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i n which:

A denotes OCH3 or OH or H groups,

Θ denotes an OH group or a hydrogen atom,

0 denotes a hydrogen atom or an OH group,

E denotes an OH group or a hydrogen atom,
and R' and R", which may be identical or different, 

denote a hydrogen atom (and in this case R' is different 

from R") or the group ~<CH2>n — R 1 ~(CH25m~R2
where

n is between land 6,

m is between 0 and A (with the proviso, of course, 
that if m = 0, Rj is nonexistent)

R -j denotes one of the following groups:
-c-o-

II
0

( in this case, m = 0)11
0

R4

-CsN (in t
-S-
-0- (with

. R3

'Ra

, COR3

-C-N (in this case m=0
u \

where R 3 and R4, which may be 

identical or different, denote a hydro­
gen atom or a substituted or unsub­

stituted alkyl group)
is case m = 0)

the proviso that m is other than 0)

(m - 0 and R3 and R 4 have the same 
meaning as above)

(m = 0 and R3 and R 4 have the same 

m e a n i n g a s a b 0 v e)

in the case where m is other than 0)

-N
I
Ra

and
R -> denotes (



(11) AU-B-66584/86
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a hydrogen atom or alkyl or alkoxy groups 0 r

(R3 and R4 having the same meaning 

as above ) .
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LABORATOIRES HOECHST S.A. and BEHRINGWERKE AKTIENGESELLSCHAFT

NEW ANTHRACYCLINES AND DRUGS CONTAINING THEM

The present invention relates to new anthra ey e Ii nes and to 
drugs containing them.

A great deal of effort, continuously expended during re- 

5 cent years by different research teams, has enabled the
anthracycline family to be enlarged, these compounds now­

adays constituting one of the most promising classes of 
drugs in respect of its anticancer activity.

Continuing the study which has already been proceeding for 

10 several years (see, in particular, French Patents 83/05,217,
83/13,877, 84/03,634, 84/09,405 and 85/10,063), the Appli­
cant has developed new anthracycline derivatives in which 
the pharmacological properties of this family are advan­
tageous Iy modified.

15 The subject of the present invention is new anthracycIines 
'« represented by the formula I below:
i ' t ΐ
t

It• t ,
* t E

I
• «

• 3 e• e ·• « e · '
6 « * ♦ « β
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in which:

5

A denotes OCH3 or OH or H groups,
8 denotes an OH group or a hydrogen atom,

0 denotes a hydrogen atom or an OH group,
E denotes an OH group or a hydrogen atom,

and R' and R", which may be identical or different 
a hydrogen atom (and in this case R' is different 

or the group ~(CH2)n-R 1 —
where

, denote 
from R")

n is between 1 and 6,
m is between 0 and 4 (with the proviso, of course, 

that if m = 0, Rg is nonexistent)
R ·, denotes one of the following groups:

10



-C-OH (in this case, m = 0)
Ii
0

-C-N ( in this case m = 0
« \
0 where R3 and R4, which may be identical

or a different, denote a hydrogen atom or 
substituted or unsubstituted alkyl group)

-CsN < in this, case m = 05
-S-

-0- (with the proviso that m is other than 0)

-N
r3

(m = 0 and R3 and «4 have the same meaning as
above )

.COR3 (m = 0 and R3 and r4 have the same meaning as
-N^

* above)

h
and

R2 denotes (in the case where m is other than 0)
a hydrogen atom or alkyl or alkoxy groups or 

*3
(R3 and R4 having the same meaning as 

R 4 above)

Some of these new derivatives have exceptional cytotoxic 

properties, as described later in the cell proliferation 
test. The Applicant has been able to achieve these results 

by means of the "functionalization0 of the alkyl radicals 
R' and R".

Among the different derivatives according to the present 

invention which are endowed with very advantageous pharmaco 
logical effects, it is appropriate to mention the following 
i n p a r t i c u I a r :

3'-N-(cyanomethyL)daunorubicin
3'-N,N-bis(cyanome thyI)daunorub ic in



3'-N-(2-methoxyethyl)daunorubiein

3'-N-cyanomethyl-3'-N-(2-roethoxyethyl )daunorubic in 
3'-N-C(N,N-dietbylcarbamoyl)methyl3daunorubicin 

3'-N,N-bisC(N,N-diethylcarbamoyl)methyl]dauno-
5 rub i c in

3'-N-(carbomethoxymethyl)daunorubicin
3'-N-[2-(2-methoxyethoxy)ethyL3daunorubicin

3'-N,N-bis[2-(2-methoxyethoxy)ethyl3daunorubicin

The invention will be better understood with the aid of 
10 the additional description which follows, which relates to

examples of implementing the processes or of preparations 
of the derivatives according to the present invent ion, and 

also to an account of pharmacological experiments.

It must nevertheless be c I ear Iy understood that these ex- 
15 amples of implementation and this account of pharmaco­

logical experiments are given exclusively by way of illus­
tration of the subject of the invention, and in no way 

constitute a limitation thereof.

EXAMPLES
20 PREPARATION OF 31-N-(CYANOMETHYL) - AND 31-N,N-BIS<CYA NO­

ME ΤΗ Y L ) D AUNO R DB I C I N

iodoacetonitrile (10 eq.) is added to a mixture of dauno- 
rtibicin hydrochloride (100 mg; 0.18 mmol) and EtjN (0.54 mmol) 

in 15 mt of DMF. After 48 h at room temperature, 3'-N,H-
25 bis(cyanomethyl)daunorubicin (7 mg, 6.3%), 3'-N-(cyano-

methyl)daunorubicin (58 mg, 57%) and unreacted daunorubicin 
(16 mg, 16.6%) are separated in order of increasing polar­
ity .
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10

31-N-(CYANOMETHYL)DAUNORUBICIN

Yld. = 572
Melting point: 134- 140°E (dec,)

MS: (FAB -): 566

NMR (C D CI -¾) 200 MHz: 1.35 (doublet, J = 5 Hz, 3H); 2.42
(singlet, 3H); 3.00 (ABq, 2H); 3.59 (singlet, 1H); 
3.69 (singlet, 1H); 4.07 (singlet, 3H); 5.25 (sharp 
signal, 1H); 5.50 (sharp signal, IH); 7.38 (doublet, 
J = 7.5 Hz, 1H); 7.77 (triplet, J = 7.5 Hz, 1H);
8.00 (doublet, J = 7.5 Hz, 1H); 13.23 (singlet, 1H); 

13.95 (singlet,IH).
iR (CHgClg)i 3600, 3500, 1710, 1610, 1550, 1440 cm'1.

3'-N,N-BIS(CYANOMETHYODAUNORUBKIN
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Yld. = 6.3%
Melting point: 15 5-1650C

NMR (CDCIt;) 200 MHz: 1.34 (doublet, J = 5.5 Hz, 3H);

2.40 (singlet, 3H); 3.10 (ABq, 2H); 3.80 (singlet);
5 4.08 (singlet, 3 H); 4.29 (broad singlet, 1H); 5.26

(sharp signal, 1H); 5.57 (sharp signal, 1H); 7.38
(doublet, J = 7.5 Hz , 1H) ; 7.79 (triplet , J = 7.5 Hz,
1H) ; 8.03 (doublet, J = 7 .5 Hz, 1H ) ; 13 . 28 (singlet,
1H); 14.02 (singlet, 1H) .

10 (CHgClg) : 3700, 3500 (broad), 2980, 2920, 2340,
1710, 1610, 1580, 1420, 1380, 1350 cm"1.

PREPARATION OF 3 1 ~N~(2~METHOXYΕΤΗYL)DA UNORUBICIN

2-Iodoethyl methyl ether (15 eq.) is added to a mixture of 

daunorubicin hydrochloride (30 mg; 0.054 mmol) and EtjN
15 (0.16 mmol) in 1.5 ml of DMF. After 48 h at room tempera­

ture, 3'-N-(2-methoxyethyl)daunorubicin (60%) is separated 
from the residual daunorubicin (22%).

20 Yld.: 60%
Melting point; (Kofler stage): 113°C (dec.)

_MS: (FAB -): 585 ( 12%); 515 (13%), 409 (9%), 380 (11%),
321 (12%), 301 (100%)

Ca]D = 253° (C = 0.15; CHCI3)
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NMR (C&CI-»;) 200 MHz: 1

2.41 (singlet, 
3.32 (singlet, 

4.09 (singlet,
5 (sharp signal,

38 (doublet, J = 5

3H); 2.74 (triplet

3H); 3.46 (triplet

3H); 4.73 (broad s

1H ) ; 5.53 (sharp s

3H);
5 Hz, 2 H);

5 Η ζ , 2 H );

, 1H); 5.31
1H); 7.40

(doublet, J = 7.5 Hz, 1H); 7.80 (triplet, J =
7.5 Hz, 1H); 8.06 (doublet, J = 7.5 Hz, 1H).

PREPARATION ΟΓ 31-N-CYANOMΕTΗYL-3 1-N-(2-ΜΕTHOXYΕΤΉYL ) -

DAUNORUBICIN

10 lodoacetonitriIe C15 eq.) is added to a mixture of 3'- 

N-(2-metboxyethyl)daunorubicin (10 mg; 0.017 mmol), ob­
tained above, and Et^N (0.05 mmol) in OMF (0.5 ml). After 
48 h at room temperature, 3'-'N-cyanomethyl-3'-N-(2-methoxy- 

ethyI)daunorubicin (10.2 mg; 98%) is obtained.

ι
ιο

ίί

# ;ι >

• (

(

3'-N-CYANOMETHYL-3'~N-(2-HETHOXYETHYL)DAUNORUBICIN 
Vid. = 98%
Ca3D = 378° (C = 0.07; CHCt3>

NMR (CDClx) 200 MHz: 1.38 (doublet, J = 5.5 Hz, 3H);
20 2.43 (singlet, 3H); 3.10 (ABq, 2H); 3.35 (singlet,

3H); 3.66 (singlet); 4.10 (singlet, 3H); 4.57 
(singlet, 1H); 5.31 (sharp signal, 1H); 5.59 (sharp 
signal, 1H); 7.40 (doublet, J = 7.5 Hz, 1H); 7.79 
(triplet, J = 7.5 Hz, 1H); 8.05 (doublet, J =

25 7.5 Hz, 1H); 13.32 (singlet, 1!i); 14.02 (singlet, 1H).
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Melting point (KofIe r stage): 120° <dcc.)

The -following were obtained in the same manner: 

3)

3' -N-t (N,N-OIETHYLCARBAMOYL)METH’>'L3DAUNORIIBICIN 

5 NMR: 1-37 (doublet, J = 5.5 Hz, 3H); 2.41 (singlet, 3H>;
4.08 (singlet, 3H); 4.77 (broad singlet, 1H); 5.31 

(sharp signal, 1H); 5.53 (sharp signal, 1H); 7.39 
(doublet, J o 7/3 Hz, 1H); 7^78 (triplet, J = 7.5 Hz, 

1H>; 8.03 (doublet, J « 7.5 Hz, 1H); 13.30 (singlet,

3'-N,N-BISr(N,N-OIETHYLCARBAMOYL)METHYL3l>AUNORUBlCIN
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NMR: 2.40 (singlet, 3H); 4.09 (singlet, 3H); 5.30 (sharp 

signal, 1H) ; 5.57 (sharp signal, 1H); 7.38 (doublet,
J = 7.5 Hz, 1H); 7.77 (triplet, J = 7.5 Hz, 1H); 8.05 
(doublet, J = 7.5 Hz, 1H); 13.31 (singlet, 1H>; 13.65

5 (s inglet, 1H >.
c )

3 ' -N-lCARBOMETHOXYMETHVDDAUNORUBICIN 
Melting point: 142-148°C

( C D C l γ) 200 MHz: 1.36 (doublet, J = 5.5 Hz, 3Κγ*

W 2.41 (singlet, 3H); 3.10 (ABq, 2H); 3.41 (singlet,
2H); 3.52 (singlet, 1H); 3.70 (singlet, 3H); 4.09 

(singlet, 3 H ); 5.29 (sharp signal, 1H); '5,52( sharp 
signal, 1H); 7.40 (doublet, J = 7.5 Hz, IH); 7.79 

(triplet, J = 7,5 Hz, 1H); 8.06 (doublet, J = 7.5 Hz,
15 IH).
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d)

3 '-N<2~(2-METHOXYETHOXY ) ΕΤΗYLODAUNORUBICIN 
yid. * 442
Melting point: 70 - 75°C
redo = 270° (C *0.1; CHC13 >

NMR (CDCI3) 200 MHz: 1.36 (doublet, J = 5.5 Hz, 3H);
2.41 (singlet, 3H); 3.02 (ABq, 2H); 3.33 (singlet 
3 H); 4.07( singlet, 3 H ); 4.69 (broad singlet, 1H) 

5.25 (sharp signal, 1H); 5-50 (sharp signal, 1H); 
7.38 (doublet, J = 5 Hz, 1H); /.76 (triplet, J *

3'-N,N-BISC2-(2-METH0XYETHQXY)&m
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5

10

15

20

25

30

YId. = 9%
Ca30 = 294° (C = 0..07; CHCl3)

NMR ( CDCIt;) 200 MHz: 1.34 (doublet, J = 5 Hz, 3H);

2.42 (singlet, 3H>; 3.12 (ABq, 2H); 3.31 (singlet,
6 H ); 4.09 (singlet, 3 H); 4.7 4 (broad singlet, 1 H ) ; 
2.30 (sharp signal, 1H); 5.58 (sharp signal, 1H); 
7.40 (doublet, j = 7.5 Hz, 1H); 7.79 (triplet, J =

7.5 Hz, 1H>; 8.02 (doublet, J = 7.5 Hz, 1H); 13.31 
(singlet, 1H); 14.0 (singlet, 1H).

The cytotoxic properties of some derivatives claimed accor­

ding to the invention are demonstrated in the cell proli­
feration tests which are summarized in Table I below.

The experimental protocol was performed according to the 

procedure of HAMBURGER and SALMON on leukemia L 1210 strain 
cells. Some modifications were introduced in the proce­

dure of HAMBURGER and SALMON, and in particular:

the conditioned medium was replaced by McCoy5A, The number 
of cells in a dish was reduced to 5x10 cells per dish 

on account of the high covering efficiency of leukemia 
L 1210.

Cells were incubated with various concentrations of the 
test substance for 1 hour at 37°C. The cells were then 

washed twice with McCoy5A, and finally applied in an ag a r 

Upper layer according to the method of HAMBURGER and SALMON.

In addition, parallel experimentswere carried out with 
continuous incubation and with various concentrations of 

the test substance by mixiftg the latter with the upper 

layer before application.

The dishes were kept in an incubator with 5% COj, 20% Ogz 
at 95% relative humidity for 5 to 7 days at 37°C. After 

this period^. the colonies having' a diameter greater than 

60 ym were counted with an inverted microscope.
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The results were expressed as a percentage of the number 
of colonies formed from treated L 1210 relative to an un­
treated control. The coefficient of variation of repeated 
experiments was less than 15%.

5 The results are presented in Table I,

1 ! 
It



- 13 - 
TABLE I

PRODUCT IC5q in μ g / m I
(conti nuous
exposure)

3'-N-(cyanomethyl)-
d a u η o r u b i c i n

0.0028

3'-N,N-bis(cyanomethyl)-
daunorubicin

0.08

3'-N-(2-methoxyethyl )-
daunorubicin

0.01

3'-N~cyanomethyl-3'-N-(2-methoxy-

ethyl)daunorubicin

0.09

3'-N-C(N,N-diethylcarbamoyl)- 

methylldaunorubicin

0.2 8

3'—N<N — bisC(N,N — diethyl carbamoyl) - 
m e t h y I 3 d a u η o r u b i c ί n

0.65

3'-N-(carboiriethoxymethyl )dauno-
r u b i c i n

0.24

3'-N-C2-(2-methoxyethoxy)ethyl3-
daunorubicin

0.07

3'-N,N-bis[2-(2-methoxy«thoxy)-
ethylldaunorubicin

0.22

DOXORUBICIN (reference) 0.02

DAUNORUBI C I N (reference) 0.02
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The drugs containing the derivatives according to the 

present invention are generally administered at doses of 

between 0.001 and 25 mg/kg/day.

The derivatives according to the general formula I are 

preferably administered orally but, according to require­
ments, they can be administered by the other routes: paren­
terally, subcutaneously, intravenously, intramuscularly, 
intraperitone a 11 y or transcutaneousIy.

This administration can also be carried out in combination 

with excipients or diluents which are pharmaceutically 
acceptable.

10
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4 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A new anthracycIine represented by the formula I below:

I

ί ί

!ί
ίί

i π w h i c h :
A denotes OCHj or OH or H groups,

B denotes an OH group or a hydrogen atom,
D denotes a hydrogen atom or an OH group,
E denotes an OH group or a hydrogen atom,

and R' and R", which may be identical or different, 

denote a hydrogen atom (and in this case R' is different 
from R") or the group -(CH2)n-R 1 -(CH2)m-R2
where

n is between 1 and 6,

m is between 0 and 4 (with the proviso, of course, 
that if m = 0, Rg is nonexistent)

R -j denotes one of the following groups:
-C-0-

11
0
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-C-OH

II
0

•C-NZ

0

(in this case, m = 0)

«3

r4
( in this case hi = 0 
where R3 and R4, which may be 

identical or different, denote a hydro­
gen atom or a substituted or unsub­

stituted a L k y L group)

I *» 4 ί
« t♦ 44 15

ft « «W β 1* 4 β «

bi fi > » » ■ © 9 t
fl <j W mJ φ4 0

0 a« ft « ί

ft a * a & ©

-C = N (in t
-S-
-0- (with

, «3

'r4

,cor3
-N

I
«4

(with the proviso that m is other than 0)

(m = 0 and R3 and R4 have the same 
meaning as above)

meaning as above)

and

R 2 denotes (in the case where m is other than 0) 
a hydrogen atom or alkyl or alkoxy groups or

R3
^3 anc* R4 having the same meaning 

R4 as above ).

2. An anthracycIine as claimed in ctaim 1, which is a 
vative of the doxorubicin family.

3. An anthracycIine as claimed in claim 1, which is a 

vative of the daunorubicin family.

4. An anthracycl ine as claimed in claim 1, which iit a 
derivative of the carminomycin family.

de r i -

der i-

5. An anthracycIine as claimed in claim 1, which is a 

4'-epi derivative.
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6. An anthracycline as claimed in 
41-deoxy derivative.

claim 1, which i s 3

7. An anthracycline as claimed in

3'-N-(cyanomethyl )daunorubicin.
claim υ which compr i ses

8. An anthracycline as claimed in claim
3'-N,N-bis(cyanomethyl)daunorubicin.

i, which comprises

9. An anthracycline as claimed in claim 1, which comprises

3'-N-(2-methoxyethyl)daunorubicin.

10. An anthracycline as claimed in claim 1 z which comprises 

3'-N-cyanomethyL-3'-N-(2-methoxyethyl)daunorubicin.

11. An anthracycIine as claimed in claim 1, which comprises

3'-N-[(N,N*diethylcarban)oyl)methyl3daunorubicin.

12. An anthracycline as claimed in claim 1, which comprises 

3'-N,N-bis[(N,N-diethylcarbanioyl)methyl]daunorubicin.

13. An anthracycline as claimed in claim 1, which comprises 

3'-N-(carbomethoxymethyl)daunorubicin.

14. An anthracycline as claimed in claim 1, which comprises 
3,-N-C2-(2-methoxyethoxy)ethyl]daunOrubicin.

15. An anthracycline as claimed in claim 1, which comprises 

3'-NzN-bis[2-(2-methoxyethoxy)ethyl]daunorubicin.
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16. A pharmaceutical composition comprising an effective 
amount of a compound of formula (1) as claimed in claim 1 in 
adjunct with a pharmaceutically acceptable carrier or 
excipient.

DATED this 4th day of April 1990.
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