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However, the problemin reparati on netho sclosed in
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reduction of primary tumor growth. 3-Amidinophenylalanine derivatives
represent a class of highly effective urokinase inhibitors.
20
Preparation of 3-amidinophenylalanine derivatives, in particular of N-o-
(2,4,6-triisopropylphenylsulfonyl)-3-amidino-(L)-phenylalanine 4-ethoxycar-
bonylpiperazide (WX-UK1), and the use thereof as urokinase inhibitors is
described for example in CH-A 689611, WO 00/04954 and WO 00/17158
25 and in the publication by Stirzebecher et al. (Bioorg. Med. Chem. Let 9
(1999), 3147-3152). However, the synthetic methods used therein
generally afford relatively low yields of product, because hydrolyzed
TIPPS-OH results as unwanted by-product. One problem is that the
desired reaction product can be separated from by-products only by
30 elaborate chromatographic methods.

PCT/EP03/08230 describes methods for preparing 3-amidinophenylalanine
derivatives via a 3-hydroxyamidinophenylalanine intermediate. These
oxamidine derivatives represent highly specific and selective urokinase
35 inhibitors and additionally have the advantage of oral bioavailability.
However, the problem in the preparation method disclosed in
PCT/EP03/08230 is that the oxamidine intermediates are not obtained in
pure form, and elaborate purification methods are necessary in order to
remove for example amide by-products. However, both for the further



pure form and el aborate purification nethods are necessary in order to
renove for exanple am de by-products. However, both for the further -2-
synt hesi s of 3-am di nophenyl al ani ne derivatives and for a pharnaceuti cal
use of the oxam dine derivatives, it woulgl be advantageous for a method to
be available to all ow these oxam di ne derivatives to be prepared in good
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acids are frequent Ipyeﬁapét@yed in the dye industry and there represent

The meaning of "aromatic sulfonic acid" in the sense of the present
invention is an aromatic or heteroaromatic mono- or oligocyclic ring system

20 which is substituted by at least one sulfonic acid group and/or sulfonate
group. The aromatic or heteroaromatic ring system may additionally have
further substituents which may be selected for example from C;-Ce-alkyl,
C4-Cs-alkoxy, hydroxyl, carboxyl, sulfonyl, nitro, cyano, oxo or/and halogen.
Suitable aromatic or heteroaromatic ring systems include for example

25 mono- and bicycles having 6 to 20 carbon atoms and O to 4 heteroatoms,
which may preferably be selected from N, O and S.

Examples of suitable aromatic sulfonic acids are toluene- and benzene-

mono- or/and -disulfonic acids, and naphthalene-mono- or/and -disulfonic
30 acid derivatives. Disulfonic acids with a good tendency to crystallize, for

example naphthalene disulfonic acids, are preferred. Naphthalene-1,5-

disulfonic acid (Armstrong's acid) is most preferred. Aromatic disulfonic

acids are frequently employed in the dye industry and there represent

intermediates and coupling reagents for various, especially naphthalene-
35 based, dyes.

It has now surprisingly been found that aromatic sulfonic acids, and in
particular Armstrong's acid, are particularly suitable for precipitating
3-hydroxyamidinophenylalanine derivatives (oxamidines) in the form of a



i nternedi ates and coupling reagents for various, especially naphthal ene- 35
based, dyes. It has now surprisingly been found that aromatic sul fonic
acids, and in particular Armstrong's acid, are particularly suitable for
precipitating 3-hydroxyam di nophenyl al am ne derivatives (oxam dines) in the
formof a -3- corresponding salt. Salts formed in this way precipitate from
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3- hydr oxyani difittgdieeny| al ani ne derivative is recovered. It is possible for
this purppse according to the present invention to react the correspondi ng
sulfonic acid salt for exanple with bases which are nore basic than the
hydr oxyami di nJ;bwleergmavwwaét ganitheni bespurifieg. fuither bpopwiwation binethasisnat e,
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contam nants, JieR0kidH é’ﬂéﬂl/ﬁi\)éeeve%ﬁfu-ﬂﬂ%r met hod of the present invention is
pirtl cul a%y gw tg]a r1Jor puri fyirng oxam dine conpounds of the formula (1)
Subsequently, in step (c), the 3-hydroxyamidinophenylalanine derivative is
recovered. It is possible for this purpose according to the present invention
to react the corresponding sulfonic acid salt for example with bases which
are more basic than the hydroxyamidinophenylalanine derivatives, e.g. with

20 sodium bicarbonate, but also with inorganic and organic bases.

The present invention thus makes it possible in a simple and elegant
manner to remove contaminated reactants, intermediates and unwanted
products, especially unwanted amide contaminants, from the oxamidine.

25
The method of the present invention is particularly suitable for purifying
oxamidine compounds of the formula (I)



OHl HNNH 6"" Z-COR | NH (COCHNH,S®2 Rz R (I) which nmay be in the
formof racemates as well as in the formof the L or D configuration
conpoUnds and in which 5 R is a group of the formula -N--\ NNR4 in which
R4 is 10 (i) an optionally for example ClzC6-alkyl-, Cl-C3-al koxy-,

hydr oxyl - carboxyl -, sulfonyl-, nitro-, cyano-, oxo- or/and

hal ogen- substituted Cl- C6- al kyl residue such as, for exanple,

et hoxycarbonyl or aryl residue sughi as, for exanple, phenyl, p-hal ophenyl,
naphthyl, (ii) a saturated or unsaﬂurated branched or unbranched

C1- Co6- alkoxy 15 residue or (HNL) &R optionally for exanple Cl-Cé6-al kyl -

Cl- C3- al koxy-, hydroxyl - carboxyl -, sulfonyl-, nitro-, cyano-, oxo- or/and
hal ogen- substi t ut ed phenoxy or benzyl oxycar bonyl residue, R2 is an
optionally for exanple Cl-C6- alf Cl- C3- al koxy-, hydroxyl-, 20

car boxyl -, sulfonyl-, nitro-, oxo- or/and hal ogen-substituted phenyl
resi due, such as, for exanple 3 3%_ @Qﬁephenyl, 2,4, 6-
trimet hyl phenyl, 2,4, 6- tr||sopropylphen , “&-'met hoxy- 2, 3, 6-trimet hyl phenyl ,
R3 is Hor branched or unbranched Ci- CArQRkyI and -5- nis Oor 1, Zis N
or CRO where RO is H or branched or unbrbnche (23 al kyl According to
one aspect of the invention, it can pre (%m%loyed in 5 order to
isolate N-a-(2,4,6-triisopropyl phenyl sulfo I) 3- hydr oxyam di no

(N

which may be in the form of racemates as well as in the form of the L or D
configuration compounds, and in which
5 R'is a group of the formula

—N  N—R
S

in which R* is
10 (i) an optionally for example C;-Cg-alkyl-, C4-Cs-alkoxy-, hydroxyl-,
carboxyl-, sulfonyl-, nitro-, cyano-, oxo- or/and halogen-substituted
C1-Ce-alkyl residue such as, for example, ethoxycarbonyl or aryl
residue such as, for example, phenyl, p-halophenyl, naphthyl,
(i) a saturated or unsaturated branched or unbranched C;-Ceg-alkoxy
15 residue or
(i)  an optionally for example Ci-Cg-alkyl-, C4-Cs-alkoxy-, hydroxyl-,
carboxyl-, sulfonyl-, nitro-, cyano-, oxo- or/and halogen-substituted
phenoxy or benzyloxycarbonyl residue,
R? is an optionally for example C;-Cg-alkyl-, Ci-Cs-alkoxy-, hydroxyl-,
20  carboxyl-, sulfonyl-, nitro-, cyano-, oxo- or/and halogen-substituted phenyl
residue, such as, for example, phenyl, 4-methylphenyl, 24,6-
trimethylphenyl, 2,4,6-triisopropylphenyl, 4-methoxy-2,3,6-trimethylphenyl,
R is H or branched or unbranched C;-C4-alkyl, and



(L) - phenyl al ani ne 4-et hoxycar bonyl pi perazide in highly pure form In the
synt hetic nmethods disclosed to date for preparing oxam dine derivatives,

t he oxam di ne compound results in a | ow degree of purity and 10 conprises a
| arge proportion of up to 30% of am de cogt-am nant and further

contam nations by reactants and unknown conpounds. It is possible wth the
met hod of the rpige®ent, i nvention to obtain pure oxam dine. The oxani dine
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sui tabl e bstituents include Cl-C6-al kyl residues, saturated or
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20 In one embodiment of the invention, the purification according to the
invention can be part of a method for preparing 3-hydroxyamidinophenyl-
alanine derivatives. A preferred preparation method includes the steps:

(i) reaction of an N-protected 3-cyanophenylalanine with a piperazine
derivative to form an N-protected 3-cyanophenylalanine piperazide,

25 (i) reaction with an optionally substituted phenyisulfonyl halide, in

particular a TIPPS halide;
(i)  conversion of the cyano group into a hydroxyamidino group
(iv)  purification with an aromatic sulfonic acid as described above.

30 In step (i) of the method of the invention, an N-protected 3-cyanophenyl-
alanine is reacted with a piperazine derivative. The term "piperazine
derivative" includes in the sense of the present invention piperazine and its
derivatives, wherein optionally up to four carbon positions in the ring and/or
not more than one nitrogen atom in the ring may be substituted. Piperazine

35 derivatives preferably employed have a substituent on one of the two
nitrogen atoms in the ring.

Examples of suitable substituents include C4-Ce-alkyl residues, saturated
or unsaturated branched or unbranched C4-Cg-alkoxy residues, phenoxy



substituted in each case independently, for exanple by Cl-C6-al kyl, Cl-C3-
al koxy, hydroxyl, carboxyl, sulfonyl, nitro, cyano, oxo or/and hal ogen. 5 It
i s possible according to the present invention to enploy any protective
group for protecting the amno nitrogen atom of the 3-cyanophenyl al ani ne
enployed in step (i). Exanples of suitable protective groups for am no
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Cl- C3- al koxy, hydroxyl, "carboxy sulfonyl[” nitr cyano, oxo and hal ogen.
Phenyl sul fonyl halides which are preferably enpl oyed are

The reaction in step (i) of the method according to the invention forms an
N-protected 3-cyanophenylalanine piperazide.
20
It is subsequently possible in one embodiment of the invention to remove
the N-protective group again. The conditions necessary for eliminating the
respective protective group are known to a skilled worker. The Boc
protective group which is particularly preferably used according to the
25 invention can be eliminated for example in acidic medium, e.g. in an
organic solvent such as dioxane or methanol which is saturated with- HCI
gas or trifluoroacetate, particularly preferably with 4M HCI (g) in dioxane.
An alternative possibility is to choose the conditions in the subsequent
reaction step (ii) so that elimination of the protective group takes place in
30 situ.

In step (i), the 3-cyanophenylalanine piperazide formed in step (i) is
reacted with a phenylsulfonyl halide, which may optionally be substituted.

35 Preferred halides in this connection are fluoride, chloride, bromide and
iodide. Examples of substituents on the phenylsulfonyl halide include C;-
Cs-alkyl, C4-Cz-alkoxy, hydroxyl, carboxyl, sulfonyl, nitro, cyano, oxo and
halogen. Phenylsulfonyl halides which are preferably employed are
phenyl-,  4-methylphenyl-,  2,4,6-trimethylphenyl-, 4-methoxy-2,3,6-



phenyl -, 4-net hyl phenyl -, 2,4, 6-trinethyl phenyl -, 4-nmethoxy-2,3,6 -7-

tri met hyl phenyl - and espeC|aIIy 2,4, 6- trllsopropylphenylsulfonyl (TI PPS)
halides. In step (iii), the cyano group is converted into the hydroxyam di no
function. 5 This conversion can be carried out for exanple by neans of
hydroxyl am ne hydrochloride in the presence of sodium carbonate or

triethyl am netrim&iytphieingl-manbdo@spéoially ug f4, 6%s®propylpmleaylsuﬁmnyh T HFRS)pr i or
art and are ﬁF #bed for exanple in WD 03/072559. 10 T
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aspect of the present invention, the oxan dine conpounds can be reacted

further to give 3-am di nophenyl aI anine 25 derivatives. Since oxamdine is
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famliar t% the skilled worker, for exanple as indicated in WD 03/076391,
3-Hydroxyamidinophenylalanine derivatives are obtained in this way with

little expenditure on apparatus and in high chemical yield and purity.

The oxamidine compounds obtained in highly pure form with the method of
20 the invention can be employed for example as orally available urokinase
inhibitors.

According to a further aspect of the present invention, the oxamidine
compounds can be reacted further to give 3-amidinophenylalanine

25 derivatives. Since oxamidine is in highly pure form according to the present
invention, the yield of amidino final product in the further course of the
synthesis is also distinctly increased.

The present invention thus provides a method for preparing 3-amidino-
30 phenylalanine derivatives including the steps:
(i) preparation of a 3-hydroxyamidinophenylalanine derivative by a
method described above, and
(ii) conversion of the hydroxyamidino group into an amidino group.

35 The hydroxyamidino group can be converted into the amidino derivative by
reduction. This normally takes place by catalytic hydrogenation in reactions
familiar to the skilled worker, for example as indicated in WO 03/076391,
WO 03/072559, EP 1294742, and in Steinmetzer et al., J. Enzyme



WD 03/ 072559,

EP 1 294 742, and in Steinnetzer et al., J. Enzyne -8-

I nhi biition, 16, 2001, 241-249, Kent et at., J. Peptide Res., 52, 1998,
207 and Stuber et al., peptide Res. 8, 1995, 78-85. It is thus possible by

t.he net hod of

3-am di nophenyl al ani ne derivative with a yield which is

the invention to isolate thg- 5 correspondi ng

201-

distinctly inproved

by conpari son lmhibhidmenmmohnmﬂm,t@tmiau JarF!ept'@ngReis.n 521 b8, agne form
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is detected at a"retentfion
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di ne
t he
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car bonyl pi per

SYBEIF haTolsn b7 Someariaen i MRSt IRIR L froupig gt and
az highlypepafam.by the method of the invention. 20 Exanpl e

1: Al kyl ation and decarboxylation \( oIBr HN H HN ~ CN 25

3- ( Br ononet hyII__)_benzoni trile Diethyl acetam domal onate C8H6Br N COHL5NCG
Cl12H12N203 MIC9YWES05 g/ nmol M 217.22 g/nol M 232.24 g/ nol 30 Diethyl
acet am dongl onate (407 g) is added to ethanol (1 I) at room tenperature in

a nitrogen at
solution of s

15

20

25

30

35

P I g e o R
conventional synthesis of N-alpha-(2,4,6-triisopropylphenylsulfonyl)-3-
hydroxyamidino-(L)-phenylalanine 4-ethoxycarbonylpiperazide. The
oxamidine is detected at a retention time of about 21.4 minutes, followed
by the amide contaminant at 24.3 minutes.

Figure 2 shows an HPLC profile of the oxamidine N-alpha-(2,4,6-triiso-
propylphenylsulfonyl)-3-hydroxyamidino-(L)-phenylalanine 4-ethoxy-
carbonylpiperazide prepared by the method of the invention.

Example

Step 1:  Alkylation and decarboxylation

Br :fo o O @/\(LOH
@ * f} Y

(o]
CN CN

3-(Bromomethyl)benzonitrile Diethyl acetamidomalonate
CBHGBI'N CgH15N05 C12H12N203
M: 196.05 g/mol M: 217.22 g/mol M: 232.24 g/mol

Diethyl acetamidomalonate (407 g) is added to ethanol (1 1) at room
temperature in a nitrogen atmosphere. The suspension is heated to about
70°C, and a solution of sodium ethoxide (130 g) in ethanol (900 ml) is
added. The reaction mixture is stirred at this temperature for a further
30 minutes. A suspension of 3-bromomethylbenzonitrile (300 g) in ethanol
(1.4 1) is then added to the reaction vessel. The temperature in the reaction

Step



added. The reaction mxture is stirred at this tenperature for a further 30
m nutes. A suspension of 3-brononethyl benzonitrile (300 g) in ethanol 35
(1.4 1) is then added to the reaction vessel. The tenperature in the
reaction -9- vessel is kept at about 70C §ar a further 2.5 hours. Then, over
the course of 1.5 hours, dilute sodium hydroxide solution (2N, 2.2 1) is

addefl dr Op\(/j\/l tsﬁ/essé'lhg k;élpyg@fra@bgﬂmsc o affl?ﬂh@{26hmﬂrs7®ﬁéfﬁ Obvet tﬁé[doh%e 30t

m nutes an ool e or e ur acll on m Xture
Mt es and e o BGk b S SRS LRb ity B 2 s A A Re T <,
hydr ocgl gri g a]?wzls@sperrst iorhes stined at agoabﬁmc IorhalinbtherTB@ noingtes and therent i s
renove I SLI 1.0 e e

The renai ﬁl ng qu 4‘%&% Ha? g\gﬁvég? Tfﬁél\f§ tée_L %gg“%gn'éaﬁgaéﬁ%’&u on
is extractBbd Jetuced ai tmnoem hidmperataree t¢3B80ont Babl taddinlg ddncentratddl | owed
10 b | i T H
221y The. desi bR e EICBIEEMTe S8 By IChob, Fhlo rbah ERRuerS, P
with 1.2 | of remwvedahyedlatluatmhndem‘e)ﬂucem\@resmtnerﬁedO@rr@aar cTnmaas@Bs Gre
concentr at ed ferh&i r‘ésRﬁ%Séqu@solJé(}f ?ﬁ'l\ﬁé@HF{ﬁ%’ fion &S

white solid. Crys s are col sucti'on funn(ii at 5 washed 15
with small amja@(ya@ted& ﬁlmeSawéhaatbylmt@lel 3506[1’\' aach timed. ﬁhlsrlaéglh)wed
at nospher Yi t r S [ 20 O
s 8 5 %QI tfg_{‘éooﬁﬁr‘;" ) lﬁgi’("é@ The %auéougwmg Gs &%&ﬂ%ewftﬁ %débt 2@61 90. 20
012H12N203 cu(ﬂtlzwé&BT@_Qﬂim@@zde&éﬂ%/ I%Vﬁﬁf@ﬁﬁé'ﬁiv Bmxérﬁicabate qd @Xpctigns

di ssol ved i n 1MMNaH| (o dibhyldhceldfe eaJmurﬁé)' trhal c&’ﬁ'bmfed@r%nics ph&séicafs to 7.2

by addi ng 4N HCl te 120 is added. In
order to keep GHE qugﬁ‘ﬁ‘ rr@é’é‘??grpr?ﬁ%rﬁrgh%&éﬁ ﬁtpraéugu%g pitates agoH (1
N) is continuauglhiteadi@dThe dritgals are collected in a suction funnel at 5°C, washed
15  with small amounts of ethyl acetate and dried at 45°C in a nitrogen
atmosphere.

Yield: 243 g (68%).

Step 2:  Enzymatic racemate resolution
20

OsOH Ox_OH 0. __OH

Bt x T
ﬁ Acylase | ﬁ HNT
— +
NC NC NC

232.24 232.24 190.20
C1oHiN,04 CiHiN,Oy CyoH1oN20,

Acetylcyanophenylalanine (940 g) is dissolved in 1N NaOH (4 |) at 37°C.
The initial pH of 12.8 is reduced to 7.2 by adding 4N HCI (approximately

25 120 ml). Acylase |1 (37.8 g) is added. In order to keep the pH of the reaction
mixture constant at about 7.2, NaOH (1N) is continuously added to the
reaction mixture. After 72 hours at 37°C, the precipitated product is isolated
by filtration at 20°C. The crystals are washed with water and dried under
reduced pressure at about 40°C. Concentration of the filtrate under

30 reduced pressure to one third of the original volume leads to precipitation
of further product.



reaction mxture. After 72 hours at 37C, the precipitated product is
isolated by filtration at 20C. The crystals are washed with water and dried
under . reduced pressure at about 40C. Concentration of the filtrate under 30
reduced pressure to one third of the ori i nal volune | eads to precipitation
of further product. -10- O/erall yield: -28T g (34%. Step 3: Protection of
the NH2 functlonallty W th Boc OH HO O H H2N BOC20 0 TENMeOH CN NC \
190. 20 290. 32 V@i@kﬁ'@!@@@cﬂ@%@rzm 5 Triethylamine (310 nl) is added to a
suspensi on of cyanophenyl-L-alanine (425 g) in nethanol (4.5 1). At 25C
di-tert-butyl dic rbo at e 488 added. .The. reaction m xture is stirred
overni ght. Th ? eﬁweﬂpfﬂleﬁ%'z iy Witk BOSduced pressure at 40C.
The renai ni ng orange colored oil is diluted with ethyl acetate (3 1). 1 N
HC (2.3 1) is added and the heterogeneous solution is stirred vigorously
for 30 m nutes. ﬁhase separation is carried out. ]qbe gani ¢ phase |s

i sol ated, extracte water and dried with MgS04. After filtration,

or gani ¢ phase |s 15 eyvaporated to dryness under reduced yessure at 4OC
Crystals are d«on addition % %Chl oronet hanéiN'o the residue. The
crystals are coI %ected| by filtrati &fand dried un |tr n at 45C

Yield: 554 g (85% 20 4. Coupling reaction ON~+Q/
DCC/ HOBT O u HN TEA/MeOH

NC

180.20 290.32
CoH10N20; Cq5H1aN204

Triethylamine (310 ml) is added to a suspension of cyanophenyl-L-alanine
(425 g) in methanol (4.5 I). At 25°C, di-tert-butyl dicarbonate (488 @) is
added. The reaction mixture is stirred overnight. The organic solvent is
10 removed under reduced pressure at 40°C. The remaining orange-colored
oil is diluted with ethyl acetate (3 ). 1N HCI (2.3 I) is added, and the
heterogeneous solution is stirred vigorously for 30 minutes. A phase
separation is carried out. The organic phase is isolated, extracted with
water and dried with MgSO,. After filtration, the organic phase is
15 evaporated to dryness under reduced pressure at 40°C. Crystals are
obtained on addition of dichloromethane to the residue. The crystals are
collected by filtration and dried under nitrogen at 45°C.
Yield: 554 g (85%)

20 Step4: Coupling reaction

N
oo )
T N
HNT DCC/HOBT L_n_o

200.32 158,20 430.51
C1gHigN20, CTH14N202 CooHgNOs



N cN o 6-CN 290.32 158.20 430.51 C15HI8N204 C7H14N202 C22HVN405 - 11-

Boc- Cyanophenyl al ani ne (554 g) and HOBT (52 g) are suspended in

di chl'oronet hane (2.7 1). A solution of DCC (453 g) in dichloronethane (1 1)
i-s added. The suspension is then cooled _tq 10-15C, and ethoxycarbonyl 5

pi perazine (347 g) is added dropwi se over the course of 30 mnutes while
mai nt ai ni ng the above tenperature range. The reaction mxture is stirred
overnight. The urea is filtered off and discarded. Saturated NaHCCB

sol ution (1.8 Boc-Cyanerpiwnyialanine {594 it and THEBTet(B2 ogk i@ ususpexdedein s

stirred for %@c%r‘&%éﬁﬁaﬁé“@% Wf”A%BEmBE%?@C@r gsée@amﬁcﬂﬂoroﬂiﬁhﬁhgg&)c phase

is 10 extracted wth drie

filtered off '%ﬁgdﬁﬂeTBQI%PGHS'Pg ig dhere fOPIRdel® 10rd6rC réﬁdc@ﬂoﬁf%’é
30C. The 59”1’}i|[5ér99|n@' (34175q)diis Sl e drdpvisd Byér ﬁfeeé@lﬁ@e(cﬁof&b Fﬁlhutelnﬁhlﬁao' Ut' on
is heated to Ctg 0|nt D||so rorp her (750 mi sslo y added
until the solrﬁ%'ﬂ@ﬂn'ﬂg %egb%‘leotﬁmpeﬁiﬁget @Hﬁér fgr eactiop daixtwe sstsd  and
the 15 ”}thrﬁ)vlem I?fftTIﬁ@ gl lie. f||t'5|ﬂé’dt@ﬂﬂp&icﬂtd4§(§adrtj§]g]E mgrétéuﬁﬁgi-l t the
course o pr ed off an she WI
i1 sopr opyl . Gohpraf Drisatabndh it The helerantnent e Roebey  sov
20 Step 3: DeﬁODB@thn@lfe.’:oahUQﬂléh the WHasebi@ré Reparate dHTheXotdanidOphasetiy &CN
430.51 339039 e?>’( racted wﬁh wate%ﬁ%n%ﬂen %119d W|W14%SO4 The MgSOQ; is filtered

off and the solution is concentrated under reduced pressure at 30°C. The

remaining oil is dissolved in ethyl acetate (300 mi). The solution is heated

to the boiling point. Diisopropyl ether (750 ml) is slowly added until the

solution becomes cloudy. The temperature is reduced to 50°C, and the

15  mixture is left to settle. The temperature is then reduced over the course of

5 hours to 25°C. The product is filtered off and washed with diisopropyl

ether and then dried under nitrogen at 40°C.

Yield: 660 g (80%)

20 Step5: Deprotection

N O v
T HCl/Dioxane j/

HN™ " HCH x HNT ™

N @L
0

>§ CN CN

430.51 330.39+36.5 = 366.9
CZZH30N4OB C17H22N403

Boc-L-Cyanophenylalanine pipamide (442 g) is dissolved in a solution of
25 HCl in dioxane (4N; 1.2 I). The temperature rises during the addition from

25°C to 32°C. The reaction is complete after 3 hours, and dichloromethane

(1 1) is added to the solution. The desired product starts to precipitate. The

suspension is stirred overnight. An excess of HCI is removed by evacuating

the mixture. The product is isolated by filtration, washed with diisopropyl
30 ether (0.7 I) and dried under high vacuum at 45°C.

Yield: 552 g (98%)



Boc- L- Cyanophenyl al ani ne pi pam de (442 g) is dissolved in a solution of 25
HCl in dioxane (4N, 1.2 1). The tenperature rises during the addition from
25C to 32C. The reaction is conplete after 3 hours, and dichl oronethane (1
1) is added to the solution. The desiredqgroduct starts to precipitate. The
suspension is stirred overnight. An excess of HCl is renobved by evacuating
the m xture. The product is isolated by filtration, washed with diisopropyl
30 ether (0.7 1) and i.ed under high vacuum at 45C. Yield: 552 g (98% -12-
Step 6: Sulfo : fﬁ%&?ﬂﬁgﬁfwm%lonm N TODPEAO O HCO X IT1iN+ I i
C H GNCN TPPS-CL 330.39+36.5 =366.9 302.87 596.80 C,, H N40, xHCL
C15H23CI 02S C2HMNMAD, 3 5 2,4, 6-Trii sopropyl phenyl sul fonyl chloride (212 g)
is added to a suspension of cyanophenyl -L-al ani ne pi pam,de HC. (257 g) in
di chl or onet hane (1 g ) at 25C. Addition of N—ethyldiisoﬁrbp | am ne (238
m) results in a ;%gar solution. The addition proceeds e ermcally
(tenperature incr sﬁlﬁron110 25C to 35C). Water (1.1 1) 2;t dded to the
reaction m xture aft

®has beg rred al .k oom t enper re for 2 hours.
The phases are separ at eds., .and the ai ¢ phase.i s ex ra(;;oejé‘@wce W th

saturated NaHCO3 sdlfltFon] (1.6 1) “affictddhce with wat ef ).. The organic
phase is dried with I\/gS filtered

]
amd concentr at ed et readuced

pressure. A colorless oi scen 15 obt ai ned and sl owl y rystial Ili Zes on
standing at roomtenperature. Yiel %PS%@B g (-100% CN
330.38+36.5 =366.9 302.87 596.80
CHzN OgxHCL C15H23CI02S A CiHaNOsS

2,4,6-Triisopropylphenylsulfonyl chloride (212 g) is added to a suspension
of cyanophenyl-L-alanine pipamide HCI (257 g) in dichloromethane (1.6 1)
at 25°C. Addition of N-ethyldiisopropylamine (238 ml) results in a clear
solution. The addition proceeds exothermically (temperature increase from
10 25°C to 35°C). Water (1.1 I) is added to the reaction mixture after it has
been stirred at room temperature for 2 hours. The phases are separated,
and the organic phase is extracted once with saturated NaHCOj3; solution
(1.6 1) and once with water (0.5 I). The organic phase is dried with MgSQOy,
filtered and concentrated under reduced pressure. A colorless oil is
15  obtained and slowly crystallizes on standing at room temperature.
Yield: 423 g (~100%)

Step7: Amide oxime formation; N-alpha-(2,4,6-
triisopropylphenyisulfonyl)-3-hydroxyamidino-(L)-phenylalanine-4
20 ethoxycarbonylpiperazide



Step 7: Am de oxine formation; N-alpha-(2,4,6-

‘triisopropyl phenyl sul fonyl) - 3-hydroxyam di no- (L) - phenyl al ani ne-4 20

et hoxycar bonyl pi perazide -13- 0y 0-11 /\ANXx O ONTEA S~ 7\ ~x [ &

EYHNOH nand ~ x CN WK 671 CuHNO63 C52H43N50,S M 596 g/md M 629.83 g/ nd

Tl PPS- L- Cyanophenyl al ani ne pi pam de (50 g) is dissolved in ethanol (350

m ). Hydroxylamne HCI (7.3 g) and triethylamne (14.5 mM) are 5

successi vel y added. Th@jﬂeaction m xture is heated to thespditing point

(-75C) and heated under jreflux for 6 hours. It is then cogl-ed to 40C, and

t he solvent is repl ace t hanol is renoved under reduc d?pLessure and

di chl or onet hane (30Q/n ), wat er (100% ) are added™¥o ¢herresi due. A
carti€d out. The organic phase is i

ar eg-wth MpSH. 10
by rlenoval of tBEasol vent un C%D pressure. A
' andis di ssol ved in acetone ( ). A
solution of Arnstrong's acitd €45 g) in acetone (150 m) is added. The

m xture is heated at the boiling point of acetone for 30 m nutes. The 15
Armstrong salt of ;the desired product crystallizes ag\fHige solid. The
suspensi on i s cook®dsdrd roomtenperature and stirred@ssgmiour before
subsequently carrying out a filtration. The crystals are washed with acetone
(75 m), dried and then dissolved in dichloronethane (600 m). Saturated
NaHCO3 solution (400 m) is added. The heterogeneous m xture is stirred 20

vigorously foi BB RYLABHARRYILMARMM pANRRC 58" §) SEPAIRbRRY TheRLABMN ©

(350 ml). Hydroxylamine HCI (7.3 g) and triethylamine (14.5 ml) are

5 successively added. The reaction mixture is heated to the boiling point
(~75°C) and heated under reflux for 6 hours. It is then cooled to 40°C, and
the solvent is replaced. Ethanol is removed under reduced pressure and
dichloromethane (300 ml) and water (100 ml) are added to the residue. A
phase separation is carried out. The organic phase is dried with MgSQOs,.

10  Filtration is followed by removal of the solvent under reduced pressure.

A white solid (57 g) is obtained and is dissolved in acetone (200 ml). A
solution of Armstrong's acid (15 g) in acetone (150 ml) is added. The
mixture is heated at the boiling point of acetone for 30 minutes. The
15  Armstrong salt of the desired product crystallizes as white solid. The
suspension is cooled to room temperature and stirred for 1 hour before
subsequently carrying out a filtration. The crystals are washed with acetone
(75 ml), dried and then dissolved in dichloromethane (600 ml). Saturated
NaHCOs; solution (400 ml) is added. The heterogeneous mixture is stirred
20  vigorously for 20 minutes and then the phases are separated. The organic
phase is extracted with water (400 ml), and then the dichloromethane is
removed by distillation. A white solid (45 g) is obtained. The product is
recrystallized from ethyl acetate/diisopropyl ether, dissolving 45 g in ethyl
acetate (60 ml). Diisopropyl ether (250 ml) is added. The suspension
25 formed in this way is heated at the boiling point for 30 minutes and then
slowly cooled to room temperature. The amorphous white solid is filtered
off, washed with diisopropyl ether and dried in vacuo at 45°C.
Yield: 34 g (65%)



phase is extracted with water (400 m ), and then the dichl oronethane is
renmoved by distillation. A white solid (45 g) is obtained. The product is
recrystallized fromethyl acetate/diisopropyl ether, dissolving 45 g in
ethyl acetate (60 m). Diisopropyl etherif250 nl) is added. The suspension
25 formed in this way is heated at the boiling point for 30 minutes and then
slowy cooled to roomtenperature. The @lEwnghous white solid is filtered
of f, washed with diisopropyl ether and dried in vacuo at 45C. Yield: 34 g
(65% -14- Clainms 1 A nethod for purifying 3-hydroxyam di nophenyl al ani ne
derivatives incl udimgnéthedsforpsuriffingaB-radeddxyapmidiviophenglatnmite cdesivafivsd ¢ aci d
to a solution of an Iogti qﬁgl It%%qc,ont am nat ed 3-hydroxyam di nophenyl al ani ne
derivative in order"t§%f§ , (b) separation of the precipitate forned
in step (ap, and (dp)recaddiion aff aheafonesic3-shifomioxgeidi th raorsmn;dnaloarame 10

i ch the aromat i o sol { ST elg; o eppelfingRdy SER A EpbrEh farhe 57 i

met hod as cl ai med i n ei tdarivative @ ardes tad fonm 2,sailtn whi ch t he

3- hydr oxyam di noph | al t FC;P'% OH | HN NH
6", _Z-COR | e(B)I{ %&@_cﬂf}) té% @258@3 BH%% 6(&1&?% a group of
the formula (c) recovery of the free 3- hydrowamldlnophenylalanlne

10 derivative from the precipitate.

2. The method as claimed in claim 1, in which the aromatic sulfonic
acid in step (a) is Armstrong's acid.

15 3. The method as claimed in either of claims 1 or 2, in which the
3-hydroxyamidinophenylalanine derivative has the formula (l):

O
un. NH

%——CO—Fﬂ
NH

Co- CHNH) S0, R
R3

)
in which R' is a group of the formula

’ 1 4
—N  N—R
S

20 in which R* is
(i) an optionally for example C4-Cg-alkyl-, C4-Cs-alkoxy-,
hydroxyl-, carboxyl-, sulfonyl-, nitro-, cyano-, oxo- or/and
halogen-substituted C4-Cg-alkyl residue such as, for example,
ethoxycarbonyl or aryl residue such as, for example, phenyl,
25 p-halophenyl, naphthyl,



-Nr~N-R4 20 in which R4 is (i) an optionally for exanple Cl-C6-al kyl -

Cl- C3-al koxy-, hydroxyl-, carboxyl-, sulfonyl-, nitro-, cyano-, oxo- or/and
hal ogen- substituted Cl-C6-al kyl residue such as, for exanple,

et hoxycar bonyl or aryl residue such as, f{g-exanple, phenyl, 25

p- hal ophenyl, naphthyl, -15- (ii) a saturated or unsaturated branched or
unbranched C1-C6- aliikoxya rsasiidite] of L(risiaitoratmj bpdnchieal by uhbrarehaapCe-Ce-

Cl- C6- al kyl -, Ci1-C3-al ko%ié Si%b , carboxyl-, sulfonyl-, nitro-,
cyano-, oxo- or/and 5 h 8 e tut ed phenoxy or benzyl oxycarbonyl

residue, R2 is an qfit)i onah | )op‘tlonaﬂry(arm eexdmp® alkyCsalk@lt; C8elikalkpxy-,

hydr oxyl -, carboxyl - , - Qr d | 0 -
substituted phenyl resi %\I&B\Xlﬂc’h CQPBJXS'OY S@%@ﬁg'ﬁ’e,n?%ﬁ'en%%r@’ 1{}?0%gﬁ§m%henyl ,
2,4, 6-trimét hyl phenyl , 2halpgenssubstifptashyhgriaxyyor, behrzyloxycarbonyl residue,

met hoxy- 2, 3, 6-tri nmet hyI phenyl, R3 is H or branched or unbranched

Cl- 4-al kyl, and 15 i sOor1, Z is Nor CRO where RO is H or branched or

unbr anched Cl- C4- aIIR lis an Tmgionsthhotbrasxarmleedi-bealyl-of GiHes-plkexedi ng
claims, in which t 3- Vi )]o] n r an
N-a-(2,4,6-triiso- rdcg;a)%lﬁhg'ﬂwzll ?gﬂjlﬂzirﬂ/g rhﬁgybxygﬁnbdeoﬁ @’éﬂd Y]%Idg%n

L) - phenyl al ani ne desubsituted ehepile rEs@Hantstmlaera&,hmrecﬁxarrmlemé\emt héd as

claimed i npany of tm%ﬂgf;gﬁeﬁﬂ)lngzgl rﬂfﬁetHyTbHMNth 3 n&s- trﬁ?opi]r)(?g}llghemén

3- hydr oxyam di nophenyl derivative N-a- TI'PPS- xyam di no- (D,
L) - phenyl al ani ne 4- BEHRY c%Btﬁ;HW%‘iWW@Z‘VHe or the L enantioner thereof. 6.
The nmethod as clainmed in any of the precedi ng clains, in which a 30

solution of the 3-hydroxy [ Ialan ivatjve in acetone is
enpl oyed in step (aé. '57é H&"[’%Br )b r@pg 8:1|¢4§ ,8"% he preceding
clainms, in which the

15 nisOorf,

Z is N or CR®? where R is H or branched or unbranched C;-Cg-alkyl.

4, The method as claimed in any of the preceding claims, in which the
20 3-hydroxyamidinophenylalanine derivative is an N-o-(2,4,6-triiso-
propylphenylsulfonyl-3-hydroxyamidino-(D,L)-phenylalanine
derivative or the L enantiomer thereof.

5. The method as claimed in any of the preceding claims, in which the
25 3-hydroxyamidinophenylalanine  derivative is  N-o-TIPPS-3-
hydroxyamidino-(D,L)-phenylalanine 4-ethoxycarbonylpiperazide or

the L enantiomer thereof.

6. The method as claimed in any of the preceding claims, in which a
30 solution of the 3-hydroxyamidinophenylalanine derivative in acetone
is employed in step (a).

7. The method as claimed in any of the preceding claims, in which the
removal of the precipitate in step (b) takes place by filtration.
35
8. The method as claimed in any of the preceding claims, in which the
recovery in step (c) takes place by reaction with NaHCOs.



removal of the precipitate in step (b) takes place by filtration. 35 8. The
nmethod as clainmed in any of the preceding clains, in which the recovery in
step (c) takes place by reaction with NaHCO3. -16- 9. The nethod as cl ai ned
i any of the preceding clains, in which {de 3-hydroxyam di nophenyl al ani ne
derivative is obtained in a purity of nore than 90% 5 10. The nethod as

claimed in any.of tTie AAREdaBLI&HRIIH, ahWoW@brdc@Gmg claims, |n WhICh the
3- hydr oxyam di nopheni%/mgl ani ne derjvative. 1s

Chan 963 11, The M BPRRS GRS de A e cetdanag B ity o i ch
the 10 hydroxyam dnooptramydeeani ne derivative is obtained in a purity of
nore than 99% 12. A nethod for preparing 3-hydroxyam di nophenyl al ani ne
derivatives including the steps: 15 (i) reaction of an N protected

3- cyanopheby! al@ni riEhevnidthad asi giainsed imeamieof thet preeetingf da'mnann Whiclotiest ed 3-

ohanytsul Tony! - hal 1 aocragefTanbbhen(ERE s Oeit4dleR, ARBI RN R &t =

hydr oxyam di no gr oupord than @&ffei fi cati on of the forned

3- hydr oxyam di nophenyl al ani ne derivative by a nethod as clainmed in any of
claims 1 to 11. 13. The nethod as clainmed in claim12, in which a Boc
N-protected 2b61.3- chempﬂtbn@l%l claimes theamny af theepieceding dgl'afds iin vehielp tiie ) . 14.
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including the steps:
15
(i) reaction of an N-protected 3-cyanophenylalanine with a
piperazine derivative to form an N-protected 3-
cyanophenylalanine piperazide,
(i) reaction with an optionally substituted phenylsulfonyl halide;
20 (iiiy  conversion of the cyano group into a hydroxyamidino group
(iv)  purification of the formed 3-hydroxyamidinophenylalanine
derivative by a method as claimed in any of claims 1 to 11.

13.  The method as claimed in claim 12, in which a Boc N-protected
25 3-cyanophenylalanine derivative is employed in step (i).

14. The method as claimed in claim 12 or 13, in which the piperazine
derivative in step (i) is ethoxycarbonylpiperazine.

30 15. The method as claimed in any of claims 12 to 14, in which reaction
with 2,4,6-triisopropylbenzenesulfonyl chloride takes place in step

(ii).

16. The method as claimed in any of claims 12 to 15, in which the cyano
35 group in step (iii) is converted by means of hydroxylamine
hydrochloride in the presence of sodium carbonate or triethylamine

into a hydroxyamidino group.
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3-hydroxyamidinophenylalanine derivative is produced in a purity of
more than 95%.

19.  The method as claimed in any of claims 7 to 11, in which the
10 3-hydroxyamidinophenylalanine derivative is produced in a purity of
more than 99%.

20. A process for preparing 3-amidinophenylalanine derivatives
including the steps:
15 (i) preparation of a 3-hydroxyamidinophenylalanine derivative by
a method as claimed in any of claims 9 to 19, and
(i) conversion of the hydroxyamidino group into an amidino

group.





