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ant hracymm“mwwm«“mmmﬂventi on relates to anthracycline gl ycosihé§¥9t2®ﬂa
process for ‘tcooed'(%zg preparation and to pharnmaceutical conpositions containing
them The invention provides anthracycline glycosides having the feasul a |:

OHO OH~~~ OHO CHO ~0 CH3SO=O N I wherein the wavy |line nmeans that the

hydr oxy group at 13 position may be at a or (3 position, or a

t hereof. Conpounds of formula | conpriseg derivatives in whi ch”mmmuwmmlmm
group at 13 position has configuration 13(S), 13(R), or a mi xture of both
13(R) and 13(S) diastereoisoners, that is: 4 -denme thoxy-13 ( s /R) -di _-
hydro - 3' -deam no- 3'13-dxhydiionA -azimdinmanthyadyelanrs ubicin (l1a), 4 -
denmethoxy -13 ( s ) - dihydro - 3 -deam no-3' -aziridinyl-4

- met hansul f onyl daunorubicin (Ib) and 4 - deme t hoxy -13 ( R) _dihydro -
3" - deams 3«7 a0 di w4 gﬁﬂ%?g I N . More

pr ef er abl 3}‘}%’( ﬁiéwperrgtgleé]dt Cylé%éetne:él gr?n;ar ovli ejccainq'ﬁ]er%? cl iér%?ea'yg?s%es havi ng
the formilprdcess dmveaital préparhticoERDED Drarareacheriicadd in that the
13-carbon atomis S, i.e. 4denethoxy-13 ( s )-dih dro - 3' -deam no-3'

-azi ri di ny\AMPOS YT AAGE AL & ™ubi cin (1 b). The conmpounds of the

o 0w T e T e e R AR L AP SR uch

as sodi umaxsrmindride, in a m xture of organic solvents, such as nethyl ene
chl oride and nethanol, preferably at a tenperature bel ow 50C, nore
preferably at -70C, and, if desired and necessary, by separating the
resultant m xture of 13(R) and 13(S) conpounds iHnto the single

di ast er eoi soner. For exanple, the siggl %#13 di Bydro di astereoi sonmers nay be
obt'ai ned by separating the m xture t h thi gh prigssure |iquid chromatography
(HPLO). In particular, the HPL SYrdra By, e carried out onto a_
reverse phase colum , using a Hate buffer, such 'as 10 mv
K2HPO4 adjusted to pH 7 . O with o H3 Y and an organi c solvent as

nobi | e phase, such as tetrahydrofurad orOHacetonitrile.

0
CH,S0,0 x

I

wherein the wavy line means that the hydroxy group at 13-

position may be at a or B position, or a mixture thereof.

Compounds of formula I comprise derivatives in which the
) hydroxy group at 13 position has configuration 13(S), 13(R),

or a mixture of both 13(R) and 13(S) diastereoisomers, that

is: \

4-demethoxy-13(S/R)-dihydro — 3’ ~deamino-3’ —aziridinyl-4’

methansulfonyl daunorubicin (Ia),

4-demethoxy-13 (s) -dihydro — 3’ —deamino-3’ —aziridinyl-4' -methansulfonyl

daunorubicin (Ib) and |

4-demethoxy-13(R) .dihydro - 3' - deamino-3' - aziridinyl-4’ -methansulfony!

daunorubicin (Ic).

More preferably, the present invention provides anthracycline

glycosides having the formula I as above defined



The starting material for the preparation of the new anthracycline

gl ycosi des is 4-denet hoxy-3' -deam no-3' aziridinyl-4'-nmethansul f ch§ISEP 2002
daunorubicin (I1)) and it is described in US-A-5,532,218. 16 SEP 2002 WO
991 52921 PCT/ EP99/ d2567 3 The invention further provides a pharnaceuti cal
conposition conpri.sing an anthracycline glycoside of formula | in adm xture
with a pharmaceutically acceptable diluent or carrier. Conventional
carriers and diluents may be used. The 5 €onposition may be fornul ated and
adm ni stered in conventional manner. The conpounds according to the

invention are useful. in nethads of treatnent of the human .or ani mal body by
ther apy . THER 2 e TR Tohs i | B ot~ GRIGIATS. 25Aby e dsérulin the 10

treat nent qigy, L 2 ANeh_ id tuppr such ,as col gn ol Q ]
ovarian, NanmBry. g%ostg?%éﬂhgﬁgf'EPH&@?“&HE3aF?GHH§p¥k nénﬂﬁhﬁﬁéﬁhﬂykunan
can t her ef ddzuheriseedied(Iy) a net hod conpri sing adm nistering thereto a
therapeutically effective amount of a conpound of the invention, The

condi ti on ofhe heomppryRdarehathefiormia huddye banRTRREeTRY FEBFED be
gi ven can be ascert ai ned usin own. d e nges in the field of
ant hracycl itﬁ%%&r{?%%?ﬁi%l:@e r‘gl? gqé%eoﬁﬁt%eﬂgcti vity shown by the present

compounds in~ in vitro and in vivo anbi -towor tests. Suitable dosages are
generally in the range of 1 to 20 20 y surface, preferably froml
to 100 ng/ m, depending on the ng [1dy of the disease being
treated and on the general condi pad i ent. The conpounds of
formula I. were tested and found activd inlvifro against a panel of nurine
and hunan tunor cell lines, 25 and in%iv® on di ssem nated P388/ DX nuri ne
| eukemia. In vi tro and in vivo acti vi a On a panel of nurine and
human tunor cell lines, la presents hi otoxicity as shown by ICso
values of Tab. 2. The results of in vlvg test of la on dissem nated P388/ DX
nurine 30 | eukenia are shown in F8ECX i\>6§EP2002 WO 99/ 57921

- 8

PCT/ EP99/ 02567 4 Table 1: In vitro cytojoxpcity of la Cell Linel la |IC2so
aJ/mL Mean tSE L12103 3. 760.13 JURKAT3 70.1¢ CEM3 5.860.4 LoVo4 20.32 1)

Foprosents TREORESTACSESS P SUre AFthive TARD & (ot BT 1ot
exper i ment s; 3) a GOt Biré NSk bhEbon; desorvames, by QoW imetippity AL oelds. 4)
G owh inhibition determned Dy SRB colorinetric assay. Tab. 2: In vivo
antitunor azndvineyhahol A pyefesibliy ssena noemne A B38BEPoWw I oumare
preferably at -70°C, and, if desired and necessary, by
separating the resultant tr;ixture of 13(R) and 13(S) compounds
into the single diastereoisomer. For example, the single 13-
dihydro diastereoisomers may be obtained by separating the
) mixture with high pressure liquid chromatography (HPLC).
In particular, the HPLC separation may be carried out onto a-
reverse phase column , using a mixture of phosphate buffer,
such 'as 10 mM K,HPO, adjusted to pH 7.0 with 85 % H,PQ,;, and
an organic solvent as mobile phase, such as tetrahydrofuran
or acetonitrile.
The starting material for the preparation of the new
anthracycline glycosides is 4-demethoxy-3’-deamino-3’-

aziridinyl-4’-methansulfonyl daunorubicin (II), and it is

described in US-A-5,532,218.



!

Dose2 | LS¥3 Tox4 LTSS(ng/kg/day) |1a2.9800/200/203.81024/1 70/ 17 %) gég%ﬁDx
- Johnson | eukem a cells (105/ nmouse) are injected IV on day O. 11 bo2
WO 99152921 ~ ~ PCT/ EP99/ 02567 5 2) Treatnent is given |V on dax 1 after

. tunor transpPaRt4¢l on (day 0). la was sol ubilized in | CreropREEPI¥E28IN0I =
6.5:3.5]/[normal saline]=20/80 v/v 3) Increase in life span :[(nedian
survival time of treated mice/nedian 5 sgrvival tinme of controls) x 100]
-100. .Q Ngohet jC / f.om s{ e zi vor s (>60
days) a tPatona sREERn SEEhHE BVERER, o b AR mad b Ele] LIS e

i nvention. cbpipkénd 40 anthracycline glycoside of formula I in

13( R/ S) - di hydr o- 4- denet hoxy- 3' - deam ao- 3’ -aziridinyl -4" methansul f onyl
daunor ubi cREMEKERTE- WekBt AoRPasmageykifaldy- agrePeRrpye -1 Ly hatisul f onyl
daunorubicin_(LL, 600 L mool) were dissolved, | t hyl ri (50
Ty and cobPEGEEE - r0R R SRR FRERTAAS nten: 1ACHT BN g T Bt on
of sodi&im bempBydtids ©ag0bBUFfoSmd1HEBR) afliss@hyRdst &ra@t hanol (5 nl).
After 15 mnutes, acetone (10 ml)_ is added, than the reaction m xture is
br ought at cooventeppelamanseradded wi th net hyl ene chloride (500 m) and
washed with materwéZXZ 0 n1é. The organiqaﬁgase is separated, 20 )
concent r at 8t oCSMRPUDSF unRCEABAENGShER hrighfat odt Ton 88 | B8g8E uifng a
m xt ure of e ah : agt kons,,C LAi,Ng
The 11116 BSThoRasoRT-Rciniat Lk IR LTS dompl Spbhpney enrupl
preci pit at ethew talrea uSefilr & Ofargxonaumedhydgeiter Tifdy Saby wedfwe) ihotpeve
25 13(R/ S)-di hydr o- 4- denet hoxy- 3' -deam no-3' -aziridinyl-4" nethansul f onyl
daunor 4®i citi¥egraentofmypukemcaoangi 6sdigetuppase €N’E%cﬁ)§ LAY aSCéPBent a
m xture of _taoluene and acetone (80:20 by volunme),, Rf= 0, 3.1H NVR (4 Vhz,
a3y b 35eraTa. APsPS, SRt BECERITE) naie o kit Shq garsel
6.3Hz, ~3-#3lahbha tuddrEd, Al hurn3dan EH3rt3orkabe @régtéa,b% a Redhdd
CH3-5', la+lb); 1.47 (ddd, J = 2.6, 4.5, 12.5Hz, 16 SEP 200Z WD. 99/ 52921
, . PCT/ EPg@®2361ng adildiistedmsc)therieto 78 Cherhputazallp+elifedtSar,

la) ; 1. 87 (dd, , , -
amount of a compound of the invention. The condition of the

15 human patient can thus be improved. The dosage- to be given
can be qﬁcertained using known dosage ranges in the field of
anthracyclines, modified by reference to the acéivity shown
by the present compounds in in vitro and in vivo anti-tumor
tests. Suitable dosages aré_generally in the range of 1 to

20 200 mg/m’ body surface, preferably from 1 to 100 mg/m’,
depending on the nature and severity of the disease being
treated and on the general condition of the patient.

The compounds of formula I were tested and found active in
vitro against a panel of murine and human tumor cell lines,

25 and in vivo on disseminated P388/DX murine leukemia.

In vitro and in vivo activity of Ia

On a panel of murine and human tumor cell lines, Ia presents
high cytotoxicity as shown by ICy, values of Tab. 1. The
results of in vivo test of Ia on disseminated P388/DX murine

30 leukemia are shown in Tab.2



1

J = 4.1, 15.0Hz, HSax, Ib); 2.07 (dd, J = 4.0, 13.4Hz, H2'eq, |a}f SEPTON
(dd, J = 4.0, 13.4Hz, H 2 eq, Ib); 2.12 (d, J - 7.8Hz, OH13 la); 2.35.
(ddd, J = 1.7. 15.OHz) H-8eq, 5 Ib); 2.40 (d, J = 3.8Hz, OH13. Lb):
. 2.54 (ddd, ﬂ":”%’gz,‘ 2.6, 1 15.0H, H8eq, la); 2.61 (d, J = HGERP2547 0py
la); 2.65 (d, _J = 19.1Hz, Hl0ax, Ib): 3.20 (dd, J = 1.9, 19.1Hz, H Oeq,

la+lb); 3.21 (s, SOzCH3); 3.67 (m CH13,4la); 3.82 (m CH 13, Ib); 4.11

(m H5, |leadly 14.032 «irdtyhotdanicikyBfl{s, OH9, I1b); 4.74 (m H4',
la+lb); 5.27 (dd, J =2.6, 4.4Hz, H 7, la); 5.29 (dd, J = 2 AHz, H7,
Ib); 5.55d, J =3.8Hzf H1, lTa+lb); 7.84 (m H2+H 3, la+lb); |8.36 (m
H 1+Hg,- fa+tlb); 13.38{(s, O+ 11, la); 13.39 (s, O4+11, Ib); 13}59 (s,
OH 6, Ice)jCebl ging OH 6, Ib). 15 FAB-MS 2+) miz : 604 [MH + 16 SEP
200? CLAIM5 1. An anthracycline glycgside of formula | OH0 OH D|"" OH D OH
0 0 ~3S N| wherein the|wavy Iine rsDEARE (¥RRh I Xy group af 13
posi ti on npy—be—at—a—ott+—3—pPost+tt+ofr—et—a—fixt-te—thereot—2—A~¢onpound
according fo claim1 which is 4-denethoxy 13 (SIR) - dih dro-3" {deami no-3
-azi ridi nyjrfz1e*ret hansul fonyl daunor ubigijp, fA-demet hoxy-13 (S) { dihydro -
~' -deam np-3' -aziridinyl4' -nethansul fonyl” daunorubicin or 4-dgnmethoxy-13
(R) -di hydrp=3 ="deani not 3~ -aziridinmyl -4 -net nansul 1 onyldaunor gbi cin. 3.
A conpoundjaccording tojclaim1 which is 4-denethoxyl3(S)-dihydrg - 3'
- deam no- 3| JUREAT| di nyl {4' - net hansul f onyl, gdagnorubicin. 4. A pr@cess for
the preparption of an ant hracycline glycoside of formula (1).as defined in
claim1, which process ¢onprises reducing the anthracycline of the formula
1 0O OHO =5 OH O OH{O0O ~0 CH3S020 Il .AS53. ASE.A R AY.A1%A fA56=[\
021 Y] w HR} r b]X]ca]ca]ca]cAa]ca]ca]c“aFeéFéQ}éAa]ca]ca]ca]caU]ﬁa]ca]ca]ca
]ca]l calca] g L+

Lovo' 20.312

10

dose-response curves of at least two experiments

Growth inhib

Growth inhib

Cells incubated with the compound for 1 h.

50% inhibitory concentration represents the mean * SE from

ition determined by counting surviving cells.

ition determined by SRB colorimetric assay.

Tab. 2: In vivo antitumor activity of lIa against disseminated

P388/DX
Compound Dose?’ ILS% Tox' LTS’
(mg/kg/day)
Ia 2.9 80 0/20 0/20
3.8 102 4/17 0/17

1) P388/DX Johnson leukemia cells (10°/mouse) are injected IV on day 0.
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9310% &' )3.) 1'98¢09% RNRRILE) spad y10%Eay )s.uggn@g%p&\e( pt treated mlce/medlan

1090&" ( %- G%%Lr%v}a/i’)tYﬁnelg%E&n&)olF§ #1 ‘89@& 10)h; FS- #1090~ & () -! L&z &LOYRR& () - 3%"
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10T 10TYs92 1¥98P&* (9 thufﬂ%GHQVWWWEB%EB&Pfa SF'109%5& ()-M P& 109%& ()-z!"&

10% { & () - &) 28onH0¥0a& s(dvidblkd& 100195 dr) tBe end of the experiments
bC (#10%' () - Y10%&' ()-&10%& ().- 10Q; 10; 10;+ "10% &'% -+ "10%5&f()
he following example illustrates the invention

Example 1

10 13(R/S)-dihydro-4-demethoxy-3’-deamino-3‘-aziridinyl-4"‘-
methansulfonyl daunorubicin (Ia)
4-demethoxy-3'-deamino-3’-aziridinyl-4'-methansulfonyl
daunorubicin (II, 600 mg, 1lmmol) were dissolved in methylene
chloride (50 ml) and cooled at -70°C. The solution was added

15 dropwise with a solution of sodium borohydride (120 mg, 3.2
mmol) dissolved in methanol (5 ml). After 15 minutes, acetone
(10 ml),is added, than the reaction mixture is brought at
room temperature, added with methylene chloride jsoo ml) and
washed with water (2x200 ml). The organic phase is separated,

20 concentrated to smal volume and flash chromatographed on
silica gel using a mixture of toluene and acetone (8:2 by
volume) . The fractions containing the title compound are
pooled, concentrated to small volume and precipitated with a
mixture of exane ethyl ether (85:5 by volume) to give

25 13(R/S)-dihydro-4-demethoxy-3’-deamino-3'-aziridinyl-4’-
methansulfonyl daunorubicin (Ia, 400 mg).
TLC on Kieselgel Plate (Merck) using as eluent a mixture of

toluene and acetone (80:20 by volume), Re= 0.3
'H NMR (400 Mhz, CDCl,) &:

30 1.14, 1.23, 1.72 {m, CH,CH, aziridine, Ia+Ib); 1.27 (4, J =

—_—

6.3Hz, CH,-13, Ib); 1.32 (4, J = 6.3Hz, CH,-13, Ia); 1.38 (4,
J = 6.5Hz, CH,-5’, Ia+Ib); 1.47 (ddd, J = 2.6, 4.5, 12.5Hz,
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f"}[<bCl, Y$109%& ()-3!p, Y$109DD& ()-33"10%& ()- 10%& ()-! @10% (g &y -

g%&' ()-f"BzY7) 10! @$10%& ()- @ v'6 SEP 2002 -
$10%\ & ()--@! ~@B3$10%& ()- @ y@BSL0%ME () - @ p@B$10YDD& () - @BF" 10%& () - DdB

100@ | &18%}8 @ézt’ﬁ?! al &10% " & {) Sy #10% & 8 , TL0% & () - S&g)l o’F‘???”("}fi‘”(lg)

10Dr[}~?B 10! p,[10% & ()- ')L10% & ()-s'

"10% & ()-"10% & ()-!s910% & ()-!s910% 6\ 6& ()-0U6 10p, [ 10% & () -

P, [10% & (gg, [, 10%:&H)),- 10,1814, &H-)2” k[ %1% ;( - 8ok, [ £@%6;&1( 87 (ad,

0,
p,[10% & ()- cl/ I0p,[10% & ()- p,[10% & ()- p,[10% & ()- p,[10% & ()- )?)W
Y p, [10% &7 (3-4p1 [ 109 @7 ) -HeBix 10H ] 1026 @7 p{dd.09%d & (4-0.p,FA0B= H~
p,[lO%&'(%- Y2YWY p, [10% & () -
'eq, 'Ia); 2.10 (dd,’J = 4.0, 13.4Hz, H-2'eq, Ib); 2.12 (4, J
= 7.8Hz, OH-13, Ia); 2.35 (ddd, J = 1.7, 2.6, 15.0Hz, H-8eq,
5§ Ib); 2.40 (d, J = 3.8Hz, QH-13, Ib); 2.54 (ddd, J = 1.7, 2.6, )

15.0Hz, H-8eq, la); 2.61 (4, J = 19.1Hz, H-10ax, la); 2.65

(d, J = 19.1Hz, H-10ax, Ib); 3.20 (44, J = 1.9, 19.1Hz, H-

10eq, Ia+Ib); 3.21 (s, SO,CH,); 3.67 {(m, CH-13, la); 3.82 (m,

CH-13, Ib); 4.11 (m, H-5’, Ia+Ib); 4.22 (s, OH-9, Ia); 4.36

10 (s, OH-9, Ib); 4.74 (m, H-4', Ia+Ilb); 5.27 (44, J = 2.6,

2

4 5.29 (dd, J = 2.6, 4.4Hz, H-7, Ib); 5.55 (d,
J = 3.8Hz, H-1’, Ia+Ib); 7.84 (m, H-2+H-3, Ia+lb); 8.36 (m,
H

-1+H-4, Ia+Ib); 13.38 (s, OH-11, Ia); 13.39 (s, 0OH-11, Ib);
13.59 (s, 0H-6, Ia); !3.60 (s, QH-6, Ib).
15 FAB-MS (+) m/z: 604 [MH]"
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wherein the wavy line means that the hydroxy group at 13-

position may be at o or P position, or a mixture thereof.
2. A compound according to claim 1 which is 4-demethoxy-
13 (S/R) - dihydro-3' —deamino-3' —aziridinyl-4’ -methansulfonyl .
daunorubicin, 4-demethoxy-13 (S) — dihydro — 3’ —deamino-3’ —aziridinyl-

4’ -mgthansulfonyl daunorubicin or 4-demethoxy-13 (R)-dihydro-3'-
deamino-3’ —aziridinyl-4' -methansulfony! daunorubicin.

3. A compound according to claim 1 which is 4-demethoxy-
13(S)-dihydro - 3’ ~deamino-3 ~aziridinyl-4' -methansulfonyl
daunorubicin.

) 4. A process for the preparation of an anthracycline
glycoside of formula (I) .as defined in claim 1, which process

comprises reducing the anthracycline of the formula II

O OH 0




