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i QMG ref er ss for the synthesis of PEpEPERIFNY acti ve

ant hracycl i nes wherein the vgt¥tal |y active key internediate (R
2-acetyl-2- 5 ihydroxy-1,2,3,4-tet rahyqronapht hal ene 5, 8-di al koxy of
formula I. OR wherein: R= Cl 3 alkyl, preferably nethyl. is prepared
starting fprootss BodimmEkoxyrudsds drhyriiecraphtital ehanbyrrasglEESON, 10
asymmetric di hydroxylation, transformation into chloroacetate
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| ' Ve VI: V 15 Having. an enantioneric excess higher

than 95%yq HakenCinvdhBioR feféld id al PrdtiReunidr Ne2BithasKcli Betcl daive!l a

VI
’

10

15

20

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

OR 0
"OH

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

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

Me

Me

Having an enantiomeric excess higher than 95%.
State of the art
As it is known the anthracyclines of formula VIl|

VI
Wherein: Ry = H, OH, OCH3; Rz =H, OH; Rz =X, Y 0 Z where

L

*G00002*



VI'CH2 Rz OH OR3 20 VII1 \herein: RL = H OH OOH3 R = H g =
0 % 1

synthesis of anthracycline of formula VIl requi res many steps anfl is
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are compounds having a wide therapeutic use as anti-neoplastic drugs.

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

The synthesis of anthracycline of formula VIIl requires many steps and is normally
performed starting from an optically active tetraline of formula | WhICh is reacted by
a Friedel-Craftsreaction with phthalic anhydride or its denvatlves as phthaloyll
dichloride or phthaloyll chloride 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, 1978,34,1255; Wong et al. Can. J. Chem,,
1971, 49, 2712; Swenton et al. , Tetrahedron, 1984, 40, 4625 ). After déprotection
the anthracyclinone of formula VIl (wherein Rz = H) is used as such or is converted
into a 14 acyloxy derivative (compound of formula VII wherein R, = O-
acyl)according to known procedures.. Thereafter the compounds of formula VIl 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, 1986, 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 include as

intermediate a tetraline, the key intermediate is the tetraline of formula | itself as

above defined.
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_performed starting froman optically active tetraline of fornula | which is
"reacted by & Friedel-Craftsreaction with phthalic anhydrid orq’ @
h?f gster

derivatives as phthaloyll dichloride or phthal oyl chlorid
and theregfd @409¥%c! i sed. The so 1s obtained tetracycle is preigsi/eai4n the
13-0x0 position with ethylenglycol, is bromnated in position 7 and

converted into a 7-OH derivative vmth known nethods (see Arcanone et al.
Experientia, 1978, 34,1255, Wng et at.;Can. J. Chem, 1971, 49, 2712,
Swenton et at. , Tetrahedron, 1984, 40, 4625) After deprotection t he
ant hracyclinone of fornmula VII (wherein as s
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Ter ashi a‘Pbﬂ BET‘PqQéhem Soc. gtheigggm 6 ? and in EP . g . 6,
by deprqbﬁmyi @@etyh,ernanbhrdicgrdhchlermﬁceﬂyirmﬂfarabh(sawtm are obtained. In the
above described process, or in other simlar processes which include as
intersnedi ate a tetraline, the key |nterrred| ate is the tetraline of fornula
| itself as above defined. a 6 M /40496 3 PCT/EPO1/ 13217 This
AB synt hon (Wong et .al. Can. D, 2712) allows the formation
of the corresponding optic a% tHsne of fornmula VI
wherein RL = H, OH, OCH3 I wherein the acyl group is
chosen anong fornyl, acety ) trichl oroacetyl, preferably
acetyl. 5 VIl As above saldthe cony is finally converted in the
desired ant hracycli ne. O

Vil
As above said the compound is finally converted in the desired anthracycline,
The stereochemistry of position C-9 of the anthracyclinone is very important for the
10 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 stereochemistry (i.e. an absolute configuration R).

The tetraline | is normally prepared. According to the literature, as a racemic

15 mixture starting from 2-acetyl-5,8-dimethoxy tetraline Il by oxydrilation in position
C-2 with potassium t-butoxide/t-butanole in the presence of oxygen followed by
reduction “in situ” (Wong et al., Can. J. Chem., 1971, 49, 2712 ; Gardner et al.,
J.Org. Chem.1968, 33, 3294).

The compound Il was prepared, with very low yields by reacting 5,8-dimethoxy-

20 3,4-dihydronaphthalene 1l with N;N-diphenylacetamide- POCI; 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). ,

25 Alternatively the compound Ill was prepared with a yield of about 50% in 4 steps
by reaction of 5,8-diacetoxy-3,4-dihydronaphthalene with acety! chloride/AICl; and
formation of a chloroacetyl derivative, followed by dehydrochloridation with LiCl,
hydrolysis and methylation “in situ” (Russell et al. J. Chem. Soc. Chem. Comm.

1983, 994).



Thé stereochem stry of position CG9 of the anthracyclinone_is ver
“inportant for the io biological activity of these compounl$ MAY](ZE%onI y the
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Therefore also the tetraline internediate of formula | nust obviously
possess the sanme stereochem stry (i.e. an absolute configuration R). The
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J.Am.Chem.Soc. 1981, 103, 6237). Another method for obtaining the optically
pure tetraline consists in the stereoselective reduction of the racemic mixture with

onap ene (Sharpless et a

bakers' yeast to diastereoisomeric dioles mixtures followed by chromatographic

separation and re-oxidation (Terashima et al., Chem. Pharm. Bull. 1984, 32,
15 4328).

An asymmetric synthesis of the tetraline | starting from precursor il by

enantioselective dihydroxylation is described in M. Nakajima et al. Tetrahedron,

1993, 49, 10807, but the several steps and the final excess of tetraline | and

especially the use of osmium tetraoxide in stoichiometric quantities, instead of
20 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 reported in literature but all
25 these synthesis are very complex and unsuitable for industrial application (Krohn,

Angew. Chem. Int. Ed. Engl., 1986, 25, 790).

Summary of the invention

The present invention describes a process for the preparation of anthracyclines of

formula VIl as above defined VIIl wherein the optically active tetraline of formula |

30 as above defined is stereoselectively prepared starting from 5,8-dialkoxy-3,4--
dihydronaphthalene Il which, contrary to the methods applying the resolution of
racemic mixture, which are difficult to perform, and give yields inferior to 30%,



The racenmic tetraline | is thereafter converted into the pure enantioneric
5 conpound using the normal nethods applied for the resolution of racenes
t hrough diastereoi soneric Schiff bases on the acetyl lateral chain with
(-)-1- phenyl ethylam ne (Arcanone et al. BP 02691/75, 1975). Alternatively
the enantioneric pure conmpound was prepared by Kinetic reso‘&twim‘a a
Shar pl ess asymretric epoxidation foll owed by oxidation of the obtained

al Iyl al cohol obtained 10 by reducing

2- acet yl - 5w&-adisowishoxy- 3, 4di hydr onapht hal ene ( Shar pl ess et géT y

J. Am Chem Soc. 1981, 103, 6237). Another nethod for obtainin A8 bﬁ?fcally
pure tetraline consists in the stereoselective reduction of the racemc

m xture with bakers' yeast to diastereojsoneric dioles mxtures foll owed
by chromat ographic separation and re-oxidation (Terashima et al., Chem
Pharm Bull. 1984, 32, 15 4328). An asymmetric synthesis of the tetraline
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25 these synthesis are very conplex and unsuitabl € for industrial
appl i cat i dihydlomdphthalenge(@onGroemd bhiornida Hnyhereind8das a5grom@0) Cq.Suatkpr y
of the invenfti The esent invention describes ? rogess for the
or epar at | B GrEEL RPBY) SPTuEPERINOl drnaravad 1 st sBsRSade e drergnoe of
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st er eosel ect repared starting from5, 8-di al kOxy- 3,

di hydnenagktikalienelll.l Mbieoher ctiis r amovadiveheappdicatids @plthengropedure  of

resol uti O%n%tioselective catalytic dihydroxylation of olefins (Sharpless et al., Chem. Rev.
1994, 94, 2483) to give the insature acyl derivative allows to obtain the optically -
active diol IV in a good yield. The compound is thereafter converted into the
corresponding 1-chloro-2-acetyl-derivative by Sharpless procedure (Sharpless et

15 al, Tetrahedron, 1992, 48, 10515) and dehalogenated following known methods,
for example by catalytic hydrogenation or in the presence of tin and a radical
precursor or can be directly dehydroxylated by catalytic reduction. The final
hydrolysis of the ester group .allows the formation of compound | in good yields

and high optical purity.



racem c mxture, which are difficult to perform and give yields inferior
to 30% WO 02/40496 5 PCT/EPO1/ 13217 shows the advantage of giving the key
internediate | in yields nuch higher than those reported in Plst ﬁw{t#e and
is easily industrially exploitable . In particular, although The ™l t®€rature
reported as fruitless, or non interesting, because of the low yields, the
attenpts of acylating corrpound 11 ( Rama Rao et al. 5 Ind. J.Chem 1985,

24B, 697, Russell et  al Soc. go 6&94 Gl s et, a

S. Afr.J. oqewhepg@@erztsnvwbon RRasSe BiogeR tezprea@rﬁ@ah apihrasydline of
(conpound of, fRfAR || wherein Ris a group C1_3 alkyl, preferably

nmet hyl ) can surpr|S|neg be acylated in just one step in the presence of

an acyl chloride and al um niumtrichl ogi,de forg ng the correspondi ng acyl
io derivative Ill. Mreover this i jl i cati on of the procedure of
enanti osel ective catal ytic di %%%ﬂs (Sharpless et al.
Chem Rev. 1994, 94, 2483) vF derivative alloms to
obtain the optically active ; od yleld The conpound is
thereafter converted into the] cor eSplndIﬂg 1-chl oro- 2-acetyl -derivative
by Sharpl ess procedure (SharplR 2t i QHal ORTet r ahedron, 1992, 48, 10515)
and dehal ogenated foll owi ng known net hods, for exanple by catalytic

hydr ogenation or in the presence of tin and a radical precursor or can be
directly dehydroxyl ated by catal ytic rf@H tion. The final hydrolysis of
the ester group allows the formation ot cdnpound | in good yields and high
optical purity. Do MAY M x 5a The present invention provides a process for

t he preparation_ of anthrac cline of for I CH2R2
P IOwhereln Ry = His; Ro=H l-? Qu %(K’orthere

?37] Y= HOw‘ Z= | OH
oHa NH; ?

o)

10
comprising the formation of the intermediate of formula (I):

OR 0

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



wherein RL = H OH OCH3; RR = H OH R3 =X Yor Zwere: * x=Y =HO Z
-Z NH2 10 OR'Z= ON H2. HCl conprising the formation of the internedi ate of
formula (1): 15 wherein: R = Cl -3, alkyl characterised in tha‘ssa&F _
internediate of fornmula (I) is prepared starting froma 5- AY 2005

di al koxy- 3, 4-di hydr onapht hal ene of formula (11): 06 MAY 2005 5b wherein R =
Cl.3 al kyl according to the follow ng stkeps: a) the

5, 8-di al koxy- 3, 4-di hydr onapht hal ene of formula (I1), is acylated in a
single 5 step with acetyl chlori&®in the presence of an excess of AIC 3
at a tenperature conprised betwegn -35 and 25 C, formng the
correspondi ng acyl derivative ( erein R = Cl.3 alkyl; b) the acyl
derivative (I11) is enantiosel ed > ydroxyl ated by a Sharpl ess
asymmetric di hydroxylation, with 3 catalitic quantity of osmum to form
the diol (1V) wherein R= Cl1.3 alkyl; 15 c) the diol (I1V) is converted
into the acetate (V) (1)

wherein R = Cy.3 alkyl

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 AICI; at a

temperature comprised between -35° and 25° C , forming the corresponding

acyl derivative (l11)

wherein R = Cq.3 alkyl;
10 b) the acyl derivative (Ill) is enantioselectively hydroxylated by a Sharpless

asymmetric dihydroxylation, with a catalitic quantity of osmium, to form the

diol (IV)

OR oH {

R

(V)

wherein R = Cyalkyl;
15 c) the diol (IV)is converted into the acetate (V)



5¢°5 10 15 (VI) by direct catalytic reduction or, alternatively, through
the chloroacetate (V) (V) by reaction with trinethylortoacetate in the
presence of an acid catalyst followed by treatnent with 88 May 205
trimethylsilylchloride and subsequent reduction according to known
procedures; d) the acetate (VI) is hydretized to the tetralin of formula
(). Detailed description of the invention In Schema | it is reported a
process for obtaining the tetraline of formula | wherein R = CH3. In this
case the starting product is the 5,8-dinmethoxy-3,4- dihydronaphthal ene 11,
obt ai ned by known net hod g from butadi ene and p- quinone (Fieser et

Mstarti f
al., J. Am Chem Soc., 1948, 51). In spite of the fact that in

literature the atterrpt 0 @i Ng the conpound Il were reported as
fruitless or non interg schSe of the | ow yi el ds, the 5, 8-
di met hoxy- 3, 4-di hydr onaptt'hat€ne 1l is treated wwth acetyl chloride in the

presence of an excess of \glum niumtrichloride, preferably 5 - 9 noles of
alum niumtrichloride for one nol e\ﬁi acyl chloride, at the tenperature of
-35 25C, preferably at 0C. After { usual work-up and crystallisation
with ethyl i dusit alternatively, through the chloroacetate (V)

2-acetyl @gﬁgﬁnﬁtﬁ‘&é@‘%&@ hydr onapht hg ene ?s obtained in yields higher
than 70% 20 0 6 MAY 2005 WO 02/40496 PCT/EPQ /13217 6

\
5 by reaction with trimethylortoacetate in th(e ;resence of an acid catalyst followed
by treatment with trimethylsilylchloride and subsequent
reduction according to known procedures;
d) the acetate (V1) is hydrolized to the tetralin of formula (1).
Detailed description of the invention
In Schema 1 it is reported a process for obtaining the tetraline of formula | wherein
R = CHa. In this case the starting product is the 5,8-dimethoxy-3,4-
dihydronaphthalene Il, obtained by known methods starting from butadiene and p-
quinone (Fieser et al., J.Am.Chem.Soc., 1948, 70, 3151).

In spite of the fact that in literature the attempts of acylating the compound 1l were

10

reported as fruitless or non interesting because of the low yields, the &,8-
dimethoxy-3,4-dihydronaphthalene |l is treated with acetyl chloride in the
presence of an excess of aluminium trichloride, preferably 56 — 9 moles of

15 aluminium trichloride for one mole of acyl chloride, at the te'rr‘lperature of -35° =
25°C, preferably at 0°C. After the usual work-up and crystallisation with ethyl
acetate, the product, 2-acetyl-5.8-dimethoxy-3,4-dihydronaphthalene is obtained
in yields higher than 70%. '

20



Coimpound 111 is stereoselectively converted to diol 1V by a Sharpl ess
"asymetric di hydroxyl ation which is described in literatuB8 Wt X0pher

ol efin syBsbfigfgs (Sharpless et al., Chem Rev. 1994, 94pc3483in320ne
reactive used I'n this step is AD-mx a (catal ogue Aldrich, reactive

39275-8, see also J. Org. Chem 1992, 57, 5 2768) with a further addition
of the osmumsalt (K20sQ2(OH) 4) and gret hanesul phonam de. The osm um sal t
is always in catalytic quantity vis-a-vis the substrate. The reaction is

perfornmed at | ow tenperature, -4 e +20C, - pref.e ly at,,0C, . the yield. s 70%
with arCemRaENGHAs g?%’ﬁ%% chvéué}ortm&ﬁdgwéw[ 35’%@ &ﬁflélﬁﬁwsi@ﬁ‘%&cdi ol
IVis c 0t hj.or e ¥ ERNa)t eku" of

a cycl eﬁﬁ%ﬁ{g?@ggéﬁt gvrﬁ%‘?nigs t%ﬁbﬁyl (%l?{t B%ﬁ@?e?ﬁ ?thgf n%‘%ﬁ@eﬁg%ﬁ(rﬁtbgn acid
cat al yyiSHapplessed aty Chieratl Rev 18940 94, 24830y Thel rglactivé mseddn thiscstepiisg to a

met hod al ready described in literature for different dioles (S | ess et
al . TetARtoirafcateingue Aldrichyseagtive; 89375-8, se6AlgP vk OFg: éﬁaf@g-h{]@irﬁhen

photioc HEEaI ity 2o, et il diaRs REndfi  aoRGhT < Salc (KEPsOXCHL] °aRB”
tri but yhbtidhedui Rfldeadi cal precursors as AIBN or BPO or by catalytic
hydroge’lﬁggl on. ['#g’”?}’i el ds are higher then 80% 20 The acetate can be

o

obt ai neThelpsmiurhsaltyis @dways in cateldicquantityvisdavis the subsdratgdrhg (eactionof t he

tate b f d with jonj NS, i ivfy ad i el d.
A ter ndsRATTERCE RBE BRI & FRE N BIPEEN B (O G A0 T 20%2. e
treat "E\p&hwhtégumahwﬂd@é&&imhenmm hydroxi de. Wat reported in

Schene can be easily %pl ied to the synthesis of all the 6\5; conmpounds of
forrul aThe optically t actieordiels pénisi agnverted i intp @ cdleroacetate Vethraughdhe whi ch

Senn oRrASiof ol SyPL Bl chEk TheMelld [SRRo el mAtaite, i Yol
processggsence of an acid catalyst followed by treatment with trimethylsilyl chloride

according to a method already described in literature for different dioles (Sharpless
et al. Tetrahedron, 1992, 48, 10515).

15 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 yields are higher then 80%.

20 The acetate can be obtained directly by catalytic reduction of diol IV.
The hydrolysis. of the acetate can be performed with ionic exchange resins in
quantitative yield. Alternatively the known methods for the hydrolysis of the
acetates, as the treatment with sodium methoxide or sodium hydroxide.
What reported in Scheme | can be easily applied to the synthesis of all the

25 compounds of formula I, using the corresponding starting products.
The tetraline | which is an object of the present invention is therefore obtained in
only 4-5 steps with a total yield much higher than the one reported for the known
processes.
Moreover, the reaction conditions as described make it po'ssible the industrial

30 scale up of the process. The subsequent steps of the process through the
anthracyclinone to the final anthracycline are performed as described in literature.



Mor eover, the reaction conditions as described make it possible the
“industrical 30 scale up of the process. The subsequent steﬁ (e)’; %Iﬁﬁ%process
through the anthracyclinone to the final anthracycline ar B A d as
descri bedwmod/joued at ure. WO 02/ 40496 7 0 6 MAY 2005 PCT/ EPCT/EF8P1321The
process according to the invention will be better understood in the |ight
of the hereinafter reported Exanple which refers to the Schene 1 i.e. to
the preparation of the tetraline of fofnula | wherein R = CH3. EXAMPLE 1 5
Synthesis of Il To a suspension of alumniumtrichloride (449 g) in

di chl or ongt ha?)g?é% ag%;olg%ug Heoﬂggnﬁbﬂ Wilbe. @&@Wnd@@t@éé%tﬂf%t'ﬁfhhés

added dr stirring at 0O € so obtai ned

sol uti on har&iAbfé Q!bd?fecﬁEﬁaﬂhlplﬁ which rié,férs i tlrmcEmm'pdaﬂhm etnethebreBﬁaybnl n
di chl or onet hane is sl owly added drop by to drop. After 30 min

stirri ngchthetete lé!erﬁf pundladaheey BIS & - with ice. After separation of
t.he orgarg';gE'aE;%e! and washing with HCO IN (3 x 6 ), HO (3 x 41) and

brine (2 he sol vent was evaporated u.v. at 40C giving a yellow
sol i dg inthissié 9B1ip) . By crystallisation fromrefl uxi ng ethyl acetate 71 g
of the de I red corrpound [11 where obtajned, 15 Yje

% 1H NVR (CDCl 3
2.44 (s, T3Ha Buspensios30f gurpiRiunpeyichiprige (44° &), lﬂH§ Ghrogomﬁith Iﬁ ()an 6?4

5 {7 il e e s o A0 AR g,
127.2 (Agin. @ﬁ?{) Og 58 D°B, (68he sb3dbthiféd solutioh 4a sl_:'ﬁmdﬁl ()fCE 8-dimthoxy3,4:98. 8
(C9). TLC . Pet rol ether/Ethyl acetate % drop b
dlhydronaphtha|ene Il (80 g) in dichloromethane (2, 5 I) is slowly added drop by
10 drop. After 30 min stirring at 0°C the mixture was hydrolysed with ice. After
separation of the organic phase and washing with HCI 1N (3 x 6 I), H20 (3 x 4l)
and brine (2 x 4 1), the solvent was evaporated u.v. at 40°C giving a yellow solid
residue (98 g). By crystallisation from refluxing ethyl acetate 71 g of the desired
compound Il where obtained.
15 Yield 73 %.
H NMR (CDCls): 2.44 (s, 3H, Hio); 2.53 (m, 2H, Hg); 2.80 (m, 2H, Hs); 3.30, 3.84
(2s, 6H, OCH3); 6.75 (dd, 2H, Ha + Ha); 7.81 (m, 1H, Hg); '
3C NMR (CDCls): 19.9, 20.5 (Cs, Cg); 25.3 (C1o); 55.9, 56.1 (OCHs); 108.5, 113.2
(Cz, Cs); 122.6, 127.2 (Csa, Csa); 131.5 (Cg); 137.2 (C7); 1504, 151.0 (C4, Ca);
20 198.8 (Cy).
TLC: r.f. 0.80 (Petrol ether/Ethyl acetate = 80/20).
HPLC: r.t. = 8.9 min (Conditions: Lichrospher 100 RP 18 (5um, 250 x 4 mm)

CH3CN / H20 + 0.1 % TFA = 60/ 40; 1 mi/min; A = 214 nm; 20 Wl of a solution 1

mg/10ml)
25 EXAMPLE 2
Synthesis of IV
To a solution of AD mix-a. (600 g) and K,OsO(OH)s (1 g) in water (2 [) t-butanole
(2.15 1), methansulphonammide (40.7 g), sodium bicarbonate (109 g) are added.
The mixture was stirred up to complete solution of the solid components, cooled
30 down at 0°C, added with 4-acetyl-3,4-dihydronaphthalene (100 g) and vigorously

stirred for 96 h.




HPLC. r.t. = 8.9 min (Conditions: Lichrospher 100 RP 18 (SEH 250 x
"CH3CN / ‘H20 + 0.1 % TFA = 60 /'40; 1 mi/nin; ? = 214 nm 2 fﬁW%@U%olutlon
1 ng/ 10mvo 50EXAMPLE 2 Synthesis of |V To a sol ution of PADERINI3A1T 600 Q)
and K2ZGsQ2(OH)4 (1 g) in water (2 1) t-butanole (2.15 1), '

met hansul phonamm de (40.7 g), sodium bicarbonate (109 g) are added. The

m xture was stirred up to conplete sol@dtion of the solid conponents, cool ed
30 down at OC, added with 4-acetyl -3, 4-di hydronapht hal ene (100 g) and

vi gor Ou?\n%?r %tohﬁﬂlgfé fré’éctg}q\ o tﬂe BM%@&OSC 26%0]4% Cﬁ%(dipé’t]%’ei‘féﬁi‘ﬁ 8

After c ete reactl cursor

et her/ etdudtateacd®Le), =63{Dg?cﬁ)sooﬁiﬁﬁ lﬂs@lbhﬁ@@reradalleeiwhmmrtlenalandadﬂed 1im
portions and, after 1 stirring, 4 of AcOEt are added and the phases

are sepastuﬂagA’rnéA@D@trar@ qﬂﬁi%@ﬂﬂa@evﬁi’t%@él atetsePRERSEdL N (1 x 2 1), H20 (1

g 2&%8‘3%@9%9?@@?%? RS MRS WA, DRORP Y28 T8 BRCLRE B2eEnen "

K2SO4 (4 a{%}gtegj S (1 x 300 M) and H20 (1 x 300 m). The
orgarni c phdse rred on anhydrous MySO4, was evaporated under vacuum 10

| eavi ng 'ﬁhe@jbltainedssaﬂdeuaé' lselveddd 30 mhsCEIRGIP andi th@dscblumn Mca%xtracted
cycl ohexane = 1/1, filtered and dried wunder vacuum 78.

cryst al | with H2$0d Sk satwiated uith KpS0d: (47%.209 mi), W@@Iﬁ@ (1 X @QO('W 2H,

H6): 2.38 ( 2.79 (m 2H, H5): 3.78, 3.84 15 (2s, 6H, OCH3
3. ?31 (man %Izciléjx%%l)(d 1|(4 oH8) : 5)29 (s, 1H, OH7): g.?l (s, )

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

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

under vacuum.

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

"H NMR (CDCls): 1.87 (m, 2H, Hg); 2.38 (s, 3H, Hyo); 2.79 (m, 2H, Hs); 3.78, 3.84
15 (2s, 6H, OCHs); 3.81 (m, 1H, Hs); 4.87 (d, 1H, OHg); 5.29 (s, 1H, OHy); 6.71 (s,

2H, Hz + Ha).

BC NMR (CDCls): 19.1 (Cyo); 25.8 (Cs); 28.7 (Ce); 55.7, 55.7 (OCH3) 68.5 (Cs);

78.7 (C;); 108.0, 108.8 (Cy, Ca); 125.8, 127.1 (Csa, Csa); 151.1, 152.3 (C4, Ca);

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

HPLC: r.t. = 4.1min (Conditions: Lichrospher 100 RP 18 (5um) 250 x 4 mm

CH3CN/ H20 + 0.1 % TFA =50/ 50; 1 mi/min; A = 214 nm; 20 pi of a solution 2.8

mg/10mi)

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

mi)

m. p. = 141-143°C.

[a]p?= -21.9° (¢ = 1.0, CHCI3)



2H H2 + H3). 13C NMR (CDCI3): 19.1 (Cl0); 25.8 (C5); 28.7 (CB); 55.7, 55.7
(OCH3): 68.5:(C8);: 78.7 (C7): 108.0, 108.8 (C2, C3): 125.8,)&%,3Y 13?0(504&

C8a); 151.1, 152.3 (O, C4): 214.2 (C9). 20 TLC r.f. 0.25 (Petré

et her/ Et hMO @8t e = 80/20) HPLC: r.t. = 4.1 mn (Conditi @I/EPLI/tRIDspher
100 RP 18 (5n) 250 x 4 mm CH3CN/ H20 + 0.1 % TFA =50/ 50; 1 m/mn; A
=214 nm 20| of a solution 2.8 ng/10mM) e.e. = 98 % determ ned by chiral
HPLC (Conditions: Chiralcel OD 250 X 49 mm 25 n-hexane / EtOH = 90 / 10;
1 mM/mn, A =214 nm 20| of a solution 1.3 ng/ 10 mM) m P. =

141- 143GExphai@253 -21.9 (¢ = 1.0, CHC3) 0 6 MAY 2005 WO 02/40496 9

PCT/ EPOITI3ZI7 EXAMPLE 3 Synthesis of V To a solution of diol (77 g) in
CH2Cl 2 (Bwithebis, ofMider nitrogen, trinmethylortoacetate (59.3 nl) and

110 0 L S ST T 8, LS, e T il
dadec, _uEAnKERBTEIRE (57 DAL R RS RUGR ehe BESY hfraars (BN R 2, o,

m xt w e The Holliticidisastirredrattreonetarhpemtufeoforl24 Hirthe ablvent dy avapetated of
the sol vent under vacuum was treated with 10 cycl ohexane (400 m ) under

vi gor ousuRdern Yagyym inavintha sphd rexidie. was filtered and dried under vacuum
The solid was solubilised CH,Cl, (600 ml) and added, under nitrogen, with
trimethylsilyl chioride (65 ml). The reaction mixture is stirred at room temperature
for 1 h and, after evaporation of the solvent under vacuum, was treated with

10 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 (CDCl3): 1.96 (s, 3H, Hio); 1.97 — 3.15 (m, 4H, Hs + Hg); 2.43 (s, 3H, Hi2);
13.81, 3.87 (2s, 6H, OCHj3); 5.35 (d, 1H, HB); 6.76 (dd, 2H, Hz + H3);
15 C NMR (CDCls): 19.6 (C44); 20.2, 20.5 (Cs, Ce); 26.3 (C12); 52.9 (Cs); 55.6, 56.0
(OCH3); 82.9 (Cy); 108.3, 110.1 (Cz, C3); 123.2, 125.4 (Cua, Cga); 150.7, 151.6 (Cq,
Ca); 169.6 (C14); 204.2 (Co).
TLC : r.f. = 0.55 (Petrol ether / ACOEt = 75 / 25)
m.p. = 128-138°C.
20 [0)p2=-16.2° (c = 1.0, CH2CI2).
EXAMPLE4
Synthesis of VI .
To a solution of chloacetate (97.3 g) in toluene (2 I) AIBN (1.5 g) and tributyl-
tinhydrure (225 ml) were added in nitrogen current. The mixture was stirred under
25 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 ml) under stirring, filtered and dried
under vacuum at 40°C. ' o
67.8 g of the desired product are obtained in the form of a white solid.

30 Yield: 80.3 %.



98.1 g of the desired product were obtained uantitative NVR
(CDC13):+ 1.96 (s, 3H, H10); 1.97 - 3.15 (m Ela H5 + H6); yh%ﬂ)(% Z%QH

H12) ; 3.&2100840876(25, 6H, OCH3); 5.35 (d, 1H, H8); 6.76 (RCT/RMI/1BAT+ H3);
is 13C NMR (CDCI 3): 19.6 (CLl); 20.2,-20.5 (C5, CB); 26.3 (C12) 52.9 (C8);
55.6, 56.0 (OCH3); 82.9 (C7); 108.3, 110.1 (C2, C3); 123.2, '125.4 (C4a
C8a); 150.7, 151.6 (A, C4); 169.6 (Cub); 204.2 (C9). TLC: r.f. = 0.55
(Petrol ether | AcOEt = 75/ 25) mp. =128-138C. 20 [a] D25=.-16.2 (c =

PRI A R el T e R R TR
added 'n2”9 [AEeoHE CW55 enbo éaaezm mzlrsewvas .88t(261 6H, OTHS); 6856 (e2kj Bt of a

200 Watt ram 'for 24 h and thereafter extracted with water (500
m). TheHy)ganl C phase S separat ed, dried and evaporated under vacuum

;Eﬁt rﬂ?féﬂyEMBr(ﬂﬁ{;Eﬂ%%hgé %9@3‘”56335%??&5??@ PRI By B med
2 o e, b 50 2 200 9 G DR vl
R e R T b
ECC}?) ce)T: L024"80@@(§‘) 03‘69“;9[}%@509@@29?@9) 55.6, 55.5 5 (OCH3): 83.6
1707}%19&%1%? ngg]rfg S:oﬂrglﬁoﬁs LichrdsgHeta106°8 181 o5uR) 25D1x 4 e,

CH3CN/ H20 + 0.1 % TFA = 60 / 40; 1 ml/min; A = 214 nm; 20 pl of a solution 1.2

10 mg/10ml)
m.p.: 110-118°C.
[0],%: -46.3° (¢ = 1.0, CHCI3).
EXAMPLE 5

Synthesis of |
15 To a solution of acetate (66 g) in methanol (5 I) the Amberlite IRA-400 resin (OH)

(183 mi) 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 stirred for a night at room temperature. After removal of the

resin by filtration and evaporation of the solvent under vacuum a solid residue was
20 obtained which after crystallisation from cyclohexane/ethylacetate, fitration and

drying gave 51.85 g of desired product.

Yield: 92 % .

'H NMR (CDCls): 1.89 (m, 2H, He); 2.33 (s, 3H, Hig); 2.91 (m, 4H, Hs + Hs); 3.65

(s, 1H, OH); 3.77, 3.80 (2s, 6H, OCHj3); 6.66 (s, 2H, Hz + H3).

25 1BC NMR (CDClg): 19.2 (Cs); 23.9 (C1o); 29.7, 32.4 (Cs, Cs); 55.5, 55.6 (OCHa);
76.4 (C7); 107.0, 107.4 (Cz, Ca); 122.7, 125.5 (Cua, Cea); 'i51.1, 151.6 (C4, Ca):
212.3 (Cg). '

TLC: r.f. = 0.27 (Petrol ether/Ethylacetate = 80/20
HPLC : r.t. = 5.9 min (Conditions: Lichrospher 100 RP 18 (5;£m) 250 x 4 mm,

30 CH3CN/H20 + 0.1 % TFA =50/ 50; 1 mi/min; A = 214 nm; 20 pl of a solution 25
mg/ml)



TLC : r.f. = 0.28 (Toluene/ Ethylacetate = 95/5) HPLC. r.t. = 7.4 mn
. (Condi tii ons: Lichrospher 100 RP 18 (5m) 250 x 4 mm CH3 B/MRBQ&E 0.1 %
TFA = 60 / 40: 1 m/mn; 2 =214 nm 20 | of a solution 1. %? ggzﬁ 10 m)
mp.: 110Y9P8804%a] D25: -46.3 (¢ = 1.0, CHOI3). EXAMPLE 5‘2%{/ N3t of |
15 To a solution of acetate (66 g) in nethanol (5 1) the Anberlite | RA-400
resin (OH) (183 m) previously activg%ed by treatment with NaOH 30% (8 x
400 m) and washed with water (5 x 400 m) and nethanol (4 x 400 m) was
added. The reaction mxture is stirred for a night at roomtenperature.
After resevab 99% tdetermiesidrbybghifal IHRLLE i(Gnnd'rhionev%bUab:ei 6D 360 h4.6a1Ment
under vacuum a solid residue was 20 obt ai ned fter |11 i on
from cyoil-EEsEe éESOR T 206t 10:ct mikmip; 417 éihd M@@@Pﬁa S&JME?%?IBS 72‘1&)
deS|red|%[oduct Yield: 92 %. "HNWR (CDCI3): 1.89 (m 2H, H6); 2 33 (s,
3H, HlO) )2.91 (m 4H b5 + HB) 3.65 (s, 1H Of; 3.77, 3.80 (25, 6H
3@ @?6- d¢2 + H3). 25 13C NMR (CDCI3): 19.2 (C5); 23.9 (C10);
29 7 132, (Co 55 5, 55.6 (OCH3); 76.4 (C7); 107.0, 107.4 (C2, C3);
122. 3, ]{Z&}%#@ﬁaz GBa)1 01('5IﬂiC]3) 151.6 (C1, &4); 212.3 (C9). TLC r.f. =
0. 27 (Petrol et her/Ethyl acetate = 80/20 HPLC : r.t. = 5.9 mn (Conditions:
Li chrospher 100 RP 18 (5m) 250 x 4 nm 30 CH3CN/ H20 + 0.1 % TFA = 50 /
50; 1 m/mn; XoMme214 nm 20 | of a soluti@Me.5 @g/m) A 6 MAY 2005 WO

02/ 40496 PCT/ EP 17 11
AlCl3, CH 3COCI AD-MiX a
- -
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] i
OMe OH O OMe CI O
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—_— H* (cat.) OAc ——
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L B SR

.e = > 99% determ ned by chiral HPLC (Conditions: Chiralcel OD 250 X 4.6
n-hexane / EtOH =90/ 10; 1 mM/mn; X = 214 nm 20 | of a solution
.35 ng/ 10 mM) mp.: 126-129C. 5 [a]p25 = -46.2 (c = 1.0, D@_@k\g)zw Oove
| O 'lV Bu3SnH AIBN AIC 3, CH 30001 Owe VI Ow 11l AD-M X a 1)

H)3 2) M3SiCl Owve V OH'" SCHEME] Owe 121 6 MAY 2005
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Claims

1. Process for the prepération of anthracycline of formula VIII:

5 (vin)

wherein Ry = H, OH, OCH3; R; = H, OH; R3; = X, Y or Z where:

o
ONHz-HE!
10

comprising the formation of the intermediate of formula (1):

OR o)
"'OH

OR
(1)

15 wherein: R = Cy.3, alkyl

characterised in that said intermediate of formula (1) is prepared starting from a 5-
dialkoxy-3,4-dihydronaphthalene of formula (I1):

AMENDED SHEET



122 Caims 1. Process for the preparation of anthracycline of fornmula VIII:
H_ fi 1 CHR2 OR3 wherein RL = H OH OCH3; R = H OH R3 =X Yor Z

where: * 10 X= OR'Y = HO NH2 z= SNH2. HC1 conprising the fornﬁﬁiMﬁYdMSthe
intermediate of formula (1): 15 wherein: R = ClL.3, alkyl characterised in

that said internediate of fornmula (lI) id3prepared starting froma 5-

di al koxy- 3, 4-di hydr onapht hal ene of fornmula (l11): AVMENDED SHEET O 6 MAY 2005
13 wherein R = Cl1.3 alkyl according to the following steps: a) the

5, 8-di al koxy- 3, 4-di hydr onapht hal edgRof formula (I1), Is acylated in a
single 5 step with acetyl chloride in _the presence of an excess of AIC 3
at a

wherein R = C4.3 alkyl

according to the following steps:

a) the §,8-dialkoxy-3,4-dihydronaphthalene of formula (Il), is acylated in a single
5 step with acetyl chloride in the presence of an excess of AICI; at a

temperature comprised between -35° and 25° C , forming the corresponding

acyl derivative (lll)

wherein R = Cq.3 alkyl;

10 b) the acyl derivative (lIl) is enantioselectively hydroxylated by a Sharpless
asymmetric dihydroxylation, with a catalitic quantity of osmium, to form the
diol (IV)

OR oH ©

R

(V)

wherein R = Cq.3 alkyl;
15 c) the diol (IV) is converted into the acetate (VI)

AMENDED SHEET



tenperature conpri sed between -350 and 25 C, formng the correspondi ng

" acyl derivative (I1l) wherein R= Cl1.3 alkyl; 10 b) the acyl derivative

(1'1'1) is enantiosel ectively hydroxyl ated by a Sharpl ess asyrg@tMAYC2005
di hydroxylation, with a catalitic quantity of osmum to formthe diol
(1v) (I1v) wherein R= C1.3 alkyl; 15 c)g4the diol (l1V) is converted into the
acetate (VI) AVMENDED SHEET 0 6 MAY 2005 14 NO by direct catalytic
reduction or, alternatively, through the chloroacetate (V) 5 10 15 20 (V)
by reaction with trinethylortoacetate in the presence of an acid catal yst
followed by treatnment wyd trinethylsilylchloride and subsequent reduction
according to known procddures; d) the acetate (VI) is hydrolized to the
tetralin of fornmula ( @ P ss according to claiml wherein the

(V1)

’ »
tetralin of formula (I &A%d, according to known procedures, into
direct catalytic reduction or, alternatively, through the chloroacetate (V)

t he ant hracycl i none of (M1), H VI

by

V
s by reaction with trimethylortoacetate in th(e ;resence of an acid catalyst followed
by treatment with trimethylsilylchloride and subsequent
reduction according to known procedures;
d) the acetate (V1) is hydrolized to the tetralin of formula (1).
2. Process according to claim 1 wherein the tetralin of formula (1) is converted,

1o according to known procedures, into the anthracyclinone of formula (Vii),

Vil
wherein Ry = H, OH, OCHj3, R> = H, OH, O-acyl, wherein acyl is chosen between

formyl, acetyl, mono- or di-chloroacetyl 7

and this is finally converted into the anthracicline of formula (VIIl) as defined in
Claim 1 according to known procedures.

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

4. Process according to claim 1 wherein the acylation is performed at 0°C.

5. Process according to claim 1 wherein the enantioselective dihydroxylation

20
according to step (b) is performed using catalytic quantities of osmium using the

AMENDED SHEET



_Wwherein RR, = H OH OCH3, R2 = H OH Oacyl, wherein acyl is chosen
" between" ‘formyl, acetyl, nono- or di-chloroacetyl and this is finally
converted into the anthracicline of fornula (MI11) as defing@Bigay Qi m 1
according to known procedures. 3. Process according to claim2 wherein R =
methyl and R2 = O acetyl. 4. Process agcording to claim1 wherein the
acylation is perforrred at 0C. 5. Process according to claim1l wherein the

enant i osel e tiv droxyl. ion .agccordi .to s ep (b) erformed using
catal yti'€ ﬁ ?‘t[? d¥X ot g mausf elrhea‘%ﬁﬁi‘NbE ' SHEET O ﬁ”@“'%lb\ @%3151
reactiven dﬁe’éu%hghbggﬁdép“” her addition of an osm umsalt and

nmet hanesul phonea rocess according to claim5 wherein the osm um
salt use@l Rmcmwrdiﬂ)gm clgim Prvdurein th)emmihn"gsalbusédumKﬂ)s@@(mn t he

[ [ f . -4 - £20C d
whor ei n FiioRgEs ARSI touta) A3 reircin® reois Boadeiiedl ahd v B0%ai ms 1 -
8 whereig %@eg@baé@eu@ ﬂortﬁémw viiedrai e(r¥atiion .sa;s&forﬂﬁémmm n (MII,
wherein R, X), doxorubicin g Il  wherein: Rl = OCHS,

R2 = OH,9. F@,roee;ag acponqum gp gtﬁlr@ﬁrﬂ E\8 whexgiar tienantRracyclineref formulagy1iy X)

"epiru e OH t ycline

of 10 f oér%u%g%&bwmom\,@ﬁgi Wﬂ‘e@" RHCD@CH&Cﬁ2 Ral= BS \Xf%rdé%r&vgﬁ‘ Ej\?@ are

x/E ﬂlg‘z ID nﬁﬁazrlgm Rl ®10CH,, RC= OBptREal)yr Imirauﬁ);@ﬁr(rvnuwdeﬁnfmmmaRy-(H/ )

X-g I'epirubicin (VIIl, wherein: Ry = OCHj3, R, = OH, R3 = Y), or a tetracycline of

10 formula VIl wherein: Ry = H, R2 = OH, R3 = Z, where X, Y and Z are as defined in
claim 1.

10. Optically active compound of formula V

Me Gl

)
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