SR ek et et

- Ant hracycl i ne @ ycosides The invention relates to anthrégéfrine gl ycosi des,
‘to 5 processes for their preparation and to pharnac I {BSLO
-conpositions contai ning them The invention provides <

- deoxy-4' -i odo-daunorubi cin, 4'-deoxy-4'-iodo-doxorubicin, and
_pharnaceutlcally accept abl e salts of ei ther thereof. The egCOS|des 10
according to the invention have been found to be endowed wth outstandlng C
antltunDuraI activity. The Starting material for.their preparation is

-deoxy- -4'-iodo-N-trifluoroacetyl - daunor ubi ci n, “an internedi ate conpound
already described in our European Patent SpeC|f|cat|on 15 No.
81107618. AntR8489eItne Bhkdosltigels ne hydrol ysis of said internediate,
suitably with an aqueous solution of 0.1 N sodi um hydroxide, provides

- deoxy-4' -iodo- -daunorubicin. The doxorubici n anal ogue nay be prepared

from 4' -deoxy-4'-iodo-daunorubicin by brom nation at 20 C- 14 fol |l oned
by treat nEhe #nvanidonorelageisuha anthzacyrline sgbycosidesen®orsi on net hod
are given in United States Patent Specification No. 3803124. These
prﬁcessesPHPﬁeﬁﬁﬁﬁlﬁ°Fh§h§é6b§ﬂﬁPﬁﬂﬂ¥#9ﬂw#ﬂ¢oﬁ° RparnaGeukicfrdcycl i ne

gl ycosi des _of t I nvention .displa 25 antitunour activity.
Parti cul afFP§PoR 1%388§y°$n ﬁ$&§gj then

The invention provides 4'-deoxy-4'-iodo-daunorubicin,

B 4'-deoxy-4'-todo~doxorubicin, and pharmaceutically
acceptable salts of either thereof. The glycosides
10 according to the invention have been found to be endowed

with outstanding antitumocural activity.

The starting material for their preparation.is 4'~deoxy-

~4'-iodo~N-trifluorocacetyl~-daunorubicin, an intermediate

compound already described in our Eurcopean Patent Specification
1s NMc. 81107618.1 (0048957). Mild alkaliﬁe hydrolysis |
of said intermediate, suitably with an agqueous solution Lm"
of 0.1 N sodium hydroxide, provides 4'-deoxy~-4'-iodo~ |
~daunorubicin. The doxorubicin analogue may be prepared
from 4'-deoxy-4'-iodo~daunorubicin by bromination at
20 C-14 followed by treatment with aqueous sodium formate.

Details of thié cdnversion method are given in United

States Patent Specification No, 3803124. These processes

are within the scope of the invention.

The new anthracycline glycosides of the invention display

25 antitumour activity. Particularly, 4'-deoxy-4'-iodo-



*-2- doxorubicin di'spl ays remarkabl e activity on experinental tunours in
'm ce. “Accordingly, the invention further provides a pharmaceuti cal
conp05|t|on conprising a pharmaceutically effective anount of 4'-deoxy-4'
*-i odo- daunorubi cin or 4'-deoxy-4'-iodo- doxor ubi cin or a pharnaceutically
acceptabl e salt "of either thereof in admgxture with a pharnaceutically

acceptabl e diluent or carrier. The lnvéﬁrion Is illustrated by the

f ofl owi ng Exanpl es. Exanple 1 10 - deoxy-4' -i odo- daunor ubi ci n (XCE>0138)
A solution of 2.0 g of 4'-deoxy- 4'-|odo N-trifluoroacetyl- -daunorubicin in
10 M. of acetoneg wa e 0 g%gg

sodi um hydr oxi d? Ef#&&%l %&%égé’t% 6’%5%231%03&% %q.&/gs a} st ig&t 0 p;'H
4.5 15 Wi th dﬁngﬁfg“ﬁ daydrochloric acid and extracted with
chloroformin or e |n1nate t he agl ycones. The aqueous sol ution was

then adjusted to pH 8.6 and extracted with chloroform The conbi ned
extracts were dried.over anhydrous sodi.um sul phate, concentrated to a snal

20 vol ume ancudrlfndd ,! aheH thventidn Guktieieipivvdldes by phegeiaceutical

chloride to aIIOM/crystalllzatlon of the title conmpound as its

hydr ochl ori de. \ﬁmﬁgbs?iﬁc;:; compriEifigerar pharmaceladonldy effectife ldmowddy
(M) TLC on Ki esel plates ‘F254 (Merck), Usin chlorofornl 25
net hanol :Svat er ; e ,-gieg:g—d (wiozdaynogybifing 8F (fhedeqyy-4' -~iodo-doxorubicin or

a pharnaceutically acceptable salt of either thereof in admixture

‘with a pharmaceutically acceptable diluent or carrier.

U
The invention is tllustrated by the following Exambles.
ample 1 | ' | |
10 .74'—déoxy-4;iiodo-daunorubicin (X00-0138) -
A solution of 2.0 g of 4'-deoxy-4'-iodo-N-rrifluoroacetyl-
~daunorubicin in-lo ml of acetone was treated with 80 ml
of a 0.1 N agqueous solution of sodium hydroxide. After
3 hours at 0°C, the solution wﬁsoadjusted to pH 4.5
15~ 'with 0.1 N aqﬁoous hydrochloric acid and extrictcé
N with' chleroform in order.to:eliminate the aglycones. The
N/ '

'aqueous solution wﬁs then adjusted to pH 8.6 and extracted
'with chloroform. The'cdmbined extracts were dried over
_ anhydrous-sodium solphate, cohcentrated ro a small-
- 20 volume-andlacidified to pH'4 5 with 0.1 N methanolic
' rhydrogen chloride to allow crystallization of the title
compound as its hydrochloride. Yield 1.5 g; m. p. 157°
(with decomposition). PD-MS: 637 (M ) _ _
TLC on Kieselgel plates Focy CMerck) Using chloroform-
25 methanol.water:acetic acid (80:20:7:3) by volume: Rf =

0.72 'E.Merck' is a Trade Mark..



0,72 'E.Merck' is a Trade Mark. Exanpl e 2 4' -deoxy:4" _i odo- doxor ubi ci n
( XQD- 01631 A sol ution of 4'-deoxy-4'-iodo-daunorubicin in a m xture of

met hanol and di oxan was treated, in accordance with 5 "~ the net hod 5
. described in United States Patent § e_cification No. 3803124, with brom ne

to formthe 14-brono derivative, Th "by treatnent with an aqueous

“sol ution of sodium formate gave 4'-deoxy-4'-iodo-doxorubicin, which was Aes

i sol ated as hydrochlorlde m p. 2300C (with deconp05|t|on) 10 FD—NB

653 (M) TLLC & '..e|§el gel plates F254 (Merck) using chloroform

met hanol : weEFireett c.acid (80:20:7;3 by volume): Ri=0.5. Biological

Activity Of4- _1E-£--)@&mmm0@ﬁoldﬂpsjpnpounds have been tested _
in conpar|son—wrr ) rubicin (DNR) and doxorubicin (DX) against -

. Hela cell's a Nyt fon Qok a4 ¥ febkped t At J@GH @atdnshabit shwt 1XGD-AiRBuvas | ess
cytotoxic than DNR while XOO 0163 was nore cytotoxic than DX. The

antitunour &ftnetHandBsandsébstan ivayi treated) ckn 28ccordamaei wit388

ascitic leukemia. Results are reported in Table 2. Both the new

derg vat i vestlme eneithod edagorted memtménﬁ;aateer Pph@%tcﬁpaﬁif-ﬁ?é#é?{‘ i s
t he result .

No: 3803124, with bromine to ferm the 14-bromo derivative,
.WhICh by treatment with an aqueous ‘solution of sodium
formate gave 4'ndeoxy—4'-iodo-doxorubicin, which was
disolated as hydrochloride. ‘m.p. 230 C (with decomposition),
10 FD-MS: 653 (M) |
| . TLC on Kieselgel plates F254 (Merck) using chloroform'

methanol.water.acetic acid (80.20.7.3 by-volume). f-O.SL

: Bi-élaéiéai'-' Activity of .'c'omp'ounds X00-0138 ‘and X00-0163
The compounds have been tested in comparison with dauno—
15 rubicin (DNR) and doxorubicin (DX) against Hela cells in
| vitro,_ Data reported in Table 1 show that xoo-0138 was _ _
.less_cytotox1c than DNR, while X00-O163 was more cytotoxic QJNZ

than DX.

The antitumour act1v1t§ was assessed in vivo in mice
26 | 'bearing P388 ascitic leukemia. Results are reported 1n
| - Table 2. Both the new derivatives are active against
~ P388 leukemia. Of particular interest is the result
obtained by treatment of the tumoured mice with compound'
X00-0163: at the optimal, non-toxic dose of 15 mg/kg,
25 | X00-0163 cured more than 50% of the mice (6/101, and at

the dose of 10 mg/kg cured 3/10 mxce and produced a -



4obt ai ned. hy treatnent ‘of the tunoured mice with conpound XOO 0163: at the
opt'i mal , non-toxic dose of 15 ng/kg, 25 XQ0-0163 cured nore than 50% of
the mce C6/101,- and at the dose of 10 ng/kg cured 3/10 nmice and produced a
2.4- remarkably high increase of |jfe span in conparison with controls
(2057@ Therefofe, the antitunour activity =47 X00-0163 is definitely
superifor to that of DX, which, at the opti mal non- toxi'c dose of 10 ny/ kg,
cures only 5 occasional l'y the tunoured nice. Conpound XOO 0138 was al so

.tested agai nst CEO %fﬂggfg ﬁe££EEQLs8”oEB¥§£ea£§§£ | N BHhp A PSSR WA £h

Data reported in- that at’ the non- tOXIC dose of 11,8

ng/ kg, X000138 ShO&BﬂtﬂBlQ”tBbSﬂﬂpurTﬁéiéfbié,1Qhe aniPahber A6tivityOdf

DNR, -and simlar to that of .DX Table 1. Effect on HelLa cells: cloning

ffiiehcya Conpoundx00~0163 isD8&finttely supertor to th5500£ DX, which, at
gim. .(nl') Daunorubicin - 16.5 - 7

6. 25 53 XOOEDe3epttma1 nen~t6g8tc dose of 10 mg/kg,_cuﬁSSZGnly

56.2 - . 109

. _ - eccasionally the tumoured'mice.

Compound X00-0138 was also tested against Gross leukemia
.(treatmgnt on Day 1 after tumour inoculum). Data feported

N in. Table 3 shdw~tﬁat, at the optimal non-toxic doée of 1:
- 11.8 mg/kg, X00~0138 showed_an antitumour activity

10 superior to that of'DNR, and similar to that of DX.
Table 1.’ Effect : on HeLa cells ‘cloning efficiency®
|Compound ..... Dose - 3 ~ IDgy
Daunorubtcin 2.5 | 7 7
' . 6.25 53 '
. 3.1 110
X00~0138 - - . | 100 ) 15
25 _ 5
| 6.2 109
s Doxorubicin '25.. 0 8
12.5 | 16 :
6.2 70
X00~0163 - 1 0 o 5.5
. . 1.5 . 91

preatment for 24 hours



Poxor ubi ci n' 25 0 | 8 12.5 1862 - 70

X00- 0163 25 0 5.5 6.2 16 1.5
91 ......... .. . .0 39 104 aTreatnent for 24 hours ‘-« -5- _ &
Table - Effect agalnst P 388 ascitic’ Ieuken1a [err] Cbnpound .

- Dose T/ err] : LT[err] -5~ TOXic .. " .... e e
frng/kg). C e . .deaths.. .-::*-. '* -. AW
...................... L ... Daunorubicin 2 9 160, 165

0/10 0/10 0]10.0/40 4. 4... ... .160,. 185.0/10rQ 10 . 1/10,0/ 10 6. 6 175,
135 0/ 10, O/Tebile7/210; HEFecH)Gali3nt P 388 Ascitic édikenita®/ 10 0/ 10
6.6 155 o 1/1$ B 0/10c;0 : asds, 7§ 0/ 1 0/10 07 0,6/10Q
15 Compoppd 0/ 1 Dose 8/TY§ 22. 5 | LTS" oo _ 10/ 10
Doxor ubi cir, -4, 47 . | ®gakek4- &10.- | - or10-6deathapeo | o/10
0/ 10 SASLALESEES S SRAESSSE MEREACETARS AASEELEEE
Daunorubicin| 2.9 160, 165|0/10,0/10 |0/10,0/10
- |14.4 | 160, 185{0/10,0/10 |1/10,0/10
6.6 175, 135{0/10,0/10 | 7/10,7/10
X00-0138 4.4 140 0/10 1o/10
: 6.6 155  |1/10 -0/10
10 | 185, 75 |o/10, 0/10 0/10,6/10
15. 1. . 70-]o/10 . 8/10 R
22,5 60 |o/10 10/10 W/
Doxorubtcin | 4.4 210 0/10 o/10
6.6 | 260 0/10 - |o/10- .
10 265  (1/10 0/10
X00-0163 | 6.6 240 0/10 tos10
j10 | 305 3710 - - {o/lo
15. . 620  |6/10 0/10
....... 1-22.5.. | 3%0 3/10 1/10

aExperiments were pérfoxmed in BDF1l or CDFl 'mice,

inoculated with 10°

leukemia cellé i.p.

bireétment i;p. on Day 1 after tumour inoculum =

®Median survival tiﬁe of treated miée/median survival time B
of cbntrols x 100 ' ~

_-dLong term survivors ()66 days)

eEvaluated on the basis of autoptic-findinés.



10 265 . 1/' 10 '0/10 XOO 0163 6.6 240 0/ 10
0/ 10 10 305 3710 - 0/10 15- 620 6/ 10
0/10 o 22.5 390 3/10 - 1/10 .

Experl rrents wer e perforrred in BOFi or coF8~ni ce, inoculated with 106
| etkermi‘a cells i.p. b Treatnment i.p. on Day 1 after tumour inoculum
[eri] Medi an survival time of treated nice/nedian survival time of controls

x 100 dLong term- s.yé}giélogs éf@@ctdééﬂné‘eré:l-gé@' Y@lesh A the baS| s of

: autoptlcflndlngs S (I B a
R l Compound. - \Dos@ ... mjc...g‘.’..... .J;.ms.-..-..-...TEbH?o:@ic%f fect
agai nst Gross | efken: a[ er-r-]- -G(v(jﬁ@}mgl)-.: ----------- Doge[-err] - -TE. .d&g#ds - UTS
[err] . - TOXiCferr] . — | -deat ns |bDaunor upr fin Io. -
1191 0/ 8 0/8 22.5 . 158 -0/ 8 4/ 8
-Doxorubicin = 7.7|Daunorublcin(l5. D19D o/8 0/10 1(D/8 175
0/10 - 0/ 10 22.5 158 o/8 . 4/8 .
Doxorubicin (7.7  |1s0 = | o/10 o/10
10 - {1715  |o/10. 0/10
13 200  |o/10 0/10
16.9 233 | o/10. 0/10
22 266 0/10 1/10
o X00-0138 11.8 208 0/10 0/10
o . [15.4 . |208 -0/10 2/10
 |4* 2odo~aamo20 |175,117 | o/s, o/10| 4/8,6/10
ruh:tcin 30 100 - o/8 8/8
s 49 9'2 .. . | 0/8. o 8/8 -

2C3H mice were injected i.v. with 2::106

b

leukemia cells

Treatment t.v. on Day 1 after tumour inoculum

c.4, esee Table 2.



13. 200 . 0/10 ' . 0/10.16.9 233 ' 0/ 10.

0/ 10 22 266 0/ 10 1F16—%66-0138 —11.8 _
* 208 ' 0/10 0/10 15.4 - . 2/10 4
- i odo- dauno 20 175,117 0/8,0/10 Oﬁ“ﬂlﬁ mmiwlﬂml - 30
-100 - - 0/.8 _ 8/ 8 ..-..'T.". ........ - 0/8 . o
L 8/8 . Ce e : L e
L . . .1 aC3H nice mere=|njected |.v..mnth 2x106 | eukem a
ceIIs [errk '%ﬁkﬂe Y on Day 1 after tunmour inoculumC,d, esee Table 2.

-7- CLAI VB: - Deoxy- 4' -i odo-daunoxrubi cin or a pharnaceutlcally o

acceptabl ey salt 'Uifer:ﬁﬁ_;- '?_ dmﬁh do SeduPicall -

‘phar naceutlcal | y accept a%-le sal t t%’erﬁeB?. ?ﬂiéﬁg met hod foirr t he -

preparatlogdaéggagkg) gt -$Heso £ daunor ubi cin, the nethod conprising mld

al kal i ne hydrolysis of 4' deoxy-4'-todo-N-trifluoroacetyl -dauno- rubicin.

10 4. A method for the preparatfon of 4”-deoxy-4'-iodo- .
2; 4'-Deoxy—4'—iodo-doxorubicin or a phazmaceutically

5 _ acceptable salt thereof.

3. A method for thelpreparation of 4'-deoxy-4'-iodo-

—daunorubicin, the method comprising mild alkaline

hydrolysis of 4'-deoxy-4'-iodo-N-trifluoroacetyl—dauno-
_ rubtcin.

10 4. A method for the preparation of 4'-deoxy-4'-iodo-
-doxorubicin, the method compriSing'bromination of 4'-
-deoxy-4'-iodo—daunorubicin at C-l4 followed by treatment

with aqueous sodium formate.

5. A method for the preparation of 4'-deoxy-4'-iodo- - o~
15 -daunorubicin, the method being substantially as descrlbed

herein with reference to Example 1.

6. A method for the preparation of 4'-deoxy-4'-iodo-
~doxorubicin, the method being substantially as described -

“herein with reference.to'Example 2.

20 7. A pharmaceutical composition comprising a pharmaceutically

effective amount of a compound according to claim 1 orx



¥doxor ubi ci.n, the method conprisidg
- deoxy-'4" - i pdo- daunor ubi ci n at C-14| ﬂ"%ﬂﬁ lﬁ "r nent W th aqueous
sodiUn]fbrnate. 5. A nethod for 'the pmeparanlon ol 4' -deoxy-4'-iodo- 15

“daunor bi cin, the method being substant.ialgy as described herein with
referenee to Exanple 1. 6. A method for theé preparation of

4' -deoxy-4'-iodo- -doxorubicin, the method being substantially as described
hergéin with reference to Exanple 2. 20 7. A pharmaceuti cal conposition
conprising a pharnaceyaiﬁailureife@mpaﬂndmpuapanédaaceupdﬂmg tacanyliof to
claim1 or -claim2 or a conmpound prepared according to any of clains 3 °
to 6. in adm xturecumsa3phar&atnuammmphablmhammutgcablﬂri er.

. acceptahle diluent or carrier.




