHR, s
R, O OH xm

s R

l .

BT
Fj .

xor
2 R, O OH / CocH,
1
55
R, OH
R, O oncl’
60
cH, NHR,
-OH a5

'Ihepmeeuformahngthuelmermponnd:m
prises condensing 2,3,6-trideoxy-3-triflucroacetamido-
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4-Ouu1ﬂuorouetyl-a-l.-lyxopynnolyl chloride as de-
scribed in application Ser. No. 560,105, filed Mar. 19
1975 (now U.S. Pst. No. 4,019,663, with an &
optically active anthracyclinone VIII' to VIII™ in an
anhydrons solvent in the presence of HgO, HgBryand a
molecoler sieve, or condensing 1,2,3,6-tetradeoxy-4-O-
triflnoroacetyl-3-triflucroacetamido-L-lyxo-hex-1-
encpyranocse, aa described in spplication Ser. No.
368,437, Nled Apr. 16, 1975 (now sbandoned), with an
sppropriate opfically active anthracyclinone VIIV to
VIII"" in an amhydrous solvent such as benzene or
nitromethane in the presence of p-toloenesulphonic
acid, and treating the resulting 7-(4"-O-trifluoroscety}-
¥-trifluorcacetamido-L-lyzo-pyrancsyl-) intermediates
first with methanol to obtain the coresponding N-tri-
fluoroscetyl derivatives X, X', X1, XI', X11, XII', XIIL
XIIT' wherein R, is COCF;which are isolated as such or
are treated successively with 0.1 N NaOH for 30 min-
utes at room temperature to eliminate the Jast triflnoro-
acety] protecting group on the sugar moiety to thereby
finally obtain the desired end products. -

In the prepanative exumples which follow, references
to daunomycinanes are intended to mean anthracycli-
nones which have the same configurstion (7S : 9S) s
natural deunomycinone, and references to 7,9-bis-epi-
desonomycinones are intended to mean anthracycl-
nanes with the 7R : SR configuration. The products of
the Examples are novel compounds with the exception
of dannomycinone iteelf.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The imvention will now be described in greater detail
in conjunction with the following examples which are
not intended to be g limitation of the invention. All paria
given are by weight unless otherwise indicated.

EXAMPLE 1

Resolution of
1.4-dimethoxy-6-hydroxy-6-acetyl-tetralin

13.8 gm. of 1 4-dimethoxy-6-bydroxy-6-acetyl-tetra-
lin in 50 ml. of acetonitrile and 7.4 gm. of (—)-1-
phenylethylamine were heated for § min. at 80" C. The
solution was slowly cooled to Toom temperature, and
afier 3 hra. the crystalline precipitate was collected (6
gm.; m.p. 190"-192% [a]p”— 38, c = 1, CHCly) and
diuolvediniﬂml.dmethmolconuinins 12ml.of 2N
HCQL. The solution was heated at 50° for 10 min., then
diluted with water and extracted with chloroform. The
chloroform extract was cvaporated in vacuo and the
residue crystallized from chloroform-ethyl ether to give
(—)-1,4-dimethoxy-6-hydroxy-6-acetyl-tetralin (II) (4.3
gm.; m.p. 130°-132% [a]p® — 50% ¢ = 1, CHCY).

The acetonitrile mother liquors were evaporated in
vacuo and the residue taken vp in 50 ml of methanol
containing 14 ml of 2 N HCl. The solution was heated
st 50° for 10 min., then diluted with water and extmcted
with chioroform. The chloroform extract was evapo~
rated in vacuo and the residve cryatallized from chloro-
form-ethy] ether to give (+)-1,4-dimethoxy-6-hydroxy-
G-acetyl-tetralin (4.8 gm; m.p. 130°-132°; {[a],/® + 50°, ¢
= ], CHCI1,). From the mother liquors 4.5 gm. of
racemic 1,4-dimethoxy-6-hydroxy-6-acetyl-tetralin
were recovered by concentration and recycled.
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of the 7(S) and 7(R) cpimers. This residue was dissolved
EXAMPLE 2 . in400 mL of benzene. § gm. of AIC), were added and
4-Demethoxy-7-desoxy-daunomycinone dimethy] ether  the suspension stirred for 2 hre. at 40°, The solution was
aV; R=Ry=—Ry—H). cooled, 1030 ml. of 39% oxalic acid were added and
To 5 gm. of (—)-1,4-dimethoxy-6-hydroxy-6-acetyl- 5 chloroform was added to complete solution. The or-
uuﬂhi:’;oml(of)ﬁinhhmnhmgzomzfpm.{ie gaoic layer was washed with water sad 5% NaHCO,
acid methy] ester monochloride were added and, overa  20d evaparsted to dryness. The resiiue was chromato-
period of 1 honr, 15 gm. of AIC], were slowly added  8'sphed on silica gel Upon elution with chloroform,
thereto with constant stirring af room tempersture. The 2.8  gm.  of *W-TMV-"’WY'
stspension was kept at room temperature for 2 hra and 10 davnomycinone; (VA,  configuretion
then poured onto ice. Rldaﬂﬁfn“lmﬂfﬁ!"(s)lﬂﬂ'fﬂ‘)
The solution was extracted with chloroform and the  epimers, were collected and used, as such in the follow-
nmum:hdmmwuulndmlhdﬂnuﬂlﬂco, msmphﬁeme(S)mnnbeommedby
solution. The chloroform extracts were evaporated chrountomphy.—mp. I55°-157"5 [a]™ + 145°,
vacuo and the oily residue was taken up in 100 ml. d"-" ¢ = 0.1, dioxane.
60% ethanol containing 8 gm. of NaOH. The salution

was kept st 60° for one hour, then dilnted with water EXAMPLE 3
and extracted with chloroform. By evaporation of the 4-Demethoxy-dammomycinone (VIII'
chloroform extracts, (—)-1,4-dimethoxy-6-hydroxy-6- R=Ry=R;—H).

wﬁv&hﬁ:ﬁ‘m#nﬂéﬂﬁ]ﬂ 50%, ¢ 20 lJ;m-ofamntm;fth:?(S)ndTﬂl)qnmof
= " rECOVer ed Squecus -7-methoxy-daunomycinone
solution was acidified with 2 N HCI and extracted with mﬁk_n win
chloroform. Evaporation of the solvent leaves an oily Elll;lple‘mdi-nlveldin’wml.’ ofmmm'n“l"d i
residue (TI; R =R,=R,=H; 9 gm.) that was dissolved _ = .4 .71 1oft Gvernight at room temperature. The solu-
in 20 ml of liquid HF. After 3 hrs. the HF was evapo- 23 . . the Tesi .
ruted and the residue taken up in chloroform. The chlo- o Wi cvaporaind in vacuo, the residue taken up in
o 2 was washed with water and 2 N NeOH 130 ml of acctone and 60 ml of 3% NAHOO, were
and then evaporsted in vacuo. The residue was crystal- added. The sohution was left at roam temperature for 30
lized from ether 1o give 49 gm. of 4-demethoxy-7- minutes., then diluted with water and extracied repest-

desoxy-daunomycinome  dimethyl ether (IV'; 30 ﬂ%ﬂmr'mdm'd“;amo:
. ., », idue was on ailica
nm...cli,ﬂ._n,:il,m.pm-m P lel®— 3w, Do e “"‘"""""""P""ﬁn“nd jlca &
damomycinone (VII', R —=H; mp.
EXAMPLE 3 35'-11!7‘ [¢M+1;S'c=m.m)d%ﬁ
Demethaty-7-desozy-9-epi-daunomycinone dimethyl 35 4-demethoxy-7-cpi-daunomycinone
+ ,gmr av™; R=R=—R;—H). n RIJ-I:RFI‘I); [a]5® — 86%; (c = 0.), dioxsne) were
Opersting a8 in Example 2, but employing (+)-14- collected.
dimethoxy-&-hydraxy-6-acetyl-tetralin, there was ob- EXAMPLE &
tained  4-demethoxy-7-desoxy-9-epi-daunomycinone 4-Demethoxy-dsanomyci "
dimethyl ether (m.p. 142°-144% [o]® + 3% ¢ = 1, *° R R R, v
CHCl). When 4-demethoxy-7-epi-dsunomycinome (Example
EXAMPLE 4 S)wnhuudﬁthuiﬂwﬁclddin;hem?
Demethoxy-7-desoxy-7-methoxy-dmmomycinone reported in Example 5 for 4-demethoxy-7-desoxy-7-
* (VIL Jn;mué’n 9s; n._llrt,-_-n,:m 45 methoxy-davnomycinane, 4}?:‘ mw:u obtained 4-deme-
5 go. of 4-demethozy-7-desoxy-daunomycinone di- nomycone = :
R e o Syl A
10 mL Y. uenesal- i (] 2 : n:
fmicﬁdmrdlundhlnm%:d-l;plnmforso + Y.T;I:RFR,:H)_ v

5 brs. The solotion was cooled, 0.5 ml. of pyridine waa . . .
m.mmwuﬁmmmmrzr’?mam Opernting s in Exsmples 4 and 5, but employing
tion of the solvent leaves a residuc thet is crystallized 4-danethnsy--dm3;-9—en—dnmmym dime-
from ether to give 5 gm. of the ketal V (configuration  thictber (Example ).thmwnohtnndﬂenu-;-
9; R |=R,=R —H; m.p. 1750_117-; [alna_ 29°c= 953 mm-?.wmm m.p. 185 I'T
1, CHCl). This product was dissolved in 300 ml. of 191" — 16T ¢ = O.1, diozane.

CCl, contaiming 2.5 mrénd tbmumem:mde.'l‘he EXAMPFLE 8
solution was heated at reflux for 10 minmies using a 500 ,

watt tungsten lamp. After cooling, the soktion was a.(—)-D-mminyH—_dmdhmy-dlunomyunm
evaporated in vacuo and the residue taken up in 200 ml, g (-demethorydaunomycin) (X; R,=R;/~R,=R,=H)
of methanol and refluzed for 5 hrs. After evaporationof 204 A(—)-dsmosaminylé-demethoxy-duunc

the solvent, the residue was taken up in 150 mL of diox- (B-4-demethoxy-dsunomycin) (X';

sne containing 60 ml. of water and 20 ml. of concen- Ri=R=Rge=Ry=H).

trated HCl. The solution was kept overnight at room To | gm. of 4-demcthoxydaunomycinone (Example
temperatare, then concentrated i vacue. The residue 65 3) in 200 ml. of benzene, 3 gm. of 1,2,3,6-1eiradeoxy-4-
was taken wp in chloroform, which was wasbed with  O-trifluoroacetyl-3-triflucroacetamido-L-lyxo-hex-1-
water and 5% NaHCO,, and re-evaporated in vacuo 10 enepyranoee® and 30 mg. of p-toluenesulfonic acid were
give 4.8 gm. of raw VI (configuration 95) es & mixture  added. The solution was refluxed for 8 hrs. in the derk.

BNSDOCID: <US__4077088A1_|_>
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Pyridine (0.1 ml.) was added and the solution evapo-
rated in vacuo. The residue was taken up in chloroform,
washed with water and 5% NaHCO,. The solvent was

evaporated in vacuo, the residue dissolved in 350 ml. of 5

methanol and left overnight at room temperature. After
evaporation of the solvent the residue was chromato-
graphed on 20 gm. of silica gel, eluting first with chloro-
form, then with chloroform:acetone - 19:1 to.weo.ﬁ
gm. of a(— )ﬁmmm:nyl“emetha:y—daumyu—
none  N-trifluoroacetate (X; R =R =—R=H;
Ry=COCF;; m.p. 155"-158% [a],™ + 200°, c = 0.1,
dioxane) and 0.30 gm. of B(—)dsunossminyl-4-deme-
thoxy-daunomycinone N-trifluoroacetate
R;=R;=R,=H; Re—COCF;; m.p. 148°-150" C; [a] ;®
+ 100 ¢ = 0.1 dioxane) Compound X
MR=Rs=R;—H; R=-COCF,) was dissolved in 40 ml.

of 0.1 N NaOH and kept at room temperature for 30 20

minotes. The solution was brought to pH 8 with HQl
and extracted with chloroforrn. Evaporation of the
solvent left a residue that was taken up in a little chloro-

form-methanol. Methanolic 0.1N HCl was added to 25

adjust the pH to 4.5, after which sufficient ethy) ether
was added to precipitate 0.35 gm. of the hydrochloride
of a<{—)-davnosaminyl-4-demethoxy-dsunomycinone
(4-demethoxy-daunomycin).

*Prepared In sccordance with Example 2 of application, Ser. No.
568,497, fied Apr. 16, 1975, now abandoned.

0OG R=R;=Ry=R=H:; m.p. 183°-185"; [a],® +
210°, ¢ = 0.1, CH;0H). From Compound X'

(R;=R,=Ry=H: Re=COCF;) and operating in an 35

analogous manner, the hydrochloride of J(-)
daonosaminyl-4-demethoxy-daunomycinone (A4
demcthoxy-daunomycin) (XI'; R=Rs=Ry=Rs=H;
[alz® + 124° c = 0.1 C;H,OH) was obtsined.

EXAMPLE 9

a-(—)-Daunosaminy]-4-demethoxy-dsunomycinone
(4-demethoxydavnomycin) (X; Ry—R;—=R;=R=H).

To a solution of 1 gm. of 4-demethoxy-dsunomyci-
none (Example 5) in 230 ml. of anhydrons chlorofoym,
22 gm. of 2,3,6 -trideoxy-3-trifluoroacetamido-4-O-tri-
fluoroscetyl-a-L-lyxopyranosyl-chloride*,2 gm: of
HgO, 0.5 gm. of HgBr; and 15 gm. of 5A molecular
sieve were.added under stirring. The suspension was
gtirred in the dark for 24 hours, filtered, concentrated in
vacuo and the residue dissolved in 350 ml. of methanol.
The solution wes left overnight at room tempemture
After evaporation of the solvent the residue was chro-
reatographed on 20 gm. of silice gel, eluting first with
chioroform, thea with chloroform:acetone 19:1 to give

055 gm of a<{—)daunosaminyl-4-demethoxy- %0

daunomycinone N-trifluorcacetate X
R=R;=R;=H; R~~COCF,), which is then worked
up a8 in Example B, to give a-(—)-daunosaminyl-4-
demethoxy-daunomycinone

R=R=R,—R~—H).
*Prepared in accordance with Example 2 of copeading applicatios, Ser.
Na. 360,103, filed Mar. 19, 1975, now U.S. Par. No. 4,099,661

15
(xl bi..eP'

hydrochloride.  (X; 65

12
EXAMPLE 10

a-{—)-Daunosaminyl-4-demethoxy-7,9-bis-epi-
daunomycinone
{a-7, 9-hl-cp-4-danelhoxy-dlmmnym) (4,43
=Ry=R,—H) and

B-(-}dlnnﬂlnmwyl—d—dmdhoxy—? 9-bis-epi-
daunomycinone
(8-7.9-bis-epi-4-demethoxy-dauncmycin) (XI';
R=R=Ry=R+~—H).

Condensation of 4-demethazy-7,9-bis-epi-
dammomycinone (Example 7) with 1,2,3,6-tetradeoxy-4-

O-trifluoroacetyl-3-trifluorcacetamido-L-lyzo-hex-1-
encpyrancse 88 described in Example 8, produced a-7,9-
i-4-demethoxy-dsunomycin =~ N-trifluoroacetate
(XI; R=Ry—R;=H; R—COCFy; m.p. 210°-215%
[a]lz® — 91°% ¢ = (.}, dioxane) together with S8-7,9-bis-
epi-4-demethoxy-daunomycin N-triflucroscetate (XI';
R;=R,;—R,50 H; R=COCF;; m.p. 165°-167%; [a]/®
— 270°% c = (.1, dioxane). These compounds were
separated by chromsatography on silica gel column
using chloroform: acetone (30:20 by volume) as the
cluent. The subsequent bydrolysis of said compounds
with 0.} NN-DHureponedexmplel pmducu!

*-207; [a]® — I.n'c—o.l CH,OH) and 8-7.9-
emethoxy-daunomycin hydrochloride (XI';

bis-epi-4-d
30 R=R;—R;—R~—H: m.p. 185°-187"; [a],® — 250", c

= 0.1, CH,OH).
EXAMPLE 11

. Dsunomycinone (VIII'; Ri=Ry—=H; R;=—0CH,).

Condensation of 3-methoxyphthalic acid mono-
methy] ester monochloride with (—)-1,4-dimethoxy-6-
hydroxy-6-acetyl-tetralin a8 described in Example 2
produced 7-desaxy-daunomycinone dimethyl ether IV,
configuration 95; R,=Ry=H; R;=0CHjy; [a]® — 37",
¢ = 1, CHCl,) which was treated as described in Exam-
ple 4 to give 7-(S)-methoxy-7-desoxy-daunomycinone
dimethyl ether, which by treatment with AICl,, as de-
scribed above, and in applicants® U.S, Pat. No. 3,963,760

43 which corresponds to British Pat. No. 1461190, yielded

7<{S)-methoxy-7-desoxy-desunomycinone. Treatment of
this compound with triflugroacetic acid as described i in
Example 5 produced daonomycinone (VI
Re=R;=H; R=0CH,;; m.p. 210*-213", [a] ™ + 175'

30 c = 0.1, dioxane).

EXAMPLE 12
7,9-bis-epi-Daunomycinone (VIII"; R=Ry=H;
R;=0CH,).

Operating as described in Example 11, but employing
(+)-1,4-dimethoxy-6-hydroxy-6-acetyl-tetralin, there
was obtained 7,9-bis-epi-dammomycinone  (VIII”;
R=R=H; R=0CH;; m.p. 210'-213%; [a],™ 31 176"
¢ = 0.] dioxane).

EXAMPLE 13

7.,9-bis-cpi-Daunomycin (XI; R=Ry=H; R;—=0CH;;
R=—H).

Operating as described in Example 8, bot employing
7.9-bis-cpi-damnomycinone (Example 12), there was
obtained 7,9-bis-epi-devnomycin (XI; R=R,=HK;
R;=—0CHj,; Ry=H).

—Re=H; mp.




4,077,988

13

EXAMPLE 14
1-Methoxydsunomycinone (VIII'; R,=H;
R=R=—0CH,).
Condensation of 3,6-dimethoxyphthalic scid mono- 3
methyl ester monochloride with (—)-1,4-dimethoxy-6-
hydroxy-6-acetyHetralin as described in Example 11,

gave l-methoxydsunomycinome (VIIP, R=H;
Ry=R=0CH,.
EXAMPLE 15
1-Methoxydsunomycin (X; R;=R.—=H;
R;=R;=0CHy.

Operating as described in Example 8, but employing 4

l-methoxy-dsunomycinone (Example 14), there waa
obmained 1-methoxy-daunomycin (X; R=R~—H;
Ri=R;=0CH,).

EXAMPLE 16
1-Methozy-7,9-bis-cpi-daunomycinone (VIIT"; R=H;
R;=R;=0CH)).

Operating as described in Example 14, but employing

{+)1 4-dimethexy-6-hydroxy-6-acetyl-tetralin, there
was obtained

(VIl"; Ri=3%; R=Ry=0CH,).
EXAMPLE 17
1-Methoxy-7,9-bis-epi-daunomyein (XI; R,=Rs~=¥H;
R=R,=0CH,).

Operating as described in Example 8, but employing
1-methoxy-7,9-bis-epi-dsunomycinone (Example 16),
there was.obtained 1-methoxy-7,9-epi-dasunomycin (XI;
R=Ry—=H; R=R,=0CH)).

EXAMPLE 12

4-Demethoxy-1,4-dimethyl-daunomycinone (VIII;

R=H; R=R,—=CH,).

1-methoxy-1,9-bis-epi-daunomycinone 25

3

14
dimethyl-7,5-bis-epi-daunomycin  (XI; R;=Rs=H;
Ry=R,;=CH).

EXAMPLE 12
4-Demethoxy-1,4-dichloro-dsunomycinone (VIIT';
Ry=H; R=R,=Cl).

Condensaticn of 3,6-dichlorophthalic acid mono-
methyl ester monochloride with (—)-],4-dimethoxy-6-

10 hydroxy-6-acetyl-tetralin as described in Examples 2, 4

and 3, yielded 4-demethoxy-1,4-dichloro-daunomyci-
none (VIII'; RH; R=R,=Cl).

EXAMPLE 23
4-Demethozy-1,4-dichloro-7,9-bis-epi-daunomycinone
(VIII"; R=H; Ry=R=C)).

Operating as described in Example 22 but employing

(4)-1,4-dimethoxy-6-hydroxy-6-acetyl-tetralin, there
was obtained 4-demethoxy-1,4-dichloro-7,9-bis-epi-

dsunomycinone (VIII"; Ry=H; R=R,=Cl).
EXAMPLE 24
4-Demethoxy-1,4-dichloro-daunomycin (X;
R=R~=H; R=R;=C1).
Opereting as in Example 8, but employing 4-deme-
thoxy-1,4-dichloro-dannomycinone (Ezxample 22), there
was obtained 4-demethoxy-1,4-dichloro-daunomycin

% 0% Re=Re=H; Re=Rr=CD.

EXAMPLE 23
4-Demethoxy-1,4-dichloro-7,9bis-epi-dsunomycin (XI;
R=R;=H; R=R,=C)

Opersting as in Example 8§, ‘but employing 4-deme-
thoxy-1,4-dichloro-7,9-bis-epi-daunomycinone (Exam-
pie 23), there was obtained 4-demethoxy-1,4-dichloro-

Condensation of 3,6-dimethylphthalic acid mono- 4 7.9-bis-epi-dsunomycin (XI: Ry==R¢=H; Ry=Ry=Cl).

methyl ester monochloride with {—)-1,4-dimethoxy-§-
hydroxy-6-acetyl-tetralin as described in Examples 2, 4
and §, yvielded 4-demethoxy-1,4-dimethyl-deunomyci-
aone (VIII', R;=H; R=R;—CH,).

EXAMPLE 19
4-Demethoxy-1,4-dimethyl-7,9-bis-epi-daunomycinone
(VI1”; R=H; R,=Rs~—CH),).

Opersting s described in Example 18, but'employing

43

EXAMPLE 16

4-Demethozy-1,4-dibromo-datnomycinone (VIII';
R=H, R7=Rs=0r).

Condensstion of 3,6-dibromophthalic acid monoethyl
ester monochloride with (—)-1,4-dimethoxy-6-
hydroxy-6-acetyl-tetralin as.described in Examples 2, 4
and §, yielded 4-demethoxy-1,4-dichloro-daonomyci-

(+)-1,4-dimethozy-6-hydroxy-6-acetyktetralin, there 30 dome (VII'; Ry=H; R,=R,=Hr).

was obtained 4-demethoxy-1,4-dimethyl-7,9-bis-epi-
daunomycinone (VIII"; R,=H; Ry=R,=—CH,).
EXAMPLE 20
4-Demethoxy-1,4-dimethyl-dannomycin (;
R=R=H; R=R~=CHj).
Operating as described in Example 8, but employing
4-demethoxy-1,4-dimethy)-daunomycinone

t (Example
18), there was obtained 4-demethoxy-1,4-dimethyl- &

daunomycin (X; Ry==Ry=H; R;=Ry==CH).
EXAMPLE 21
4-Demethoxy-1,4-dimethyl-7,9-bis-epi-daunomyvcin
O R=Rs=H; Ry=Ry=CH,).

Operating as described in Example 20, but employing
4-demethoxy-1,4-dimethyl-7,9-bis-epi-daunomycinone
(Example 19), there was obtained 4-demethoxy-1.4-

BNSDOCID: <US___4077088A1 |_»>

EXAMPLE 27
4-Demethoxy- 1, 4-dibromo-7,9-bis-epi-dsunomycinone
(VII"; Ry=H; Ry=R;=Br).

Operating as described in Example 26, but employing
(+)-14-dimethosy-6-hydrozy-6-acetyl-tetralin, there
was obtamed 4-demethoxy-1,4-dibromo-7,9-bis-cpi-.
daunomycinone (VIII"; R;=H; Ry=—R,=DBr).

EXAMPLE 28

#-Demethoxy- 1 4-dibromo-davnomycin (X;
R=R=H; Ry=R—=Br).

¢ Operating a3 in Example 8, but employing 4-deme-

thoxy-14-dibromo-dsunomycinone (Example 26), there
was obinined 4-demethorxy-1,4-dibromo-daunomycin
(X; R=Ry=H; R—=Ry=5r).
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EXAMPLE 29

4-Demethoxy-1,4-dibromo-7,9-bis-epi-daunomycin (X1;
R;=R=H; R=R,=Hr).

Operating 85 in Example 8, but employing 4-deme-
thoxy-1,4-dibromo-7,9-bis-epi-daunomycinone (Exam-
ple 27), there was obtained 4-demethoxy-1,4-dibromo-
7,9-bis-epi-daunomycin (XI; R—=Ry=H; Ry=Ry—DBr).

EXAMPLE 30

4-Demethoxy-2,3-dimethyl-dsunomycinone (VIII';
R=CHy R;=Ry=H).

Condensation of 4,5-dimethylphthalic acid mono-
methyl ester monochloride with (—)-1,4-dimethoxy-6-
hydroxy-6-acetyl-tetralin as described in Example 2,
yielded 4-demethoxy-2,3-dimethyl-daunomycinone di-
methyl ether; m.p. 1568°-160°%, [al,® — 40° (c = 0.1,
CHCI,). By bromination and trifluoroacetic acid trest-
ment a8 described in Examples 4 and 5, there were
obtained, after chromstographic separation on silica
gel, 4-demecthoxy-2,3-dimethyl-daunomycinone, (VIII’;
R,=CH,; R=R,+H); m.p. 208°-210", [¢];° + 160", c
= 0.1, CHCl; and 4-demethoxy-7-epi-2,3-dimethyl-
daunomycinone (VIII''; R,=CHj; R,=Ry=H); [a];®
— 80"; ¢ = 0.1, CHCl,.

EXAMPLE 31

4-Demethoxy-2,3-dimethyl-7,9-bis-epi-daunamycinone
(VIII”; R,=CHy R=R,=H)

Operating as described in Example 30, but employing
{(+)1,4-dimethoxy-6-hydroxy-6-acetyl-tetralin, there
was obtained 4-demethoxy-2,3-dimethyl-7,9-bis-epi-
dacnomycinone (VINI"; R=CH,;; R,—Ry=H; m.p.
209°-210"; [a]® — 162", ¢ = 0.1, CHCl,).

EXAMPLE 12
4-Demethoxy-2,3-dimethyl-daunomycin (X; R,=CHj;
—Ry=H).

Openating as described in Example 8, but employing
4-demethoxy-2,3-dimethyl-daunomycinone  (Example
30), o-4-demethoxy-2,3-dimethyl-daunomycin N-tri-
fluoroacetate was isolated (X;
R~—COCFjy; m.p. 233°-235% [a]p® + 181", ¢ = 0],
dioxane) from which, by subsequent hydmlm with 0.1
N NaOH, there was obtsined a-4-demethoxy-2,3-
dimethyl-daunomycin hydrochloride (X; R,=CH;;
Ry=Ry=—=Rg=H; m.p. 190°-192"; [a]l, + 180", c = 0.}
CH,0H).

EXAMPLE 33
4-Demethoxy-2,3-dimethyl-7,9-bis-¢pi-davnomycin
(XI; R,=CH;; R,=Ry—R~—H).

Operating a5 in Example 8, bul employing 4-deme-
thoxy-2,3-dimethyl-7,9-bis-cpi-davnomycinone (Exam-
ple 31), there was obteined 4-demethoxy-2,3-dimethyl-
7.9-bis-epi-daunomycin  hydrochloride (XI; R,=CH;:
R=R;=R,~=H).

EXAMPLE 34
4-Demethoxy-2,3-dimethoxy-daunomycinone (VIII';
‘ F,=OCH;; R=—R;=H).

Condensation of 4,5-dimethyoxyphthalic acid mono-
methyl ester monochloride with (—)-1,4-dimethoxy-6-
hydroxy-6-acetyl-tetralin a3 described in Example 11,

BNSDOCID: <US__ 4077B6BA1_|_»

- (VIIT;

R =CHIn R1=R’=H 43

16
4-demethoxy-2,3-dimethozy-daunomycinone
R,=0CH,, R;Ry—H).
EXAMPLE 33

4-Demethoxy-2,3-dimethaxy-7,9-bis-epi-dsunomyci-
none (VIII"; R, =0CH,; Ry=—=Ry=H).
Opersting as in Example 34, but employing (+)-1,4
dlmethuxy -G-hydroxy-6-acetyl-tetralin, there was ob-
4-demethoxy-2,3-dimethoxy-7,9-bis-epi-
dt.nnmycmone (VIIr"; R=0CHy; R=R,=H).

EXAMPLE 36

4Demethoxy-2,3-dimethoxy-daunomycin (X;
R,=OCH;R;—Ry~—Ry=H).

Operating as in Example 8, but employing 4-deme-
thoxy-2,3-dimethoxydaunomycinone  (Example 34),
there was obtained 4-demethoxy-2,3-dimethoxy-dauno-
mycin hydrochloride (X; R,=0CHjy; R,—R,—R,~—=H).

EXAMPLE 37

4-Demethoxy-2,3-dimethoxy-7,9-his-epi-daunomycin
(XI; R=0CHy R;—=R—=R=H).
Operating a8 in Example 8, but employing 4-deme-
thoxy-2,3-dimethoxy-7,9-bis-epi-dannomycinone  (Ex-
ample 33), there was obtained 4-demethoxy-2,3-dime-
thoxy-7,9-bis-¢pi-davnomycin  hydrochloride (XI;
R=0CHj, R=Ry=R—=H).

EXAMPLE 38

4-Demethoxy-2,3-dichloro-davnomycinone (VIII';
R~=C]; R=R~=H).

Condemsation of 4,5-dichlorophthalic acid mono-
methyl ester monochloride with (—)-1,4-dimethoxy-6-
hydroxy-6-acetyl-tetralin as described in Example 2,
gave 4-demethoxy-2,3-dichloro-daunomycinone di-
methyl ether; m.p. 168°-170°, [a]® — 28° (c = 1, diox-
ane), which, by bromination and trifluoroacetic acid
treatment as described in Examples 4 and 3, produced
4-demethoxy-2,)-dichlorodaunomycinone. (Vi
R,=Cl; R,=R;—=H; m.p. 138"-140").

EXAMPLE 3¥

4-Demethoxy-2,3-dichloro-7,9-bis-epi-daunomycinone
(VIIT"; R=Cl; R=Ry=<H).

Operating as in Example 38, but employing (+)-1.4-
dirmmethoxy-6-hydroxy-6-acetyl-tetralin, there was ab-
tained 4-demethoxy-2,3-dichloro-7,9-bis-epi-
d.;unomycinme (VIII”; R=Cl; R=R—H; n.p.
137°-139").

EXAMPLE 40

4-Demethoxy-2,3-dichloro-daunomycin (X; R=Cl;
Ry=Ry=R;=H).

Operating as ip Example 8, but employing 4-deme-
thoxy-2,3-dichloro-desunomycinone (Example 38) a-4-
demethoxy-2,3-dichloro-daunomycin ~ N-trifluoroace-
tate (X; R=Cl; Ry=—Ry—H: R—=COCF; m.p
238°-240" [a] ™ + 170°, ¢ = 0.1, dioxane) waa isolated
and from which by subsequent hydrolysis with 0.1 N
NaOH, there was obtained o-4-demethoxy-2,3-
dichloro-daunomycin  hydrochloride (X; R,=CI;
Ry=R;=R+~—=H; [a],® + 180", c = 0.1, CH,OH).
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EXAMPLE 41

4-Demethoxy-2,3-dichloro-7, 9—b|l-e|n-dlnnunyun Gﬂ.
R,=Cl; R=R.

Operating as in Example 8, but employm; 4-deme-
thoxy-2,3dichloro-7,9-bis-epi-daunomycinone  (Exam-
ple 39), there was obtained 4-demethoxy-2,3-dichloro-
7,9-bis-cpi-daunomycin hydrochloride (XI; R=Cl:
R;=Ry=Ry=H).

"EXAMPLE 42
4-Demethozy-2,3-dibromo-daunomycinone (VIII';
R,=B8r; R—=Ry—H).

Condensation of 4,5-dibromophthalic acid mono-
methy! ester monochloride with (—)-1,4-dimethoxy-6-
hydroxy-6-acetyl-tetralin as described in Examples 2, 4
and §, gave 4-demethoxy-2,3-dibromo-daunomycinone
(VIII'; R=Br; R,—R,30 H).

EXAMPLE 43

4—D¢mcllmy—2.3dihmmo—1.9—bh—epi—dlunomycimc
(VIII; R;=Br; R=Ry=H).

Operating as in Example 42, but employing (+)-1,4-
dimethoxy-6-hydroxy-6-acetyl-tetralin, there was ob-
tained 4-demethoxy-2,3-dibromo-7,9-bis-epi-
daunomycinane (VIII”; R;=Br; R,—=R;=H).

EXAMPLE 44
4-Demethoxy-2,3-dibromo-daunomycin (X; R,=Br;
R=Ry=Rsy=H).

Operating as in Example 8, but employing 4-deme-
thoxy-2,3-dibromo-daunomycinone (Example 42), there
was oblained 4-demethoxy-2,3-dibromo-dauncomycin
hydrochloride (X; R,=Br; R=R;—=Rs~—H).

EXAMPLE 45

4-Demethoxy-2,3-dibromo-7,9-bis-epi-daunomycin (XI;
R=Br; R=R;=R,=—H).

Opermating as in Example 8, bot employing 4-deme-
thoxy-2,3-dibromo-7,9-bis-epi-daunomycinone (Exam-
ple 43), there was obtained 4-demethoxy-2,3-dibromo-
7,9-bis-epi-dsunomycin hydrochloride (XI; R,=Br
R=R,=R,—H).

EXAMPLE 46

{4 )4-Demethoxy-7-desoxy-dsunomycinone dimethyl
ether IV; R=R;=Ry=H).

To $ gm. of (+)-1,4-dimethoxy-6-hydroxy-6-acetyl-

tetralin in 30 ml. of trifluoroscetic anhydride, 10 gm. of
phthalic acid monomethyl ester were added and the
solution refluxed for 18 hrs. The solution was evapo-
rated in vacuo and the residue taken up in 100 ml. of
60% ethanol containing 8 gm. of NaOH. The solution
was kept at 60° for 1 hr., diluted with water and ex-
tracied with chloroform which was then discarded. The
aqueous solution was acidified with 2 N HCl aad ex-
tracted with chloroform. Evaporation of the salvent
left a residue that was dissolved in 20 ml. of liquid HF.
After 3 hra, the HF was evaporated and the residue
taken up in chloroform. The chloroform extracts were
washed with water and dilute NaOH and evaporsted in
vacuo. The residue was crystallized from ether to give
1.5 gm. of racemic #-demethoxy-7-desoxy-daunomyci-
none :in;.:thyl ether (IV; R;=R=R,y=H; m.p.
184"-1B5"
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Variations and modifications can, of course, be made
without departing from the spirit and scope of the in-
vention.

Having thos described our invention what we desire
to secure by Letters Patent and hereby claim is:

1. Optically sctive anthracyclinones of the formulae
IV’ and IV”

B O oc, v
| COCH,
“on
R,
Ry 0 OCH,
R, O oCH, v
2, _0OCH,
OH
R,
R, Q OCH,

wherein R, is hydrogen and R;and R, are the same and
are hydrogen, methyl, methoxy, chlorine or bromine; or
R,and R;are both hydrogen and R, is methyl, methoxy,
chlorine or bromine; or R, and Ry are both bydrogén
and R, is methoxy with the proviso that R, R; and R,
are not all simultaneously hydrogen in the case of for-

m‘;l..x‘;pumny active snthracyclinone of the general
formuls VIIT', VIII”, VIII* ar VIII""":
R, o ON vir
R, cocH,
“~on
R,
R O oM |
R, O ow vin~
R, i _CocH,
on
R,
R, oH
R, v~
R, COCH,
“~oH
R,
T oM oM
R, 0 OH v
R, o0,
oH
®,
R, cl) OH |
oH

wherein R, is hydrogen and R; and Ry are the same and
are hydrogen, methyl, methoxy, chlarine or bromine; or
Ryand R, are both hydrogen and R, is methyl, methoxy,
chlorine or bromine; or, in the case of formalae VIII*,
VIII" and VIII"™, R;and Ryare both bydrogen and R,
is methoxy.
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Inventor(s) Federico Arcamone et al

It is certified that error appears in the above-identified patent -
and that said Letters Patent are hereby corrected as shown below:

Column 3, line 55: "diasteroisomeric" should read
-~ diastereoisomeric --; line 67: "keton" should read
-= ketol ~-.

Column 4, line 29: “appropriatee" should read -- appropriate =--,
Column 6, line 13: ."ketoln" should read -- ketol —--.

Column 12, line 20: "Rj=R,=R350" should read -- Rj=Ry=R3=H --;
line 58: " 20 o.m 20 °
[r.r.]D 31 176°;" should read -- Bt]D ~176°; =-.

Column 14, line 12: “Blﬂg" should read -- Ry=H; =--.

Column 15, line 23; "Ro=R3+H);" should read ~- Rpu=R3=H); ~-;
line 40: "R3=R3=H)." should read -- Rz=R3=Rg=H). =--; line 50:
"[«]5" should read -- [«] 30 --.

Column 16, lines 14-15: "4Demethoxy-2,3-dimethoxy-daunomycin
X; ﬂ:ocn R2=R3=R5=H) ." should read -- 4-Demethoxy-2,3-
imethoxy~daunomycin (X; R1=0CH3; R2=R3=R5=H). —-.
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NL-2280 HV Rijewiji - Prys Bas Fiz, W
Tel. 431 70 340 - 2040 Tx 31 6851 epo nl
Fax +3170 340 - 3018 Telephona No. +31 70 340 4350

Form PCTAPEA/400 (cover ghest) {January 1594)



|'.. %

INTERNATIONAL PRELIMINARY
EXAMINATION REPORT International application No. PCT/EP01/13217

I. Basls of the report

1. With regard to the elements of the Intemational application (Replacement sheets which have besn furnished to

the raceiving Office in response to an invitation under Arlicie 14 are referred to in this report as “originally filed”
and are not annexed io this report since they do not coniain amendments (Rules 70.18 and 70.17)).

Description, pages:

-1 as originally flled
Claims, No.:
1-10 as received on 08/11/2002 with letter of 08/11/2002

2. With regard to the language, all the elements marked above were available or fumished to this Authority in the
language in which the Intemational application was filed, unless otherwise indicated under this item.

These elaments were available or fumished to this Authority In the.following language: , which Is:

O the language of a transiation furnished for the purposes of the Intemational search {under Rule 23.1(b)).
O the language of publication of the intemational application (under Rule 48.3(b)).

O the language of a translation fumished for the purposes of intemational preliminary examination (under Rule
§5.2 and/or 55.3).

3. With regard to any nucleotide and/or amino acld sequence disclosed in the intemational application, the
imemational preliminary examination was carried out on the basis of the sequence listing:

contained In the Intemational application in writtan form.

filed together with the intermnational application in computer readable form.
fumished subsequently to this Authority in written form.

fumished subsequently to this Authority in computer readable form.

The statement that the subsequently furmnished written sequence listing does not go beyond the disclosure in
the intemational application as filed has been fumished.

The statement that the information recorded in computer readable form is Identical 1o the written sequence
listing has been fumnished.

O oaooan

4. The amendmenris have resulted in the cancellation of:

[ the description, pages:

O theclaims, Nos.:
O the drawings, sheets: . )
5. 0 This report has been established as if (some of) the amendments had not been made, since they have been

congidered to go beyond the disclosure as filed (Rule 70.2(c)):

Form PCTAPEA/400 (Boxes I-V1Il, Sheet 1) (July 1058)
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(Any replacement sheet containing such amendments must be referred to under item 1 and annexed fo this

report.)

6. Additional observations, if necessary:

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabliity;

citationa and explanations supporting such statement

1. Statement
Novelty (N) Yes:
No:
Inventive step (IS) Yes:
No:
Industrial applicabliity (IA) Yes:
No:

2. Chations and explanations
seo separate sheet

Form PCTAPEA/08 (Boxas I-VIll, Sheet 2) (July 1688)
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INTERNATIONAL PRELIMINARY International application No. PCT/EP01/13217
EXAMINATION REPORT - SEPARATE SHEET

Re item V

Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1: RHO, YOUNG S. ET AL: BULL. KOREAN CHEM. SOC. (2000), 21(8), 774-
778, XP001058968

D2: RAO, A.V. RAMA ET AL: INDIAN J. CHEM., SECT. B (1985), 248(7), 697-
702, XP008000090

D1 is considered to be the closest prior art document. D1 describes the synthesis of a
compound of formula | starting from a compound of formula Il. D1 also describes that
the compound of formula | is suitable for use as an intermediate for the synthesis of
anthracycline antibiotics.

1.) The subject-matter of claims 1-10 is novel over D1 by virtue of the following
differences:

The main difference between D1 and the present application is the following: in D1 the
starting material i.e. the compound of formula 1, is first formylated according to
Vilsmeyer-Haack. This is followed by Grignard addition of methyl magnesium bromide
to the formyl-group obtained in the first step. In the application, on the other hand, the
compounds of formula |l are acylated with acetyl chloride in the presence of an excess
of AICI3 at -35°C - 25°C, so that the desired C,-substituent is obtained in one step.

Another difference between D1 and the application is that in D1 an oxidation step of a
hydroxyl group to a ketone group is required in order to finally arrive at the compound
of formula |, whereas in the application no such oxidation is required.

2.) The subject-matter claims 1-10 involves an inventive step for the following reasons:

The problem to be solved by the application is considered to be the provision of a

Form PCT/Separnte Sheet/408 (Sheet 1} (EPO-April 1997)
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EXAMINATION REPORT - SEPARATE SHEET

further method for preparing tetralins of formula | starting from compounds of formula il,
for use as intermediates towards anthracycline antibiotics.

The solution offered by the present application, i.e. a reaction sequence involving a
Friedel Crafts acetylation of the compounds of formula ll, is considered non-obvious in
view of the available prior art documents. As a matter of fact, it is reported in the prior
art (see D2, page 698, column 1) that this acetylation reaction has been unsuccessfully
attempted, so that the authors were obliged to perform a Vilsmeyer-Haack formylation
instead.

In conclusion, the subject-matter of claims 1-10 is considered to involve an inventive
step.

Form PCT/Separate Sheat/409 (Sheet 2) (EPO-Aprll 1887)
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Claims
1"

1. Process for the preparation of anthracycline of formula VIII: 12 11 2002
" ®

oHC 2T

O™

H ORg

(vin}

wherein Ry = H, OH, OCH3: R2 = H, OH; Ry = X, Y or Z where:

NH;
oﬂi Ha.HCI

comprising the formation of the intermediate of formula (I):

R
“OH

- OR
(1)
wherein: R = Cy.s, Elm
characterised in that said intermediate of formula (|) is prepared starting from a 5-
dialkoxy-3,4-dihydronaphthalene of formula (l):

AMENDED SHEET
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13

R
(n)
wherein R = C1.3 alltyl
according to the following steps:
a) the 5,8-dialkoxy-3,4-dihydronaphthalene of formula (ll), Is acylated In a single
s step with acetyl chloride in the presence of an excess of AICl; at a
temperature comprised between —35° and 25° C , forming the comesponding

acy! derivative (lil)

wherein R = C4.3 alkyl;
10 b) the acyl derivative (lil) Is enantioselectively hydroxylated with a catalitic
quantity of osmium, to form the diol (IV)

(V)

wherein R = Cy 3 alkyl;
15 ) the diol (IV) Is converted into the acetate (V1)

AMENDED SHEET
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14

Me
V)

by direct reduction or, altemnatively, through the chioroacetate (V)

5 by reaction with triethylortoacetate and trimethylisilylchloride followed by
reduction according to known procedures;
d) the acetate (V1) is hydrolized to the tetraiin of formula (1)
2. Process according to claim 1 wherein the tetralin of formula (I) is converted,
according to known procedures, into the anthracyclinone of formula (Vil),
10

wherein Ry = H, OH, OCH3, Rz = H, OH, O-acyl, whereln acyl! Is chosen between
formyl, acetyl, mono- or di-chioroacetyl
15 and this is finally converted into the anthracicline of formula (VIll) as defined in

Claim 1 according to known procedures.

3. Process according to claims 1 and 2 wherein R = methyl and Rz = O-acetyl.

4. Procaess according to claim 41 whereln the acylation is performed at 0°C.

5. Process according to claim 1 wherein the enantioselective dihydroxylation
i 20 according to step (b) is performed using catalytic quantities of osmium using the

AMENDED SHEET
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reactive AD-mix o with a further addition of an osmium gsalt and
methanesulphoneamide. : :

6. Process according to claim 5§ wherein the osmium salt used Is K20s8O2(OH),.

7. Process according to claim 6 whereln the reaction Is performed at 4 - +20°C.

8. Process according to clalm 7 whereln the reaction is performed at 0°C.

8. Process according to claims 1 — 8 wherein the anthracyclines of formula (Vill)
are: daunomicin (VII, wherein Ry = OCHs, Rz = H, Ry = X), doxorubicin (VIli
wherein: Ry = OCHa, Rz = OH, Ry = X), 'hydrarubicin (VIIl wherein: Ry = H, Rz = H,
Rs = X) F'epirubicin (VIll, wherein: Ry = OCHj, Rz = OH, Ry = Y), or a tetracycline of
formula VIl wherein: Ry = H, R2 = OH, Rs = Z, where X, Y and Z are as defined in

claim 1.
10. Optically active compound of formula V

AMENDED SHEET

D
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‘ . ,
From the RECEIVING OFFICE PCT
To: A
Gervasi, Gemma NOTIFICATION OF THE INTERNATIONAL
NOTARBARTOLO & GERVASI S.P.A. APPLICATION NUMBER AND OF THE
Corso di Porta Vittoria, 9 INTERNATIONAL FILING DATE
I-20122 Milano
ITALIE (PCT Rule 20.5(c))
Date of mailing
(daymanch/ye ) 2 7 NOV 2001
Applicant’s or agent’s file reference
2550PTWO/8bc IMPORTANT NOTIFICATION
Inmternmtional applicstian Na. International filing dute (day/month[ysar) Priarity date (day/monthysar)
PCT/EP 01/ 13217 15/11/2001 16/11/2000
MENARINI RICERCHE S.P.A.
Title of the inventon

the internsational filing dute indicated sbove.

Bureau on the above date of maffing.

3. D Other:

1. The applicant is hereby notified that the international application has been accarded the internationsl lppl:lnmmmblrlnd

2. The spplicant is further notified that the record copy of the international spplication was tyansmiitted to the International

—
* The International Buresu monitars the transmittal dhmﬂwhhrﬁﬁuoﬂnnﬂwﬂnoﬁ&ﬂr/mﬂhﬂ(
(with Form PCT/1B/301) of its receipt. Should the record copy not have been recuived by the Tonths from

iration of 1
the pricrity date, the lnternational Buresu will notify the spplicant (Rule 22.1(c)). ) ; L
rF A
Name and mailing address of the Receiving Office Authorized officer £ . g
— , P.B. 5818 P
NL 30 HY Rl e 2 / Mre. H. Franez
Tel. (+31-70) 340-2040 /4
_ " Fax: {+31-10) 340-3016

Form PCT/RO;105 (Jull 1993) ?




. PCT . . For receiving Office use only
Inemations! Applicatioh o/ £+ O 1713217

REQUEST (1511 2m) 15 Nov o
Imternational Filing Date
: EURGPEAN PATENT OFFICE
B oA ki ot it o PCT INTERNATIONAL APPLICATION |
according to the l;?tenl Cooperation Treaty. [ Name of re:elm Office and “PCT International Applicstion™

Applicant's or

file
mmmm 2550PTWO/sbc

BoxNo.1  TITLE OF INVENTION
Process for the synthesis of optically active anthracyclines

BoxNo.II  AFPLICANT D This person is elso inventor

The addrexs must inchada code and lﬁedﬁlﬂlﬂﬂlﬂlﬁ

Name and address: (F: nlbmﬁlbwdb;\-lm fc@laﬂmﬂﬂ i designation, | Telephone No.
Box is the applicent's Stase (tharls, country) of residence llnShld'

Facsimile No.

MENARINI RICERCHE S.p.A.

Via Tito Sper 10

00040 POMEZIA (Province of ROME) - ITALY Teleprinter No.

Applicant’s registration No. with the Office

State {that is, country)) of nationality: Sl%te (that is, country) of residence:
IT
"l:olrll:h%ﬂﬂl'IBlpplm D;Illl:-m .ﬂ%ﬂ;ﬁ D:f:lhmds:l; gmmﬂ:

Box No. I11 FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR({S)

and address: Jollowed by
&nzwmhdzwﬂﬂmi mfgnw he

mem» This parsca ix: *
mShmfm iz Indicard below )

Box is the applicant's Siase (thot bs, country) of i [] spplicant emly

DI BUGNO Cristina . -
MENARINI RICERCHE S.p.A. [3] spplicant and inventor

Via Tito Speri 10 mvmmrang ﬂﬁ check-bax

00040 POMEZIA (Province of ROME) - ITALY

Applicant’s registration No. with the Office

State (that is, country) of nationality: State (that is, country)} of residence:
IT IT

M= e (atemivee Kovesy (15l

[¥] Further spplicants and/or (further) inventons are indicated on s continustion shect.

BoxNo.IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESFONDENCE

oF o applicani(s) setore e comperat Intermational Actontesssr | [X] seent I fo .
Name and address: (F: givan nams; for ¢ legal entlly, full official dasignation. | Telephone No.

The i e ""“2‘”"" code and name of coamiry,) +38 02541788.1
GERVASI Gemma Facsimile No.
NOTARBARTOLQO & GERVASI S.p.A. +39 0254179920
Corso di Porta Vittoria 9 Teleprinter No.
20122 MILAN - ITALY

Agent’s registration No. with the Office

e i e P e o o o

* Form PCT/RO/10] (first sheet) (March 2001; reprint July 2001) See Notes io the request form
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“Continuation of Box No. Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
If none of the following sub-boxes is used, this sheet should not be included in the request.

N and address: (Fomily name followed name; legal entity, full official devignation.
?mwmrungp%cﬂﬂuan:’ c:umy the address indicated in thiy
Box s the qppBeant s State (that ix, couniry) of residence [ no Stats of isindicated below,)

D'ARATA Fabio

MENARINI RICERCHE S.p.A.

Via Tito Speri 10

00040 POMEZIA (Province of ROME) - ITALY

This person is:
D spplicant only
[X] spplicont und inventor
D inventor only (If this

check-box
i maried, do nol fill in delow,)
Applicant’s registration No. with the Office

RAMACCIOTTI Alessio

MENARIN! RICERCHE S.p.A.

Via Tito Speri 10

00040 POMEZIA (Province of ROME) - ITALY

State (that is, country) of naticnality: State (that is, country) of residence:
IT IT
et e aGiemiem, X ety []kikmaiens
N und address: lowed 3 entlty, full official devignation. i ia
The address muart mﬁ%ﬁ&a&& _"rﬁ::; the addross ndicad i thty | T PEROR it
Box is the cpplicant s State (that s, country) of rexidence ifwo Siate of ix indlicasd beiow,) D spplicent only

applicant and inventor
is marked, do not fill in below)

Applicant’s registration No. with the Office

State (that is, country) of nationality:

State (that is, country) of residence:

Thia person is spplicant ] gheaiensted [] ol diguited Sutes emcops

tho United States tho States indicated in
of America only D tha

Supplementn] Box

Name and address: (Famllyname followed by given nama; for ¢ lagal entlty full official dastgnasion
zﬁ*ﬂ%? m‘hmﬁ;nﬁd’wﬂﬁmﬂmﬁ ad

CROTTI Paoclo

MENARINI RICERCHE S.p.A.

Via Tito Speri 10

00040 POMEZIA (Province of ROME) - ITALY

[] sppticant emly
[X] sppticant end inventor
[ irventor guly @i check b

Applicant’s registration No. with the Office

?lz_-l-_u (that is, country) of nationality: slt_lrle (that ix, country) of residence:

This person is applicant designated ; —

for the purposes of e A o e o Aty [] (b Soucy indicsted in
e e o M | e e

Bax s the applicant 's State (hat s, country) of residence. derdzluhwa [] eppticant caly

D applicant and inventor
[ it i 30 oy

Applicent'sregistration No. with the Office

Sm(ﬂmhmby)ofruidm::u:

State (that is, country) of nationality:
This person i icant all designated ﬂlﬁ:ﬂﬂmm indicated

D Further applicants and/or (finther) inventors are indicated on another contimuation sheet.

Form PCT/RO/101 (continuation sheet) (March 2001; regxrint July 2001)

See Notes to the request form

S



FUI/JEPD1/7132 1

b SheetNo. ...3...
~Box No. V DESIGNATION OF STATES Mark‘lhcappbhﬂcmqbamhbw: ot leasi one muust be marked g

The following designations are hereby made under Rule 4.9():

Regional Patent ]

[ AP ARIPO Patent: GH Ghana, GM Gambis, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan,
SL Sierma Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is
a Contracting State of the Hararo Protocol end of the PCT

bd EA EurssianPatent: AM Armenia, AZ Azerbaijen, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova,
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contrecting State of the Eurasian
Patent Convention and of the PCT

0l EP European Patent: AT Austria, BE Belgium, CH & LI Switzerland and Licchtenstoin, CY Cyprus, DE Germany,
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg,
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other State which is a Contracting State of
the European Patent Convention and of the PCT

[l OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, Cl1 Céts d'Ivoire, CM Cameroon,
GA Gabon, GN Guinea, GW Guinea-Bissan, ML Mali, MR Menritania, NE Niger, SN Senegal, TD Chad, TG Togo, and eny
other State which is s member State of OAPI and a Contracting State of the PCT (if other kind of protection or treaiment desired,
speclfy on dotted ling) ............ et e eNesEasassssssissssNtittttasen s assaanasestsanasananssannananns

National Patent (if other kind of protection or treatment desired, specify on dotted ling):

I8 AE United Arab Emirates B GHGhana........ccovnnnennens W MXMexico......occovvvennnnnn.

B AG Antigua and Barbuda @ GMGambia B MZ Mozambique

B AL Albanin. .. ..o...oeviinnnnnnn. B BRCrostis ...........cccnuvnnes B NO Norway

W AMAmERiE.........oveiiennnns R HUHmgary ........coovvvvnennn B NZ New Zealand.................

BOAT Austria.......coooeennnnnnnn.. K I Indonesin B PL Poland......................

B AU Australia. .. ...covvennnnnannns B IL Jemeel..........oiiiiiinann, BMPTPortugal....................

B AZ Azerbajen B IN Indin.......oooceiiennennnn B RO Romsnia

B BA Bosmia and Herzegovina . ......... K 13 Iceland B RU Russien Federntion. . ... ..,

K BB Bubedos B JIP Japm....cccvenninnnens e T T

B BGBulgaris...........c.00ivnauen B KEKenys.......cocooivnennennns K SD Sudm

BBR Bmzil......cooovnevnvannnnnas B KGKymgyostan . ...occonevcannnas ] 3E Sweden

B BY Belarus..........c.euees +evr.« I KP Democratic People's Republic Bl 8G Singapore

BIBZ Beliee.............ccoennnnnnnn Of KOreR .. .ccvvvnnnnnnnnss B SI Slovenia...........cooeenens

0 CA Cmnada B KR Republic of Korea............. BB SK Slovekia..........ocvnuunns .

B CH & L] Switzeriand and Liechtenstein Bl XZ Kazakhstan.................. BB SL SiemaLleome.................

MCNChima....ccoveveeiiennn e B LC SaintLucis B TI Tejikistan........cccoovennns

M CO Colombia M LX SriLanks B T™ Twkmenistan................

RICRCostaRicB.....ocvcvcuennnnnn B LR Liberia B TR Tarkey...ooovvnivcevninnnnns

BCUCobe.......cooviceecnnnannes Dl LS Lesotho.........00neenvennn. B TT Trinidad and Tobago ..........

@ CZ Czech Republic. .............. B LT Lithusnia @ sresesssssssraasenssssnias

BDEGemany.............c0unnn. K LU Luxembourg [l TZ United Republic of Tanzania

i DK Denmark ......... [ LV Latvia K UA Ukmaine ............c.c...e

I DM Dominics B MAMoroeeo.....oovvreneniene. BUGUgmds ........cceevveennes

[ AT B MDRepublic of Moldovs . .. ...... [ US United States of America . .. .. .

B EC Ecuador =000 iiiiiiieeeetsersaesssaeasse sssssisesssssrasasasserssnes

B EE Estonia.....coocvieerannnnnss B MGMadagasesr.................. B UZ Uzbekistan . .. ..cocvvvennnen

BIES Spain ......c.cccceecvnnnnnns B MK The former Yugoslav Republicof 0] VN VietNam..................

KF Fled...................... Macedonis ........e00en0.. ..l YU Yugoslavia ........ Crreranes

B GB United Kingdom B MN Mongolia B ZA South Africa........

K GD Gromada B MWMalawi.....c.cocoennnnnnn.. M Zw Zimbabwe .................

B GEGeorgig..........c..cneeet

Check-boxes below reserved for designating States which have become party to the PCT after issuance of this sheet:

g PHPhlppines ... Do ceeeeeeeeeeereeneaeeeesens o T TTRRs

BOMAN [ [P [N

Precautionary Designation Statement: In addition to the designations made sbove, the applicant also makes under Rule 4.9(b) all

other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being

excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that

any designatian which is not confirmed before the expiration of 15 months from the priority date is to be regarded as withdrawn by the

applicant at the expiration of that time limit. (Confirmation (including fees) must reach the receiving Office within the 15-maonth time Emit)

Form PCT/RO/101 (second shecet) (July 2001) See Notes 1o the reguest form
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BoxNo.VI PRIORITY CLAIM ' d

The priority of the following eslier application(s) i hereby claimed:

Filing date Number ] Where earlier application is:
of earlier application of earlier spplication - _—

(daymanth/year) national application: { regional epplication:* | international application:
ftera (1)

16 Nov. 2(\)00 FI2000A000237 T
item (2)
item (3)
jtem (4)
item (5)

[C] Further priority claime are indicated in the Supplemental Box.

The receiving Office is requested to prepare and trangmit to the International Buresu a certified copy of the earlier spplication(s) (only
if the earlier application was fiied with the Office wihick for the purposes of this intsrmational application is the receiving Office) identified
sbove as:

[] wtiems [ item 1) E]iunm Oime O tm@ Owne® OEmeS b

Industrial Property or ane Member of the W ammfumudmmwmmmﬁumummw .....

* Where the earlier application is an ARIPO indieate at least one country parly to the Paris Convention for the Protection of

Boa No. VII  INTERNATIONAL SEARCHING AUTHORITY

Cholee of International Searching Auth SA) (if two International ing Authorities
( nternational n?uldu oﬂly(l.ﬁz(y' wmwhm:&wdmg are competent o carry out the

Request to use results of earller search; reference to that search (if an earlier search kas been carvied out by or requested from the
International Searching Awharity):

Date (dawmonth/ywar) Number Country {or regional Office)

Box No. VIII DECLARATIONS

The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable Number of
check-boxes below and indicate in the right column the number of each type of declaration): declarations
D Box No. VIII (i) Declaration as to the identity of the inventor
D Box No. VI (i) Declaration as to the applicant’s entitlement, as st the international filing

date, to apply for and be granted & patert
D Box No. VIII iii) Declaration a8 to the spplicent’s entitlement, as at the intemational filing

date, to claim the priority of the earlier application
[[] BoxNo. VI (v) Declamation of invenorship (only for the purposes of the designation of the

United States of America)

[C] BoxNa. VI (v} Declaration 21 to non-prejudicial disclomures or exceptions to lack of navelty

Form PCT/R0/101 (third sheet) (March 2001; reprirtt July 2001) See Notes io the request form
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BoxNo.1X CHECK LIST; LANGUAGE OF FILING

Thia international epplication contalns: This international application is neeomplnled I:y the followm; Number
(.) the ﬁ.’m number of ﬂﬂn(l) (Mtﬂl M check-boxes below and indicare in of items
sheets In paper form: rlghrmlmﬁemm_hd‘wdlw
request (including 1. [] fee calculation sheet :
declaration sheets) : § | 2.[J original separate power of attorney :
MWTE‘F“‘:;E . N 3. [J original gencral power of attorney : [‘:7
i % 4. [ copy of general power of attomey; reference number, ﬁ/‘
j ey ... i ittt ieti st s et : ’
drawings . 5. [] statement explaining lack of signature :
Sob-otal umber ofsheets : 24 | [ FER docvment®) Mentifod in Box o, V1M e
sequence listing part of 7
P I b .[J translation of international application into
W u;m::o (aMgUARE): . . .o vvevenneasarnncecsnncrsnsansssnans :
or ot 8. [J separnte indications concerni ited microorganism
ﬁmW . - aoﬂmbiol:gimmmn " deposiied i :
Tommmberofuieets  : 21 | o e kete, CD ROM, CD. o thar
sequence listi of description filed i iy O submitted for the purposes of international h
®) mmpn:mm form " ® m Rule ]3ter only (and not as p:l'l of the -
@ O only (mder Section aol(-)(i)) intenational application)
@0 gt e "0 et O kot
(uﬂaSecanﬂl(l i), the copy for the purposes of international search under
CTEROM, CDR or ehery caywinch e oo '
or an (iid) Dwmuudﬂ:relmmumm:dmmy
part is contained (additional
m»bmwmmm-m emtion i oot e B
...................... 10. jf} other (apecif): accomoanving latier,............... : 1
i La of fillag of the
hnl? aerots ey e dbemst international spplication:  ENGLISH

BoxNo.X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
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WO 02/40496
PCT/EP01/13217

PATENT COOPERATION TREATY S

From the INTERNATIONAL BUREAU

PCT To:
. GERVASI, Gemma
Notarbartolo & Gervasl S.p.A.
NOTICE INFORMING THE APPLICANT OF THE Corso di Porta Viﬁof‘W
COMMUNICATION OF THE INTERNATIONAL I-20122 Milan Mll.mo‘ GERVASI
APPLICATION TO THE DESIGNATED OFFICES ITALIE CEIVED
<
{PCT Rule 47.1(c), first sentence) i 31 MAG. 2002
Date of malling (day/monthiyear) S@ "b
23 May 2002 (23.05.02) d /

Applicant's or agant's file raference

2660PTWO/sbc IMPORTANT NOTICE
international applicetion No. Iinternatlonal filing data (day/month/ysar) |Priority date (day/month/yaar)
PCT/EP01/13217 15 November 2001 (15.11.01) 16 November 2000 (16.11.00)
Applicant .

MENARINI RICERCHE S.P.A. st al

1. Notice Is heraby given that the International Bureau has communioated, as provided In Articie 20, the international application
to the following designated Offices on the date Indicated above as the date of malling of this notlos:

KP.KR,US

in accordance with Rule 47.1(c), third semence, thoss Offices will soccept the present notice as conclusive svidence that
the communiaation of the International spplication has duly takan place on the dete of malling Indicated above and no copy
of the international application Is required to be fumnished by the appiicant to the designated Offica(s).

2. The following designated Offloss have waived tha requirement for such 8 communication at this time:
AE,AG,AL,AM,AP,AT,AU,AZ,BA BB,BG,BR,BY,B2,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,EA,EC,
EE,EP,ES,FI,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS,JP,KE KG,KZ,LC,LK,LR,LS,LT,LULV.MA,
MD,MG,MK,MN,MW,MX,M2,NO,N2,0A,OM,PH,PL.PT,RO,RU,SD,SE,SG,SI,SK,SL,TJ, TM,TR,TT,TZ,

The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the
applicant to furnish a copy of the international application {Rule 48.1(a-bls)).

3. Enclosed with this notice Is a copy of the International application as published by the iInternational Bureau on
23 May 2002 (23.05.02) under No. WO 02/40488

4. TIME LIMITS for filing & demand for Intemnational prefiminary examination and for entry into nstional phase

The applicable ime limit for entering the national phase will, subject to what is said in the following paragraph be 30 MONTHS
from the priority date, not only in respeat of any elected Office f 8 demand for international preliminary examination Is filed
before the expiration of 18 months from the priarity date, but alsc in respect of any designeted Office, In the absenoe of

filing of such demand, where Article22(1} as modified with effeat from 1 Aprll 2002 appllies in respect of the designated Office.
For further detaile, see PCT Gazette No.44/2001 of 1 November 2001, pages 18826, 19632 and 10834, as well as the PCT News-
letter, October and November 2001 and February 2002 Issues.

In practice, time limits other than the 30-month time limit wlill continue to apply, for various periods of time, In respect of certain
designated or slectad Offices. For reguiar updates on the applicable time Rmits (20,21.30 or 31 months , or other time limit),
Office by Office, refer to the PCT Qazetts, the PCT Newslstter and the PCT Applicant's Guide, Volume |, National Chapters, all
avallable from WIPO's Internet site, at http://www.wipo.Int/pct/enfindex.html.

For filing 8 demand for international preliminary examination, ses the PCT Applicant's Quide, Volume A, Chapter IX. Only an
an applicant whao is a national or resident of a PCT Contracting State which Is bound by Chapter |l has the right to file s demand
for International preliminary examination (st present, all PCT Contracting States sre bound by Chapter il.)

it is the applicant’s sole responsibility to monitor all these limits.

The International Bureau of WIPO Authorlzed officer
34, chemin des Colombettes J. Zehre
1211 Geneva 20, Switzerland
Facsimile No. (41-22) 740.14.36 Telephone No. (41-22) 338.81.11

Form PCTAB/308 (April 2002) 4858272



PCT/EP01/13217

PATENT COOPERATION TREATY §
. 9\?\
\s \ From the INTERNATIONAL BUREAU
\ PCT To:
INFORMATION CONCERNING ELECTED
GERVASI, Gemma
OFFICES NOTIFIED OF THEIR ELECTION Notarbartolo & Gervabi W GERVASI
Corso di Porta Vittoria. & E C E
(PCT Rule 61.3) 1-20122 Milan o N | vVED
Italy = DIC. 2002
Dete of maiing {day/month/year)
19 November 2002 (19.11.02)
nt's or agemt’ reference
2660PTWO/sb IMPORTANT INFORMATION
intemational appiicetion No. intemnational filing dste (day/month/vear) |Priority date (day/monthiyear)
PCT/EP01/13217 15 November 2001 {15.11.01) 16 November 2000 {(16.11.00)

Applicant
MENARINI RICERCHE S.P.A. et al

1. The spplicant is hareby Informad that the International Bureau has, according to Artiale 31(7), notified sach of the following
Offloss of its election:

EP :AT,BE,CH,CY,DE,DK,ES, FI,FR,GB,GR,IE,IT,LU,MC,NL,PT,SE, TR
Natlonal :AU,BG,CA,CN,DE,GB,IL,JP,KP,KR,MN,NO,PL,RO,RU,SK,US

2. The following Offices have walved the requirament for the notifloation of their election; the notiflcation will bs sant to them
by the international Bursau only upon thelr request:

AP :GH,GM,KE,LS,MW,MZ,SD,SL,S$Z,TZ,UG ZW

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD, TG

Natlonal :AE,AG,AL,AM,AT,AZ BA,BB,BR,BY,BZ,CH,CO,CR,CU,CZ,DK,DM,DZ,EC.EE,
ES,FI,GD,GE,GH,GM,HR,HU,ID,IN,IS KE KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA ,MD,MG,
MK,MW,MX,MZ,NZ,0M,PH,PT,SD,SE,SG,S!,SL,TJ, TM,TR,TT,TZ,UA,UG,UZ,VN,YU ZA,
Zw

3. The spplicant Is reminded thet he must snter the “national phase" before the expiration of 30 months from the priority date
before sach of the Offlces listed sbove. This must be done by paying the national fee(s) and furnishing , f prescribed, a
translation of the International applicatian (Article 38(1){(a)}, as well as, where applicable, by furnishing s translation of any
annexes of the International preliminary examination report {(Articie 38(3)(b} and Rule 74.1).

Some officas have fixed time limits expiring later than the above-mentioned time limit. For detailed Information about the
applicable time limits and the scts to be performed upon entry Into the national phase before a particular Offics, see Volume i
of the PCT Applicant's Quide.

The entry Into the European regional phase is postponed untll 31 months fram the priority date for all States designated for
the purposes of obtaining s European patent.

The Intsrnational Bureau of WIPO Authorlzed officer:
34, chemin des Colombettes Zakaria EL KHODARY %
1211 Geneva 20, Switzeriand
Facsimile No. (41-22) 740.14.36 Telephone No. (41-22) 338.83.38

Form PCTABR/332 (September 1887) 5274908



PCT No. de Solicitnd Inmternacional

PETITORIO PCT/EP 01/13217

El abgjo firmante solicita que Ia presente solicitud Fecha dc presentacién internacional

internacional sea procesada de acuerdo al Tratado de 15-noviembre-2001
Cooperacidn en Materia de Patentes Nombre de Ia oficina receptora y "Solicitud Internacional de PCT

| Oficina de Patentes Europea - Solicitud Internacional PCT
Referencia de archivo del salicitante o apoderado
(=i ac desea) (12 caracteres méximo)

2550 PTWO/sbe

Blogue No. I TITULO DE LA INVENCION

Proceso para Ia sintesis de antraciclinas dpticamente activas
Blogue No. I SOLICITANTE

Nombre y direccifn:  (Apsilide, seguido por nombre propio; para una entidad legal, designacion
aoficial complata. La direccidn debe incbdr codigo posial y nombre del pais) | 0] Esta persona es también inventor
MENARINI RICERCHE S.p.A. No. de teléfono:
Via Tito Speri 10
00040 POMEZIA (Provincia de Roma) — ITALIA No. de facaimile:
No. de teleimpresora :

Estado (esto es, pais) de nacionalidad: Estado (esto es, pais) de residencia
IT IT
Esta pornona o solioitents [ todos lns paises X3 todos los paises daigrmdos oxcopto los — [C] 1on Estados Unidos da [ 30w paivos inddicmdos en of

™ & - Eatados Unidos de Nartoamérica Novtasmirion solaments i

Blogue No. Il SOLICITANTES ADICIONALES Y/O INVENTORES (ADICIONALKES)

Nombre y direccifn:  (Apeliido, seguido por sowbre propio: para xna ewtidad kgo!l, dasignacidn Esta persona es:
qficial complata La direccion dabs incluir codign postal y nombre del paix )
DI BUGNO Cristina [ solicitante solamente
MENARINI l.lICERCHE SpA licitante e i
Via Tito Speri 10
00040 POMEZIA (Provincia de Roma) — ITALIA O inventor solamente (si se marca
este no llenar lo
Estado (csto ¢s, pals) de nacionalidad : Estado (eslo es, pals) de residencia:
IT IT
Ests parsona o molicitante [ todos Jos paises designedos [ Todos low paieos desigpmdos exoepto 1 fon Estadios Unidos de 1 low padecs indicadas en ol
| pars koe propdsisos do ko Estados Unidos de Nortsssirica Norteayndrica solamente blogoe complementario

(Xl Solicitantes adicionales y/o inventores (adicionales) se indican en une hqja de continuacién.

Blogue No. IV APODERADO O REPRESENTANTE COMUN; O DIRECCION PARA CORRESPONDENCIA
La persona identificada posteriormente es/ha sido citada para actuar en nombre  apoderado O representante comin
del(los) solicitante(s) anie las Autoridades Internacionales competentes como:

Nombre y direccidn:  (Apsilido. seguido por nombre propio; para una entidad lagal, designacién No. de teléfono:

qficial completa, La direccidm debe inclulr codigo postal y nombre del pals ) +39 02541799.1
GERVASI] Genma No. de facsimile:
NOTARBARTOLO & GERVASI SpA. +39 0254179920
Corso di Porta Vittoria 9 No. de icleimpresora :
20122 MILAN - ITALIA

0 Marque cste bloque cuando ninglin apoderado o representante conniin ce/haya sido citado y ¢l espacio anterior s¢ uta en su lugar
| pera indicar una direccién especial & ia cual se debe enviar la correspondencia.

Forms PCT/ROVI0] (pwrimens hoja) (S ds Jnbio do 1994) (reimpresisn: Enaro de 1995) Veanp notas @ lo forma de

petisorio




_HojaNo. 2

Blogue No. Il SOLICTTANTES ADICIONALES Y/O INVENTORES (ADICIONALES)

Nombre y direccidn: (Apsilido. seguide por nombre propio; para una entidod legal, desigmacidn
Oficial complsta. La direccidn debe incluir cddigo pastal y nomlve del pais )
RAMACCIOTTI Alcssio

MENARINI RICERCHE S.p.A.
Via Tito Speri 10
00040 POMEZIA (Provincia de Roma) — ITALIA

Nombre y direccién:  (Apellide, asgxido por sombre propio; para una entidad legal, dexignacidn Esta persona es:
affcial completa. La direccidn dsbe incluir codigo postal y nombre del paiz.)
D’ARATA Fabio [ solicitante solamente
MEN_ARINI RICERCHE S.p.A. A solicitante ¢ inventor
Via Tito Speri 10
00040 POMEZIA (Provincia de Roma) — ITALIA O inventor solamente (si sc marca
: cstc blogue, no llcnar lo qoc sigue) |
Estado (exto es, pais) de nacionalidad: Estado (esto es, pais) de residencia:
IT IT
Esta persona es soliciterse [ todios Jos paises designados [ todos los paises designados excepto (K] los Estados Unidow do [ Jos paises indicados en el
| pars Jos propheiios de s Bstados Unidon do Norieamirics Nartosndrics solmmerte _ blogue complementario |

Esta persona ¢s:
[ solicitante solamente
[X] solicitante e inventor

O inventor solamente (si se marca

este bloque, no llenar lo que sigue)

Estado (esfo es, pals) de nacionalidad:

Estado (esfo es, pals) de residencia:

Este parsona cs solicitante [ todos Jou pafacs dexignados [ todos los pafacs designados ozcepto  [X] los Eatados Unicos do
hos do

L) low paisen indioades en of

los Extados Unidos do Novteamérica Nostoamérica solamento blogue complamentario

Nombre y direccifin:  (Apsilido, seguido por nombre propio; para una entidad lagal, desienacidn Esta persona ¢s:
aficial compista. La direccidn dabe incluir eodigo pastal y nowbre del pais)
CROTTI Paolo 1 solicitante solamente
MENARINI RICERCHE S.p.A.
Via Tito Speri 10 {Rl solicitante ¢ inventor
000640 POMEZIA (Provincia de Roma) - ITALIA
O inventor solamente (si se marca
este bloqoe, no llenar fo que sigue)

Estado (esto es, pais) de nacionalidard:
IT

Estado (esto es, pais) de residencia:
IT

.Hhmel-ii:i-h [0 todos los paiess designados [ todos los paises designados axcepto () los Estados Unidos de

2 los paises huficados e ol
Jos Estados Unidos de Nortesmérica 3

 pars Jos propdsitos de

Nombre y direccién: (Apeilido. seguido por nombre propio: para una entidad legai, dasignacitn
O¥icial compista. La direcciém debs inclulr codigo postal y nombre dal palz,)

Nortesmérics solsments _ hlogue complementerio .
Esia persona es:

O solicitante solamente
[ solicitante ¢ invento

O inventor solamente (si s marca

Estado (esto es, pais) de nacionalidad:

este blogue, no Ilenar lo que sigue) |
Estado (esto es, paily) de residencia:

 pera os propdaitos do

Estn porscns ts solicitante T todos lon pafecs deslppadon. £ todon lo paiees devigrados owepio T los Estados Unides do

3 Yon pudves inefioadon on ol
Jos Estados Unidos do Norteamdérica Norteamirica solamengs hloque complementario

[E] Solicitantes adicionales y/o inventores (adicionales) se indican en una hoja de continuacidn.

Forma PCT/RO/101(hoja de continuacién) (julio de 1998; reimpresidn enero de 1999)



HojaNo 3
[Blogue No. V DESIGNACION DE ESTADOS

Las signiontes designacicnes as hacen medianta b prosente bajo la regis 4.9(s) (manqgue los blogoes aplicables; se debe marcar par lo mencs uno):
Puisnte Reglonal
AP Petente ARIFO: KE Kenia, MW Malawi, 8D Soden, 52 Suazilandis y cxalquier otre pals o cual ses eoxtratante dol Protacolo de Harwro y del PCT.
EA Prtente Eurcesifticn: AZ Azerbayin, BY Belorus, KZ Kuxakutan, RU Fodoracidn Rum, T Tejikistan, TM Turkmenistan, y cuslquier otro pads
ol cual sea vn Estadn contratants de la Convencién Europsidtios en Puteates ¥ ded PCT.

[X] EP Patante Europes: AT Amtria, BE Bdigic, CH y LI Snixa y Lischéenstnin, DE Alemania, DK Dissmarca, ES Expalls, FR Francia, GB Relno Usido,
QR Grecia, IE Irlanda, IT halis, LU Luxembargo, MC Ménaco, NL Paises Bajos, PT Portugal, 8E Suecis y cusiquier otro pais ol coal sea un estado
Contraiants de la Convenciin de Patentes Kuropea y del PCT.

[X ] OA Patente OAPI: BF Burkine Faso, BJ Beain, CF Repiiblics CentroAfricans, CG Cango, CI Costa do Marfll, CM Camerikn, A Gabén, GN Guines,
ML Mali, MR Musuritaris, NE Nigeria, SN Senegal, TD Chad, TG Togo y cusiquier airo pais of cus! sos un estado mviessiwo do ln OAP] ¢ cxtadn
Contratente PCT (si oo desea oira clase do protaccién o tratamients, espenifique en In tines do ponios).

Patente Naclonal (i ¢ derea otra clase de proteccidn o tratamiento, especifiqus en la linea de punios):

X | AE Emirstos Arshes Unidos L8 Lascto

X | AL Albenia LT Litusnia

[X | AM Armenia LU Luomborge

X _| AG Actigua y Barbuda LV Letania

LATM“I MA Marruscos

X | AU Amtralia MD Repiblica do Maldova

X | AZ Averbuiyin MG Madagascer

[X | BA Boznia y Horzogovina MK Ls axntigua Repdblics Yugoalava do Macedoria
[X | BB Barbedos MN Mongplia

X ] BO Bulgaria MW Mabwi

X | BR Brasil MX Mézioo

X | BY Biclorrosia MZ Mozsmbique

X | BZ Belico NO Noroege

X | cAConda NZ Nuova Zelandia

X | CHy LI Suim y Liochienstein PL Polnia

[% | o ciima PT Portugal

X | co Cotumbia RO Ruynania

X | CR Costa Rice

X | cUCuba RU Federacién Rum

[X | CZ Repiblics Checa 5D Sudin

X | DE Alemania SE Suecia

X | DK Dinzmmres 80 Bingapur

X | DM Dominicana 81 Eslovenia

X | DZ Algeria

X | EC Bouador

[X | EE Baonia SX Eslovaquia

| X | ES Espafia SL Sioera Looma

X | F1 Fintandia “TJ Tojikistan

X | OB Raino Unido TM Tarkmenistan

X | GD Granada TR Turuia

X | GE Goorgia TT Trinidad y Tobego

X | Ot Ghama TZ Repithiica Unids do Tanzania
X | OM Cembia UA Ucranis

X | HR Croscia UO Uganda

X | HU Hungria UB Extados Unidos de Norteamérica
thﬂ-—i UZ Usbequistan

X _| I lareed VN Vietnam

X | IN ncka YU Yugoelavia

X | 18 himntia ZA Sudefiica

X ] JP Japin ZW Zimbawo

[X | KE Kenia

[X | kG Kirgistan

X | KP Repibiica Democritica Poputar de Corea .

[X | KR Repiblica do Corea Blogues ressrvadaos pars b designacitn do kos Eatados que 80 ben
X | K2 Kazakintan voelin perte del PCT despuds do In publicacisn do csta hoja
X | LC Santa Lncia PH Filipinas

X | LK % Lanin OMAN

X | LR Liberia

Adereis do las denignacionss hechas anteriarments, la solicitante tambidn hace bajo ks regis 4.9(b) todes ins designacionss las cusies
Seorizn pamiiides bejo d PCT, excapto las designanionss de:
El solinitents declara que squellay designaciones adicionales estin sujstes & oomfirmmaidn y que cualquior designaciin in cual no sea eopfirmads antes de b expiraciin de los
15 meses & partir de la focha de prierided serd contidernda come shandono por el solicitants en Ia expiraciin de aquel timrite de tiempo. (La confirmaciin ds wna
dezignaciin consiste de la presswiaciin de una nolificacidn qus espacifiqus aqusile designacidn y ol pago de las cuotay da designocion y confirmarién. Lo

| confirmacidn debs isgar a la Oficing recepéors dentro del Bmits de tempo de 15 mesar )




Hoja No. 4

Bloguc No. VI REIVINDICACION DE PRIORIDAD Reivindinsvicnm do priorided adisionsloy m indiosn on ol hiogos complenetario. O

La prioridad de la(s) siguiente(s) solicitud(es) anterior(es) se reivindica mediente la presente:

Fecha do prsentacidn Nisnero do solivited, [ Sclicitad Necionsl Oficina do presentaciés (solo para
(dia. men, afio) Pafs solivitnd regional o interascional)
item (1)

16 de noviembre de 2000 F12000A000237 IT
{16.11.00)
item (2)
ftem (3)

Marque el siguiente bloque si 1a copia certificada de 1a solicitud anterior va a ser expedida por la Oficina la cual para los propésitos
de la presente solicitud internacional es 1a Oficina receptara (se puede requerir una cuots):
I:ILaOﬁcmlrecqmnesnohﬁad-md:melapmnequemyumunhmumlntﬂnmﬂumm

ocertificada de solicitud(es ) 8) anteriormente como §

Biogue No. VI AUTORIDAD DE BUSQUEDA INTERNACIONAL

Eleccién de la Autoridad de Biisquada Internacional (ISA) | Requisitar el uso de resultados de una bidsqueda anterior.

(Si dos o més Autoridades de Bisqueds Internacional son | Referencia a esa bisqoeda (si una bisqueda enterior ha sido llcvada
competentes para llevar a cabo la bisgpeda internacional, |a cabo o requisitades por 1a Autoridad de Blisqueda Internacional):
indique la Autoridad escogida; se puede utilizer el cddigo

de dos letran) ISA/ Pais (v oficina regional): Fecha (dia/mes/afio): Némero:
Bloque No. VIII LISTA DE VERIFICACION; IDIOMA DE PRESENTACION
La solicitud internacional contiene los  Esta solicitud intemacional Nimero de
siguientes items
Nimeros de hojax sigutente(s) {tem(s) marcado(s)
1. petitorio 0 i seompetada por el (lon
2. descripcidn 11 1.0 hoja de célculos dc les cuotas
3. reivindicaciones 04 2. 01 poder del spoderado firmado separado
4. extrecio 01 3. 01 copia del poder general del spoderado
5. dibujos 4. O copia del poder general del apoderado; ndmero de refirencia,
_— gialguna.........omeeeecencenenene
Total 21 5. O declaracidn que explique carencia de firma
6. O documento(s) de priaridad ilentificados cn el blogque No. VI
como {lem(s): (1)
7. [ traduccitn de la solicitud intemacional en (idioma):
8. O indicaciones separadas concernientes a los micro-organismos depositados u otro
q material biolégico..

9. O listado de de nucledtidos y/o aminodcidos (disoo flexible)

10.IX] otros (especificar). Carta anexa
La figura No. de los dibajos Idioms de Ia presentaciin
| debe adjuntarse al extracto De la Salicitud Internacional Ingiés

[Blogue No. [X FIRMA DEL SOLICITANTE O APODERADO

Whﬂhnﬁodmhhmphth-h-ﬂ hpllﬂﬂnl(uhlqniﬂmudmn&hhu'lﬂﬂihw).

GERVASI Gemma

| Milan, Nov. 14, 2001

Para uao de 1a Oficina recepiora solamente

1. Fecha del recibo real de 1a solicitud internacional alegada: 2. Dibujos
15-noviembre-2001
3. Feche carregida del vencimiento del recibo real a los documentos o dibujos recihidos B recibides:
posteriormente pero a tiempo que complementan la solicitud intemmacional alegada:
0 no recibidos:
|4. Fecha del recibo s tiempo de las carrocciones requeridas beio ¢l articulo 11(2) del PCT:
5. Autorided de Biisqueda Internacional especificada 6. X1 Trensmisitn de copia de bilsqueda retardada hasta que Ia

por 1a solicitente: ISA/ cuota de bisqueds sca pagada

b)



[Fecha del recibo de Ia copSia de registro por 1a Oficina Internacional:

TRATADO DE COOPERACION EN MATERIA DE PATENTES

PCT
REPORTE DE EXAMEN PRELIMINAR INTERNACIONAL

(Articulo 36 y Regla 70 del PCT)

Referencia de archivo del nﬁmmom: PARA UNA ACCION Vias In Neiificaclin ds trousmiskin del reparie de axanwen
ZSSOFTWOIsbc ADICIONAL prelisinar interonciennl (Ferms FCTAFEAMLE)
No. de solicitud internacional : Feoha do proseatacién internesions! (dis/me/afio) 2 Fecha de prioridad (d{a/mes/afic):
PCT/EP01/13217 15/11/2001 16/11/2000
Clasificaciin de Pstente Interacional (IPC) o clasificacién nacional ¢ IPC:
CO7H15/252

Solicitante:

MENARINI RICERCHE S.P.A. et al

1. Este reparie de examen preliminer internacional ha sido preparado por csta Autoridad Exsminadore Preliminar Internacional y
se transmite al solicitante de acuerdo al Articulo 36.
2. Este REPORTE consiste de un total de 5 hojas que incluyen esta portada.

{X] Este reporte también esth acompafiado de ANEXOS, esto es, hojes de ls descripcitn, reivindicaciones y/o dibujos los cuales
hen sido enmendados y son 1a base de esic reporte y/u hojas que contienen rectificaciones hechas ante esta Autoridad.
(wéasc Regla 70.16 y Seccidn 607 de las Instrucciones Administrativas bajo o PCT).

Estos anexos consisten de un total de 4 Hojas.
1 Estc contiene indicaciones que se relacionan con los siguientes {tems:
1 Base del reparte
11[_] Priorided

. lllDNosmHmaopinifncmmamwdud.pnnom inventiva y aplicabilidad industrial
IV[_] Carencia de unidad de la invencién

VEDmlnﬁhj!ﬁﬁuhhjodeoﬁ(!)mm:mmhmﬁnoW
Industrial; citas y explicaciones que apoyan tal declaracion.

VI[] Ciertos documentos citados
VII[_| Ciertos defectos en Ia solicitud intemacional

Vil [_] Cicrtas cbservaciones en la solicitud internacionsl

Fecha de presentacién de la demanda: Fecha de consumacién de este reporte:
10/06/2002 09/01/2003

Nombre y direccién de correspondencia de 1a [SA Funcionario Autorizado :
Oficina de Patentes Buropea, P.B. 5818 Patentlasn 2
NL-2280 HV Rijewijk Fitz, W
Tel. (+31-70) 340-2040, Tx 31 651 eponl
Fax: (+31-70) 340-3016

Telefeno No. +31 70 340 4359




REPORTE DE EXAMEN
PRELIMINAR INTERNACIONAL
Solicitud Internacional No. PCT/EP01/13217

I  Base def Reporte

1. Con respecto a los elementos de la Solicitud internacional (las hos de sustitucién las cuales han sido
proporcionadas a la Oficina receptora en respuesta a une invitacién bajo el articulo 14 son referidas en este
reporte como “presentadas originalmente “ y no se anexan al informe debido a que no contienen
enmiendas (Reglas 70.16 y 70.17)).

Descripcién, pdgimas:

1-11 como se presentaron originalmente

Reivindicaciones, No.:
1-10 como se recibieron el 08/11/2002 con Ja carta del 08/11/2002

2. Con respecto al idioma, todos los elementos marcados anteriormente fueron disponibles o
proporcionados a esta Autoridad en el idioma en el cual se presentb la solicitud original, a menos de
que que se indique de otra manera bajo este inciso
Estos elementos fueron disponibles o proporcionados a esta Autoridad en el siguiente lenguaje, el cual es

O Elidioma de una traduccién proporcionads para los propdsitos de Ia bisqueda internacional (bajo
Ia ia Regla 23.1(b)).

O Elidioma de I publicacién de Ia solicitud internacional (bajo la Regla 48.3(b)).
O Elidioma de una traduccién proporcionada para los propésitos del exéimen preliminar internacional
(tmjo ke regla 55.2 /o 55.3.
3. Con respecto a cualquier nucleétido y/o secuencia aminodcida descrita en la solicitud internacional, el
exdimen preliminar fue llevado a cabo en base a la secuencia listada:
O contenida en k solicitud internacional en forma escrita.
O presentada junto con la solicitud internacional disco fiexible.
O proporcionada subsecuentemente a esta Autoridad en forma escrita.
O proporcionada subsecuentemnente a esta Autoridad endisco flexible.

O la declaracién de que la secuencia listada escrita proporcionada subsecuentements no vi mis alld de
lo descrito en la solicitud internacional como se presenté ha sido proporcionada.



REPORTE DE EXAMEN
PRELIMINAR INTERNACIONAL

Solicitud Internacional No:
PCT/EP01/13217

0 Ila decleracién de que Ia informacién registrada en disco fledible es kiéntica a la secuencia istada
escrita ha sido proporcionada.

4, Las enmiendas han resuliado en la cancelacién de:

O Ia descripcién, piginas;
O las reivindicaciones, Nos.:
O los dibujos, Hojas:

5. O Este reporte ha sido establecido como si (alguna de) las enmiendas no hubieran sido efectuadas, ya
que se considera que ellas van més alli de la descripcion presentada originaimente (Regla 70.2 (¢ ))
(Cualquier hoja reemplazada que contenga tales enmiendas debe ser referida al inciso 1 y anexada a
este reporte.)

6. Observaciones adicionales, si es necesario.

V. Declaracifn justificada bajo el articulo 35(2) con respecto a Ia novedad, etapa inventiva o
aplicabilidad industrial; citas y explicaciones que apoyan tal declaracién.

1. Declaracién
Novedad (N) St Reivindicaciones 1-10
No:  Reivindicaciones -
Etapa Inventiva (IS) St Reivindicaciones 1-10

No: Reivindicaciones -

Aplicabilidad Industrial (IA) St: Reivindicaciones 1-10
No: Reivindicaciones -

2. Citas y explicaciones :
Ver hojs aeparada



REPORTE DE EXAMEN Solicitud Internacional No. PCT/EP 01/13217
PRELIMINAR INTERNACIONAL-HOJA SEPARADA

REF. INCISO V
Declaracién justificada bajo d Articulo 35(2) con respecto a Ia novedad, etapa mventiva o
aplicabilidad industrial; citas y explicaciones que apoyan tal declaracién

Se hace referencia a los siguientes documentos:

D1: RHO, YOUNG S. ET AL: BULL. KOREAN CHEM SOC. (2000), 21(8), 774-778,
XP001058968

D2: RAO, A.V. RAMA ET AL: INDIAN J. CHEM,, SECT. B (1985), 24B(7), 697-702,
XPO0OS00D090

Se considera que el D1 es el documento del arte previo més ceracano. El D1 describe la sintesis de un

compuesto de férmula 1 a partir de un compuesto de frmula IT. D1 también describe que el
compuesto de férmula I es adecuado para usarse como un intermediario para la sintesis de antibiéticos
de antraciclina.

1.) La materia de las reivindicaciones 1 ~ 10 es novedosa con respecto a D1 en virtud de las siguiéntes
fif .

La primcipal diferencia entre D1 y la presente solicitud es la siguiente: en D1 el material de partida i e.

el compuesto de fSrmula I, es primeramente formiledo de conformidad con Vilsmeyer-Haack. Esto es
seguida por la adicién de Grignard de metil bromuro de magnesio at grupo formilo obtenido en la
primera etapa. En la solicitud, por otro lado, los compuestos de férmula ii son acilados con cloruro de
acetilo en la presencia de un exceso de AICh a -35°C — 25°C, tal que el substituyente C2 deseado es
obtenido en una etapa.

Otra diferencia entre D1 y la solicitud es que en D1 se requiere de uma etapa de oxidacién de un grupo
hidroxilo a un grupo cetona con el fin de llegar finalmente al compuesto de férmula I, mientras que en la
solicitud no se requiere tal oxidacién.

2.) La materia de Ias reivindicaciones 1-10 involucra una etapa inventiva por las siguientes razones:
El problema a ser resuelto por la solicitud se considera que es proporcionar un método adicional para

preparar tetralinas de férmula I a partir de compuestos de fiérmula I1, para usarse como intermediarios
de los antibidticos de antraciclinas.



REPORTE DE EXAMEN Solicitud Internaciona! No. PCT/EP 01/13217
PRELIMINAR INTERNACIONAL-HOJA SEPARADA

La solucién ofrecida por k presente solicitud, i.e. una secuencia de reaccién que involucra una acetilacién
Friedel Crafts de los compuestos de férmula II, se considera que no es obvia en vista de los documentos
disponibles del arte previo. De hecho se reporta en el arte previo (ver D2, pigina 698, columma 1) que
esta reaccidn de acetilacidn ha sido intentada sin éxito, tal que en lugar de esta, los autores estuvieron
obligados a llevar a cabo una formilacién Vilsmeyer-Haack.

En conclusién,la materia de las reivindicaciones 1 a 10 es comiderada como que mvolucra una etapa
nventiva.



REPORTE DE BUSQUEDA INTERNACIONAL

Na. de solicitnd internacional

PCT/EPO1/13217

A CLASIFICACION DEL. TEMA

IPC7: COTH15/252 CO07C69/14 //COTMT-00

Dc acuerdo a la Clasificacién de Patentes Internacional

B. CAMPOS BUSCADOS

o a In clasificacién nacional ya la IPC.

Documentacién mimima buscada (sistema de clasifieacién seguido por loa simbolos de clasificacidn):

IPC?7: COTH Co07C

Dooumentaciin buscada diferenic a la documentacién minima, a ls extonsién que tales documentos estén incluidos cn [os campos buscados:

Basc de datos clectronioos consultados durante Ia bisqueda inlernacions] {(nombre de la base do datos y, en dondo sea priictico, ténnincs de

blaquedn utilizados):
EPO-Internal, CHEM ABS Data

C II_)CUDEINTOS  QUE SE CONSIDERA QUE SON RELEVANTES

Caicgoria Cita del dooumenin, con indicecidn, en donde aca apropiado, do loa pamjos relcvasnics Relevantio pura In Reiv. No
X RAQ, A V. RAMA ET AL: |
“A stereoconvergent synthesis of
(+)-4-demcthoxydsunomycin”™
J. CHEM. SOC., CHEM. COMMUN. {1984), (7),
453-5,
XP002188353
* ¢t documento completo, en particular
la piigina 454, compuestos 2,3,6
y columna 2, titimo péurrefo*
—_—
X | Documentos adicionales se enlistan en la contimuacién del bloque C | X | Véase familia de patentes anexa.
* Categoriss eapocisics do los dooumentes citadoy “T" dompmio postarior pablicade demis de In focha do presentenite
"A" dommento que defino o estado genaral do 1a tionios el onal o so ooasidars infornacional o fixha de pricrided y 5o an coaflisio sos Is solivitnd, paro
ser do prtionler relevancia. cilado pars sstender ol principio o tooris fandunontal do ls vesside.

“E" dooamenio saterior publicado on o despuds de In fhoka do prosentecsin
intemacional.

"L" docamento d mal poedo srrgjer dedes sobwe La(s) reivindiossina(es) do
priarided o dl cual se cita pare oxtahlocer 1a facha do publicacidn do olra cite
u oira rapin especial (oamo so eapevifion)

0" dooumentin que so rafiere & una deeripsidin arel, 0so, exkihicidn o atro madio

"P* dommento publicado anten do 1s frcka do proscolacida intermscional paro
despuds do In fixsha do pricvided reivindionds.

*X" docnenio do relovansia partisaler; Is rvenclds relvisdissds no poods ser
cmsiderads onovs o 20 80 puods somidonr qee involsors ona ctaps
imventive ocuandn o dooumento o eomiderndo do mesors sislady,

*¥" dooxmenin do par(iculer relevancis; 2o so pueds sonsiders: guy Is Trvemoiin
imvolnore unz eisps iTvestive cusndo d doseremtyy es eombinedo oom =m0 ©
s do tals docusvanine, tal combinecide seris cbvia pars nns porsans
aexperimentads e Is Sonice.

“&" dooxmento mianbro de 1a misna fisnilia do patenies.

Fecha de la terminacién real de la biisqueda intemacional

29-enero -2002

Fecha de envio del reporte de bisqueda intemacional
2700212002

Nambre y direccién de ian dala ISA
Oficina de Patentes Europea, P.B. 5818 Patentlaan 2
NL-2280 HV Rijewijk

Tel. (+31-70) 340-2040, Tx 31 651 eponl

Fitz, W
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(Cutogorta *

|C. !C_Eunulﬂ(nl.‘ DOCUMENTOS QUE SE CONSIDERA QUE SON RELEVANTES
Cita def documento, con indicacidn, en donde sca apropiado, do los pasajos relovanios

Rolovanio para Ie Reiv. Na.

X

RHO, YOUNG 8. ET AL: “Total synthesis of
a new 7-deoxyidarubicinone derivative
through the fimctionalization of an A-ring
side chain™

BULL. KOREAN CHEM. SOC. (2000), 21(8).
T74-778,

XP001058968

* ¢] documento completo, en particular pig 774,
compuestos 1 — 5 y esquema I,

compuestos 6y 14; pdg. 775, oolumna 2,
Esquema 2; pg. 778, columna i, ref. 4b*

DATABASE CA ‘Onlinel

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US,

TANNO NORIHIKO ET AL: “Preparation of
dihydroxytetrahydronaphthacenedione

derivatives as intermediates far

Base de datos acceso no. 108:21533

XPO02188593

*exiracto, en particular CAS RN

112007-70-2*

& JP 62 132838 A (SUMITOMO PHARMACEUTICALS
CO,, LTD.,, JAPAN)

16 de junio de 1987 (1987-06-16)

NAKAJIMA, M. ET AL : “Short-step
asymmoiric synthesis of anthracycline
entibiotics via enantioselective
dihydroxylation by osmium tetroxcide with &
TETRAHEDRON

val. 49, no. 47, 1993, pdga. 10807-10816,
XPO02188355

citado en la solicitnd

¢l documento completo

RAO,A. V. RAMA ET AL:

“Tolal synthesis of (.+-.)-4-dem

INDIAN J. CHEM,, SECT. B (1985), 24B(7),
697-702,

XPOOS000090

* el documento completo, en particular

1a pdgina 698, Esquema 1, compuesios 9y 10; pdg.
700, columna 1, dltimo pérrafo-columna 2,

primer phrrafo*

1,9

12

1-3,6-12

13,6-12

[«
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C. (Continuacién). DOCUMENTOS QUE SE CONSIDERA QUE SON RELEVANTES _

Categorin *

Cita dd documento, con indicacidn, en donde ses apropiado, de los pasajes relevanios Relovante paru la Reiv. No.

A

ARCAMONE, F. ET AL.: “Synthcsis and antitumor
activity of new adrisnycin analogues”
EXPERIENTIA,

vol. 34, no. 10, 1978, pdga 1255-1257,
XP002188354

el documento completo

US 4 077 988 A (ARCAMONE FEDERICO ET AL)
7 de marzo de 1978 (1978-03-07)

* ¢] documenio completo, en particular

colmma S, lineas 25-42*

RUSSELL, RA.ET AL.: “An coonamical and
Versatile synthesis of
5,8-dialcoxy-2-acetyl-3,4-dihydronephtalen
cx key procursors for the synthesis of

Im pige 994-995 MISSJSG
citada en 1a solicitud
¢l doarmento completo

1L11,12

L11,12

111,12

Forms FCT/ISA/210 (segumda hoje) (falio do 1952)




No. de solicitud internacional

REPORTE DE BUSQUEDA INTERNACIONAL )
Informacién en miembros de familia de patentes PCT/EP 01/13217

Documento de patente citado Fecha de publicacidn Micmbro(s) de Ia familia de Fecha de publicacitn
en ¢l Reporte deBisqueda patente(s)

Farma PCT/ISA/210 (Anexo de familia de patentes) (Julio de 1992)
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Para cddigns de dos letras y otras abreviaciones referirse a
"Guiax y Notas sobre Codigos y Abreviacianes " gue aparecs al
[principio de cada emisidn regular de la Gaceta del FCT

NTE ACTIVAS.

(S7) Extracto: Se describe un proceso para la sintesis de antraciclinas épticamente aclivas caracterizado por el hecho de que
intermediario clave 5,8-dinlooxd (R)-2-soetil-2-hidraxi-1,2,3,4-tctrahidronafialeno se prepara a partir de 5,8-dialocsdi-3,4-
dihidronafialeno mediante acilacién, dihidroxilacién asimétrice, transformacidn en cloroacetato, deshidroclaracién e

D



10

15

20

25

PROCESO PARA LA SINTESIS DE ANTRACICLINAS OPTICAMENTE ACTIVAS

Campo da la Invenaién

La presente invencién se refiere a un proceso para la
sintesis de antraciclinas Opticamente activas en donde el
intermediario clave Oépticamente activo 5, 8-dialcoxi (R)-2-

acetil-2-hidroxi-1,2,3,4-tetrahidronaftaleno de férmula I

CR 0

"WOH

OR
en donde: R es alquilo de 1 a 3 &tomos de carbono,

preferiblemente metilo;
se prepara a partir de 5,8-dialcoxi-3,4-dihidronaftaleno
mediante acllacién, dihidroxilacién asimétrica,
transformacién en cloroacetato, deshidrocloracién e
hidrélisis final.

La presente invencién también se refiere a los

intermediarios de la férmula V y VI:

OMe Cl 0 GMe o

'"QAc

OMe

Vi

que tienen un exceso enantiomérico superior del 95%
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Estado del Arte
Como se sabe las antraciclinas de la fé6rmula VIII

o) OH 0

R, 0 OH  OR,

NH NH 0
OH 2 2

NH,.HC1
OH

son compuestos que tienen un amplio uso terapéutico como
farmacos anti-neoplésicos.

Los compuestos conocidos de férmula VIII que tienen las
propiedades antes dichas son por ejemplo Daunomicina (VIII en
donde: R;=0CH3, Ry=H, R3=X), Doxorrubicina (VIII en donde:
Ri=0OCH3, Ry=OH, R3=X), Hidrarubicina (VIII en donde: R;=H,
Ry=H, Ra=X), Epirrubicina (VIII en donde: R;=0CH3, R,=0H,
R=Y), o 1los compuestos descritos en la EP721456, en
particular el compuesto de férmula VIII en donde R;=H, R,=0H,
Ry=Z, la disacdrido antraciclina que est& ahora bajo

desarrollo clinico.
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La sintesis de la antraciclina de férmula VIII requiere
de muchas etapas y se realiza normalmente a partir de una
tetralina Opticamente activa de f6rmula I que se hace
reacclonar mediante una reaccién Friedel Crafts con anhidrido
ftdlico o sus derivados como el ftaloil dicloruro o ftaloil
cloruro metiléster y posteriormente ciclizada. El1 tetraciclo
asi obtenido est4 protegido en la posicién 13-ox¢0 con
etilenglicol, esté& bromado en la posiciétn 7 y es convertido
en un derivado 7-OH con métodos conocidos (ver Arcamone et
al., Experientia, 1978, 34, 1255; Wong et al. Can. J. Chem.
1971, 49, 2712,; Swenton et al., Tetrahedron, 1894, 40,
4625). Después de la desproteccién la antraciclinona de la
férmula VII (en donde Ro=H) es usada como tal o es convertida
en un derivado 14 aciloxi (compuesto de la fSrmula VII en
donde Ra=0O-acilo) de conformidad con los procedimientos
conocidos. Posterjormente los compuestos de férmula VII son
glicosidados con mono- o disacAridos protegidos como se
describe en la literatura (ver Arcamona et al., Experientisa,
1978, 34, 1255; Terashima et al., Bull. Chem. Soc. Jpn. 1986,
59, 423) y en EP....6, mediante desproteccibén se obtiene 1la
antraciclina de férmula VIII.

En los procesos antes descritos o en otros procesos
similares que incluyen como intermediario una tetralina, el
intermediario clave es en si la tetralina de férmula I como

se definié anteriormente.

rs)
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Esta sintesis AB synthon {(Wong et al. Can. J. Chen.
1971, 49, 2712) permite la formacién de la correspondiente
antraciclinona épticamente activa de f6rmula VII en donde
R;=H, OH, OCHs; y R=H, OH, O-acilo en donde el grupo aclilo se
selecciona de entre formilo, acetilo, mono-, di- o

tricloroacetilo, preferiblemente acetilo.

o) OH o

o

Como se mencioné anteriormente el compuesto se convierte
finalmente en la antraciclina deseada.

La estereoquimica de la posicién c-9 de la
antraciclinona es muy importante para la actividad biolégica
de estos compuestos ya que 50lo los compuestos que tienen
configuracién (S) en C-9 muestran una actividad antitumoral.

Posteriormente también el intermediarioc de tetralina de
férmula I debe obviamente tener la misma estereoquimica (i.e.
una configuraciédn absoluta R).

La tetralina I se prepara normalmente. De conformidad
con la literatura, como una mezcla racémica partiendo de la
2-acetil-5,8-dimetoxi tetralina III por oxidacién en 1la
posicién C€-2 con t-butoxido de potasio/t-butancl en la

presencia de oxigeno, seguida por la reduccién “in-gitu”
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(Wong et al., Can. J. Chem. 1971, 49, 2712; Gardner et al.,
J. Org. Chem. 1968, 33, 3294).

El compuesto III se prepard® con muy bajos rendimientos
mediante la reaccién del 5,8-dimetoxi-3,4-dihidronaftaleno II
con N,N-difenilacetamida- POCl; aplicando las condiciones de
la reacci6n Vilsmeier-Haack segquida por la reduccidtn del
doble enlace.

Se han reportado varios intentos o ensayos para acilar
los compuestos II pero todos sin éxito (Rama Rao et al. Ind.
J. Chem. 1985, 24B, 697).

Alternativamente los compuestos III se prepararon con un
rendimiento de aproximadamente 50% en 4 pasos mediante 1la
reaccién del 5,8-diacetoxi-3,4-dihidronaftaleno con cloruro
de acetilo/AlCls y 1la formacién de un derivado de
cloroacetilo, sequido por 1la deshidrocloracién con LiCl,
hidrélisis y metilacién “in situ” (Russell et al. J. Chem,
Soc. Chem. Comm. 1983, 994).

Otra trayectoria de reaccién para obtener el precursor
IIT reportado en la literatura incluye cinco pasos partiendo
del 5,8-dihidroxi-1,4-dihidronaftalenoc con un rendimiento
total de aproximadamente 50% (Giles et al. S. Afr. J. Chem.
1990, 43, 87).

La tetralina racémica I es convertida posteriormente en
el compuesto enantiomérico puro usando los métodos normales

aplicados para la resolucidén de racemos a través de bases de
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Schiff diastereoisoméricas sobre la cadena lateral de acetilo
con (-)-l-feniletilamina (Arcamone et al. BP 02691/75, 1975).
Alternativamente el compuesto enantiomérico puro se prepard
por resoluclidédn cinética via una epoxlidacién asimét;:ica
Sharpless seguida por la oxidacién del alcohol de alilo
obtenido mediante la reduccién del 2-acetil-5,8-dimetoxi-3,4-
dihidronaftaleno (Sharpless et al. J. Am. Chem. Soc. 1981, 103, 6237).
Otro método para cbtener la tetralina ¢épticamente pura consiste en la
reduccién estereoselectiva de la mezcla racémica con levadura de
panaderia a mezclas de dioles diastereoisoméricas seguida por
separacién cromatogréfica y re-oxidacién (Terashima et al.,
Chem. Pharm. Bull. 1984, 32, 4328).

Una sintesis asimétrica de la tetralina I a partir del
precursor III mediante dihidroxilacién enantioselectiva esté
descrita en M. Nakajima et al. Tetrahedron, 1993, 49, 10807,
pero los varios pasos y el exceso final de la tetralina y
especialmente el uso de tetrabéxido de osmio en cantidades
estequiométricas, en lugar de cantidades cataliticas y el uso
de cantidades de aminas quirales costosas (siempre en
cantidades estequiométricas) a una temperatura de -110°C,
hace muy dificil el uso industrial de esta sintesis.

Otras sinteslis asimétricas de AB synthon que utilizan
compuestos quirales o compuestos que comprenden derivados
quirales de compuestos naturales estidn reportadas en la

literatura pero todas estas sintesis son muy complejas e
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inadecuadas para aplicacién industrial (Krohn, Angew. Chen.
Int. Ed. Engl., 1986, 25, 790).

Sumario de la Invencién

La presente invenciédn describe un proceso para la
preparacién de antraciclinas de férmula VIII definida
anteriormente en donde la tetralina 6pticamente activa de la
fé6rmula I antes definida se prepara estereoselectivamente a
partir del 5,8-dialcoxi-3,4-dihidronaftalenc II, el cual,
contrario a los métodos que aplican la resolucidén de mezclas
racémicas, que son dificiles de llevar a cabo y que dan
rendimientos inferiores al 30%, muestra la ventaja de
proporcionar el intermediario clave I en rendimientos mucho
mayores que aquellos reportados en la literatura y es facil e
industrialmente explotable.

En particular, aunque la literatura reporta los intentos
por acilar 1los compuestos II como infructuosos o no
importantes debidoc a los bajos rendimientos, (Rama Rao et al.
Ind. J. Chem. 1985, 24B, 697, Russell et a2l. J. Chem. Soc.
Chem. Comm. 1983, 994, Giles et al. S. Afr. J. Chem. 1990,
43, 87), el 5,8-dialcoxi-3,4-dihidronaftaleno, {compuesto de
férmula II en donde R es un grupo alquilo de 1 a 3 Atomos de
carbono, preferiblemente metilo) puede sorprendentemente ser
acilado en solo una etapa en la presencia de un cloruro de
acilo y tricloruro de aluminio formando el correspondiente

derivado de acilo III. AdeméAs esta aplicacién innovadora del
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procedimiento de dihidroxilacién catalitica enantioselectiva
de olefinas (Sharpless et al., Chem. Rev. 1994, 94, 2483) para dar el
derivado de acilo insaturado permite cbtener el diol Spticamente activo
de férmila IV en un buen rendimiento. El campuesto es convertido
posteriormente en el correspondiente derivado de 1l-cloro-2-acetilo
mediante 1 procedimiento de Sharpless (Sharpless et al, Tetrahedron,
1992, 48, 10515) y deshalogenado siquiendo métodos conmocidos, por
ejemplo por hidrogenacién catalitica o en la presencia de estafio y un
precursor de radicales o puede ser directamente
deshidroxilado por reduccién catalitica. La hidrélisis final
del grupo éster permite la formaciédn del compuesto I en
buenos rendimientos y con una elevada pureza 6ptica.
DESCRIPCION DETALLADA DE LA INVENCION

En el esquema I se ilustra un proceso para obtener la
tetralina de férmula I en donde R = CHs. En este caso el
producto de partida es el 5,8-dimetoxi-3.4-dihidronaftalenco
II, obtenido por métodos conocidos a partir de butadienoc y p-
quinona (Fieser et al., J. Am. Chem, Soc., 1948, 70, 3151).

A pesar del hecho de que en la literatura los intentos
por acllar el <compuesto II fueron reportados como
infructuosos o© no importantes debido a los Dbajos
rendimientos, el 5,B-dimgtoxi-3,4-dihidronafta1eno IT es
tratado con cloruro de acetilo en la presencia de un exceso
de tricloruro de aluminio, preferiblemente de 5 a 9 moles de

tricloruro de aluminio por una mol de cloruro de acilo, a una
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temperatura de -35°C + 25°C, preferiblemente a 0°C. Después
del tratamiento usual y cristalizacidédn con acetato de etilo,
el producto, 2-acetil-5,8-dimetoxi-3,4-dihidronaftaleno se
cbtiene en rendimientos superiores al 70%.

El compuesto III es convertido estereoseletivamente a
diol IV mediante una dihidroxilacién asimétrica Sharpless la
cual estd descrita en la literatura para otros substratos de
olefina (Sharpless et al., Chem. Rev. 1994, 94, 2483). El
reactivo usado es esta etapa es la mezcla AD-a (catalogo
Aldrich, reactivo 39275-8, ver también J. Org. Chem. 1992,
57, 2768) con una adicién complementaria de sal de sodio
(K20802 (OH)4) y metansulfonamida.

La sal de osmio estéd siempre en una cantidad catalitica
vis a vis el substrato. La reaccién se lleva a cabo a una
temperatura baja, -4 a +20°C, preferiblemente a 0°C, el rendimiento es
de 70% con un exceso enantiomérico superior al 95%.

El diol IV épticamente activo es convertido en un
cloroacetato V a través de la formacién “in situ” de un intemmediario
ciclico usando trimetilortocacetato en la presencia de un catalizador
4cido Beguido por un tratamlento ocon trimetilsilil cloruro de
conformidad con wm método ya descrito en la literatura para
diferentes dioles (Sharpless et al. Tetrahedron. 1992, 48,
10515). Esta etapa da rendimientos superiores al 80%.

La reduccién del clorcacetato a acetato VI puede ser

llevado a cabo fotoquimicamente o mediante tratamiento
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térmico en la presencia de tributilestanhidruro y precursores
de radicales como el AIBN o BPO o por hidrogenacién
catalitica. Los rendimientos son superiores al 80%.

El acetato puede ser obtenido directamente mediante
reduccién catalitica del diol IV.

La hidrélisis del acetato puede ser llevada a cabo con
resinas de intercambio idénico en rendimientos cuantitativos.
Alternativamente los métodos conocidos para la hidrélisis de
los acetatos, como el tratamiento con metdxido de sodioc o
hidréxido de sodio.

Lo ilustrado en el esquema I puede ser fAcilmente
aplicado para la sintesis de todos los compuestos de
férmula I usando los productos de partida
correspondientes.

La tetralina I la cual es objeto de la presente
invencién es por lo tanto obtenida en solo 4 a 5
pasos con un rendimiento total mucho mayor que
cualqulera reportado para los procesos conocidos.

Ademas, las condiciones de reacclén como las
descritas hacen posible la extrapolaciédn industrial del
proceso. Los pasos Ssubsecuentes del proceso a través de 1la
antraciclinona a la entraciclina final se llevan a cabo de la
manera descrita en la literatura.

El proceso de conformidad con la invencién ser& mejor

entendido a la luz del Ejemplo reportado a continuacién el
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cual se refiere al esquema 1 i.e. a la preparacidén de la
tetralina de férmula I en donde R = CH3.
Ejemplo 1
Sintesis de III

A una suspensidén de tricloruro de aluminio (449
g} en diclorometano (2 1) en corriente de nitrégeno,
se agregd cloruro de acetilo (380 ml) gota & gota a
0°C. Después de 30 minutos de agitacién a 0°C, a la
solucién asi obtenida se le agregdé lentamente gota a
gota una solucién de 5,8-dimetox1-3, 4~
dihidronaftaleno II (80 g) en diclorometano (2.5 1).
Después de 30 minutos bajo agitacién a 0°C la mezcla se
hidrolizé con hielo. Después de la separacién de la
fase orgdnica y lavado con HC1l 1IN {(3x6 1), H;0 (3x4 1)
y salmuera (2x4 1), el solvente se evapord u.v. a
40°C dando un residuo s86lido amarillo (98g). Por
recristalizacién del acetato de etilo en reflujo se
cbtuvieron 71 g del compuesto deseado III.
Rendimiento del 73%.
'H RMN(CDCls3): 2.44(s,3H,Hjo); 2.53(m,2H,Hg); 2.80(m,2H,Hs);
3.30, 3.84(2s,6H,0CH;3); 6.75(dd, 2H, Hp+H3):; 7.81(m,1H,Hs):
3¢ RMN (CDCl3): 19.9, 20.5(Cs,Cs); 25.3(Ci0); 55.9,56.1(OCHs);
108.5,113.2(C2,C3); 122.6,127.2(C4asCsa); 131.5(Cs); 137.2(C7);
150.4, 151.0(C;,C4); 198.8(Cs}.

CCD: r.f. 0.80 (éter de petrbleo/acetato de etilo =~ 80/20)

'3
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CLAR: r.t. = 8.9 min (condiciones: Lichrospher 100 RP 18
(S5um, 250x4mm) CHCN/HO0 + 0.1% TFA = 60/40; 1 ml/min;
A=214nm; 20 pl de una solucién 1 mg/10 ml),

Ejemplo 2

Sintesis de IV

A una solucién de mezcla AD-a (600 g) y K080:(OH)4) (1lg)
en agua (2 1) se agregd t-butanol {2.15 1),
metansulfonamida (40.7 g), y bicarbonato de scdio
(109 g). La mezcla se agité hasta 1la solucidn
completa de los componentes sb6lidos, se enfrié a 0°C,
se agregd con 4-acetil-3,4-dihidronaftalenoc (100 g) y
se agitd vigorosamente por 96 h.

Después de completar la reacciédn del precursor,
se checo por CCD (éter de petréleo/acetato de etilo =
80/20), se agregaron 630 g de bisulfito de sodioc en
porciones y, después de 1 hora de agitacién, se agregaron 4 1
de AcOEt y las fases se separaron.

La fase orgénica se lavé con NaOH 1 N (1 x 2 1),
H20 (1 x 2 1) y se evapord bajo vacio.

El s6lido obtenido se disolvié en 750 ml de CH,Cl;
y la solucibén se extrajo con H50, al 3% saturado con
KSOq (4 x 200 m1), NaHCOy s.s. (1 x 300 ml) y H20 (1 x 300 ml)

La fase orgénica, seca en MgSO. anhidro, se

evapor$ bajo vacio dejando un residuo sélido.
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El producto se cristalizé a partir de AcOEt/ciclchexano
= 1/1, se filtrb6 y se secé bajo vacio.

Se obtuvieron 78.7 g de wun sbélido cristalino.
Rendimiento 70.5%.
'H RMN(CDCly): 1.87 (m, 2H, H¢); 2.38(s,3H,Hio); 2.79(m,2H,Hs);
3.78,3.84(2s5,6H,0CHy); 3.81(m,1H,Hg); 4.87(d,1H,OHg); 5.29
(s,1H,0Hy); 6.71(s,2H, H+Hj) .
3c RMN (CDCl3): 19.1(Cio); 25.8(Cs); 28.7(Ce); 55.7,55.7(OCHs);
68.5(Cg); 76.7(C7); 108.0,108.8(C2,C3); 125.8,127.1(CqarCsa)’
151.1, 152.3 (C1,C4); 214.2(Cy).
CCD: r.f. 0.25 (éter de petrbleo/acetato de etilo = 80/20)
CLAR: r.t. = 4.1 min {condiciones: Lichrospher 100 RP 18

(S5um) 250x4 mm CH3CN/H0 + 0.1% TFA = 50/50; 1 ml/min;
A=214nm; 20 ul de una solucién 2.8 mg/10 ml).
e.e.=98% determinada por CLAR quiral (condiciones: Quiralcel

OD 250 x 4.6 mm; n-hexano/EtOH = 90/10; 1 ml/min; A=214nm; 20

pl de una solucién 1.3 mg/10 ml).
punto de fusién = 141-143°C.
[@]lp?®=-21.9° (c=~1.0, CHCl;).
Ejemplo 3
Sintesis de V
A una solucién de diol (77 g) en CH2Cl; (600 ml), bajo
nitrégeno, se agregaron trimetilortoacetato (59.3 ml) vy

piridinotoluen-4-sulfonato (2 g). La solucién se agitd a
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temperatura ambiente por 24 horas. El solvente se evapord
bajo vacio dejando un residuo sblido.

El s6lido se solubilizdé (CH:Clz) (600 ml) y se agregd,
bajo nitrégeno, con trimetilsilil cloruro (65 ml). La mezcla
de reaccién se agitd a temperatura ambiente por 1 hora vy,
después de la evaporacién del solvente bajo vacio se tratd
con ciclohexano (400 ml) bajo agitacifén vigorosa por 3 h.

El s6lido se filtré y se secd bajo vacio.

Se obtuvieron 98.1 g del producto deseado (rendimiento
cuantitativo).

ln RMN (CDC13) : 1.96(s, 3H,Hio) 5 1.97-3.15(m, 4H, Hs+Hg) ;
2.43(8,3H,H;2); 3.81,3.87(2s,6H,0OCHs); 5.35(d,1H,Hs); 6.76
(dd, 2H, H;+Hj) ;

¢ RMN (CDCls3): 19.6(Cii): 20.2,20.5(Cs,Ce); 26.3(Cia);
52.9(Cs); 55.6,56.0(0OCHj) ; 82.9(Cy); 108.3,110.1{C2,Ca);
123.2,125.4 (CqayCea)s 150.7, 151.6 (C3,Cq); 169.6(Cy1):;
204.2(Cy) .

CCD;: r.f. 0.55 (éter de petrdleo/acetato de etilo = 75/25)
punto de fusién = 128-138°C.

[@]p**=-16.2° (c=1.0, CHzCla).

Ejemplo 4

Sintesis de VI

A una solucién de cloroacetato (97.3 g) en tolueno (2 1)
se agregaron AIBN (1.5g) y tributilestanhidruro (225 ml) en

corriente de nitrégeno. La mezcla se agitdé bajo la luz de una
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lémpara wolfram de 200 Watt por 24 h y posteriormente se extrajo caon
agua (500 ml). lLa fase orgénica se separd, se secd y se evapord al
vacio. El1 residuo se traté con ciclohexano (500 nl) con
agitacién, se filtrd y se secd al vacio a 40°C.

Se obtuvieron 67.8 g del producto deseado en la forma de un
s6lido blanco.

Rendimiento: 80.3%.

'H RMN(CDCl;): 1.95,2.50(2m,2H,Hs); 2.05(1.3H,Hp);

2.22 (1.3H, Hy2); 2.40,2.90(2m,2H,Hs); 3.00(dd, 2H,H;) ;
3.77,3.80 (2s,6H,0CH;3); 6.66(m,2H,H+H;3);

¥c RMN (CDCl3): 19.5,21.0(Cs,Cé); 24.0 (Ciwo)s; 26.7(Ci2);
30.2(Cs) 55.6,55.5(0CHa) ; 83.6(Cy) 107.0,107.2(C2,Cs) 2
122.7,125.,1 (C4arCea) 7 150.9,151.4 {C1,Ci) 5 170.5(C11);
206.5(Co) .

CCD: r.f. 0.28 (tolueno/acetato de etilo = 95/5)

CLAR: r.t. = 7.4 min (Condiciones: Lichrospher 100 RP 18

(Sum) 250x4mm CHCN/H:0 + 0.1% TFA = 60/40; 1ml/min; A=214nm;

20 pl de una solucién 1.2 mg/10 ml).
punto de fusién = 110-118°C.
[a]p?®~~46.3° (c=1.0, CHCls).
Ejemplo 5
Sintesis de I
A una soluci6tn de acetato (66 g) en metanol (5 1) se

agregd una resina Amberlite IRA-400 (OH) (183 ml) previamente
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activada por tratamiento con NaOH al 30% (8 x 400 ml) y se
lavd con agua (5 x 400 ml) y metanol (4x400 ml). La mezcla de
reacciébn se agité por una noche a temperatura ambiente.
Después de la separacién de 1la resina por filtraciébn vy
evaporacién del solvente al vacio se obtuvo un residuo sélido
el cual después de la cristalizaciém a partir de
ciclohexano/acetato de etilo, filtraciém y secado dio 51.85 g
del producto deseado.

Rendimiento: 92%.

'H RMN(CDCly): 1.89(m,2H,Hs); 2.33(s,3H,Hp); 2.91(m,4H,
Hs+Hg); 3.65(s,1H,OH); 3.77,3.80(2s,6H,0CH3); 6.66(s8,2H,Hz+H,) ;
3c RMN (CDCls): 19.2(Cs); 23.9(Cio); 29.7,32.4(Ce,Cs); 55.5,
55.6(0CH3)7 76.4(Cq); 107.0,107.4(Cz2,C3); 122.7,125.5(Cqa,Con);
151.1,151.6(Cy,Cq) 7 212.3(C).

CCD: r.f. 0.27 (éter de petrbdleo/acetato de etilo = 80/20)

CLAR: r.t. = 5.9 min (Condiciones: Lichrospher 100 RFP 18
(5um) 250x4mm CH3CN/Hz20 + 0.1% TFA = 50/50; 1lml/min; A=214nm;
20 pl de una solucién 2.5 mg/ml).

e.e = > 99% determinado por CLAR quiral (Condiciones:

Quiralcel OD 250 x 4.6 mm; n-hexano/EtOH = 90/10; 1 ml/min;

A=214 nm; 20 pl de una solucién 1.35 mg/10 ml).

punto de fusién = 126-129°C,.

(@] p?®=-46.2° (c=1.0, CHCls).
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ESQUEMA DE REACCION I

OMea OMe 0
CO== (0 ==
5 OMe OMe
1§ m

e
(ool) - WOAC
2) MoyBiCl
OMe OMe
10 v v
OMe 0
w on- ‘W OH
AIBN
15 OMe
Vi I

Se hace constar que con relacién a esta fecha, el mejor
método conocido por la solicitante para llevar a cabo la
20 citada invencién, es el que resulta claro de la presente

descripcidédn de la invencién
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REIVINDICACIONES
Habiéndose descrito la invencién como antecede se
reclama como propiedad lo contenido en las siguientes
reivindicaciones:
1. Proceso para la preparacién de antraciclinas de

férmula VIII:

R, 0 OH OR,

-HC1
Ol’IHH2

que comprende la formacién del intermediario de férmula (I)

OR 0

" OH

(I)
OR
en donde: R = alquilo de 1 a 3 4tomos de carbono
caracterizado porque el intermediario de férmula (I) se
prepara a partir de un 5,8-dialcoxi-3,4-dihidronaftalenoc de

férmula (II):
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OR

OR (1)
en donde R = alquilo de 1 a 3 4tomos de carbono
conforme a los siguientes pasos:
a) el 5,8-dialcoxl-3,4-dihidronaftalenoc de fdrmula (II) se
acila en un solo paso con cloruro de acetilec en la presencia
de un exceso de AlCl; a2 una temperatura comprendida entre -
35°C y 25°C, formando el <derivado de acilo (III)

correspondiente
OR 0

OR (III)

en donde R = alquilo de 1 a 3 Atomos de carbono;
b) el derivado de acilo (III) Be hidroxila
enanatioselectivamente con una cantidad catalitica de osmio,

para formar el diol (IV)

OR OH 0

(IV)

en donde R = alquilo de 1 a 3 Atomos de carbono;

a\
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c) el diol (IV) se convierte en el acetato (VI)
OMe O

OMe
mediante reduccidén directa o alternativamente, a través del

cloroacetato (V)

por reaccidn con trietilortoacetato y trimetilsililcloruro
sequido por una reduccién conforme a procedimientos
conocldos;
d) el acetato (VI) se hidroliza a la tetralina de férmula
(I).

2. Proceso de conformidad con la reivindicacién 1,
caracterizado porque 1la tetralina de férmula (I) es
convertida, conforme a procedimientos conocidos, en la

antracliclinona de férmula (VII),
0 OH 0

CH,R,

R, 0 OH OH

o
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en donde Ry= H, OH, OCHy y R; = H, OH, O-acilo, en donde el
grupo acilo se selecciona de entre formilo, acetilo, mono- o
di-cloroacetilo,
y ésta es finalmente convertida en la antraciclina de férmula
(VIII) como se definié en la reivindicacién 1, conforme a
procedimientos conocidos.

3. Proceso de conformidad con las reivindicaciones 1 y
2, caracterizado porque R = metilo y R, = O-acetilo.

4. Proceso de conformidad con la reivindicacién 1,
caracterizado porque la acilacién se lleva a cabo a 0°C.

5. Proceso de conformidad con la reivindicacién 1,
caracterizado porque la dihidroxilacién enantioselectiva de

acuerdo al paso (b)) se lleva a cabo usando cantidades

cataliticas de osmio usando la mezcla AD-areactive con una
adicién complementaria de una sal de osmio y
metansulfonamida.

6. Proceso de conformidad con la reivindicacién 5,
caracterizado porque la sal de sodio usada es K;080;(0H)..

7. Proceso de conformidad con 1la reivindicacién 6,
caracterizado porque la reaccidén se lleva a cabo a -4°C a
+20°C.

8. Proceso de conformidad con la relvindicacién 7,
caracterizado porque la reaccién se lleva a cabo a 0°C.

9. Proceso de conformidad con las reivindicaciones 1 a

8, caracterizado porque las antraciclinas de férmula (VIII)

a3
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son daunomicina (VIII, en donde: R;=0CHia, Rz=H, Rs=X),
doxorrubicina (VITI, en donde: R;=0CH3;, Rx=0H, Rs=X),
hidrarubicina (VIII, en donde: Ri=H, R»=H, Rs=X), epirrubicina
(VIII,

en donde: R;=0CHj,

5 fé6rmula VIII en donde:

Ry=0OH, Ra=Y), o una tetraciclina de
Ri=H, Ry=0OH, Ra=Z, en donde X, Y y Z
son como se definieron en la reivindicacién 1.

10. El1 compuesto 6pticamente activo de férmula (V)

Me (_:1 (o)

V)
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RESUMEN DE LA INVENCION
Se describe un proceso para la sintesis de antraciclinas
é6pticamente activas caracterizado por el hecho de que el
intermediario clave 5,8-dialcoxi (R)-2-acetil-2-hidroxi-
1,2,3,4-tetrahidronaftaleno se prepara a partir de 5,8-
dialcoxi-3, 4- dihidronaftaleno mediante acilacién,
dihidroxilacién asimétrica, transformacién en cloroacetato,

deshidrocloracidn e hidréliesis final.



REIVINDICACIONES
1. Proceso para la preparacién de antraciclinas de férmula

VIII:

0 OH 0

5
R, o OH 51‘3
en donde R;=H, OH, OCH3; Ry= H, OH; Ra=X, Y o Z donde
- (9]
10 OH
X= 0 Y= (o) Z= 0
H
NH NH 0
oF 2 2
NH,.HC1
OH
que comprende la formacién del intermediarioc de férmula (I)
OR 0
15
' OH
OR (1)

en donde: R = alquilo de 1 a 3 &tomos de carbono
caracterizado porque el intermediario de férmula (I) se prepara
20 a partir de un 5,8-dialcoxi-3,4-dihidronaftalenc de fé6rmula

(II):
OR

(I1)

OR



en donde R = alquilo de 1 a 3 Atomos de carbono

conforme a los siguientes pasos:

a) el 5,8-dialcoxi-3,4-dlhidronaftaleno de férmula (II) se

acila en un solo paso con aloruro da acetilo en la presencia de
5 un exceso de AlCls a una temperatura comprendida entre -35°C y

25°C, formando el derivado de acilo (III) correspondiente

OR 0

10
OCR
(III)
en donde R = alquilo de 1 a 3 Atomos de carbono;
b} el derivado de acilo (III) se hidroxila

enanatioselectivamente con una oantidad catalitica de osmio,

15 para formar el diol (IV)

OR =OI'!'. 0

(IV)

20 en donde R = alquilo de 1 a 3 Atomos de carbono;

a) el diol (IV) se convierte an el acetato (VI)
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mediante reduocién directa o alternativamenta, a través dsl

cloroacetato (V)

por reacolén oon trietilortoacetato y trimetilsililcloruro
seguido por una reduccién conforme a procedimientos conocidos:
d) el acatato (VI) se hidroliza a la tetralina da férmula (I).
2, Proceso de conformidad c¢con la reivindicacién 1,
caracterizado porque la tetralina de f6rmula (I) es convertida,
conforme a procedimientos conocidos, en la antraciclinona de

f6rmula (VII},

Ry %) OH OH

en donde R;= H, OH, OCHy y Rz = H, OH, O-acilo, en donde el grupo
acilo se selecciona de entre formilo, acetilo, mono- o di-
cloroacetilo,

y ésta es finalmente convertida en la antraciclina de férmula
(VIII) como se definié en la reivindicaclén 1, conforme a

procedimientos conocidos.
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3. Proceso de conformidad con las reivindicaciones 1 y 2,
caracterizado porque R = metilo y R = O-acetilo.

4. Proceso de conformidad con la reivindicacién 1,
caracterizado porque la acilacién se lleva a cabo a 0°C.

5. Proceso de conformidad con la reivindicacién 1,
caracterizado porque la dihidroxilacién enantioselectiva de
acuerdo al paso (b)) se lleva a cabo usando cantidades
cataliticas de osmio usando la mezcla AD-areactiva con una
adicién complementaria de una sal de osmio y metansulfonamida.

6. Proceso de conformidad con la reivindicacién 5,
caracterizado porque la sal de sodio usada es K;0s502(OH),.

7. Proceso de conformidad con la reivindicacién 6,
caracterizado porque la reaccién se lleva a cabo a -4°C a
+20°C.

8. Proceso de conformidad con 1la reivindicacién 7,
caracterizado porque la reaccién se lleva a cabo a 0°C.

9. Proceso de conformidad con las reivindicaciones 1 a B,
caracterizado porque las antraciclinas de férmula (VIII) son
daunomicina (VIII, en donde: Ry=OCHi, Rj=H, R3=X), doxorrubicina
(VIII, en donde: R;=OCH3, Ry=0H, Rs=X), hidrarubicina (VIII, en
donde: R,=H, Ry=H, Ry=X), epirrubicina (VIII, en donde: R;=OCHj,
R=0H, R3=Y), © una tetraciclina de f6rmula VIII en donde: R;=H,
R=0H, R3y=Z, en donde X, Y y Z son como se definieron en la

reivindicaciédn 1.



10. E1l compuesto Opticamente activo de fé6brmula (V)
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