WD 2004/ 099125 PCTI EP2004/ 003838 -1 Process for the crystallisation of
guanidiniumsalts The invention relates to a process for the

cryst al | iwaRpednst he conpounds of the fornula | or a®@CHERANHOPHAS salts
thereof, 51 NH2 10 15 in which RL RASO2- or A, R2 and R3, independently
of one another, H Hal, alkyl having 1 to 12 C atonms, R4S02-, Ar or Het,
R4 aryl or alkyl having 1 to 12 C atons; -20 25 30 Het a saturated,
unsaturated or aromatic, nono- or bicyclic, heterocyclic or linear or
branched organi c ra@r&@bsﬁ?ﬂ?ﬁﬁé‘bﬂﬂstaﬂi&%tﬁfn Bpgﬂaﬁﬁﬁﬁﬁﬂn%ta%s which is
unsubstituted or nono- or polysubstituted by CQAr, COHet and/or Hal,

a phenyl radical which is unsubstituted or nono- or polysubstituted by A

and/or Hal , b jf¥nticRvElatéida rmormstmﬂ%n ¢ihe NofpdNirids NHA,

NA2, NHCOA n or branched al kyl or
hydr oxyal kyl Oﬁgﬁfﬂﬂ“@a%dxafﬂﬁédatt% té% f, or al koxyal kyl having 2 to
10 C atonms, and 35 Hal F, C, Br, V\D 2004/ 099125 PCTI EP2004/ 003838

5 R

R: |
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R’ O \n,
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in which

R’ R'SO,- or A,
15

R?and R®, independently of one another, H, Hal, alkyl having 1 to 12 C
atoms, R*SO,-, Ar or Het,

R* aryl or alkyl having 1 to 12 C atoms,

20 Het a saturated, unsaturated or aromatic, mono- or bicyclic,
heterocyclic or linear or branched organic radical containing
one or more hetero atoms which is unsubstituted or mono- or
polysubstituted by A, COAr, COHet and/or Hal,

25 Ar a phenyl radical which is unsubstituted or mono- or
polysubstituted by A and/or Hal, OH, OA, COOH, COOA,
CONH_;, CONA;, CONHA, CN, NO;, NH;, NHA, NA,, NHCOA,
CF; or SOA,

30 A straight-chain or branched alkyl or hydroxyalkyl having 1 to
10 C atoms, alkenyl or atkoxyalky! having 2 to 10 C atoms,

and

35

Hal F, Cl, Br,



-2 5 10 15 20 25 30 characterised in that the respective conpounds of the
formula | or mxtures thereof with inpurities are dissolved at a given

t enper at WY@ 2904/082128r which is virtually saturated w t hP&T/RPEY{00H R

wat er-i mm sci bl e sol vent and option- ally conprises one or nore

wat er-m sci bl e solvents, and the conpounds of the formula | are all owed
to crystallise at a | ower tenperature.-Phe conpounds of the forrmula I can
have one or nore chiral centres. They can accordingly occur in various
enantiomeric fornms and exist in racemc or in optically active form The

i nvention therefore also relates to the opti- call ctive forns
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15 Sulfonylbenzoylguanidines are known and are described, for example, in
EP 0 758 644 A1. These substances are inhibitors of the cellular Na'/H’
antiproter, i.e. active ingredients which inhibit the Na'/H" exchange
mechanism of the cells (Dusing et al., Med. Klin. 1992, 87, 367-384) and
are thus good antiarrhythmics which are suitable, in particuiar, for the

20 treatment of arrhythmia arising as a consequence of oxygen deficiency.

These substances exhibit a good cardioprotective action and are therefore
particularly suitable for the treatment of acute myocardial infarction, infarc-
tion prophylaxis, post-infarction treatment, chronic cardiac insufficiency

25 and for the treatment of angina pectoris. They furthermore counter alil
pathological hypoxic and ischaemic damage, enabling the treatment of
diseases caused primarily or secondarily thereby. These active ingredi-
ents are likewise highly suitable for preventive applications.

30 Owing to the protective action of these substances in pathological hypoxic
or ischaemic situations, further potential applications result therefrom in
surgical interventions for the protection of temporarily undersupplied
organs, in organ transplants for protection of the removed organs, in
angioplastic vascular or cardiac interventions, in ischaemia of the nervous

35



OM ng to the protective action of these substances in pathol ogi cal

hypoxi ¢ or ischaem c situations, further potential applications result

t her ef r omWOrROOBEAScal i nterventions for the protecti on BST/ERZAWAERB| v
undersupplied organs, in organ transplants for protection of the renoved
organs, in angioplastic vascular or cardiac interventions, in ischaem a
of the nervous 35 WO 2004/ 099125 PCTI ERZ004/ 003838 -3 system in the

t herapy of shock states and for the prevention of essential hypertonia.
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agents in diseases caused by cell proliferation, such as

arteri oscl er B¥PIONIA; apet es” and | ate conplications of diabetes, tumour
di seases, fibrotic dis- eases, in particular of lung, |iver and ki dneys,

d h t h h lasia. _|l ddi i t d
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formula | can” be prepared, exanp eo, In accordance W FP 0 758 644.
In these probsasognition eidissasasmpcomreaniad By dnereaapd wctivibt ai théd with a

ccontent of IRal M UYhtiddHer afof axambiepMénytibt@s dprombotytelRr leltytes.
requi renments of pharmaceutical active ingredients. An additional

purifidQtion operation is necessary. However, recrystallisation of the
product s froffheaioenpaundsccarethierefoes be used medicament active ingredients in

human and veterinary medicine. They can furthermore be used as inter-
mediates for the preparation of further medicament active ingredients.

15 Compounds of the formula | can be prepared, for example, in accordance
with EP 0 758 644. In these processes, the active ingredients are usually
obtained with a content of 95 to 99 HPLC area per cent, which does not
meet the requirements of pharmaceutical active ingredients. An additional
purification operation is necessary.

20
However, recrystallisation of the products from water or conventional
organic solvents is virtually impossible. Besides the only low solubility of
the products (even at elevated temp.), which cause poor crystallisation
yields, crystals of inadequate purity are obtained. Even repeated crystalli-

25 sation from water or conventional organic solvents does not result in mate-
rial of adequate purity.

It is possible to achieve purification of the crude product by dissoiution in
copious water and subsequent concentration of the agueous solution

30 under reduced pressure to a fraction of the original volume, during which
the product crystallises out. The disadvantage of this process are the very
tong process duration (the concentration of aqueous solutions requires a
number of days in the case of large batches) and the consequent product
losses due to hydrolysis.
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|, the radicals have the follow ng pre-

In the compounds of the formulae |, the radicals have the following pre-
ferred meanings:

15
R’ preferably denotes R*SO,- or A.
R? in the compounds of the formula | is preferably in the ortho-position to
the guanidine radical and preferably denotes H or alkyl having 1to 7 C
20 atoms, in particular H or methyt.

R® preferably denotes H, alkyl having 1 to 7 C atoms, R*SO? or Het, in
particular R*SO,- or Het.

25 R* preferably denotes phenyl, m-, o- or p-tolyl or methyl, ethyl, isopropyl,
n-butyl or n-pentyi. Particular preference is given to methyl or ethyl, in par-

ticular methyl.

Ar preferably denotes phenyl, m- o- or p-methyl or methoxyphenyl.
30 Het preferably denotes

0
——— L / \ 0 ™\

35 Hal! preferably denotes Cl or Br, in particular F or Cl.
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lc g 1d e 35 WD 2004/ 099125 PCTI EP2004/ 003838 -6 5 10 15 20 25 30 35 The
reaction of the process according to the invention is sinple to carry
out, wherWOrA/®8KSounds of the formula | can be recrystPIRRAUW/0§838 e
sol- vent used is water which is virtually saturated with a

wat er-imm scible sol- vent. This is entirely unexpected since the
solubility of the conmpounds of the forBWa | in the pure solvents, i.e.
in water or in one or nore water-im mscible solvents, is inadequate to
facil id't ate eﬁﬁﬁ@é{ac&t%ﬂ @fqmés‘pirﬁtéé§a¢dmmng\/bbtthelimmtﬁﬁﬂ eediinphey & ﬁmi
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t enper at ur es?niédi@g%ﬁ%?ﬁs,vl@‘irﬁ‘édédﬂé‘téfd Rlfitse é’f?éﬁt‘vb%e%?ﬁt&fi@é’t‘idh. With
separated off, and the solution is allowed to cool in order to

crystal | i se b§solventgystam acearchngiate indaplien. Raweves. an cxesatlent

wat er - i mm sCihade-GRUBEIH ciptSe abhievBa &t tiwn sameatihé a&1 Va9 igood pidifﬂ¥
directly from

RIS SN HETNC TR NG, X (o NI
according to the inven-
10 For practical performances, it is not necessary to set the saturation mixing
ratio of the two solvents precisely. An excess of water-immiscible solvent
is preferably used. After dissolution of the product in the solvent mixture at
elevated temperatures, the excess water-immiscible solvent is preferably
separated off, and the solution is allowed to cool in order to crystallise out.
15 Since the incomplete removal of the excess water-immiscible soivent does
not have an adverse effect on the crystallisation, crystallisation can also
be carried out directly from the two-phase mixture.

Suitable water-immiscible solvents for the process according to the inven-

20 tion are generally all known solvents which are immiscible with water to a
first approximation. These are preferably relatively long-chain water-im-
miscible ketones, such as, for example, methyl ethyl ketone, or alky! alka-
noates, such as, for example, ethyt acetate, isopropyl acetate, methyl
acetate or ethyl propionate. Furthermore, aromatic solvents or higher

25 alcohols, such as, for example, butanol, can preferably be used. Particular
preference is given to toluene or xylene. After comparison of all relevant
parameters (yield, purity, price, environmental acceptability, etc.), how-
ever, alky! alkanoates, in particular ethyl acetate, are preferred to other
solvents.

30
The process according to the invention can be further refined in practical
application if multicomponent mixtures are used. Preference is givento a
mixture of water, a water-immiscible solvent and an alcohol, in particular a
mixture of water, ethanol and ethyl acetate. Preferred concentration

35 ranges are those in which the alcohol added to the solvent mixture does



tion are generally all known sol vents which are immscible with water to
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The duration of the reaction of the crystallisation depends on the reaction
conditions selected. in general, the crystallisation duration is 0.5 hours to
15 2 days, preferably 1 to 15 hours.

in a preferred embodiment of the crystallisation process according to the
invention, the pH is adjusted to 1 to 3.5, in particular 1 to 2, with the aid of
a suitable acid (for example using HCI in the case of hydrochlorides, using
20 methanesulfonic acids in the case of methanesulfonate) before or during
the crystallisation.
Acids which are added before or during the crystallisation are furthermore
those which form physiologically acceptable and tolerated salts with the
compounds of the formula |.
25
Preference may be given for this purpose to the use of inorganic acids, for
exampie sulfuric acid, nitric acid, hydrohalic acids, such as hydrochloric
acid or hydrobromic acid, phosphoric acids, such as orthophosphoric acid,
sulfamic acid, furthermore organic acids, in particular aliphatic, alicyclic,
30 araliphatic, aromatic or heterocyclic mono- or polybasic carboxylic, sulfo-
nic or sulfuric acids, for example formic acid, acetic acid, propionic acid,
pivalic acid, diethylacetic acid, malonic acid, succinic acid, pimelic acid,
fumaric acid, maleic acid, lactic acid, tartaric acid, malic acid, benzoic
acid, salicylic acid, 2- or 3-phenylpropionic acid, citric acid, gluconic acid,
35 ascorbic acid, nicotinic acid, isonicotinic acid, methane- or ethanesulfonic



brought to crystallisation at |ower tenperatures, preferably at roomtem
perature. The duration of the reaction of the crystallisation depends on
t he reactWOROLWAESt i ons sel ected. In general, the crysP&IEPIER4HUGFBIS
duration is 0.5 hours to 2 days, preferably 1 to 15 hours. In a
preferred enbodi nent of the crystallisation process according to the
invention, the pHis adjusted to 1 to 385, in particular 1 to 2, with the
aid of a suitable acid (for exanple using HC in the case of
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The following examples are intended to explain the invention without lim-
15 iting it. Unless stated otherwise, percentages denote per cent by weight.

All temperatures are indicated in degrees Celsius.

Example 1:
20
s
N
O"1~0
— OH
@N CH,
25
Ox N NH,
S I
H,C” 1l Y
0 O NH,
30 1

30.00 g of compound 1 to be purified and 300 ml of ethyl acetate are

added to 550 ml of water with stirring at about 73°C. The mixture is stirred

at 75°C for 40 min., with two clear phases forming. The aqueous phase is
35 separated off and passed through a steam-heated 2 | Seitz filter (filter K



The amounts of the solvent mxtures for the crystallisation according to

the invention is not crucial, 10 g to 500 g of solvent m xtures per g of

the com ‘gounds of the formula | to be dissolved can preferabhl sed.
h

b
Even wi t NEBE"HHPHer enbodi ments, it is assuned that a 5@?%&0@@’%3& in

the art will be able to utilise the above description in the broadest
scope. The preferred enbodi nents should therefore nerely be regarded as
descriptive disclosure which is absolut&+y not linmting in any way. The
foll ow ng exanples are intended to explain the invention without Iim
iting it. UdE®s Theamaonkgasess allpaeddatcagbsveraigittevifresticeigtariayiswei ght .

Al tenperatyres. are indicat Ln.fdegrees. Cel g ; 30 35
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The m xture L SuStiek at 75C for 40 min., with two clear phases
form ng. Theb%-gzéjgugsg'e%oase Is separated off and passed through a
steamheated 2 1 Seitz filter (filter K WD 2004/099125 PCTI EP20041003838
-9 5 19 15 20 900). The aqueous phase is allowed to cool overnight with
stirrihg and_is

Example 2:

65 g of contaminated compound 1 from Example 1 and 300 ml of ethy!
acetate are added to a mixture of 550 ml of water and 100 mi of ethano! at

10 71°C. The mixture is stirred at 70°C for 30 minutes, with two clear phases
forming. The aqueous phase is separated off and filtered through a steam-
heated Seitz filter {(Beco SD30). The pH is adjusted to 1.5 by addition of
1.5 g of methanesulfonic acid. The aqueous phase is allowed to cool
overnight with stirring and is stirred for a further 3 hours with ice-cooling.

15 The crystals formed are separated off, rinsed with cold water and dried at
50°C, giving compound 1 in a purity of 99.9% and in improved yield com-
pared with Example 1.

20 Example 3.

25 / CIH

30

17.80 g of compound 2 to be purified and 454 ml of ethyl acetate are
added to 182 ml of water with stirring at about 70°C. The mixture is stirred
at 65°C for 40 minutes, with two clear phases forming. The aqueous phase
is separated off and adjusted to pH 1.0 using aqueous hydrochioric acid.

35 The aqueous phase is allowed to cool overnight with stirring and is stirred



stirred for a further 3 hours with ice-cooling. The crystals forned are
sepa- rated off, rinsed with cold water and dried at 50C, giving conpound
| in a pPuP208#/991289, 9% Exanple 2: 65 g of contani nat eBCEERBIAOBIE8 f r om
Exanple 1 and 300 mM of ethyl acetate are added to a m xture of 550 ml
of water and 100 ml of ethanol at 71 C. The mxture is stirred at 70C
for 30 mnutes, wth two cl ear phases - 1oy m ng. The aqueous phase is
separated off and filtered through a steam heated Seitz filter (Beco

SD30) . _The plr SuadbrSHRdrd Rith-iCe RYoMs! tHOBrRlals lormdli & s&idrangsul foni c
acid. The aqueous phase i s 0 co(ca),%q:o over.ni %ht W t tirring and
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are separ at edr@fdtitsHyasate inid purktglad 96ed%r and dried at  50C, giving
compound 1 in a purity of 99.9% and in inproved yield com pared with

Example 1. Exanple 3: 0 11 H3CS 25 ii 030350 .:--S=a CH3 2 17.80
g of conpound 2 to be purified and 454 nml of ethyl acetate are added to

182 m _of vvz;ﬁﬁg &t‘p stirring at about 70C. The mi xture is stirred at

65C f o 40 —wW th two cl ear phases form ng. The aqueous phase is
separated off and adjusted to pH 1.0 using aqueous hydrochloric acid.
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added to 501 mi of water with stirring at about 70°C. The mixture is stirred
at 65°C for 40 minutes, with two clear phases forming. The agueous phase

10 is separated off and adjusted to pH 1.4 using aqueous hydrochioric acid.
The aqueous phase is allowed to cool overnight with stirring and is stirred
for a further 3 hours with ice-cooling. The crystals formed are separated
off, rinsed with cold water and dried at 50°C, giving compound 2 in the
form of its hydrate in a purity of 99.9%.
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Exampie 5;

40.00 g of compound 2 to be purified and 113.2 g of ethy! acetate are

20 added to a mixture of 282 ml of water and 51.7 g of ethanol with stirring at
about 70°C. The mixture is stirred at about 65°C for 10 minutes, with two
phases forming. A further 30.00 g of compound 2 to be purified are subse-
guently introduced over ithe course of 15 minutes with stirring. The aque-
ous phase is separated off and adjusted to pH 1.2 using aqueous hydro-

25 chloric acid. The agueous phase is allowed to cool and is stirred for a fur-
ther 1 hour with ice-cooling. The crystals formed are separated off, rinsed
with cold water and dried at 50°C, giving compound 2 in the form of its
hydrate in a purity of 99.9%.
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for a further 3 hours with ice-cooling. The crystals formed are separated
off, rinsed with cold water and dried at 50C, giving conpound Z in the
formof its hydrate in a purity of 99.9% 5 10 15 Exanp : of
corrpound“é()?‘c‘)a‘l‘ﬁgmﬁﬁri fied and 456 m of ethyl acetate a%@@é@gzﬁﬁﬁwl
m of water with stirring at about 70C. The mixture is stirred at 65C
for 40 mnutes, wth two cl ear phases form ng. The agueous phase 1is
separated off and adjusted to pH 1.4 usling aqueous hydrochl oric aci d.

The aqueous phase is allowed to cool overnight with stirring and is
stirred for a further 3 hours wi tRaterd-Glaainsng. The crystals fornmed are
separated off, rinsed with cold water and dried at 50C, giving conpound
2 inthe formof its hydrate in a purit?/ of 99.9% Exanple 5.-, 20 25 30
40.00 g of cbnpdimagess fas the opystalisationmatitheicompguads ef a fosmetal e ar e
added to a m xt Obqk er and 51.7 g of ethanol with stirring
at about 70C. %@%@gﬁﬁ%ﬁlgﬂ@ﬁ%bd at about 65C for 10 mnutes, with
two phases formng. A further 30.00 g of conpound 2 to be purified are
subse-- quently introduced gfver the course of 15 minutes with stirring.
The adue- ous ph is separated off and adjusteqd to pH 1.2 using aqueous
hydro- chloric acid g~agueous phase is allowed to cool and is stirred
for a fur- ther 1 ho h ice-cooling. The crystals forned are
separated off, rinse y q by and dried at 50C, giving conpound
2 inthe formof its/ hydratie inja purity of 99.9% 35 WD 2004/099125
PCT/ EP200 t/003838 R'11 - NH,
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in which

R R*SO;-or A,
15 R? and R?, independently of one another, H, Hal, alkyl having 1 to
12 C atoms, R'SO,-, Ar or Het,

R’ aryl or alkyl having 1 to 12 C atoms,
20 Het a saturated, unsaturated or aromatic, mono- or bicyclic,
heterocyclic or linear or branched organic radicail con-
taining one or more hetero atoms which is unsubstituted
or mono- or polysubstituted by A, COAr, COHet and/or
Hal,
25
Ar a phenyl radical which is unsubstituted or mono- or poly-
substituted by A and/or Hal, OH, OA, COOH, COOA,
CONH;, CONA,;, CONHA, CN, NO,, NH, NHA, NA,,
NHCOA, CF; or SO.A,
30
A straight-chain or branched alky! or hydroxyalkyl having 1
to 10 C atoms, alkeny! or alkoxyalky! having 2to 10 C
atoms,
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Patent Clainms 1. Process for the crystallisation of the conpounds of the
formula | or acid-addition salts thereof, 5 10 15 1 in which R1 RASO2-
or A andVR20H¥8p¥ndent|y of one another, H Hal, al kylPGTERAY/HEY Ro
3 12 C atons, R S02-, Ar or Het, R4 aryl or alkyl having 1 to 12 C
atons, 20 25 Het a saturated, unsaturated or aromatic, nono- or bicyclic,
het erocyclic or linear or branched orgate radical con- taining one or
nore hetero atons which is unsubstituted or nono- or polysubstituted by
A, COAr, COHet and/or Hal, Ar a phenyl radical which is unsubstituted or
nmono- or poly- s tituted_b apd/or Hal, OH OA COOH COOA, CONH2,
CONA2, COEIHAy CNEPQiIOZ NH2',:' %&l'—l@rklAz NHCOA, CF3 or S02A, 30 A

strai ght-chain or branched al kyl or hydroxyal kyl having 1 to 10 C atons,
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PCTf EP2004/ 00383
mixtures thereof with impurities are dissolved at a given temperature

5 in water which is virtually saturated with at least one water-immis-
cible solvent and optionally comprises one or more water-miscible
solvents, and the compounds of the formula | are allowed to crystal-
lise at a lower temperature.

10
2. Process according to Claim 1 for the crystallisation of the compounds
of the formula fa to le
NH, O
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Hal F, d, Br, | 5 10 characterised in that the respective conpounds of

the formula | or mxtures thereof with inpurities are dissolved at a

gi ven terfBensadioei2zsin water which is virtual ly saturat e®GIEPROGHOOBEIE St

one water-inmm s- cible solvent and optionally conprises one or nore

wat er-m sci ble solvents, and the conpounds of the formula | are all owed

to crystal- lise at a |ower tenperatur€ei32. Process according to Caim1l

for the crystallisation of the conpounds of the fornula la to |le 15 20

25 30 Ib Ic 35 5 HEMD,20044099148, - 13 or acid-additiopgsalts thereof.

Process according to d ai characterised in that an excess of

wat er -i mm sci bl e sol vent egpl oyRd. 145H20 25 30 4. Process according to
‘ (s 1¢haracter- ised in that the

e aII\hXI al kanoates or aromatic

2

one or nore of the,(pEGgedi Ny
wat er -i nm sci bl e sol vents used
sol vent s.

- le
5 > N CHa

N NH
CH,SO; \\,/ 2
0 NH,,
10 or acid-addition salts thereof.
3. Process according to Claim 1, characterised in that an excess of
water-immiscible solvent is employed.
15
4.  Process according to one or more of the preceding claims, character-
ised in that the water-immiscible solvents used are alkyl alkanoates
or aromatic solvents.
20
5. Process according to one or more of the preceding claims, character-
ised in that a mixture of water, one or more water-immiscible solvents
and one or more alcohols is used.
25
6. Process according to Claim 5, characterised in that the alcohol used
is ethanol, methanol or n- or isopropanol.
30

7. Process according to Claim 5 and/or 6, characterised in that the alco-
hol is added to the solvent mixture in amounts in which it does not
promote complete miscibility of water and water-immiscible solvent.

35



5. Process according to one or nore of the preceding cl ai ms char act er -
ised in that a m xture of water, one or nore water-imm scib

nts
and one SYORBMEWEohols is used. 6. Process according PGT’@Pé‘?WO%3838

characterised in that the al cohol used is ethanol, nethanol or n- or

i sopropanol . 7. Process according to Caimb5 and/or 6, characterised in
that the alco- hol is added to the sol-vieght mi xture in anounts in which it
does not pronote conplete mscibility of water and water-imm scible
solvent. 35 8\O M@%Qg%éﬁrdﬁ@{&&ﬂ@%hﬁﬁéaﬁ&e predddirny olbas, ceracidrng to
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