I nvention relates to anthracycline antitunor glyc05|de aration,
conpositions containing themand the use of the conpou s. bicin
(daunonyci n) and doxorubi cin (adrianycin) are both well-known anthracycI|
antitunor glycosides, and both their preparation and use are anply <
described in the prior art. Daunonyci none, the aglycone of daunor ubi cin,
which is one of the starting materials,used in the preparation of the
conmpounds of the invention, is also a ( well known material and is

described gpdl HbRPNBIIND RS DAUNGRUESETIN | AVPIDOXORUBIUINES, in
one aspect - acycline glycoside antibiotics of
the formul a (A) O H [ ERR] -2- wherein X is hydrogen or hydroxy and
R is hydrogen or a nethyl or hydroxymethyl group and harng eutically

accept abl e saltsuéupu!ﬁeﬁhuﬂnwﬁntinn ks ok RNt Rfcularly the
new ant hracycl i ne glyc05|des are

3' - dean1noa$tqumqﬁﬂg*ggp Fﬁkﬁ*ﬁy?5ﬁ%ﬁﬁﬁ?b%“ compositxons

containing them and the use of the compounds.

NEW MORPHOLI NO DERI VATI VES OF DAUNORUBI CI N AND DCMCRUBICI %E;ent
Daunor

Daunorubicin (daunomycin) and doxorubicin (adriamycin)
are both well-known anthracycline antitumor glycosides, and
both their preparation and use are amply described in the

~ prior art. Daunomycinone, the aglycone of daunorubicin,

which is one of the starting materials used in the
preparation of the compounds of the invention, is also a J - {
well known materi;l'and is described and claimgd in
Gé-A—1,003,383. _

The present~invehtion provides, in one aspect thereof,

a new class of anthracycline glycoside antibiotics of ;he

formula (A):

(A)




N : 3-deam no-3' - (2"-net hoxy-4"-nor phol i nyl )doxorubicin (R
[0 3'-deam no-3' -(2"-net hoxy-6" -nethyl-4"-norpholinyl)-
daunorubicin.(R- CH3;, X=H IV :
3-deami ng- 3" - (2"-'met hoxy- 6" - net hyl - 4" - nor phol i nyl') - doxorubicin (R - CH3; X
- VvV . 3-deam no-3' - (2"-net hoxy-6"-hydroxynet hyl -4 "-
mor phol i nyl ) daunorubicin (R =[err]; X - H VI :
3' -deam no- 3' - (2" - met hoxy- 6" - hydr oxynet hyl2 4 - nor phol i nyl )doxorubicin (R =

[err]; X = OH)_.JThe gonpounds of fornula (A) are prepared by the formation
of a substi tut‘é’aeﬁﬁf‘bﬂ’gl #jﬁg’l'l"???@e%t%-lydwx rnd Ryars hyidstogest artha

th i i ci bicin throygh duct | | kyl at i on,
Dhsad on sl monéEure 6P| bl MmN V1 At kAR Ut B s 2l 4 R
represents a hygl Pé OSaDEs At N@EYE &ick Jy@@‘%@éhﬁgﬁ‘é@e[ BFe

-3- Accordingly, the present invention provides a process
preparation ofpart benla oy ctheengh Yoo ey iy gy dsPdeds ad@fsi ned in
claim1l or a pharmaceutically acceptable

I ¢ 3’-deam no-3’-(2"-methoxy-4"-morpholinyl)daunorubicin

(X- R-.H I
- H X- OH

(X = R = H)
Y II : 3'-deamino-3'-(2"-methoxy—4“-morphdliny1)doxorubicin
(R = H; X = OH)
Y,
III 3'—deamino-3'-(2"-methoxy-s“-methy1-4“-morpholinyl)-
daunqrubicin (R=CH,; X = H)
o IV : 3'-deamino-3'-(2"-methoxy-6"-methyl-4"-morpholinyl)-
doxorubicin (R = CH,; X = OH)
v ¢ 3’-deamino-3'-(2"-methoxy-6"-hydroxymethyl-4"-
morpholinyl )daunorubicin (R = CH,0H; X = H)
VI : 3'-deamino-B'—(2"-methoxy-s”-hydroxymethgl-4"-
morpholinyl )doxorubicin (R = CH,OH; X = OH)
U The coﬁpounds of formula (A) are prepared by the
- formation of a substituted morpholinyl ring at C-3’ on the
~ sugar moiety of the anthracyclines daunorubicin and
doxorubicin through a reductive alkylation, based on using a
lkmj chiral dialdehyde of the general formula (B), wherein R
represents a hydrogen atom'or a methyl or a hydroxymethyl
group.
| CHO  CHO
o) Me (B)



salt thereof, which process conprises reacting daunorubicin or doxorubicin
or an acid addition salt thereof with an excess of an al dehyde.of formula
(B) in the presence of an al kali netal cyanoborohydride and, i f desired,
converting a conpound of formula (A) thus obtained into a pharnaceutlcally
acceptabl e salt thereof. The reductive alkylation is typically carri éd oux,ﬁ
usi ng an excess of the dial dehyde in a nbxed aqueous pol ar organic nedlun1
such as water-acetonitrile, generally at“a pH of about 7 in presence of an

al kali metal cyan Oroggr.ﬁ yéogggeg eueﬂ ﬂwgmeaﬁ'y%&yaaebarﬂwelesde

ghe reaction can cg& ours room tenperatue. The

esired prodygt k%f %ﬁb@ %dtﬁbaﬁbkhsnrsaehtaayalxherglbuosﬂhueaf £stwalai on
and purified™by c hr omat ogr aphy. For exanple, to obtain a

hydrochl ori dgagf alsh@eifined iian cdadmodubircanpbardezentbcalhy ancentabbem of

its hydrochloride, is dissolved in a mxture of acetonitrile-water

Zéé?uﬁ?ﬂ dafmmﬂthamgmgcfdjubnsh pﬁocpnsrsompxiﬁﬁﬁhraacaansoésugeFBP§8hnof
yar ogen carbonat e | t
(7-10 eqU|ijWNGQ¥quﬂﬂﬁéﬁy&; BﬁagﬁgguPQdeggghtgg&gfgbgaif bieRnagxcess

excess of an aldehyde of formula (B) in the presence of an

L

alkali metal cyanoborohydride and, if desired, converting a
o/

compound of formula (A) thus obtained into a
pharmaceutically acceptable salt thereof. s

The-tgductive alkylation is typically carried out using

an excess of the dialdehyde in a mixed aqueous polar érganic ~-
medium, such as water-acetonitrile, generally at a pH of ~
about 7 in presence of an alkali metal cyanoborohydride e.g.
sodium or potassium cyanoborohydride.. The reaction can be
ﬂsually completed in two hours at room temperatue. The

desired product is isolated from the reaction mixture by
solvent extraction and purified by column chromatography.

For example, to obtain a hydrochloride of the invention
daunorubicin or doxorubicin, in the form of its ~
hydrochloride, is dissolved in a mixture of
acetonitrile-water (1:1 v/v) and, after having adjusted the

pH to 7.4 with an aqueous solution of sodium hydrogen
carbonate, is reacted at room tempe;atute with an excess

(7-10 equiv.) of a dialdehyde of formula (B):



Wwherein R represents a hydrogen atomor a nmethyl or a hydroxymethyl group,
in the presence of an aqueous solution of [err] in an equival ent anount
with respect,to the starting daunorubicin to obtain, after 15 minutes
stlrrlng at room‘tenperature, the raw gl ycoside conpound of formula (A (X
& or OA) which, after purification by flash chromatography on a silica
gel ~col um using as the eluting system netfiyl ene dichl ori de-acetone (96:5
v/iv) is isolated as its hydrochloride. A dialdehyde of formula (B) is
prepared via a Ml aprade reaction on the nethyl glycoside of a sugar in a
pyranic form Mre particularly, this.is achieved by periodic acid
oxi dation of the nethyl glycoside of: i) arabinose in pyranic formto
afford the dial dehyde (BI) (%ﬂ@ ii) rhammose Qﬁkprds (BIl) (R=M) iii)
gl ucose affords (BIll) (R = rr]) Moreover thginvention provides
phar maceutical conpositions nprising an ant hrjacycline gl ycosi de of the
-5- formula (A) or a pharfceut ||y acce goMgt therl@f in
conbination-with a pharnaceutically abl e diluent or carrier. These
conpositions contain a therapeutically

c

wherein R represents a hydrogen atom or 2a methyl or a

c

hydroxymethyl group, in the presence of an aqueous solution
of NaBH,CN in an equivalent amount with respect to the
starting daunorubicin to obtain, after 15 minutes stirring
at room temperature, the raw glycoside compound of formula
(A) (X = H or OH) which, after purification by flash
_chromatography on a silica gel column using as the eluting
system methylene dichloride-acetone (96:5 v/v) is isolated
as its hydrochloride.

A dialdehyde of formula (B) is prepared via a Malaprade

C

reaction on the methyl glycoside of a sugar in a pyranic

C

form. More particularly, this is achieved by periodic acid
oxidation of the methyl glycoside of:
| 1) arabinose in pyranic form to afford the_dialdehyde
(BI) (R=H)
ii) rhamnose affords (BII) (R = Me)
iii) glucose affords (BIII) (R = CH,0H)
_Moreover the invention provides pharmaceutical

compositions comprising an anthracycline glycoside of the



+

effective amount of the glycoside or its salt. The invention additionally
provi des anthracycline glycosides of fornula (1) or pharmaceuti,cally
acceptabl e salts. thereof for use in a nethod of treatnent of the human or

ani mal body by therapy. The present conpounds can be used as an anflblotygn
or anti-tunor agent. They can be used to treat certain nannallan_tunnrs-gy,-
adm nistering a therapeuticarly_effecti)@% anount thereof to a patient. The
foll owi ng Exanples illustrate the inventi‘on. Exanple 1 Preparation of

1- met hoxy- 2, 2o myXh ad fl e e okl e 15 1UlY %cﬁy'_table salt thereof in
nethyl-[grr]-L-arabiﬁggiranoside (1.64 g, IOE%ﬂD| q n wat er 62§_nf) was
treated in porambimeatdam widh (emplerdmectaivt ilch13 yo)actietaiblle dAfl@nt3 diour s,
the iodate and exces periodate were precipitated by addition of a solution
of barium chISH5Her Th&hAsE FampRsd tions dantaed n| er thexagehitiicaldy, t he

added and oot AR R FRATH 4% Wi qlorcasideactr L6 edbpi BBeo | nor gani o
oL et A 0 100 W o AN 154, et b
step w thout Sogmdlel (A idd PHarHaceuticdlly acceptable salts thereof for
use in a method of treatment of the human or aniﬁ;l body by
therapy. The present compounds can be used as an antibiotic
or anti-tumor agent. They can be used to treat certain A
mammalian tumors by administering a therapeutically
effective amount thereof to a patient.
The following Examples illustrate the invention.
Example 1

Preparation of l-methdxy-z,2'—oxydiacetaldehyde (BI)

A solution of methyl-oa-L-arabinopyranoside (1.64 g, 10 mmol)

in water (25 ml) was treated in portions with sodium

periodate (4.3 g) at 0°C. After 3 hours, the iodate and

exces periodate were precipitated by addition of a solution

of barium chloride. The mixture was neutralized (BaCoO, ) and ~
filtered, the insoluble material being washed with water.

To the filtrate ethanol was added and set aside overnight in;:;
the refrigerator to precipitate inorganic material. After
filtration, the solution was concentrated to a syrup that

was extracted with acetonitrile (10 ml). The extract was

used for the next step without further purification.



Exanpl e 2 Preparation of 3'-deanino-3' -(2"-nmethoxy-4"-norpholinyl)-

daunor ubi ci n (1) To a solwution of daunorubicin hydrochloride (0.57 g, 1
mol) in 40 gl of acetonitrile-water (1:1) was added the sol ution of
dlabdehyde prepared as described in exanple 1. The pH was adjusted to 7.4
'mnbn,a sdl uti on of sodium hydrogen carbonate. After 2 hours the stirred
m xture was treated with a sol ution of O. 064g (1 mmol ) of NaBH3CN in 5 mi
of water. After 15 minutes the m nxture Wa® Tor ked up by dilution with
water (100 m ) and extraction with nethylene chloride. The organi c phase
was evapor at edE ﬁﬁﬂ?i écuun1 The resulting residue is purified by flash

- chromat ogr aphy 2,8 ﬁkkbﬁa gek CAb NP nESBNY ( PRLAY L RORYCd Thhot phiel pre
(96:5 v/v) as ai ne g (yre 559 of
| that was |sohahggragihyﬁrqulorlde m p. 160- [err] NNR (200 MHz, [err])

: 13.98 (s, 1H~OF©), I3.28 (s, 1H, OH11), 8.02 (d , 1H, H-# :

7.77 (t, J - 87@ Wzsoldtidn2pf dagsogybigin bygrpﬁhlqpﬁdﬁ+s9 53 {1 ¥L¥m3

H1), 5.26 (dd, J - 2.2, 4. 4 9 J

- 2. % [err](4ﬂm 40 mpepﬁ]?ceiooiteéiesna%fér#?' § “ﬁ‘oid§}§ the’ ségﬁégg

Hz, 1H, H5") NH2- 4-

1H [err]- CH(H)°(§) %(]%h(yge mep%?g)s aesR2ibdl ik eXafiple .4-2hé pW

. was adjusted to 7.4 with a solution of sodium hydrogen

~ carbonate. After 2 hours the stirred mixture was treated
~ with a solution of 0.064g (1 mmol) of NaBH,CN in 5 ml of
water. After 15 minutes the mimxture was worked up by
dilution with water (100 ml) and extraction with methyleqe
chloride. The organié phase was evaporated under vacuum.
The resulting residue is purified by flash chrqmatography on
a silica gel column using methylene dichloride:acetone (96:5
v/v) as the eluting system. Theie are obtained 0.360 g
(yield 55%) of I that was isolated as hydrochloride. m.p.
160-161°C.

NMR (200 MHz, CbCls) : 13.98 (s, 1H, OH-S), 13.28 (s, 1H,

c

¢

OH-11), 8.02 (d, J = 8.0 Hz, 1H, H-1), 7.77 (t, J = 8.0 Hz,
18, B-2), 7.38 (d, J = 8.0 Hz, 1H, H-3), 5.54 (m, 1H, B-1'),
5.26 (dd, J = 2.2, 4.2 Hz, 1, H-7), 4.64 (s, 1H, OH-9),
4.49 (ad, J = 2.6,

OCH,
4.0 Hz, NCH,-CH, -0), 4.07 (s, 3H, OCH,-4), 4.01 (dq, J =
1.0, 6.5 Hz, 1H, H=5’), 3.90 (m, 1H, NH,-CH(H)O), 3.65 (m,
18, B-4'), 3.4-3.6 (m, 1H, NCH,-CH(H)0), 3.38 (s, 3H, OCH,-



-7- CHCH2N), 3.21 (dd, J - 1.8, 19.0 Hz, 1H, H10e), 2.93 (d, J - 19.0 Hz,
1H, H1Qax), 2.61 (dd, J - 4.0, 11.4 Hz, NCH (H)-CHOCH3), 2.3-2.5 (m 3H
HBe, H3, [err] (H-[err]), 2.40 (s, 3H, CH3-14), 2.08 (dd, J -, 4.2, 15.0

Hz, 1H, H8ax), 1.7-1.8 (m 2H [err]-2"), 1.36 (d, J - 6.5 FE 3H CH

-5'"). Exanple 3 Preparation of 3'-deam no-3'"-(2"-nethoxy-4" -nDrphollnyI)&,p
doxorubicin (11) The synthesis of the conpound Il starting from doxorubicin
hydrochl oride (0.58g, 1mmol) and the |-1®hoxy-2, 2-oxybi sacet al dehyde _
solution of Exanple 1 was perforned according to the procedure described in
Exanple 2. 3 Cl!lé%{ﬂho 3.212(adpthoxyr 48, -1/ 0ol | ) dReqeiRl % rgil I& was
obt ai ned as the drochloride in an anount of 0.38g ( yTTHT#

163-164C. NV 0%9 MHH2 { b ] )H=1 0% by7 1.961 144,04 69 ,4.13. 24 (B,Hzl,H,Ndﬂ-I- 11),

: 0 1H H-2 =740
?dSB Sdfi ’ “‘é’ g"iéc ﬂz %]%2 1‘)5& (73 H,) d;e.shs% .1|NHj;|-1()H)-EC!%EI(,dd J
- 2.2, 3. 9 H22 4’]d-| g—l—?jn' ACI-Y4 flfj),‘]f é)ﬁ d—éz' ‘?H 4[.G‘zr'r]lsl.éb) Hz4, 49 (dd, J-

2.5 4.0 Hz, ",

B-8ax), 1.7-1.8 (m, 2H, CH,-2'), 1.36 (d, J = 6.5 Hz, 3H,

CH,-5").

Example 3 "

Preparation of 3'-deam1no—3'-(2"—methoxy-4"-morpholinyl)- v

doxorubicin (11) '
The synthesis of the compound II starting from _ B

doxorubicin hydrochloride (0.58g, lmmol) and the W

l-methoxy-z,240xybisaceta1déhyde'solutidn of Example 1 was
performed according to the procedure described in Example 2.
3'-Deamino—3'-(2“-methoxy-4“-morpholinyl)doxbrubicin (II1)
was obtained as the hydrochloride in an amount of 0.38g
(yield 55%) m.p. 163-164°C _
NMR (200 MHz, €pCl,) : 13.97 (s, 1H, OH-6), 13.26 (s, 1H, \;J
OH-11), 8.03 (dd, J = 1.2, 8.0 Hz, 1H, H-1), 7.78 (t, 3=
8.0 Hz, 1H, H-2), 7.40 (4d, J = 1.2, 8.0 Hz, 1H, H-3), 5.55
(, 3 = 2.6 Hz, 1H, H-1"), 5.29 (dd, J = 2.2, 3.9 Hz, 1H, 3
B-7), 4.74 (d, J = 3.0 Hz, 2H, CH, OH-14), 4.49 (dd, J = 2.5, ‘U
4.0 Hz,

OCH,
1H, N4caz-s§eq;0); 4.08 (s, 38, OCH,-4), 3.93 (dg, J = 6.5,
1.0 Hz, 1H, B-5'), 3.92 (m, 1H, NCH,CH(H)O), 3.67 (dd, J =

2.0, 1.0 Bz, 1H, B-4'), 3.54 (m, 1H, NCH,CH(H)O), 3.38 (s,

I



rr] 1H, [err]), 4.08 (s, 3H OCH3-4), 3.93 (dgq, J - 6.5, 1.0 Hz, 1H,
H5), 392 (m.1H [err]), 3.67 (dd, J - 2.0, 1.0 Hz, 1H H4'), 3.54 (m
IH __[err]), 3.38 (s, -8- 3H, NCH2-CH OCH3), 3.26 (dd, J - 1.7, 19.0 Hz,
1Ft¢}+lcg), 3.00 (d, J - 19.0 Hz, 1H, HI1Qax), 2.60 (dd, J = 4.0, 11.4 Hz,
1HA(H) (H |
| [err] ), 2.47 (m 2H, [err]) 2.45 (m 1H, NCHax- [err] [err], 2.3-2.4
(m 1H, H8e), 2.34 (m 1H, H3'), 2.14 ¢d&,-J - 3.9, 15.0 Hz, H8ax), 1.76

(m 2H, CHz2-2 1.36 (d, J - 6.5 _Hz, 3H,_. CH3 -5), Ex le 4 P ' f
1-nethy|-1'-ne%ﬁoxygﬁggchﬁﬂﬁﬁhSce?a?éeﬁ?@e ?Bfl}Zl'sbsggigﬁ'o¥ﬁ?pglf6é?r °

nmet hyl - a- L-r ha yranosi de.6la78.9, 440 h N r 5 t{eajed
with sodiun1pe§?§@aé§'(§.§ &%'gtﬁfér}%f ggzééié'hggég gééfu%i%y@?@@e%f'a
carbonate was gautijgusly added to neutralize the acid, the mxture was

(?) (?)
|
CHOCH,

CHOCH, ),

¢

2.3-2.4 (m, 1H, H-8e), 2.34 (m, 1H, B-3'), 2.14 (dd, J =

¢

3.9, 15.0 Hz, H-8ax), 1.76 (m, 2H, CH,-2'), 1.36 (d, J = 6.5
Hz, 3H, CH,-5').
\ - Example 4

Preparation of l-methyl-1’-methoxy-2,2’'-oxydiacetaldehyde

(BII)

A solution of methyl-a-L-rhamnopyranoside (1.78 g, 10 mmol)
in water (25 ml) was treated with sodium periodate (4.3 g)
at 0°Cc. After 3 hours sodium hydrogen carbonate was

cautiously added to neutralize the acid, the mixture was

C

poured into ethanol (100 ml) and the insoluble material was

C

filtered. The filtrate was concentrated to a syrup that was
extracted with acetonitrile (15 ml). The extract was used
for the next step without further purification.

Example 5

Preparation of 3’-deamino-3'-(2"-methoxy-6"-methyl-4"-—

morpholinyl )-daunorubicin (III)

The synthesis of the compound III starting from daunorubicin

hydrochloride (0.57g, 1 mmol) and the l-methyl-1’-methoxy-



poured into ethanol (100 m) and the insoluble material was filtered. The
filtrate was concentrated to a syrup that was extracted with acetonitrile
(15 m). The extract was used for the next step w thout further
purification. Exanple 5 Preparation of

3' -.deam no- 3' - (2" - met hoxy-6"-nmet hyl -4"- nor pholinyl)-daunorubicin (1I'1) I@a
synthesis of the conpound |1l starting from daunorubicin hydrochl oride
(0.57g, 1 mmol) and the 1-nethyl-1"-nmethaxy -9- 2,2 '-oxydi acet al dehyde
sol ution of Exanple 4 was perfornmed according to the procedure described in
Example 2. 3 z.wmmacqalmmwﬂummwf Exanplend was peafiormed

rubi cin was isolated as the hydrochloride in an anmount of O. 34 g (yield
509 m p. 152@0%614!‘(92(#{?% E[%Qt?qqure Pswi(%ed ﬁ.m F@ﬁnw)le 23.29 (s, 1H,

G107, 502 4y ol B0 Eoup 8 el 2
?efr]H)Z, iHOS'izu?icfh erfﬂs&#te@"‘agg tg?e %cir%éﬂlo(ﬁ%e in o Quldimtlide
0.34 g (yield 50%) m.p. 152°C
NMR (200 MHz, CDCl,) : 13.97 (s, 1H, M): 13.29 (s, 1H,
OH-11), 8.02 (dd, J = 1.2, 8.0 Hz, 1H, H-1), 7.77 (t, J =
8.0 Hz, 1H, H-2), 7.39 (dd, J = 1.2, 8.0 Hz, 1H, H-3), 5.53
(m, 18, B-1'), 5.26 (dd, J = 2.0, 4.0 Hz, 1H, B-7), 4.67 (s,

1H, OB-9), 4.59

o/

OcCH, _ ' LN
(bd, J = 2.0 Bz, 1H, NCHz—ég.-O), 4.08 (s, 3H, OCH,-4), |
3.9-4.0
CH,
(m, 1H, NCH,-CH,,-0), 4.00 (dq, J = 1.5, 6.6 Hz, 1H, H-5'),
3.71 (m, 1H, H-4'), 3.34 (s, 3H, -CH-OCH,), 3.21 (dd, J =
S X . g
2.0, 19.2 Hz, H-10 ), 2.93 (d, J = 19.2 Hz, 1H, H-10ax), 2.95&/
OCH,
(bd, J = 11.0 Hz, 1H, NCH, (H)-CH-0), 2.83 (bd, J = 11.5 Hz,

CH, | | (:}
1H, NCH, (H)-CH-O), 2.40 (s, 3H, CH -14), 2.35 (ddd, J = 2.0,
2.0, 15.0 Hz, 1H, H-8,), 2.17 (dd, J = 2.8, 11.5 Hz, 1H,
CH,
NCH(H,, )CH-0), 2.07 (dd, J = 4.0, 15.0 Hz, 1H, H-8_ ), 1.82

+



H. [err] -0), 4.00.(dg, J - 1.5, 6.6 Hz, 1H, H5'), 3.71 (m 1H

[efr] (m 1

H4), 3.34 (s,. 3H J[err]), 3.21 (dd, J = 2.0, 19.2 Hz, H10.), 2.93 (d, J
- 19.2 Hz, 1H HI1Gax), 2.95 [err] (bd, J = 11.0 Hz, 1H NCH (H-CHO,

2. 88?(bd J - 11.5 Hz, CH1H, NCH (H-CH O, 2.40 (s, 3H, CH3-14), 2.35
(ddd,. J - 2.0, 2.0, 15.0 Hz, 1H, H8.) 2.17 (dd, J - 2.8, 11.5 Hz, 1H
[err] [err] 2.07 (dd, J = 4.0, 15.0 Hz, 1H, HJerr]), 1.82 - 10 -
[err] (dd, J - 11.0, 11.0 Hz, 1H, [err] <L I0-=8 (m 2H, [err]), 1.36 (d,

J- 6.6 Hz, 3H CH3-5"), 1.09 (d, J- 6.2 Hz, 3H, [err&& [err] Exanple 6
Preparation of 3'"-deam no-3'-(2"- nethoxy-6" net hyl -9

From doxor ubi of Aoy dr ScAtolt oAt By ThrmbFs ne) b MEILREHEL
2, 2" - oxydi acet apdeByqe $0hgt kan Qf-E6@HDh§,43n@Sgg$£§0§ﬂPﬂ.os (d, J = 6.2
| Hz, 3H, NCH,-CH-CH,).
:
Example 6

‘Preparation of 3'-deamino-3'-(2"-methoxy-6"-methyl-4"-

morpholinyl )doxorubicin (IV)

C C

The synthesis of the compound (1IV) starting from doxorubicin
hydrochloride (0.56g, lmmol) and the l-methyl-1’-methoxy-
2,2'-oxydiacetaldehyde solution of Example 4 was performed
according to the procedure described in Example 2;
3'-Deamino-3'-(2“-methoxy—é"-methyl—4“—morpholihyl)-
doxorubicin (IV) was isolated as the hydrochloride in an
amount of 0.35 g (yield 51%) m.p. 162°C.
NMR (200 Mﬂz; coCl,): 13.88 (s, 1H, OH-6), 13.15 (s, 1H,
oH-11), 7.97 (dd, J = 1.0, 8.0 Hz, 1H, B=1), 7.76 (t, J =
8.0 Hz, 1H, H-2), 7.37 (44, J = 1.0, 8.0 Hz,.ln, H-3), 5.53
(m, 18, H-1’), 5.30 (dd, J = 2.1, 4.0 Hz, 1§, H-7), 4.74 (s,
OCH
|

C

C

| . ]
N © 2H, CH,0H-14), 4.60 (bd, J = 2.3 Hz, 1H, NCH,~CH,-0), 4.08
| cr, |
(s, 3H, OCH,-4), 4.00 (m, 1H, NCH,-CH,,-0), 3.92 (dg, J =
1.0, 6.5 Bz, 1B, H=5'), 3.71 (m, 18, H-4'), 3.34 (s, 3,
o |
NCH,-LH—Oggs), 3.27 (dd, J = 1.5, 19.0 Hz, 1H, H-10,), 3.03



acéording to the procedure described in Exanple 2.
3' - Deam no-3' - (2" - et hoxy-6"-net hyl - 4" - nor phol i nyl) -

doxor ubi ci.n (1V) was

i sol ated as the hydrochloride in an anobunt of 0.35 g (yield 51% mp. 162C

NVR (200 MHz, [err]): 13.88 (s, 1H, O+6), 13.15 (s, 1H, OH11), 7.97 (dd, __
J-10, 8.0 Hz, 1H H1), 7.76 (t, J - 8.0 Hz, 1H H2), 7.37 (dd, J -
1..0, 8.0 Hz, 1H H3), 553 (m 1H H1), 530 (dd, J - 2.1, 4.0 Hz,
H7), 4.74 (s, OCH3 2H, [err]-14), 4.60 (bd, J - 2.3 Hz, 1H[err]), 4.08
[err] (s,3H [err]) 4.00 (m 1H [errT)3792 (dgq, J = 1.0, 6.5 Hz, 1H,

H5), 3.71

19.0 Hz,
11.5 Hz,

1H,

1H

St

1H,

) 3. 1 3Hy 0 -G OGH3) 4 1352%5(ddy I - 1.
((‘ﬂ 1.%'13 ,%‘.Aoo)?z' 127‘@, (’—glvog'r 0 %z%fgj'H[gr -5 E‘.zgwq(‘tﬁd, J -
, lerr] cnm [ er plegNCH

3,

(H-CHO, 2.82 (bd,JJ - 11.5 Hz, 1H, NCH (H-CH O, [err] 2.3-2%4 (m 4 H,
CH2- 8, H 3, NGH r(HHCHIE) ) 2. BBI K&d,J & -11.& Hz,11H, NCE X HY=CHLG) [ err]

1.75 (m 2H, CH2-2'), 1.36 (d, J - 6.5 Hz, 3H,-CH3 5'), 1.10 (d, J - 6.

Hz, 3H,

OCH,

2.1-2.4 (m' 4 H' 922-8' H-3' N_C_H“(H)-CHO )' 1.83 (dd' J =

cH,
11.5, 11.5 Hz, 1H, NCH(H, )-CH-0), 1.75 (m, 2H, CH,-2'),
1.36 (d, J = 6.5 Hz, 3H, CH,-5’), 1.10 (d, J = 6.5 Hz, 3H,
CH, -'cm-cn2 N). | |

0
Examplg 7

Preparation of l-hydtomeethyi-l'—methoxy;z;Z'-

oxydiacetaldehyde (BIII)

A solution of methyl-a-D-glucopyranoside (1.95 g, 10 mmol)
in 20 ml of water was treated in portions with sodium
periodate (4.3 g) at 0°C. A solution of the l-hydroxy-
methyl-1’-methoxy-2,2’-oxydiacetaldehyde thus-prepared was
obtained by the procedure described in Example 1.

Example 8

Preparation of 3’'-deamino-3’'-{2"-methoxy-6"-hydroxymethyl-

45-norpholinyl)—daunorubicin (V)

The synthesis of the compound (V) starting from daunorubicin

“hydrochloride (0.57g, lmmol) and the l-hydroxymethyl-l'-

methyl-2,2’-oxydiacetaldehyde solution of Examble 7 was

5

performed according to the procedure described in Example 2.

3'-Deamino-3'—(2"-methoxy46"-hyd:oxymethy1-4"-morpholinyl)-

CC

C

C

-

"/

L]



[err] . Exanple 7 Preparation.of 1-hydroxynethyl-1'-nethoxy-2,2"-
oxydi acet al dehyde (Bil) A solution of nethyl-[err]-D- glucopyranoside (1.95
g, 10 mmol) in 20 m of water was treated in portions with sodium peri odate
(4.-3-g) at 0C. A-solution of the 1- hydr oxy-

metiyyl - 1" - met hoxy- 2, 2' - oxydi acet al dehyde thus-prepared was obtained by the
procedure described in Exanple 1. Exanple 8 Preparation of

3' -deam no- 3' - (2" - net hoxy-6"- hydroxynmet hyljo 4" - nor phol i nyl ) - daunor ubi ci n
(V) The synthesis of the conpound (V) starting from daunorubicin
hydrochl ori de 8uhdgublioiml jVvandas hisdl ayed oxg neieiydrochloride in an

met hyl - 2, 2' - oxydi acet al dehyde sol utjon_of Exanple 7, mas performed accordi ng
to the procedudmoustcefhBe3pngEkyhelid $0%) m.p. 164°

Aot ( i, LEOP OBz, GBEL, T fﬁygyo&ﬁrof?dgﬂﬁﬁ-gzlgimﬁﬁn‘%ﬁ2%?35
W oty o Ba-tade §MVE (480 Mk 116} (10, 44 Ol omoth ﬂ*"g)‘ot%é"z?#s’
H-2), 7.38 (ddg.d mzl-9m,8m02k7.7.58 tud).s5=56.0, 8.0 Hz, 1H, H-3), 5.54

(m' 1H' H-l')' 5-28 (dd, J = 2_.0, 4-0 Hz' IH' H-7)' 4-66

W, ‘I’-
Y (bs, 1H, NCH,-CH, -OCH,), 4.63 (s, 1H, OH-9), 4.08 (s, 3H,

OCH,-4), 4.02 (dq, J = 2.0, 6.5 Hz, 1H, H-5'), 3.95-4.05 (m,

o)
' NCH, -éa -CH,O0H), 3.67 (m, 1H, H-4'), 3.65 (dd, J=3.0, 12.0
0 | o
Hz, 1H, NCHZ-éH-gg-(H)OH), 3.55 (dd, J = 5.0,
) | 0

12.0 Hz, 1H, NCHz-éH-CH(g)OH), 3.34 (s, 3H, Nca,-én-ggg,),

3.23 (dd, J = 1.0, 19.0 Hz, 1H, H-10 ), 3.08 (bd, J = 11.0
w K | | |
W Hz, 1H, 'Ng.q(n)-t':n-oca,), 2.95 (d, J = 19.0 Hz, 1H,

: o

H-10ax), 2.75 (bd, J = 11.0 Hz, 1H, Ngg.q(n)-én-ocn,), 2.40

\/ (s, 3H, CH,-1H), 2.3-2.45 (m, 2H, H-3’, H-8 ), 2.17 (d4, J =

]
| l
4-0' 13.0 Hz' 1H' H-s ‘)' 2015 (m' la' NCH(E.‘)-CH-OCHs),
2.07 (dd, J = 11.0, 11.0 Hz, 1H, '



(m 1H H1'), 5.28 (dd, J - 2.0, 4.0 Hz, 1H H7), 4.66 0 (bs, 1H, .
[err]), 4.63 (s, 1H, OH4+9), 4.08 (s, 3H OCH3-4), 4.02 (dg, J -~ 2.0, 6.5

" Hz, 1H H5'), 3,95-4.05 (m O [err] , 3.67 (m 1H H4'), 3.65 (dd, J-3.0,
12.0 Hz, 1H, [err], 3.55 (dd, J = 5.0, 12.0 Hz, 1H, [err] 3.34 (s, 3H, .
[err]), 3.23 (dd, J - 1.0, 19.0 Hz, 1H, H10.), 3.08 (bd, J - 11.0 0'Hz, *#
1H, [err] 2.95 (d, J - 19.0 Hz, 1H, O H1Gax), 2.75 (bd, J - 11.0 Hz, 1H,
[err]), 2.40 (s, 3H [err]-1H, 2.3-2. (m 2H, H3, H8), 2.17 (dd, J -
0 4.0, 13.0 Hz, 1H, HJ[err]), 2.15 (m , [err]), 2.07 (dd, J = 11.0, 11.0
Hz, 1H, - 13 - 0 gerr]), .79 (m 2H, [err]), 1.36 (d, J = 6.5 Hz, 3H
CH3-5"). Exanple 9 Pjeparation of 3'-deam no-3'-(2"-nethoxy

- 6" - hydr oxyNe#kg| ; )-CH-CH,0H), 1.79 (m, 2H, CH,-2’), 1.36 (d, J = 6.5

Hz' 3H' CHS-S')C

Example 9

Preparation of 3’'-deamino-3’-(2"-methoxy-6"-hydroxymethyl-

4"-morpholinyl )-doxorubicin (VI)

The synthesis of the compound VI starting from doxorubicin o’
hydrochloride (0.58 g, lmmol) and the l-hydroxymethyl-1'- N,
methyl-2,2’-oxydiacetaldehyde solution of Example 7 was

performed according to the procedure described in Example 2.
3'-Deamino-3’-(2"-methoxy-6"-hydroxymethyl-4"-morpholinyl)- v
dokorubicin (VI) was isolated as hydrochloride in an amount

of 0.36g (yield 51-52%) m.p. 165°cC.

NMR (200 MHz, CDCl,): 13.92 (s, 14, OH-6), 13.17 (s, 1H,

OH-11), 7.99 (4, J = 8.0 Hz, 1lH, H-1), 7.76 (t, J = 8.0 Hz,

i4, H-2), 7.38 (d, J = 8.0 Hz, 1H, H-3), 5.52 (m, 1H, H-1'),

C

5.25 (m' IH' H--’)' 4.73 (S, ZH' E!i_zOH—14), 4070 (S, IH'
?CHa N
OH-g)' 4.66 (bs' 1H' N-CHZ-CH.Q-O), 4.06 (S, 33' OCHB—4),
| CH, OH -
3.9-4.0 (m, 1H, N-CH,-CH _-0), 3.92 (dq, J = 2.0, 6.5 Hz, -~

IH' H-S'), 3.68 (m' 1H, H-d')' 3-61 (dd' J = 4.0. 11.5 Hz'
o)

|



A"-nnrphplrnyl)-doxorubrcin (VI) The synthesis of the conpound VI starting
from doxorubi ci.n hydrochloride (0.58 g, Imvol) and the 1-hydroxynethyl -
nethyl 2,2' - oxydi acet al dehyde sol ution of Exanple 7 was perforned accordrng
to_;he procedure described in Exanple 2.

3' -\Deam rfo- 3' - (2" - met hoxy- 6" - hydr oxymet hyl - 4" - nor phol i nyl ) - doxor ubi ci n
(V) was isolated as hydrochloride in an amount of 0.36g (yield 51-52%

mp. [err]. NVMR (200 MHz, CDCl): 13.92 (s14l1H, OH6), 13.17 (s, 1H, OH11),
7.99 (d, J - 8.0 Hz, 1H, H1), 7.76 (t, . J - 8.0 Hz, 1H H2 7.38 (d, J -
8.0 Hz, 1H, H—B)O:SISZO(H}; 1M, HE$10, ) 6. 3609 n{bd H J 1= AL. O Bz, (WH, o1

[err]-14), 4.70 (s, [err] OH9 4.66 (b 1H,
EJI_CJ;?);4),3 %grz] 3.9-4. O ?nr 1H, [era]) 3. 9% . q, J !e;r%) 6450EE(S o
6 d 4 0
N- CH2- mm(rr)n}‘oéE (EF’SEQ*(HQH j 4 9% (41 2% ﬁlﬂﬁ% [errﬁ—ﬁ"sﬁ 2. 3y
Lgrr%b 3.20 (dd, J = - 14 - 1.0, 19.0 Hz,plH H10.), 3.00 (bd, J 1 11 0
, 1H, |

(bd, J = 11.0 Hz, 1H, NCH, (H)-CH-CH,0), 2.3-2.5 (m, 2H,
§-3¢, B-8,), 2.20 (44, J = 4.0, 13.0 Hz, 1H, H-8,,), 2.15
g | : |

| (dd, J = 3.0, 11.0 Hz, 1H, N-CH(H, )-CH-OCH,), 2.04 (dd, J =
NS . o

11.0, 11.0 Hz, 1H, NCH(!I_”)-!:H-anoﬂ), 1.80 (m, 2H, CH,-2'),

N 1.35 (d, J = 6.5 Hz, 3H, CH,-5').

Biological activity of I-VI

The compounds have been tested in several experimental
systems in order to ascertain their cytotoxicity and
antitumor activity in experimental animals.

Data reported in Table I show that all the compounds

C

are more cytotoxic than the parent drugs daunorubicin and

¢

doxorubicin.
The primary screening in vivo was carried out in CDF-1
N\ mice bearing P388 ascetic leukemia (10° cells/mouse).
Results are reported in Table II. All the compounds are
active, in particular compound V is more active than
daunorubicin giving at the same optimal dose a higher
increase of the mice life span. The doxorubicin analogs II,

IV and VI are more potent than the pérent drug. In



O [err]), 2.93 (d, J - 19.0 HZ, 1H, HJerr]), 2.73 0 (bd, J - 11.0 Hz, 1H,
[err]) 2.3-2.5 (m 2H, H3', HJ[err]), 2.20 (dd, J --4.0, 13.0.Hz, 1H,
Hlerr]) 2.15 0 (dd, J - 3.0, 11.0 Hz, 1H, [err]), 2.04 (dd, J - 11.0,I11.0
HzZ, 1H, [err] 1.80 (m 2H CH2-2'), 1.35 (d, J - 6.5 Hz, 3H, [err]- 5 )1
Bi ol ogi cal activity of |-Vl The conpounds have been tested.in several a
experinental systens in order to ascertign their cytotoxicity and antitunor
activity in experinmental animls. Data ported in Table I sho§(that agl

t he conpoun t ' rugs daunqrubi cin an
doxor ulr)rip ci néﬁgrﬁief%‘?r?irrgrf/ys%r géédr\ﬁf\%@ l{l/clﬂ\e/eoFk?\(/{afg“"r]'}cta%rnl‘:g ’.‘glhli’r%c{ﬁ P22 ce
bearing P388epficity (Eakewi29%] £r rthe aidd fiBicdn MY 1 € fePQfted in

-

Table I1. Al the conpounds are active, in particular conpound V'is nore
active than haxedresn ckestediin C3H thice beamipig ree Gross Yeukeaiia ncrease
of the mice |ife span, The doxgrubicin analogs Il, IV and VI are nore

potent than {?ﬁ?fﬁﬂ@nﬁV(ﬁZmﬁ 1§y cell/mouse). Data are reported in
Table III. Administered iv on day 1 after the tumor
inoculation, the compounds were more potent than
doxorubicin. Compound II has been studied on P388 leukemia
cells resitant to doxorubicin (P388/DX) in vitro and in ~

vivo. Cytotoxicity tests were carried out exposing the o

cells to various drug concentrations for 48 hours. At the

end of exposure period cells were counted with a coulter \‘;

cell counter and the ID,, (dose which gives 50% reduction of

the cell number in comparison with untreated controls) was

calculated. Results reported in Table IV show.that I1I was

40 times moe cytotoxic than doxorubicin on P388 leukemia

cells and was very active also on P388/Dx_1eukemia cells

while doxorubicin on this line is obviously inactive.

C

Compound II has been tested also in vivo in BDF-1 mice
bearing P388/DX leukemia. The data reported in Table V show
that the compound at 0.15 mg/Kg is very active (T/C % 165).



° 15 - particular Il is 60 times nore potent and exhibits a major efficacy

(T/C % 295). The doxorubictin analogs Il, 1V, VI have been tested in C3H
Imi ce bearing.the Goss |eukema injected iv (2 x [err] cell/nouse). Data
arg.+reported in Table Ill1. Admnistered iv on day 1 after the tunor

i nogul ati‘on, the conpounds were nore potent than doxorubicin. Conpound I
has been studied on P388 | eukem a cells resitant to doxorubicin (P388/DX)
invitro and in vivo. Cytotoxicity testsjgere carried out exposing the
cells to various drug concentrations for 48 hours. At the end of exposure
period cells were counted with a coulter cell counter and the [err] (dose
whi ch gives 50% reduction of the cell nunmber in conparison wth untreated
control s) was WBIfIhtedolgny dinhibiginn desth against) WedidoRedd& 11 was 40
ti mes noe cytotoxic than, doxorubicin on P388 Iegﬁﬁgé%fmﬂls and was very

active al so on P388/ DX |HhEREe dhqeatpant fof nonthis lineis

obvi ously inactive. Conpound Il has been tested also in vivo in BDF-1 mce
beari ng P388/ DX | eukem a. The data reported in Table V show that the
compound at 0.Jo.o@/Kg is very active (T/.C 0. 165). el FABLE S -
Col ony inhibition test against HelLa cells .
' COMPOUND ID;, (ng/ml)
o = - -
; DAUNORUBICIN 18.6
o/
I . 2.0
11T | 1.8
o v 10.5
DOXORUBICIN - 18
11 0.96
v _ : 0.32
VI , _ 9.0
o/
—



I n tro(tremnem for 24 hrs) COVMPOUND : [err].

(ng/ M) DAUNORUBI CI N 18.6 | .
2.0 111 ' 1.8V .
10. 5 DOXORUBI CI N : 18 11 L
0.96 IV ‘0. 32 VI )
9.0 - 17 - TABLE Il - AntltunDr activity against P388 | eukem a treatnent
ip on day 1 Dose - Texdd@ €onpound- [err]
[err] (ny/Kg) deat hs' DAUNCRUBI CI N 2.9 145 0/ 10
0/10 4.4 150 0/10 1/ 10 | 0.13 136 0/ 10
0/10 Vv 64 0/ 10
0/ 10 boxorup BIRFE T1G- cantitundt actByity adiifee’ dhes 1ediFhia ) 10
0/10 treatment ip on day 1
Dose Toxic .
Compound T/c%* LTs®
o’
(mg/Kg) deaths® |
o’/
DAUNORUBICIN 2.9 145 0/10 0/10
4.4 150 0/10 1/10
0.13 136 . 0/10 0/10 .
\'4 2.0 145 0/10 0/10
3.0 164 0o/10 0/10
DOXORUBICIN 6.6 214 0/10 0/10
10 214 1/10 0/10
II 0.15 295 2/10 0/10
Iv 0.2 173 0/10  0/10 :
VI 1.33 164 0/10 0/10 ~/
: 2 195 0/10 0/10 :
-— W/
a) Median survival time; %.over untreated controls
b) Long term survivors (>60 days)
NS

¢) Evaluated on the basis of autopsy findings on dead mice



|1 . . 0.15 295 . 2/10 0/10 1V 0.2 173
0/10 0/10 W . ©1.33 164 0/10 0/10 2 195

Q/ 10 0/10, &) Median survival time; %over untreated controls b) Long term
sutsi vors (>60 days) c) Evaluated on the basis of autopsy findings on dead
mcg, - 18 - TABLE Ill - Activity on Gross |eukenmia (I1V-1) Dose

Toxi ¢ Conpound [err] [err] (ny/ Kg) : [err]
DOXORUBI CI N 10 183 0/ 10 0/101!3- 200 0/10 0/10 |

0.16 150 0/10 _0/10 IV, 142 0/10 0/10 VI

2 150 TABLEQIIRH/qorGEtHvELY QuLToss e“f‘!kemia F-1ABLE IV - Effect

on sensitive and doxorubi ci n-resistant

Dose Toxic
Compound /0% LTSt
(mg/Kg) deaths®
W, -
. DOXORUBICIN 10 183 0/10 0/10
o/ 13 200 0/10 0/10
II 0.16 150 0/10 0/10
_ IV 0.27 142 0/10 0/10
~ vi 2 150 0,10 0/10
a,b,c - see Table 1II
N
N



P388 Leukema in vitro ID50 (ng/m )a Conpound

--------------------------- [err] P388/[err]~ Doxorub|C|n

12 1500 I . 0.3 3 a) Dose gjving 50%
reduction of cell number in conparison with untreated controls b) P388 .

| eukermi a cells sensitive to doxorubicin c) P388 |eukermia cells resistant 4

doxor ubi ci n - 20 - TABLE V - Effect QP doxorub|C|n resi stant P 388

| eukem a in Vi vo Cowpound dose ~ Toxi ¢ (ng/ Kg)
T/[err] r | _ 0/ 10
6 6 &'dJBLE g(‘i‘ra %ég;pl&g: %Fx %e'ﬂs;t&v@ a895doxor&i>?86n reg}%gantm 10
0. 15 165 0/10 p3®¥8lQemklemia ineQitzbl e |

Ip,, (ng/ml)*

Compound _ -
p3ss® P388/DX°
N
Doxorubicin ' 12 1500 /
11 0.3 3
, o/
a) Dose giving 50% reduction of cell number in comparison
with untreated controls
b) P388 leukemia cells sensitive to doxorubicin
c) P388 ‘leukemia cells resistant to doxorubicin
O/
</

-



Q

- 21 - CLAIM5 1. An anthracycline glycoside of the general fornula A
COCH2X [ ERR] wherein X is hydrogen or hydroxy and R is hydrogen or a nethyl
er a hydroxyret hyl group; and pharmaceutically acceptable salts thereof. 2.
A cofrpound according to claim1, which is

3' -idéani no-3' - (2" - net hoxy-4"-nor phol i nyl ) -daunorubicin or its

hydrochl oride. 3. A conpound according Loaglaim1, which is

3' -deam no- 3' - (2" - nmet hoxy-4" - nor phol i nyl )doxorubicin or its hydrochl oride.
4. A conpound BXBLE OF ng Bffedtaion Hoxdrubidin-resistant P 388 leukemia

3' -deam no-3' - (2"-net hoxy-6"-net hyl -4 -norpholinyl)- daunorubicin or its
hydrochl oride. 5. A co M cording to claim1, which is

3' -deam no- 3' - (2" - et hoxy-6"-net hyl - 4" - nor phol i nyl ) - doxorubicin or its
hydr ochl ori de. - 22 - 6. A conpound according to claim1, which is

Compound dose b' Toxic ©
(mg/Kg) T/C* LTC deaths

| Doxorubicin 4.4 110  0/10 0,10
~ | 6.6 100 0/10 0/10
4 \/

I1 0.075 100  0/10 0/10
. 0.15 165 _ 0/10 0,10
"

a,b,c - see Table II

%
o/



31-deanino-3'-(2"-nethoxy-6"-hydroxynethy|-4"-nB?BFBTTﬁYTTT‘daUHOfubicin or
I ts hydrochloride. 7. A conpound according to ﬁu ulﬂﬁ iy [
3' -deam no- 3' - (2" - met hoxy- 6" - hydr oxynet-hyl - 4" - I mmﬁm,ﬂm} ubicin or .
its hydrochloride. 8. A process for the preparation f tan®ant hacycline . .
. glycoside of formula (A) as defined in claim1 or a pharmaceutically %
acceptabl e salt thereof, which process c ri ses reacting daunorubicin or
doxorubicin or an acid addition salt tﬁe?ggr wi th an excess of an al dehyde
of fornula (B): CHO - CHO R cLarms OV (B) wherein R
represents a hydrogen atom or a nethyl =or—a hydroxynethyl group, in the
presence of an al kgli mtﬁhtwsw@pm@y@lrdy'@@smw,of feie gdrgkal ormiliag
t he conpound of fornula (A) thus obtained into a pharmaceutically
accept abl e saht thereof. 9. A process according to claim8, in which
daunor ubi ci n or doxorubicin, ingthe é®rmof its hydrochloride, is dissolved
: ; cocH. %fter having adjusted

diunlﬁ§drogen carbonate, is

OH

in a mxture of acetonitrij-e-
the pHto 7.4 with an aq

MeO

_ o’
5 . _

I _ o/

Ll TN
R ™07 OMe.-
| o/
wherein X is hydrogen or hydroxy and R is hydrogen or a
methyl or a hydroxymethyl group; and pharmaceutically
acceptable salts thereof.
2. A compound according to claim 1, which is

3’-deamino-3’'-(2"-methoxy-4"-morpholinyl)-daunorubicin or

its hydrochloride.

C

3. A compound according to claim 1, which is
3’-deamino-3'-(2"-methoxy-4"-morpholinyl)doxorubicin or its
hydrochloride.

4. A compound according to claim 1, which is
3’-deanino-3’-(2"-methoxy-6"-methyl-4"-morpholinyl)-
daunorubicin or its hydrochloride.

5. A compound according to claim 1, which is
3’~deamino-3’'-(2"-methoxy-6"-methyl-4"-morpholinyl)-

doxorubicin or its hydrochloride.



[\3

- 23 - reacted at roomtenperature with an excess (7-10 equiv.) of a said
dlaLdehyde of f.ornmula (B)' in the presﬁ s solution of NaBH3CN
LN an equi valent amount with respect mﬂ”mummﬂmmﬁaunorubl cin or
doxor-ubicin to obtain, after 15 minuteS stirrifg &t Yoom tenperature, the
rawbgly005|de conpound of formula (A) (X - Hor OH which, after
purification by flash chromatography on silica gel colum using as eIutlng
syst em net hyl ene di chl ori de-acetone (96:622w is isolated as its

hydrochl oride. 10. A pharmaceutical conposition conprising an anthracycline
gl ycoside or a pharﬁace&tF@&PPV"QCESﬁP&EFEGSQPtCiﬁéwebi whichaised in any

one of clains I,C has en d s as ¢

claim8 or 9 |é a ﬁ;?gbpggmn?ﬁ SﬁgPﬁxggﬁtﬁngP§¥§EE§§f gﬁemEFPE%ﬂinﬁf)'
carrier. 11. AgadRbRubdirihni 8¢ euca aéscﬁgowa la (1) as defined in claim
1 or a pharnmaceutically acceptable a t thereo for use in a nethod of

treatment of the human & compoahdbadgobdihBetaprlain. 1/ ghyensige or salt
t hereof according to claim 11l for use as an antibiotic. 13. A glycoside or
salt thereof adlodgamdnoo3lérd2ih-methbyy-68chygdranymethyludbrmnagpholingl )A
process for the preparation of a pharmaceutically acceptable salt of an
ant hracycl i ne §P§86§$é€1§s°6eﬁFﬁe yAgochloride. ™

8. A process for the preparation of an anthracycline

TV/ glycoside of formula (A) as defined in claim 1 or a
i pharmacéutically acceptable salt thereof, which process
comprises reacting daunorubicin or doxorubicin or an acid
W, addition salt thereof with an excess of an aldehyde of
formula (B):
CHO CHO
R /,/J\ 0Me (B)
0
\U wherein R represents a hydrogen atom or a methyl or a
U hydroxymethyl groué, in the presence of an alkali metal
cyanoborohydride and, if desired, converting the compound of
formula (A) thus obtained into a pharmaceutically acceptable
\_ salt thereof.

9. A process according to claim 8, in which
daunorubicin or doxorubicin, in the form of its
hydrochloride, is dissolved in a mixture of acetonitrile-
water (1:1 v/v) and, after having adjusted the pH to 7.4

with an aqueous solution of sodium hydrogen carbonate, is
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reacted at room temperature with an excess (7-10'equiv;) of
a séid dialdehyde of formula (B) in the presence of an
agueous solution of NaBH,CN in an equivalent amount with
respect to the starting daunorubicin or doxorubicin to
obtain, after 15 minutes stirting at room temperature, the
raw glycoside compound of formula (A) (X = H or 63) which,
after purification by flash chromatography on silica gel
column using as eluting system methylene dichloride-acetone
(96:5 v/v) is isolated as its hydrochloride. | ~

10. A pharmaceutical composition comprising an
anthracycline glycoside or a pharmaceutically acceptable \U
salt thereof as claimed in any one of claims 1 to 7 or which
has been produced by a process as claimed in claim 8 or 9 in
admixture with a pharmaceutically acceptable diluent or
carrier.

11. An anthracycline glycoside of formula (I) as
defined in claim 1 or a pharmaceutically acceptable salt

thereof for use in a method of treatment of the human or

(

animal body by therapy.
12. A glycoside or salt thereof according to claim 11
for use as an antibiotic. : W,
13. A glycoside or salt thereof according to claim 11
for use as an anti-tumor agent.
14. A process for the p;eparation of a pharmaceutically
acceptable salt of an anthracycline glycoside as defined in
claim 1, said process being substantially as hereinbefore

described in any one of Examples 2, 3, 5, 6, 8 and 9.




