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Abstract

The present invention relates to a new method for prepar-
ing compounds of the formula (I) by the cyclization of
tetraacetic acid alkyl esters of the formula (II) 1in the pres-
ence of ammonia and formamide as well as to the compounds of

the formula (II), which are used in this method.
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A NEW METHOD FOR PREPARING
4,4'-(1l-methyl-1,2-ethandiyl)-bis- (2, 6—-piperazinedione)

This invention relates to a new method for preparing 4,4'-
(l-methyl-1, 2-ethandiyl)-bis—- (2, 6—piperazinedione). More spe-
cifically this invention relates to a new method for preparing
4,4'-(l-methyl-1,2-ethandiyl)-bis~ (2, 6-piperazinedione) 1in im-
proved quality and yield. Moreover this invention relates to
new intermediate compounds employed in this method.

4,4'—(1l-methyl-1,2-ethandiyl)-bis- (2, 6—-piperazinedione)

has the general formula (I)

C(0) - CH» CHp - C(O)

/ N\ / N\
/

N-CH (CH3) -CHp—N
/ N\
C(0) - CH» CHp - C(O)

HN NH (1),

The compound of the formula (I) may be present in the form
of two enantiomers as (S)-(+)-4,4'-(l-methyl-1,2~ethandiyl)-
bis-(2,6-piperazinedione), also referred to as Dexrazoxan, and
as (RY=(~)-4,4'-(1-methyl-1,2-ethandiyl)-bis~ (2, 6-
piperazinedione), also referred to as Levorazoxan, as well as
in the form of a racemate, (S,R)=4,4"~{l-methyl-1,2~
ethandiyl)-bis (2, 6—piperazinedione), alsoc referred to as Ra-
zoxan. In conjunction with this invention a ,compound of the
formula (7)™ or ,4,4'-(1l-methyl-1,2~ethandiyl)~-bis- (2, 6—p-
plperazinedione)", respectively, refers to the S-enantiomer,
the R-enantiomer as well as to the racemate.

Regardless of i1ts stereochemistry the compound of the for-
mula (I) has an antitumor effect. In the past, the S-
enantiomer of the compound of the formula (I), Dexrazoxan,
which is known to be effective against tumors and other forms
of cancer and which 1is also useful as a synergist in combina-
tion with other anticancer agents, has achieved special rele-

vance. Particularly with regard to sarcoma, lymphosarcoma and



CA 02670282 2009-05-22

— 7 =

leukaemla, 1t has been found that Dexrazoxan shows an actilivity
and 1s partiacularly effective when used in a regime together
with Adriamycin.

In the prior art several preparation methods for the com-
pound of the formula (I) have been known for a long time. For
example, 1n the US-patents No. 3.941.790 and No. 4.275.063, to
Creighton, three methods for preparing bisdiketopiperazines,
wherein the compounds of the formula (I) are also included,
are described. In the first method, (S)-1,2-diaminopropane is8
reacted with chloroacetic acid to form (S)~-1,2-diaminopropane-
tetraacetic acid. Subsequently tetraacetic acid i1s reacted
with formamide under nitrogen at an elevated temperature to
the corresponding compound of the formula (I). In the second
method tetraacetic acid 1s prepared as previously described,
transferred to the corresponding tetraacetic acid amide by re-
acting with ammonia and the latter subsequently cylizised to
polyphosphorous acid or phenol by heating. This method is said
to be particularly beneficial, when the tetraacetic acid tends
to decarboxylate during heating. As a third method, reacting
of a tetranitrile with sodium amide in formamide and the sub-
sequent treating of the resulting product with hydrogen chlo-
ride in methanol are mentioned. According to Creighton this
alternative method has the benefit to be a low-temperature
technigue, All these methods are stereoselective methods, 1.e.
therefore the employed intermediate compounds in the form of
tetraacetic acid, tetraamide or tetranitrile should already be
avallable in the stereochemical configuration desired for the
compound of the formula (I).

The intermediate compounds employed in the aforementioned

methods, such as tetraacetic acid, may be prepared in differ-

ent ways. Beside the already aforementioned preparation meth-
ods, for example, 1in British Patent No. 978.724, J.R., to
Geigy AG, a method for forming tetraacetic acid is described,
wherein diamines are reacted with formaldenyde and hydrogen

cyanide to form a tetranitrile, which 1is saponified. In US-
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Patent No. 2.461.519, Bersworth et al., they teach a method
for preparing 1,2-diaminopropane-tetracarboxylic acid Dby re-
acting 1,2-diaminopropane with formaldehyde and sodium cyanide
at an alkaline pH-value.

A main problem with the preparation of the compound of the
formula (I) is generally the purification of the intermediate
compounds, which 1s costly and difficult to achleve on a com-
mercial scale. With numerous methods, for example, intermedi-
ate compounds, such as tetraacetic acid, are obtained together
with high amounts of alkali metal salts as a by-product, whlich
prior to cyclization to the compound of the formula (I) have
to be separated.

These problems of the aforementioned preparation methods
are particularly based on the fact that the employed tetraace-
tic acid like the tetraamides, the tetranitriles and the com-
pound of the formula (I) themselves are very polar hydrophilic
substances and form salts with the strong bases, as belng re-
guired in the preparation method. Consequently, this always
results in difficulties in the required separation of the non-
reacted precursor compounds and the resulting by-products.

The problems arising with and through the purification of
the precursor compound in known preparation methods are de-
scribed in detail in International Patent Application No.
93/08172, to P.L. MacDonald. Thus, to solve these problems, a
method for preparing the compound of the formula (1), to be
precisely, Deraxozan, is suggested, wherein the latter shall
be obtained in high vyields without, prior to cyclization to
Dexrazoxan, performing a purification of the intermediate
tetraacetic acid compound. However, by this method Dexrazoxan
is obtained together with higher amounts of salt-by-products,
which results in difficulties in the production of salt-free

Dexrazoxan.
Beside methods for preparing compounds of the formula (I)

or analoguous compounds thereof, wherein tetraacetic acid,

tetraamide or tetranitrile are employed as a 1ntermediate
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product, a method for preparing cis- and trans—cyclopropyl-
bis-2, 6~ (piperazinedione), two compounds which are analoguous
to the compound of the formula (I), is also described 1n the
literature, which method processes via the corresponding
tetraacetic acid methyl ester as a precursor compound. D.T.
Witiak et al, Journal of Medicinal Chemistry, Bd. 20, Nr. 5,
pp 630-635 (1977), and Journal of Medicinal Chemistry, Vol.
21, No. 12, pp 1194-1197 (1978), describe the cyclization of
the corresponding tetraacetic acid methyl ester in the form ol
the hydrochloride with an excess of ammonia and sodium methox-
ide in methanol for preparing the trans-compound. The yield of
the desired trans-compound is poor and amounts to only 273
prior to purification. According to the authors, the applica-
tion of this method for preparing the corresponding Ccl1S-
compound was not successful: For the preparation of the cils-
compound, the tetraacetic acid methyl ester is cyclizised with
sodium hydride and formamide in DME. The yield of the trans-
compound 1s quoted with 36.95%.

Witiak et al. suggest tetraacetic acid methyl ester exclu-
sively for the preparation of the aforementioned compounds.
There is no evidence in it to employ tetraacetic acid methyl
ester compounds as precursor compounds for the preparation of
analoguous compounds. Rather, the problems in preparating cis-
and trans-isomers of the desired compound suggest that the em-

ployment of such compounds as a precursor compound 1s not

readily possible.

It is the goal of the present invention, to provide a
method for preparing the compound of the Zformula (I), which
enables the preparation of this compound in good yield, also
on a commercial scale and overcomes the problems of the tech-
nigue-known methods.

This aim is achieved through the method according to the
invention, which comprises the step of cyclizating a 1,2-
diaminopropane-N,N,N’ ,N’ —tetraacetic acid alkyl ester (hereln-

after referred to as ”“tetraacetic acid alkyl ester™) with am-
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monia 1n formamide, wherein “alkyl™ herein preferably stands
for (Cq1-C3)-alkyl, and comprises both “C3-alkyl® n-propyl,
1sopropyl, as well as cyclopropyl.

The method according to the invention is based on the ob-
servation of the surprising characteristics of the alkyl es-
ters of tetraacetic acid, such as a reduced polarity and hy-
drophility compared to the known intermediate compounds, which
1s used to provide an improved method for preparing the com-
pound of the formula (I). Moreover, due to the higher reactiv-
1ty of these esters, the ring closure to the compound of the
formula (I) may be achieved under simpler conditions with re-
gard to both the number of required reaction steps and meas-
ures as well as the reaction conditions required therefore.

Further advantages of the methods according to the inven-
tion are the application of ammonia and formamide, two common
chemicals, wherein, in the method according to the invention,
formamlde 1s also employed as a solvent. Methanol, resulting
during cyclization can be removed from the reaction mixture by
simple distillation. Further details with respect to the me-
thod according to the invention and its preferred embodiment
may also be learned from the following examples.

The 1nvention also relates to the tetraacetic acid alkyl
esters employed in the method according to the invention, hav-

ing the formula (II)
(ROOCCH2 ) 2N—~CHCH3~CH>-N (CH2COOR) 5 (IT),

wherein R stands foxr alkyl. Preferably R is a (Cq7-C3)-~alkyl
such as methyl, ethyl or propyl.

The compounds of the formula (II), which are wvaluable pre-
cursor compounds for tne compounds of the formula (I), are

novel compounds except for the tetraacetic acid methyl ester,

which 15 described by E. H. Herman et al. in Research Communi-
caticns in Chemical Pathology and Pharmacology, Vol. 48, No.
1, pp 39-55 (1985). The tetraacetic acid alkyl ester may be
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prepared using technigue-known methods, also as described in
the following examples.

A preferred method in conjunction with an embodiment of
the present invention for preparing the tetraacetic acid alkyl
ester of the present invention comprises reacting a diamine of

the formula (IIIX)

HoN-CHCH3~CH»—-NH>7 (ITII)

or a sultable salt thereof with chlorcacetic acid and the sub-
sequent treatment with alkyl alcohol to form the tetraacetic

acad alkyl esters of the formula (II):

(ROOCCH2) pN-CHCH3~CHp~N (CH>COOR) » (II),

wherein R stands for alkyl, preferably (C7-C3)-alkyl, such as
methyl, ethyl, or propyl.

The thus obtained tetraacetic acid alkyl esters are sub-
Jjected to a further cyclization step in the presence of ammo-
nia and formamide in order to obtain the compound of the for-~
mula (I).

Prior to cyclization to the compound of the formula (I),
the tetraacetic acid alkyl esters of the formula (II) may be
subjected to a purification, i1f desired, for example by sub-
jecting them to a distribution between a water immiscible sol-
vent and water to separate the formed alkali metal salts. Par-
ticularly ethyl acetate and isopropyl acetate are used as wa-

ter i1mmiscible solvents.

However, the tetraacetic acid alkyl esters of the formula
(II) may be cylizised to the compound of the formula (I) also
without prior purification. This variant of the method repre-
sents a particularly preferred embodiment of the method for
preparing the compound of the formula (I).

In the particular embodiment of the method according to

the invention, higher yields of the compound of the formula

(I) as compared to known methods and a sufficient purification
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of the compound of the formula (I) may be achieved as well.
Addaitionally, further purification and 1isolation of the
tetraacetic acid alkyl esters, which are employed as a precur-
sor compound, 15 not required.

In the method according to the invention, like in the pre-
ferred embodiment thereof, a possible breakdoﬁn of the com-
pound of the fermula (I) by hydrolysis in the course of the
method 15 minimized. The separation of ionic materials (like
the alkali metal salts) may be completely and easily performed
by distribution of the tetraacetic acid alkyl esters of the
formula (II) between a water immiscible solvent, such as ethyl
acetate, 1sopropyl acetate, and water.

The method according to the invention as well as the pre-
ferred embodiment thereof are stereoselective methods, 1i.e.
the precursor compound must be available in the configuration
desired for the compound of the formula (I).

Further aspects of the present invention can be learned
from the following examples, which are given for illustration
purposes and not to limit the invention. Those skilled in the
art should appreciate that the details of the method, which
are described 1n the following examples, may be modified
within the scope of the present invention. For example, ac-
cording to the method of the example 5, which has been de-
scribed for the S-enantiomer, Dexrazoxan, the R-enantiomer,
Levorazoxan, and the racemate may be prepared as well. Unless
otherwise noted or may be concluded from the context, the per-

centages relate to weight.
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Examples
Examgle 1
Preparation of (8§)-(+)-1,2-diaminopropane—-N,N,N"', 6 N"~
tetraacetic acild
150.0 g (1.02 Mol) of (S)-(-)-1,2-diaminopropane dihydro-

chloride are introduced into 780.0 g of deionized water at RT,
578.4 g (6.12 Mol) of chlorocacetic acid are added and 1785.0 g
(14.28 Mol) of sodium hydroxide 32 percent by welght 1s pro-
portioned to this solution for 45 min under cooling (at 15°C) .
After the addition is completed the reaction mixture is heated
to 40°C, wherein starting from 40°C, the reaction 1s kept exo-
thermal and the temperature i1s kept under cooling at 40-45°C.
After decay of the exothermal reaction stirring for 50 h at
40-45°C is performed. The alkaline, colourless and clear lig-
uid is narrowed down under vacuum at a bath temperature of
70°C by approx. the 2.5-fold. The oily crystal slurry is mixed
with 1.2 1 of methanol, cooled down to 20°C, the salts are
filtered off and the residue in the filter is washed with 2 X
300 ml1 of methanol. The unified methanolic solutions are com-
pletely evaporated in vacuum at a bath temperature of 70°C.

The high-viscosity distillation residue is mixed with 300
ml of deionized water at 70°C and cooled down to 0°C. Under
cooling the pH-value is adjusted to 1,5 by adding 343.8 g of
95% sulphuric acid and after a post-reaction period the thick
crystal slurry is mixed with 900 ml of deionized water.

The crystal slurry is stirred over night at 0°C with 2 1
of acetone. The crystals are filtered off and washed wlth 2 X
250 ml of a mixture of water/acetone at a ratio of 1:2 and
with 2 x 500 ml of pure acetone.

The unified organic solution is completely evaporated un-
der vacuum at a bath temperature of 70°C, the remaining Vvis-
cous residue is mixed with a total of 600 ml glacial acetic

acid and by adding 5 1 of acetone at room temperature the
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product 1s precipitated. The suspension is cooled to 5°C, the
product 1s filtered off, washed with 550 ml glacial acetic
acid/acetone at a ratio of 1:10 and 2 x 500 ml acetone and
dried at 20°C under wvacuum.

Yield: 272.1 g

Example 2

Preparation of (S)-(+)-1,2-diaminopropane~N,N,N' , N'~-

tetraacetic acid methyl ester

The esterification i1s performed with the isclated (S)-(+)-
l,Z2-dlaminopropane-N,N,N', N'~-tetraacetic acid as follows:

37.5 g of (§)-(+)-1,2-diaminopropane-N,N,N’',N'-tetraacetic
acid together with 756 ml of methancl and 22.5 g of 95% sulfu-
ric acid are heated under reflux for 20 h. The chilled solu-
tion 1s neutralized with a total of 41.5 g sodium hydrogen
carbonate and distilled to dryness under vacuum. The remaining
resldue 1s distributed between 300 ml of deionized water and
300 ml tert-butylmethylether, and the aqueous phase 1is ex-
tracted with 2 x 150 ml tert-butylmethylether. The unified or-
ganic phases are dried with sodium sulfate, filtered off, and
the solvent 1is evaporated to dryness under vacuum (crude
yield: 20.7 qg).

The crude product is dissolved in 300 ml of a mixture of
tert-butylmethylether/petroleum ether 60/95 at a ratio of 1:2,
stirred with 45 g of silica gel 0.06-0.2 mm for 30 min and
filtered off. The residue is washed with 2 x 50 ml of the afo-

rementioned solvent-mixture and the filtrate i1s evaporated to

dryness under vacuumn.

Yield: 6.9 g of colourless oil (methyl ester)
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Analysis data:
Elementary analysis: C H N O
C15H25N208 calc: 49 .72 7.23 7.73 3532
found: 49.84 7.39 7.47

Amount of rotation [a]D20 (c=4; methanol): +3.1°

1H-NMR: 0.97 (d, 3H; —-CH-CH3); 2.49 ( , 1H; N-CH-CH2-); 2.83
(dd, 2H; N-CH-CHp-):. 3.5 (s, 4H; N-CH»-CO),; 3.355 (s,
4H; N-CH,-CO); 3.6l (s, 12H; COO-CH?3)

13C-NMR: 15.0 (g; -CH-CH3), 51.22 (q; 0-CH3):; 51.38 (q;
O-CH3); 52.07 (t; N-CHp-); 54.99 (t; N-CHp-); 55.96
(d; N-CH-); 58.08 (t; CH-CHp-N); 171.69 (s; -CO-):
172.31 (s; -CO-)

Example 3a
Preparation of (S)=(+)-1,2-diaminopropane-N,N,N',N"-

tetraacetic acid ethyl ester

The esterification is performed with the isolated (S)-(+)-
1, 2-diaminopropane—-N,N,N',N'-tetraacetic acid as follows:

25.0 g of (8) - (+)-1,2-diaminopropane-N,N,N',6 N'~tetraacetic
acid together with 725 ml of ethanol and 15.0 g of 95% sulfu-
ric acid are heated under reflux for 120 h. The chilled solu-
tion 1is neutralized with a total of 27.5 g sodium hydrogen
carbonate and evaporated to dryness under vacuum. The remain-
ing residue 1s distributed between 200 ml of deionized water
and 200 ml tert-butylmethylether, and the agqueous phase 15 ex-
tracted with 2 x 100 ml tert-butylmethylether. The unified or-

ganic phases are dried with sodium sulfate, filtered off, and

the solvent 1is evaporated to dryness under vacuum (crude
vield: 19.7 g).

The crude product i1s dissolved in 300 ml of petroleum
ether 60/95, stirred with 40 g of silica gel 0.06-0.2 mm Zox

30 min, filtered off, the residue i1s washed with 2 x 50 ml of
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sclvent and the filtrate is evaporated to dryness under vac-—
uum.

Yield: 7.1 g of colourless o©lil (ethyl ester)

Analysis data:

Elementary analysis: C H N O
C19H34N209 calc: 54 .53 8.19 6.69 30.58
tound: 54 .51 B8.36 ©.56

Amount of rotation [a]DZO (c=4; methanol): +1.1°

1H-NMR: 1.08 (d, 3H; —-CH-CH3); 1.15-1.35 (dd, 12H; -CH2-CHjy);
2.9 (m, 1H, N-CH-CHp-); 2.85-3.15 (m, 2H; N~CH-CHp-);
3.5 (s, 4H; N-CHp-CO); 3.6 (s, 4H; N-CH,-CO); 4.0-4.3
(m, 8H; COO-CH»-CH3)

13C-NMR: 13.96 (q; -CHZ-CH3); 14.0 (q; -CH-CH3); 15.12 (q:
-CH-CH3); 52.27 (t; N-CH;-CO); 55.28 (t; N-CHp-CO);
56.0 (d; N-CH-CHp-); 58.2 (t; CH-CHp-N): 60.08; 60.15
2x(t; COO-CHp-); 171.22 (s; CO); 171.87 (s; CO)

Example 3b (preferred)

Preparation of (S)-(+)-1,2-diaminopropane-N,N,N' ,N'~-

tetraacetic acid ethyl ester

o0 g of (S)-(~)-diaminopropane dihydrochloride and 182.8 g
of chloroacetic acid in 321 ml of water are treated with 190.4
g sodium hydroxide in 343 ml of water and treated for 132 h at
45°C. The water is evaporated and the resulting thick suspen-
sion 1s mixed with 100 ml ethanol and again completely evapo-
rated. The residue 1s taken up in 900 ml of ethanol, treated
with 90 ml of concentrated sulfuric acid and refluxed for 46
h. The reaction mixture is cooled down to ambient temperature
and the acid 1s neutralized by adding 240 g of sodium carbon-
ate. The precipitate i1s filtered off, rewashed with 150 ml of

ethanol, the filtrate is evaporated and the oily residue 1is
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suspended in 250 ml of toluene. Subsequent to sufflcient ex-
traction with 2 N hydrochloric acid the aqueous phase 1s neu-
tralized with solid sodium carbonate (approx. 75 g) and ex-
tracted with about 375 ml of toluene. The complete evaporation
of the solvents provides 134 g of the ethyl ester as a slight
vellow oil. One analytical sample was obtained by column chro-

matographic purification over silica gel.

Analysis data:

Elementary analysis: C H N O
C19H34N209 calc: 54 .53 8.19 0.09 30.58
found:  54.18 8.36 6.59

o

Aamount of rotation [a]DZO (c=10; methanol): +8.6

1H-NMR: 1.02 (d, 3H; -CH-CH3); 1.21-1.27 (dd, 12H; -CH2-CH3):
2.5 (m, 1H, N-CH-CHp-); 2.85-3.07 (m, 2H; N-CH-CH2-);
3.5 (s, 4H; N-CHp-CO); 3.6 (s, 4H; N-CHp-CO); 4.05-
4.15 (m, BH; COO-CHp-CH3)

13C~-NMR: 14.27 (q; -CHp-CHz); 14.30 (g; -CHo-CH3):; 15.41 (qg:
-CH-CHg),;, 52.77 (t; N-CHp-CO); 55.60 (t; N-CH,-CO);
56.31 (d; N-CH-CHp-); 58.51 (t; CH-CHp-N): 60.44;
60.52 2x(t; COO-CHp-); 171.56 (s; CO); 172.22 (s; CO)

Example 4a

Preparation of (§8)-(-)-1,2-diaminopropane-N,N,N' N'~-

tetraacetic acid ilsopropyl ester

The esterification is performed with the isolated (S)-(+)-
l,2-diaminopropane-N,N,N',N'-tetraacetic acid as follows:

25.0 g of (S)-(+)-1,2-diaminopropane-N,N,N',6 N'-tetraacetic
acid together with 950 ml of isopropancl and 15.0 g of B395%
sulfuric acid are heated under reflux for 162 h. The chilled

solution i1s neutralized with a total of 27.5 g sodium hydrogen
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carbonate and evaporated to dryness under vacuum. The remain-
ing residue is distributed between 200 ml of deionized water
and 200 ml tert-butylmethylether, and the agueous phase 15 ex-
tracted with 1 x 100 ml tert-butylmethylether. The unified or-
ganic phases are dried with sodium sulfate, filtered off, and
the solvent 1s evaporated to dryness under vacuum (crude
vield: 21.2 g).

The crude product is dissolved in 300 ml of petroleum
ether 40/65, stirred with 40 g of silica gel 0.06-0.2 mm for
30 min, filtered off, the residue is washed with 2 x 50 ml of
solvent and the filtrate is evaporated to dryness under vac-

UUIn

Yield: 10.8 g of slight yellow oil (isopropyl ester)

Analysis data:

Elementary analysis: C H N O

Cs9H42N5048 calc: 58.21 B.92 5.90 26.97
found: 58.12 .08 5.70

Amount of rotation [alp2Y (c=4; methanol): -2.6°

1H-NMR: 1.05 (d, 3H; -CH~-CH3); 1.15-1.35 (dd, 24H; 1Pr-CH-
(CH3)»n): 2.5 (m, 1H, N-CH-CHp-); 2.85-3.15 (m, 2H; N-
CH-CH»p-): 3.5 (2s, 2x 4H; N-CH»-CO)’ 5.0 (2q, A4H;
1Pr-CH- (CH3)2) -

13C-NMR: 15.44 (g; —-CH»2-CH3); 21.79 (g:; —-CH-(CH3)2)~’ 21.85 (qg;
-CH-(CH3)92); 52.72 (t; N-CHp-CO), 55.88 (t; N-CHp-
CO); 56.25 (d; N-CH-CHp-); 658.53 (t; CH-CHz-N);
67.77; ©67.79 2x(t: COO-CH-); 170.99 (s; CO); 171.67
(s; CO).
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Example 4b (preferred)
Preparation of (S) - (+)~1, 2-diaminopropane-N,N,N', N'-tetraacetic
acld isopropyl ester
50 g of (S)-(-)-diaminopropane dihydrochloride and 192.8 g

of chloroacetic acid in 321 ml of water are treated with 190.4
g sodium hydroxide in 343 ml of water and treated for 114 h at
45°C. The water is evaporated and the resulting thick suspen-
gion is refluxed with a mixture of 90 ml concentrated sul-
phuric acid in 1500 ml of 2-propanol for 41 h. The reaction
mixture is cooled down to ambient temperature and the acid 1is
neutralized by adding 240 g of sodium hydrogen carbonate. The
precipitate is filtered off, rewashed with 150 ml of 2-
propanol, the filtrate is evaporated and the oily residue 1S
suspended in 250 ml of toluene. Subsequent to sufficlent ex-
traction with 2 N hydrochloric acid, the aqueous phase 1s neu-
tralized with solid sodium carbonate (approx. 75 g) and ex-
tracted with about 375 ml of toluene. The complete evaporation
of the solvents provides 41 g of the isopropyl ester as a
slight yellow oil. An analytical sample was obtained Py re-
peating the extractive preparation and subsequent column chro-

matographic purification over silica gel.

Analysis data:

Elementary analysis: C H N O
C23H42N209 calc: 58.21 8,92 5.90 26.97
found: 58.09 9.06 5.88

Amount of rotation [«]p¢? (c=10; methanol): 0.5°

1H-NMR: 1.05 (d, 3H; -CH-CH3); 1.20-1.22 (dd, 24H; iPr-CH-
(CH3)2); 2.49 (m, 1H, N-CH-CHp»-); 2.90, 3.04 (m, Z2H:;
N-CH-CHo-); 3.50, 3.53 (2s, 2x 4H; N-CHp-CO); 4.3
(2q, 4H; 1Pr-CH-(CH3)2) .
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13C-NMR: 15.53 (g; -CH-CH3); 21.92 (q; -CH-{(CH3)2)~ 21.98 (qg;
~CH-(CH3)p); 52.85 (t; N-CHp-CO); 56.00 (t; N-CHp-
CO); 56.36 (d; N-CH-CHo-); 58.63 (t; CH-CHp-N);
67.92- 67.94 2x(t; COO-CH-); 171.10 (s; CO); 171.7185
(s; CO).

Example S

Preparation of (S)—(+)-4,4'~-(1l-methyl-1,2-ethandiyl)-bis- (2, 6~
piperazinedione) (Dexrazoxan) (1)

5.1. Preparation of (S)-1,2-diaminopropane—-N-N,N,N', N"-

tetraacetic acid-tetramethyl ester (II)

10 kg of (S)-(-)-—-diamlnopropane dihydrochloride and 38.5
kg of chloroacetic acid in 65 1 water are treated with 38 kg
of sodium hydroxide in 69 1 water and treated for 70 to 100 h
at. 45°C. The water is evaporated and the resulting thick sus-
pension is digested with 80 1 of methanol, filtrated and the
cake is washed with methanol. The filtrate 1s completely eva-
porated and the residue is taken up in 180 1 methanol, treated
with 18 1 of concentrated sulfuric acid and refluxed for 6 h.
The reaction mixture is cooled down to ambient temperature and
the acid is neutralized by adding 20 to 25 kg of sodium hydro-
gen carbonate. The precipitate is filtered off, the filtrate
is evaporated and the oily residue 1s dissolved in o0 ml ot
ethyl acetate. Subsequent to sufficient extraction with 2 N
hydrochloric acid the aqueous phase is neutralized with solid

sodium carbonate and extracted with about 100 1 of ethyl
acetate. The complete evaporation of the solvents provides
about 13,5 kg to 17,3 kg of the desired methyl ester which may

be used in the next step without further purification.

5.2. Cyclization to (S)-(+)-4,4'-(l-methyl-1,2-ethandlyl)-bis-

(2, 6-plperazinedione) (Dexrazoxan) (I)
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4.7 kg of gaseous ammonia are added to a solution of 10 kg
(S)-"(+)-1, 2-diaminopropane—-N,N,N', N'-tetraacetic acid methyl
ester from the aforementioned example in 34 1 formamide and
the reaction mixture is maintained at 40 to 50°C under a pres-
sure of max. 5 bar for about 12 h. Thereafter, the reaction
mixture is slowly heated to 150°C, obtained methanol 1s dis-
tilled off during heating and the reaction mixture is main-
tained at 140 to 150°C for 10 to 12 h. Then the solvent 1s di-
stilled off, the oily residue 1is crystallized from methanol to

vield 2.9 to 3.7 kg Dexrazoxan, which may be further purified

by recrystallization from 1,4-dioxan.
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Patent Claims

A method for preparing a compound of the formula (I)

C(0) - CHj CHpo - C(O)
HN// \\N—CH(CH3)~CH2—N// NH (1),
/ N\ /
C(0) - CHo CH, - C(O)

characterized in that it comprises the step of cyclizating

a tetraester of the formula (II)

(ROOCCH, ) pN-CHCH3~CHp~N (CH2COOR) 2 (II),

wherein R stands for alkyl, with ammonia in formamide.

The method according to claim 1, characterized in that R

stands for (C1-C3)-alkyl.

The compound of the formula (II)

(ROOCCH5 ) »N-CHCH3~CHo—N (CHpCOOR) » (II),

wherein R stands for alkyl, except for methyl.

The compound according to claim 3, characterized in that R

stands for (Cp-Cg)-alkyl.

A method for preparing a compound of the formula (II)

(ROOCCH9 ) oN~-CHCH3—~-CH»—-N (CH»COOR) 2 (II),

wherein R stands for alkyl, except for methyl, character-

ized in that 1t comprises:
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(a) reacting (S)-1,2-diaminopropane or a suiltable salt
thereof with chloroacetic acid, and

(b) treating the reaction product obtained in (a) 1n an
alkyl alcohol, except for methanol, with a strong acid,

preferably a mineral acid.

The use of a compound of the formula (II)
(ROOCCH» ) 2N-CHCH3-CHo—-N (CH2COCQCR) 2 (II),

for preparing a compound of the formula (I)

C(O) — CHp CHy - C(O)
/ \\N~CH(CH3)-CH2—N// N
N / N\ /

C(O0) - CHy CHp - C(O)

HN NH (1),

wherein R respectively stands for alkyl, preferably for
(C1-C3) —alkyl.

A method for preparing a compound of the formula (I)

C(0) - CHp CHp - C(O)

/ AN S AN
,//N CH(CHR) —-CH» N\\ //

C(0) - CHp CHp — C(O)

HN NH (1),

characterized in that 1t compraises

(a) reacting (S)-1,2-diaminopropane or a suitable salt
thereof with chloroacetic acid;

(b) treating the reaction product obtained in (a) 1in an
alkyl alcohol with a strong acid, preferably a mineral
acld,

(c) 1f applicable, purifying the thus obtained compound of

the formula (II)

(ROOCCH2 ) o N-CHCH3~CH»-N (CH»COOR) 7 (L1),
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and

(d) cyclizating the compound of the formula (II) with am-

monia in formamide, wherein R respectively stands Zor al-

kyl.

The method according to claim 7/, characterized in that R

stands for (C1-C3)-alkyl.

The method according to claim 7 or 8, characterized 1n
that the compound of the formula (II) is purified 1in step
(c) from inorganic salts by distribution between an or-

ganic, water immiscible solvent, and water.

The method according to claim 7 or 8, characterized 1in
that the compound of the formula (II) is employed 1n step

(d) without prior isolation or purification.

Fetherstonhaugh
Ottawa, Canada
Patent Agents



C({O) — CH»

(ROOCCH, ) pN—-CHCH3~CHp~N (CH2COOR)

(II)
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