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Process for the preparation of acetyl-amidiniophenylalanyl-cyclohexylglycyi-
pyridinioalaninamides

The present invention relates to a process for the preparation of acetyl-
amidiniophenylalanyl-cyclohexylglycyl-pyridinioalaninamides of the formula |,

in which the anions X are physiologically acceptable anions, and their analogs, which
are effective inhibitors of the blood coagulation factor Xa and which can be used, for
example, for preventing thromboses. The process according to the invention
comprises the coupling of 2-{2-acetylamino-3-(4-amidinopheny!)propionytamino]-2-
cyclohexylacetic acid, which is obtained from 2-[2-acetylamino-3-(4-cyanophenyl)-
acryloylamino]-2-cyclohexylacetic acid by asymmetric hydrogenation and conversion |
of the cyano group into the amidine, or a salt thereof, with a 3-(2-amino-2-carbamoyl-
ethyl)-1-methylpyridinium salt or a salt thereof. The invention furthermore provides
starting materials and intermediates for this process, processes for their preparation
and acetyl-(s)—4—amidiniophenylaIanyl—(S)—cyclohexylglycyl-(S)—(i -methyl-3-
pyridinio)alaninamide as ditosylate salt.

In certain clinical situations, such as, for example, deep vein thrombosis, high risk of
myocardial infarction or stable or unstable angina pectoris, disturbances of the blood
coagulation system and the formation of thromboses may result in a fatal course.
However, in the prevention of thromboses, it is not desirable to inhibit the blood
coagulation system excessively or even completely, since this may result in life-
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The i nverindane cofreBesaME USLR6848510, According to WO-A-95/29189, they are
prepared by solid-phase synthesis using protective-group techniques where
3-pyridylalanine is coupled to a resin using a Knorr linker and then coupled with
15 cyclohexylglycine, the pyridine nitrogen atom is quaternized, the dipeptide is coupled
with acetyl-4-amidinophenylalanine, prepared from 4-cyanophenylalanine, and the
product is, following cleavage from the resin, purified by chromatography. This solid-
phase process is unsuitable for preparing multi-kg quantities required for
development tasks, such as toxicological and clinical studies, or even for the
20 synthesis on an industrial scale.

A pharmaceutically active compound is acceptable as development product and for
later use in patients only if the preparation can be carried out on the required scale
and with adequate purity, where purity, in the case of compounds having centers of
25 asymmetry, includes in particular also stereochemical purity. The compounds of the
formula | contain a peptidic dication camrying positive charges in amidinium group and
the N-methylpyridinium group. Among the compounds of the formula | with different

anions X such as acetate, chloride, fumarate, benzoate, tartrate, maleate,
trifluoroacetate, tosylate, sulfate or pamoate, only the trifluocroacetate salt (compound
30 of the formula I, X = CF3C02") was found to be crystalline. However, the thermal

stability of the triflucroacetate salt is insufficient, its shelf-life is unsatisfactory and
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15 A process for preparing the compounds of the formula | which is not carried out on a
solid phase is described in WO-A-97/22712. in this process, the three amino acid
units contained in the compounds of the formula | are linked in the same order as in
the process of WO-A-96/28189. (8)-3-pyridylalanine, protected at the amino group by
a tert-butoxycarbonyl group (Boc), is initially converted into the amide, which is then,

20 after removal of the protective group, coupled with (S)-N-Boc-cyclohexylglycine, the
protective group is removed, the dipeptide is coupled with acetyl-(S)-4-
cyanophenyialanine and the cyano group in the resuiting tripeptide is converted, by
reaction with hydrogen suifide, methyl iodide and ammonia, into the amidine, and the
pyridine nitrogen atom is quaternized. The product is isclated in the form of the

25 triflucroacetic acid salt, by evaporation of the reaction solution obtained in the last
reaction step, dissolving the residue, addition of trifluoroacetic acid, filtration and
freeze-drying. HoWever, it is found that the purity of the product obtained by this
process, including the stereochemical purity, does not meet the requirements,
necessitating a complicated chromatographic purification which involves heavy

30 losses and is unacceptable when conducting the process on a large scale. To avoid
possible objections from a physiological point of view with respect to the

trifluoroacetate anion, it is furthermore necessary to convert the product into a
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group into the amidino group into the compound of the formula Il or its salt with the

acid HX, followed by reaction of the compound of the formula i1l or its salt with a
compound of the formula IV or its salt with the acid HX to give the compound of the
formula |, where the anions X are physiclogically acceptable anions.
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Whereas in the known processes, the molecule of the formula | is constructed by
coupling the C-terminal dipeptide of pyridylalanine and cyclohexylglycine with the

5 N-terminal amino acid amidinophenylalanine (or cyanophenylalanine), in the process
according to the invention, the molecule is synthesized by coupling the N-terminal
dipeptide of amidinophenylalanine and cycichexylglycine with the C-terminal amino
acid pyridylalanine. Mor.eover, in the process according to the invention, in the
dipeptide which is used for this coupling, the structural unit CH-CO-NH-CH-CO,

10 which has two centers of chirality which are sensitive to epimerization, is not formed
in a coupling reaction of two chiral a-amino acids as in the known processes, but by
asymmetric hydrogenation. In the process according to the invention, the peptide
coupling is clean and quantitative, with inexpensive reagents being used.
Epimerization is very low. The compounds of the formula | are obtained in high yield
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compounds in which the center of chirality in the amidinophenylalanine unit has the
(R) configuration and/or the center of chirality in the cyclohexylglycine unit has the

10 (R) configuration and/or the center of chirality in the pyridylalanine unit has the (R)
configuration, or compounds which, on one or more of the centers of chirality, are
present as (RS) mixtures. The invention furthermore provides processes which are
analogous to the above processes and in which, using the appropriate starting
materials, analogs of compounds of the formula | (and their sterecisomers) are

15 prepared, for example compounds which, instead of the methyl group in the
acetylamino group in the amidinophenylalanine unit, contain a (C1-C4)-alkyi group
and/or, instead of the methyl group at the quarternary pyridine nitrogen atom, contain
a (C1-C4)-alkyl group, examples of such (C1-C4)-alkyl groups being methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobuty! and tert-butyl.

20
Physiclogically acceptable anions X in the compounds of the formulae [ and IV and in
the acid HX can be, for example, chloride, bromide, iodide, methanesulfonate,
toluene-4-sulfonate, acetate, benzoate and others. In the case of polyvalent anion,
for example sulfate, X is an anion equivalent. X is preferably ananion to which there

25 are no objections from a physiological point of view, even if the compounds of the
formuia I are used in relatively high doses and for a relatively long period of time,
and/or which imparts to the compounds of the formula 1 favorable properties with
respect to pharmaceutical processing and the pharmacological action, for example a
suitable solubility in water, and/or which impafts to the compounds of the formulae |

30 and IV favorable properties with respect to technically conducting of the process
according to the invention, for example simplicity of the process, suitable solubilities
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which comprises converting the compound of the formuta 1 by catalytic
hydrogenation and conversion of the cyano group into the amidino group into the
compound of the formula Il or its toluene-4-sulfonic acid sait and reacting the
compound of the formula Il or its toluene sulfonic acid salt with the compound of

15 formula IVa or the toluene-4-sulfonic acid salt thereof to give the compound of the
formula la. From a physiological point of view, there are no obje.ctions to the tosylate
anion contained in the compound of the formula la, and the compound of the formula
la is distinguished, in particular, by particularly good properties when conducting the
process according to the invention. The compound of the formula la is easy to

20 precipitate and easy to filter and is obtained in a particularly high yield and purity. The
present invention alsc provides the compound of the formula la per se and its
solvates, for example adducts with water or alcohols, the use of the compound of the
formula la as an inhibitor of factor Xa or for the treatment, including therapy and
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In addition to the processes described above for the preparation of the compounds of
the formula [ and for the preparation of the compound of the formula fa from the
compounds of the formulae Il and IV or their salts, the present invention relates to a

15 process for preparing the compound of the formula la, which comprises reacting the
compound of the formula Il or its toluene-4-sulfonic acid salt with the compound of
the formula 1Va or its toluene-4-sulfonic acid salt to give the compound of the formula
ta. For this process, which affords the compound of the formula | in the specific
ditosylate form surprisingly in particularly good yield and purity and which is

20 characterized by the fact that it proceeds particularly smoothly and can be carried out
in a simple manner, all of the illustrations given above and below for the reaction of
the compounds of the formulae Ill and IV or their salts, i.e. for the peptide coupling
step in the context of the process described above, apply correspondingly.
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July 2004 WO 01/55175 PCT/ EPO /00523 8 prevention, of thronboenbolic

di sorders, such as thronboses, myocardial inf arcti on or angina pectoris,
and the use of the conpound &fiithe fornula |a for preparing nedicanents
for these nedical applicatioms, and pharmaceutical preparations (or

phar maceuti cal conposit : c¥hri sing an effectjve pog@mt of the conpound
of 5 the fornula |a ang phar maceutically accgptahle carrier, i.e. one or
mor e . phar macebiCcal epthabl e excipients a fadditives. Mre details
on the use of e crrpo ds lof the fornula I¢i udf(lf-g3 t he conmpound of the
formula Ia an@*on pharfrac&@Hi cal prepardtioggy conprising themare
given in WO A- 951251890and US- A-584951 B NN are explicitly incorporated
into the present disclos jy way of 10 refer ce. In addition to the
processes descri bed abov the preparation of the conpounds of the
formula | and for the prepafation of%the conpound of the fornula la from

the conpounds of thefformulae Il and IV or thei/salts, the present
invention relates to a 15 process forY preparing the conpound of the formul a
I's, which conprises reacting the conpound of the formula Il or its
toluene 4-sul fonic acid salt with the conpound of the formula I'Va or its
tol uene-4-sulfonic acid salt to giwe tTe&QCconpound of the fornula la. For
this process, which affords the cfnpound of the formula | in the specific
ditosylate form surprisingl) -a'NFpuI goofhatel d and purity and
which is 20 characterized by ¢ fact t Bt hr proceeds particularly

smoot hly and can beqgarrigd T quner all of the
illustrations given apove andeeI r tR@irea ion of the conpounds of
the formulae |11 af 2 for the peptide coupling

na

The compounds of the formula | can also be represented by the formula V, which

expresses that they can be considered formally as acid addition salts of the acid HX
5 and the monocationic amidino-substituted pyridinium salt contained in the formula V

(having a free amidino group (= carbamimidoyl group = amino-imino-methyl group

-C(=NH)-NH2 instead of the protonated, positively charged amidinio group

-C(=NH2")-NH2 in the formula [).



step in the context of the process described above, apply 5L e@B%ndi ngly.
12 July 2004 WO 01/55175 NH PCT/ EPOL100523 9 O 111 IVa NH2 2T P 0osO Il N
'O 0N Is e conpounds of the forrmula | can al so be represented by the
formul a Vv, WhPER ™ expresses that they can be considered fHrHERMOSEE acid
addition salts of the acid HX 5 and the nonocati oni ¢ am di no-substituted
pyridiniumsalt contained in the forrrulﬁ V (having a free am dino group (=
car bam m doyl group = am no-im no-neth group -C(=NH)-NH2 instead of the
protonat ed, positively charged am dinio group -C(=NH2+)-NH2 in the formula
). 12 July 2004 WO 01/55175 PCTI EPOL/ 00523 10 Correspondi ngly, the '
compounds can al so be nanmed iMHdi fH& ent ways, for exanple as dicationic
pyridiniumsalts which contaijp a positively_charged am dinio group as a 5
"y mhgr ni¥ns X as counterions, or as acid
addition salts of the HX and nmopfypcat i oni ¢ pyridinium salt which

contains a fregd@m di gt oup as st‘Cngnt and a negatively charged
ani on X-as countgri onl. endj| ng :
NH \Y
0 N =~ N 2
_ H : H

Correspondingly, the compounds can also be named in different ways, for example
as dicationic pyridinium salts which contain a positively charged amidinio group as a
5 substituent and two negatively charged anions X as counterions, -or as acid addition
salts of the acid HX and a monocationic pyridinium salt which coniains a free amidino
group as a substituent and a negatively charged anion X as counterion. Depending
on the respective circumstances, other ways of naming may also be appropriate, for
example a name derived from peptide nomenclature in which the positively charged

10  amidinium group (= amidinio group) or the free amidine group and the positively
charged pyridinium group (= pyridinio group) are considered to be substituents. The
compound of the formuila la, for example, could be referred to as 3-{(S}-2-{(S)-2-((S)-
2-acetylamino-3-(4-amidiniophenyl)propionylaminec)-2-cyclohexylacetylamino]-2-
carbamoylethyi}-1-methylpyridinium ditosylate or as 3-{(8)-2-[(S)-2-((S)-2-

15  acetylamino-3-(4-amidinophenyl)propionylamino)-2-cyclohexylacetylamino]-2-
carbamoylethyl}-1-methyipyridinium tosylate toluene-4-sulfonic acid salt, or else as
N-acetyl-4-(amino-imino-methyl)-L-phenylalanyl-L-2-cyclohexylglycyl-3-(1-
methylpyridinium-3-yl)-L-alaninamide tosylate toluene-4-sulfonic acid salt.

20 When carrying out the process according to the invention, the compound of the
formula 1f can be converted into the compound of the formuta Ilf by initially
hydrogenating the compound of the formula It in a stereoselective manner to give the
compound of the formula VI, followed by conversion of the cyano group into amidine,
or by initially converting the cyano group into the amidine, followed by stereoselective

25 hydrogenation.



~on the respective circunstances, other ways of nam ng nmay.al.so ,
appropriate, for exanple a nane derived from peptide nonéggﬁggﬁﬁ% I n which
t he positivelg charged 10 am di nium group (= am dinio grou or the free
anm di ne gr PS5t he positively charged pyridiniun1grodﬁg%gmﬁyﬁﬁﬂinio
group) are considered to be substituents. The conmpound of the fornula |a,
for exanple, could be referred to as 3%{(8)-2-[(8)-2-((8)-
2-acety|anino-3-(4-anidiniophenyl)prohﬁonylanino)-2-cyc|ohexylacetylanino]-
2- carbanoyl et hyl } - 1- et hyl pyridinium ditosylate or as
3-{(9-2-1(9)-2-((9-2 15

acet yl am no- 3- (4- am di nophenyl ) propi onyl am no) - 2- cyci ohexyl acet yl am no] - 2-
carbanoyl et hyl } - 1- met hyl pyri di nium tosyl ate tol uene-4-sulfgnic acid salt,

or else as N—acetyl-4-(anino-igNno-nethyI);

L- phenyl al anyl - L- 2- cycl ohegyhagt'ycyl - 3- ( 1-

met hyl pyri di nium 3-yl)-L-8 nam de tosyl ate tol
20 Wen carrying gut thg Cesg according to th

4-sNHfonic acid salt.
enti on, the conpound

of the formula I'1°kan be ddnveljted igio Hife cof d the_forpula 111 by
initia||yhhr‘;'d‘rogeﬂ%mg \gd%g;,qnd of?{f a in o i
st ereosel ective nanndd tolgi vé the conpounhd MNf e rmOH VI, followed by

T
conversion of the cyano d?o to am di ne, For Ry i itially converting the
cyano group into the amdin | | owed by stereosel g e 25
hydr ogenation. 12 July 2004 01/55175 11 VI VIl P POL/ 00523
Preferably, the hydrogenation to give the conpound of“the formula VI is
carried out 5 first, followed by conversion of the cyano group into the
am di ne. The stereocontrolvgﬁ hydr ogenati on of thegjC=C double bond in the
dehydrodi peptide of the fornula Il can be carried out using selective

het er ogeneous catal ysts or chiral transition netal conplexes. It is .

P el 2ot s WSS R B AR ey )

r ut heni um? par era um i on
nmet al Bafiedtyfiiowad b conaensioni of the cyerotgralp irdm tha amicime.be enpl oyed i n
I sol ated form or
The stereocontrolled hydrogenation of the C=C double bond in the dehydrodipeptide
of the formula H can be carried out using selective heterogeneous catalysts or chiral
transition metal complexes. It is preferably carried out using chiral metal complexes
10  of rhodium (1) or ruthenium (1l), particularly preferably of rhodium (l). The fransition
metal catalyst can be cationic or neutral, and it can be employed in isolated form or
be formed in situ in the hydrogenation medium from the chiral ligand and a

precatalyst, for example a rhodium salt such as [Rh(COD)Cl]2 or [Rh(COD)2]+ Y

(COD is 1,5-cyclooctadieng, Y here is, far example, tetraflucroborate). The

15 hydrogenation catalyst can be present in the hydrogenation medium in
homogeneously dissolved form, or it can be heterogenized by attachment to a solid
support, as a result of which it can be removed easily by filtration after the
hydrogenation has ended and be re-used for the next hydrogenation batch. As chiral
ligands for the transition metal complex numerous different compounds are suitable.

20 A review of such chiral ligands can be found, for example, in I. Qjima, Catalytic
Asymmetric Synthesis, pages 445 - 447, VCH, New York 1993, In a preferred
embodiment of the present invention, a rhodium {l) complex with a chiral phosphine
as ligand is used for the asymmetric hydrogenation of the compound of the formula 1l



be formed in situ in the hydrogenation nmediumfromthe chlrg %Ed and a
precatal yst, for exanple a rhodiumsalt such as [Rh(CCD)C uly2 Oﬁ (COD) 21+
Y (CODis cycl ooctadi ene, Y here is, for exanple, tetrafl uoroborate).
The 15 hydWé’d’éﬁé%?on catal yst can be present in the hydr F&&EV#2hedi umin
honogeneously dissolved form or it can be heterogenized by attachment to a
solid support, as a result of which it can be renoved easily by filtration
after the hydrogenation has ended andZe re-used for the next

hydr ogenati on batch. As chiral ligands for the transition nmetal conplex
nunerous different conmpounds are suitable. 20 A review of such chiral

| i gands tmgiveéheé comdouraof thedomiwda V. rPdrticulii prefer@ataisydiven to/&ﬁ(hﬁj&(-lr)i- c

Synt hesi 445 447 .. V 1993, f nbodi t
"t he” pEEERRESRNsE T 85“%%&5&%’5\% &WBQS% R B BEh e e s
opany! 1”T§*}t?“‘%“8%ﬁw 5175 O e O e ound
or mul a u oun
o he  BYmneit apRPEr ExiogHo ﬁwa}'&a@ﬁlf 5 e s rreieiapl appagsiy

cat al yst in §if: frémdPdidiUm 65k afat ggndwhi ch conprises, as chiral |igand,

(+)-

(2R, 4R) - 1-tert - but yl oxycar bonyl - 4- di phenyl phosphi no- 2- (di phenyl phosphi nonet
hyl ) - [ . p atalyst is
o ef er abPREBIE Bt P oiBfeds Pkl ALY aroi AT he cdmpound Bne S it abr e
sol vent sfcfrmula Héo gtvertiaewel'maoundef tnedouyda Miiaoe, fof example oethersn th of t he
formul a r VI r et hers,
in part g’%ﬁi‘%{ Cﬁoﬁ%fﬁg toﬁi: “iet} %0 E%legﬁc}?fﬁ ﬁ{}egh%rtoqsﬂﬁ rret hanol ,
et hantd tyopitdpdroh mhmwtm:genﬂnen ey partioany pafierablypertied olitdn Imetpard] T y
carried t hano ation is feraply rried out at
Cenper at DVROOBNARb I BSOS 6 B 200 af et s Tt 2690 ARrasEib y 1 rom
about 30speC q&mﬂ&uléuwprdf@:@bwﬁﬁmbao@tsmmﬁouﬂwc f&MdﬁNﬁé@ﬂQboW@@Uf e
that is ﬁ’?ﬂt abl i shed depends qn the %par atus us it Lgsgef ?rred to
est abl i sHN& TYFERISHATERFEEdARtds BFiapisiipd fspands op " pbparahis er |
par ti cul grdryrrbl & éét%'ahéh EnoanoaeR %Pes%uFé)oﬁﬁﬁHtabéﬁt P8 abdiproomsernpl e about 10
bar. To "increase the efficCiency g/ rogenation, the reaction is
carri &2 eeacticwarly preferably from about 5 to about 15 bar, for examp!e about 10 bar. To
increase the efficiency of the hydrogenation, the reaction is carried out with
substantial exclusion of oxygen and very intensive mixing. The hydrogenation
product can be isolated in a simple manner by adding water and filtering off or
centrifuging off the resulting precipitate. The asymmetric hydrogenation proceeds
20 with very high stereoselectivity and yield and gives the compound of the formuta VI
with a diastereomeric excess of 98.4% d.e. of (8,S)-isomer in the crude product and
99.5% d.e. in the isolated product, at an isolated yield of 97%. Moreover, these
excellent results are obtained at very high substrate/catalyst ratios of about 2000:1 to
about 5000:1.
25
The present invention also provides the compound of the formula VI per se, i.e. (S)-
2-{(S)-2-acetylamino-3-(4-cyanophenyl)propionyiamino]-2-cyclohexylacetic acid and
its salts, for example alkali metal or alkaline earth metai salts, such as the sodium
salt or the potassium salt, the above process for its preparation and its use as
30 intermediate, in particular as intermediate for pharmaceutically active substances.



substantial exclusion of oxygen and very intensive m xing hle

hydr ogenation product can be isolated in a sinple manner 1%;[ X&g%g vat er
and filtering off or centrifuging off the resulting precipitate. The
asymmet ri c Wi 8t&nat i on proceeds 20 with very- high ster 933ty and
yield and gives the conpound of the formula VI wth a diastereoneric
excess of 98.4%d.e. of (S,S)-isoner in the crude product and 99.5%d. e.
in the isolated product, at an isolatelPyield of 97% Moreover, these
excellent results are obtained at very high substrate/catal yst rati os of
about 2000:1 to about 5000:'1. 25 The present invention also provides the
conpound Tdfe eyamofgrewm irathelcopwousd of thesfori@a Vi can be converted into the

ot 3 ang Hihed] (ol e AnRRART Koo B BALBREER oo HERETBEY o0 el ©
salts, susdaniple b the method desttibed in WIB AR 22EI2mhishldoes tmmuaﬁeomvpra)c ess
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VI can be converted into the amdine by various known per se to
the per sdiydeRiyiaraigeitq theayagio growp in theeammosing pf iheefomhao\a with dermadign; n

WO- A- 97/ 2 (R NIV §mehﬁl‘éﬁﬁ .atefmﬁe forftd: ntﬂﬁ Q%rﬁgélyr?d@ RS when

carried out on dn I ndustri al ror exanple ydr ogen
sul fide. fomeuladfilis rtlsarmnon\serli@dem erSeHBIDI? raanner &y hydrogspolysis; i.al byreadiomg

hydr oxyl | f. - vm t h
For et on o Aab Qe o ot clerfER et inblfe SRidE B T
conpodfd fofmuladii. Tl'mrmuhcaplylofthisraamhm seqlmceesidesnr‘fmedj fop lexamplen & by
hydr ogenq|, y b ogen in the presence of a
hydrogenj_t| ‘%Q%E%{{aaelﬁﬂ ¥e{r %"?'Hg’éﬁ%#}ﬂg&g? the 10 formula |11 _ The
principle of this reaction sequence is described, for exanple, in H

Jendralla_ et -al,, Tetrahedron 51 (1995) 12047. The requi red hydroxyl am ne
i s advant g|r9d BVQW@W'”%'SS‘MV nﬁe,gg?;w%{y prepared in situ from a

hydroxylammonium salt, for example hydroxylammonium chloride or

15 hydroxylammonium sulfate, and a base, for example a basic sodium or potassium
compound or a tertiary amine. The base used for the reaction of the compound of the
formula VI with a hydroxylammonium salt is preferably sodium hydrogen carbonate.
The hydroxylamine or the hydroxylammonium sait is preferably employed in excess,
for example in an amount of from about 1 to about 2 mol per mole of the compound

20 of the formula VI. Suitable solvents for the reaction with hydroxylamine or a
hydroxylammonium salt are, for example, lower alcohols. A particularly preferred
solvent is methanol. The compound of the formula Vil is preferably prepared at
temperatures of from about 20 to about 65°C, particularly preferably at temperatures
from about 40 to about 60°C. If a hydroxylammonium salt is employed, the added

25 base also converts the carboxylic acid function in the compound of the formula V1 or
that in the compound of the formula VIl into the corresponding salt. If an intermediate
isolation of the N-hydroxyamidine of the formula VIl is desired, this compound can be
isolated in an advantageous manner in the form of a salt at the carboxylic acid
function, i.e., if the base used is a sodium compound, in the form of the sodium salt

30 of the carboxylic acid, which can be precipitated by concentrating the reaction
mixture and/or admixing with a relatively nonpolar solvent and removed by filtration
or centrifugation.



hydr oxyl anmoni um sal t, for exanpl e hydroxyl anmoni um chl or lléig ar, &%
hydr oxyl anmoni um sul fate and a base, for exanple a basic's '%11 Pn r

pot assi um corrpound or atertiary am ne. The base used for the reaction of
the conpouM® Y5tRe formula VI with a hydroxyl ammoni um SEHERY0GRES er abl y
sodi um hydrogen carbonate. The hydroxyl am ne or the hydroxyl ammoni um sal t
Is preferably enployed in excess, for, exanple in an anount of from about |
to about 2 nol per nole of the corrpounh""t 20 of the formula VI. Suitable
solvents for the reaction with hydroxylam ne or a hydroxyl ammoni um sal t
are, for exanple, lower alcohols. A particularly preferred solvent is

net hanol . The conpound of the fornula VII is preferably prepared at

t enper at
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formula VIl or a sal oun
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cat al yst, 'um on car I'ons "depend on

t he appqxadiuuniarlya:&dfer@d&sdh;&drt cmzetip reeiss The resultjing amidineaogrhpqurigeofitne a r ange
of from abo to ab r.ticular from gbout tQ aaout 25

a
bar, and YR ?é’gﬁ” Bf 'S"[%‘ﬁgé’ﬁaﬂ‘ﬁ'?’ &r Mﬁeﬁ%m? PR gggddBign szt g A i n
par t i cul @bripoont @b fofPulzolilaRiich iSAEE prédent iy tHeofoam Glzy g frée amifiss abl y
carri ?g out in an acidi¢ nedium Preferred
group and a carboxylic acid group, which is represented by the formula lll, but in the
tautomeric form of the formula llla, i.e. as betaine or zwitterion, in which the
carboxylic acid group is dissociated to the carboxylate anion and the amidine unit is

protonated to the amidinium cation).

In the presence of an acid, which may be present even during the hydrogenolysis, for
example if the solvent used is acetic acid, or which can be added during work-up, the



10 solvents for the hydrogenolysis are, in particular if Itﬁzl :
N-hydroxyam dine is enployed in the formof a salt, pola %V\;gﬂ%s for
exanpl e | ower al cohols or acetic acid. A particul ar| y preferred sol vent is
acetic aci O Besul ting am di ne conpound of the for mRGEFRLEEH be

I sol ated as such or in the formof an acid addition salt (the am dine
compound of the fornmula Il as such |s not present in the formhaving a
free am dino 15 group and a carboxylic 13cid group, which is represented by
the fornmula 111, but in the tautonmeric formof the fornula Isla, i.e. as
bet ai ne or zw tter| on, in which the carboxylic acid group is dissociated
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formof an acid addition salt, the acid referably chosen such that
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formula la I's to be prepared and t corrpoun e for
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tosyl ate of the formula VI11 where X = TosO, for exanple by adding
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15 formula Iti), both giving similar purities and vields. The compound of the formula il is

preferably isclated as betaine (or zwitterion} of the formula lifa and used as such for

the peptide coupling. If the hydrogenoclysis is carried out in acetic acid, the acetic acid
salt of the compound of the formula Il (= compound of the formula VIll where X =

acetate) initially formed can be converted into the betaine by recrystallization from . '
20 water.

The present invention also provides the compounds of the formula It and their salts

and the compounds of the formulae llla and VIl per se, i.e. (S)-2-{(S)-2-acetylamino-

3-(4-amidinophenyl)propicnylamino}-2-cyclohexylacetic acid as betaine (zwitterion)
25 and in the form of their salts, the above process for their preparation and their use as

intermediates, in particular as intermediates for pharmaceutically active compounds.

The peptide coupling of the amidine of the formula Il (in the form of a salt or
preferably in the form of the betaine of the formula 1lia) with the pyridinioalaninamide
30 of the formula IV or a salt thereof to give the compound of the formula | can be

carried out by customary coupling methods known to the person skilled in the art.



preferably isolated as betaine (or zwitterion) of the for IJaII bz and used
as such for the peptide coupling. If the hydrogenolysis i '&gl’zlol d out in
acetic acid, the acetic acid = salt of the conpound of the formula Il (=
conpound oYQH{ESY Srmula VI1II where )C acetate) initially BREVEROYEEh be
converted into the betaine by recrystallization from 20 water. The present
I nvention al so provides the conpounds of the fornula Ill and their salts
and the conpounds of the formnulae I | al%nd Vi1 per se, i.e.
(S)-2-[(S)2-acetyl am no-

3- (4-am di nophenyl ) pr.opi onyl am no] - 2- cycl ohexyl aceti ¢ aci d _as-bet ai ne

(zwi t t er i1W%)PYigirigRieninamisie ip refeEIvt eraployedin ©e fore ohpsal withdee ssidf or t hei r
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for pharnmaceutically active conpoun he peptide couplin the™ am di ne
of the fgreferably physidlogichity daneptaple anisnd.t or preferably in the formof the
betaine of the formula Illa) with the pyridinioal ani nanm de 30 of the
formula IV or a salt thereof to give the conpound of the formula | can be
carried out by custo coupling nethods known to the person skilled in
the art. 12 July 200 P1K55175 PCT/ EPCOL/ 00523 16 The ‘

pyri di ni oal ani gam d 'szNﬁE erably enployed in the formof a salt with the
acid HX, i.e. inthe for the dication salts of the fornula I X in

whi ch t he anigp§+ r eNHpr ef er abl y Iphysi ol ogi cal |y acceptable anions. 5 0
The anion X in'astthe cpnpound of the fornula 1V or the conpound of the -

formulg 1 X and, if ©@he conpound of the fornula Ill is enployed in the form
of a salt of the formula WVIII, also the anion in the conpound of the
formula VIIl is preferably the anion of the 10 conpound of the fornula Ito

be preparggd, 4 SERE [ of the
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10 compound of the formula i to be prepared, i.e., in the case of the preparation of the
compound of the formula Ia, the tosylate anion. If neither the compound of the
formula ! nor the compound of the formula IV are employed for the [Septide coupling
in the form of a salt with the acid HX, the second equivalent of the anion X, which is
required for preparing the compound of the formula | in addition to the equivalent of

16 the anion X introduced by the compound of the formula IV, can be added in the form
of an equivalent of the acid HX or a salt of the acid HX during work-up of the reaction
mixture of the peptide coupling.

Examples of peptide coupling agents suitable for activating the carboxylic acid

20 function or carboxylate function in the compound of the formula 11 (or llla or VIiI)
which may be mentioned are carbodiimides, such as, for example,
dicyclohexylcarbodiimide (DCC) or diisopropylcarbodiimide (DIC), or uronium salts,
such as O~[(cy_and-ethoxycarbonyl—methy!ene)amino]—N,N,N',N‘-tetramethyluronium
tetrafluoroborate (TOTU) or O-(7-azabenzotriazol-1-yl}-N,N,N',N'-tetramethyluronium

25 hexafluorophosphate (HATU). Carbodiimides are preferably employed in the
presence of hydroxybenzotriazine or hydroxybenzotriazole reagents, such as
3-hydroxy-4-oxo0-3,4-dihydro-1,2,3-benzotriazine (= 3-hydroxy-1,2,3-benzotriazin-
4(3H)-one = HOODbt) or 1-hydroxy-1H-benzotriazole (HObt). Preference is given to



required for preparing the conpound of the fornula | in aﬁlﬁii tli ap ‘%o t he
equi valent of 15 the anion X introduced by the conpound o thﬁé’ 8 mula 1V,
can be added in the form of an equivalent of the acid HX or a salt of the
aci d HX duMYSabPk-up of the reaction mixture of the pdiVEROVEGEDI i ng.
Exanpl es of peptide coupling agents suitable for activating the carboxylic
acid 20 function or carboxylate function in the conpound of the fornula
1l (or Illa or VIIl) which may be nenfivoned are carbodiinides, such as,
for exanple, dicyclohexylcarbodlimde (DCC) or diisopropylcarbodiim de
(DIC, or uroniumsalts, such as
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hydr oxybenzotri azol e reagents, such a
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3- hydr @xy .ﬁ%. % (?Aﬁ- NEwith HEPRL ;
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m ni mal , Bar g4fiety remdons{ BI@Obtfis preferablyastiplopedren acsuppprd) fot exampleenf or med.
Activating, agegts which are particularly preferred in this respect are
HATU, 5 t and DCC/ HObt. In particular with HATU or DCC/ HOObt, the
coupl ijgg gives a product which contains only 0.7-1.5% of the diastereoner
in the crude product. Specially preferred, owng to its considerably | ower
price, i sThxOSwlGytreactienris pedfetaply eaaded oyt in@0btlai solyerd {er abdlyerdnpl oyed on a
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Or 1 SOPT oR3hts isBPrbpanl, sies Me fidcafa Somarslon of (e SErmMNa amide group
15 into the ester is lower than with methanol or ethanol. Particularly preferably, the
coupling is carried out in aprotic polar soivents in which the coupling proceeds
particularly rapidly and cleanly, for example in amides, such as N,N-
dimethylformamide (DMF) or N-methyi-2-pyrrolidone (NMP), or in dimethy! sulfoxide
(DMSO). However, it is also possible to use solvents éuch as, for example, ethyl
20 acetate, tetrahydrofuran (THF) or methylene chloride, in particular also in a mixture
with other solvents. Very particularly preferably, the coupling is carried out in DMF or
NMP, both of which give excellent coupling resuits and isolated yields of the
compound of the formula | of 85-85% (after two product precipitations). Especially
preferably, the coupling is carried out in DMF, since this can be removed more easily
25 from the product. The coupling is preferably carried out at temperatures of from about
0 to about 30°C, particularly preferably at from about 0 to about 25°C, for example by
initially stirring the reaction mixture at about 10°C and then allowing it to warm to
room temperature. If, in the preferred embodiment of the coupling step, the
compound of the formuia Il in the form of the zwitterion of the formula llla is reacted
30 with the dication salt of the formula X, a favorable pH (from about 3.3 t0 4.2 if X in
the compound of the formula IX is tosylate) is generally present during the entire



iven to isopropanol, since the risk of a conversion of th - 1 nal.
gm’ de group 15 into the ester is |lower than w th nethanol lgg‘%é’?ﬁggol .
Parti cul arlnyq,\,ﬁreferabl y, the <coupling is carried out in aprotic polar

sol vents i W5t he coupling proceeds particularly rafRClEROHA$2E| eanl y,
for exanple in am des, such as N, N dinethylformam de (DVMF) or N nethyl
2-pyrrolidone (NW), or in dinmethyl sulfoxide (DVSO . However, it is also
possi ble to use solvents such as, for é§anp| e, ethyl 20 acetate,
tetrahydrofuran (THF) or methylene chloride, in particular also in a

m xture wth other solvents. Very particularly preferably, the coupling is
carri ed @Ursenoiive couplingymithpet thesddition o agiadditioraidiaserheinggoirag resul ts
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of the cdBpiENhEMNESUCh B TEIRABBINGP o Praferablyo NrRinydisaProRyIaTiEes or m of t he
zwitterion of the formula Illa is reacted 30 with the dication salt of the

formula | X, a favorable pH (fromabout 3.3 to 4.2 if Xin the cog)pund of
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N- hydr.oxybenzotri azi ne gr N-hydroxybenzotriazole 10 reagent, such as, for
exanplle, RiGRblY empioyesdp naraqunt sefrpieakont 0;1% to about 1 moal per mole of the

compound of the formula Ili, particularly preferably in an amount of from about 0.2 to
about 0.3 mol, for example about 0.25 mol, per mole of the compound of the formula
Ill. The carbodiimide is preferably employed in a slight excess. If the coupling is
carried-out using DCC/HOObt, for example, preferably an amount of from about 1.1

20 to about 1.4 mol per mole of the compound of the formula Il, particularly preferably
an amount from about 1.2 to about 1.3 mol, for example about 1.25 mol, per mole of
the compound of the formula 11l is employed. The order in which the reactants are
added is variable. Preference is given to initially charging the compounds of the
formuia 1ll and 1V or their salts, any base that may be added and the N-hydroxy

25 reagent, and to meter in the carbodiimide, for example in the form of a solution in a
solvent such as DMF or NMP, over a period of several hours, for example from about
5 to about 10 hours. In this procedure, the coupling, at a reaction temperature of
about 10°C followed by stirring at room temperature, is generally completed rapidly,
takes place virtually quantitatively and gives the product in high purity.

30 |
For work-up, the reaction mixture is advantageously initially filtered, and the product
is then precipitated by adding a suitable organic solvent. If the coupling is carried out



substoi chionetric anmounts or only catal ytic anounts, si ncg 5@3251- ydr oxy
reagent is regenerated during the reaction of the conpou % Pn formul a
IV with the activated ester internmediately formed fromthe conpound of the
formul a || WQHETRe N-hydroxy reagent. |f, for exanple, RERERSSIHRIng is
carried out using DCC/HOObt, the HOObt is 15 preferably enployed in an
anmount of from about 0.15 to about | npl per nole of the conpound of the
formula I'll, particularly preferably i f9an amount of fromabout 0.2 to
about 0.3 nol, for exanple about 0.25 nol, per nole of the conpound of the
formula 111. The carbodiimde is preferably enployed in a slight excess.
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N- hydr oxy, 25 reagent, and to neter in the carbodiimde, for exanple in the

formof aMRPUEISER thid Amespianataleds mannsop eXaRple R Apsalviggineod of
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procedur e, coupl | reaction tenperature o about 10C fol | oned
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produdf abdainbdin pvisdd pf akxius @10y ardidipagtyeofabotb®l % (erepant 2.4%obiteat . 1 f t he
coupling |s tcarri ed out 12 July 2004 WD 01/55175 PCT/ EPO1/ 00523 19 in DWVF
or NWP, t %Sﬁ?eé’@?% ‘tation is preferably carried out using an excess of a

| ower ketone, such as acetone or nethyl ethyl ketone, particularly
preferablly the DVF salution or ol ution bei ng added dropw.se_or by
reans. of ThegRpneana alrasdie Rplizedf SN Ar nek sgils. JHGH aieremr tipe
preci pi t greceddy AtEding o theah@irtian Risstibdd fdveNca bd pfepitiréd, fioldatdniidle, Washed
and, if desired for increasing the purity, preC|P|tated a second
15 by the processes described below. In a preferred form of the process according to
the invention described above, the starting material of the formula Il and/or the
starting material of the formula IV or their salts used are prepared by the processes

described below or are in part prepared by the processes described below.

NC

CN 0

H
HzN\/ILOH
. N O =
\
CHO )“ 0 ()
H.C

3

X ‘ I XH

20 H

The compound of the formula |l can be obtained by reacting the azlactone of the
formula XI with (8)-cyclohexylglycine (formula XiI). The azlactone of the formula X!,



time or else a third tinme in an anal ogous manner (for exa I ssol ving
the product in DVF and precipitating it by punping the sg?bﬁVgﬁognto
acetone or nmethyl ethyl ketone). Wth this procedure, nost of the

by- product WO@#B17A i n solution, and after two precipit atRGEGRPIIPGRE exanpl e,
t he conpound of the fornmula la (ditosylate) is 10 obtained in a yield of
about 91% and a purity of about 97% (+_about 2.4% of the diastereoner).
The starting materials of the formul ae2d1 and 1V or their salts, which are
used in the process according to the invention described above, can be

prepared, for exanple, 15 by the processes described below In a preferred
form of tWhchisasestialyoesenrastdisomss isivemd witled stendeeskaonditinns, for the
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CHO x 20 Xl 11 Xl | _Th onpound.of the fornmula 11 can be o | ned by
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eating wth sodium acetate " and acefic anhydride in
potassium hydroxide, in a mixture of water and a water-miscible organic solvent, for
example a ketone, such as acetone, or an ether, particularly preferably in a mixture
10 of acetone and water, at temperatures of from about 30 to about 50°C, for example,
at about 40°C. To isolate the product, the reaction mixture is acidified, for example
with hydrochloric acid, to a pH of about 2.3 and diluted with water, and the precipitate
is filtered off or centrifuged off. With this procedure, the resulting compound of the
formula 1l is present mainly as Z isomer, the percentage of E isomer is < 2%. The
15 present invention also provides the compounds of the formulae li and Xl and saits of
the compound of the formula I per se, in particular the Z forms, the above processes
for their preparation and their use as intermediates, in particular as intermediates for
pharmaceutically active compounds. Salts of the compound of the formula Il which
may be mentioned are, for example, alkali metal and alkaline earth metal salts, such

20 as the sodium salt or the potassium salt.

The optically pure (S)-cyclohexylglycine (formula Xli) required is advantageously
prepared by one of the following three routes. In one route, the starting material used
is racemic phenyliglycine (formula XIil) which is converted, by hydrogenation of the

25 aromatic ring under standard conditions, into racemic cyclohexylglycine (formula
XIV), for example by hydrogenation in the presence of a noble metal catalyst, such
as rhodium on carbon, in hydrochloric acid at from about 80 to about 120°C, for
example at about 100°C, and at a hydrogen pressure of from about 10 to about 30
bar. The racemic cyclohexylglycine is then acetylated under standard conditions at

30 the amino group using, for example, acetic anhydride in the presence of a base, such
as sodium hydroxide, in water at a temperature of from about 0 to about 30°C and at
a pH of at least 11. The racemic N-acetyl-cyclohexylgycine (formuta XV} is then



a solvent, preferably by heating in acetone under refl ux. He r tion of
the 5 conpounds of the fornulae XI and XI1 to give the deH§ Bﬁﬁ@ ptide of
the formula 11 is preferably carried out in alkaline solution, for exanple
with addi t "¥hY5¥18ne  equi val ent (based on the cyclohexylﬂ¢9@ﬂ%@?néf a base
such as sodi um hydroxi de or potassium hydroxide, in a mxture of water and
a water-m sci bl e organic solvent, for ?xanple a ketone, such as acetone,

or an ether, particularly preferably ifla mxture 10 of acetone and wat er,
at tenperatures of fromabout 30 to about 50C, for exanple, at about 40C
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21 subjected to an enzymatic racemate resol ution using an %{Xa?é%
(L-specific amnoacylase, E.C 3.5.1.14), to give optical |1§ ﬁ 04

(S)-cycl ohexyl gl ycine (formula Xll1) and N-acetyl cycl ohexyl gl yci ne

cont ai ni ngwéyﬂ%aﬁsexcess of the (R antipode (formula X\/%/‘)‘lg’@zﬂé@?sz?or
exanple, K. Drauz et al., Enzyne Catalysis in Organic Synthesis, VCH 5
Wei nheim 1995; M A. Verkhovskaya et al., Russ. Chem Rev. 60 (1991) 1163;
H. K. Chenault et at., J. Am Chem Sd€. 111 (1989) 6354). The selective
enzymati c deacetylation of the (S)-Nacetyl-cycl ohexylglycine in the (RS)

m xture can be carried out, for exanple, using the acylase "Amano" 30 000
in the prRsererd ppssililitylaf preparinglBbeydehaxyigheing cemprsqsHprepariniacemi@ and a
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converted into optically pure (S) 15 cycl ohexylglycine. XI11 XIV XV
H2NVOOOH H2N. . COON  XVII XI'I XVI 12 July 2004 WO 01/55175 PCT/ EPOL/ 00523

22 A seco | Bl f Il ' Lak i G4 1ses
o epar s nol BRI Ploobb (6 prép Al (S Sy dite Ky HIrld NS SRBAYSCS )

process bgropaIin gaanfianesriaglly pute (Sdrﬁmglsé@wmm%xwm hydrogenated
Lo e R TIGUAEGR o RO o E R T, ok edalid e
10 are noble metal catalysts, such as, for example, rhodium on carbon. The
hydrogenation is preferably carried out in acidic medium, for example in a carboxylic
acid, such as glacial acetic acid, particularly preferably in a strong acid, such as, for
example, 2N hydrochloric acid or sulfuric acid. In such a strong acid, the
hydrogenation proceeds rapidly and without any significant racemization at a
16 temperature of from about 60 to about 80°C and a hydrogen pressure of, for
example, about 20 bar. The resulting product is of a similar quality to the product that
is obtained from racemic phenylglycine by the process described above. The starting
material (S)-phenylglycine is more expensive than the starting material
(RS)-phenyiglycine, but owing to the lower production costs, the process which uses

20 (S)-phenylglycine as starting material is more advantageous.

The enantiomerically pure starting material of the formula IV or its salt of the formula
IX is advantageously prepared starting from pyridine-3-carbaldehyde (formula XVIII),
which can be converted under similar conditions as those stated above for the

25 conversion of the compound of the formula X into the compcund of the formula XI,
into the azlactone of the formuia XIX, for example by heating with N-acetylglycine
and acetic anhydride in acetone. The azlactone of the formula XIX can be solvolyzed
with water to give N-acetyldehydropyridylalanine, i.e. to the carboxylic acid, or with a

lower alcohol, for example a (C1-C3s)-alkanol,; such as methano! or ethanol, o give a

30 carboxylic acid ester, preferably with methanol to give the methyl ester (compare
formula XX). As the subsequent asymmetric hydrogenation is particularly



5M Beller et al., Chem Eur. J. 4 (1998) 935). In the third process for
preparing (S)-cyclohexylglycine (fornula Xi1), the phenyl 124904

enanti oneri cal | ure (S)-phenylglycine (forrmula XVII) is h dro enated
under raceﬁ“&%%%ﬁ% free conditions to the cycl ohexyl grou'fjC 8ﬁﬂ3suitable
catal ysts 10 are noble netal catal ysts, such as, for exanple, rhodium an
carbon. The hydrogenation is preferably carried out in acidic nmedium for
exanple in a carboxylic acid, such as?9l aci al acetic acid, particularly
preferably in a strong acid, such as, for exanple, 2N hydrochloric acid or
sul furic acid. I'n such a strong acid, the hydrogenation proceeds rapidly
and wit hcﬁ@h/aaiagegu%jm|carrmutmage@icpapi wideacigic qrmctlmn@ewgsm@oaﬁorraibm about
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high purity (> 99.5%).



azl actone of the fornula XIX with al cohols proceeds nore snoothly than that
with water, the conpound of the fornula Xl X is preferabl y2dely2804zed usi ng
a lower 5 alcohol, particularly preferably nethanol. The al coholysis is
pref erabl yYWOMBFEE out in the presence of a weak base, fRT/EBIMABEE a
tertiary amne, such as triethylamne, at tenperatures of from about 50 to
about 65C. The nethyl ester is preferaBAy isolated in the formof an acid
addition salt with a strong acid, i.e.“fn the formof a conpound of the
formula XX, where the anion Y here is the anion of a strong acid, for
exanple 10 tetrafluoroborate or tosylate. Particularly preferably, the

product of the nethanol of the aziactone of the formula XIX is
precipitat § tetrafljuoroporate salt by adgfn tetrafl uoroboric acid,
for exanpl g an|jaqueous N oboric afid up to a pH of about
1.5 to abo < for _exanple affout 1.9, andyt Is, after the

preci pitation has been broughtl to 6orrpl etion by addition of a nonpol ar
sol vent, for& 15 exanpl e anpgt hee=such as net hyl t Bt et her,
filtered dff oDcentrifugedEﬂ The conmpdlyd oN’t heflf or Milaa XX where Y
BF4 is obtained in high yiel (%00/() and very hi b’n pugity (> 99.5%. 12
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The next step is an asymmetric catalytic hydrogenatioh of the dehydropyridylalanine
derivative of the formula XX to give the optically active amino acid derivative of the
5 formula XXI. As mentioned, in order to obtain a high yield and a shori reaction time,
this hydrogenation is preferably carried out under acidic conditions, for example in
acetic acid, particularly preferably in the presence of a strong acid, for example
toluene-4-sulfonic acid or tetrafluoroboric acid, which is employed in at least the
stoichiometric amount, for example 1- to 2-times the molar amount, thus converting



XXI'V The next step is an asymetric catalytic hydrogenation_of the _
~dehydropyridyl al anine derivative of the formula XX to gi@%lﬂﬁéogﬁtically
active amno acid derivative of the 5 formula XXl _ As nentioned, in order
to obtain ¥WIFARield and a short reaction time, this HeWBYN8Pon is
preferably carried out under acidic conditions, for exanple in acetic
acid, particularly preferably in the presence of a strong acid, for exanple
t ol uene-4-sul fonic acid or tetrafluoroggric acid, which is enployed in at

| east the stoichiometric amount, for exanple 1- to 2-times the nolar
amount, thus converting 12 July 2004 WO 01/55175 PCT/ EP01/ 00523 25 the
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conpound o or mu to that o formula VI apply
correspondi ngly. Thus, the stereocontrolled hydrogenation of the C=C
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15 using se vg erogeneous ca ansition netal
conpl exedhe farmula Xt tef thosdbf/thedomivda Xaiit thesliusiratidns givemabave fotip exes of

r hodi un | r ,rutheniun(l | . in particul ar, of ' T ransition
o al - catatgisdiFg e Bhsebation Br PR ol  Ind RERLIT el Binkh o1 O
int h?e hwdrrmﬁa gﬂtép@:ly wflésmhﬂﬁngwwnus; hhé& sferédlcgﬂmﬁlledltiym'logaﬁaﬁmtcﬁltlyst , for
exanple, a rhodi sajt, such as Cl The catal yst is 20
pr ef er abl (?/'é F@Hhté?ﬂ:qérﬂnsth? gomggugcﬁ]p%]t;lg?glfr@%{%gg( £ likeydse %%ﬁgri”teldcﬂ'r't met al
conpl @5 agivdselective heterogeneous catalysts or using chiral transition metal complexes. It

is preferably carried out using chiral metal complexes of rhodium(l) or ruthenium(il),

in particular of rhodium(l). The transition metal catalyst can be employed in isolated

form or can be formed in situ in the hydrogenation medium, from a chiral ligand and a

precatalyst, for example, a rhodium salt, such as [Rh(COD)Cl]o. The catalyst is

20 preferably prepared in situ. As chiral ligands for the transition metal complex again
numerous different compounds are suitable. In a preferred embodiment of the
present invention, the catalyst used for the asymmetric hydrogenation of the
compounds of the formula XX to the compounds of the formula XXl is a rhodium(l}
complex having a chiral phosphine as ligand, particularly preferably an Rh(l)-(+)-

25 phenyl-CAPP catalyst, i.e. a rhodium(l) catalyst which contains, as chiral ligand,

- {#)-(2R,4R)-1-phenylaminocarbonyl-4-diphenylphosphinoc-2-(diphenylphosphino-
methyl)pyrrolidine (in a molar ratio of rhodium:ligand = 1:1). However, suitable for use
as ligands in catalyst complexes are also, for example, the abovementioned (+)-
BPPM or the aminophosphinephosphinite (+)-PPP (= (+)-propraphos, see C. Ddbler

30 et al., Tetrahedron: Asymmetry 7 (1998) 117). Further ligands for suitable catalytically



nunerous different conpounds are suitable. In a preferred enbodi nent of the
present. i nvention, the catal yst used for the asymretric hyddely@q8ti on of
the conpounds of the formula XX to the conpounds of the formula XXI is a
rhodi un( 1) WYRS1Ex having a chiral phosphine as |igand, PeFEPHEPRR|y
preferably an Rh(l)-(+) 25 phenyl-CAPP catal yst, i.e. a rhodium(l) catalyst
whi ch contains, as chiral |igand,

(+) - (2R, 4R) - 1- phenyl am nocar bonyl - 4- di Eﬁenyl phosphi no- 2- ( di phenyl phosphi no-
met hyl )pyrrolidine (in a nolar ratio of rhodiumligand = 1:1). However,
suitable for use as ligands in catalyst conpl exes are al so, for exanple,

t he aboveagiiveitwnstion-rretabrarnplexes e listach dyrerepmiadphdipna.Gatalytie) - PPP (=
(+)-propr r r . Asymmetry 7 (1996)
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o th s pBehacBh it 18 istee Slinerietim, Pitrebl et R SR o
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of the for XXl 1.s, in papticular in the, case o . tetrafl| uor oborat e
sal ¢ pr oFiapagma b hereatdsy e el khameshotigih sabslaitel SXGRRA al conol
such as i gaReARMAALith V&g inteAsiné Rlkidd abindreadd 9@ aiGehcy® the about  95% the
enantiomeric purity is, depending on the chosen conditions, from about

hydrogenation. The hydrogenation product of the formula XXl is, in particular in the

case of the tetrafluoroborate salt, preferably isolated by crystallization, for example

from an alcohol, such as isopropanol. The isolated yield is from about 86 to about

95%, the enantiomeric purity is, depending on the chosen conditions, from about

70% to about 95% e.e. of {S) isomer. For the hydrogenation of the compounds of the

20 formula XX to those of the formula XX, it is possible to use very high
substrate/catalyst ratios of from about 5 000:1 to about 10 000:1, for example about

8 000:1.

In the next step, the methyl ester group in the compounds of the formula XXl is

25 hydrolyzed to give the carboxylic acid group, the acetyl group at the amino group is
removed and the amino group is protected in a suitable manner, so that it does not
cause any side-reactions during the formation of the carboxamide function. Removal
of the acety! group and hydrolysis of the methyl ester to the free carboxylic acid can
be carried out simultaneously by treatment with an acid, for example aqueous

30 hydrochloric acid, such as 1N hydrochloric acid, or 4N hydrochioric acid, at
temperatures of, for example, from about 60 to about 85°C or of from about 85 to
about 90°C. To facilitate the isolation of the product from the aqueous reaction



70% to. about 95%e.e. of (S) isoner. For the hydrogenatiqgjof togg .
conpounds of the 20 fornula XX to those of the fornula XX P]tyzi possi bl e
to use very high substrate/catalyst ratios of fromabout 5 000:1 to about
10 000: 1, 0125;?57ﬁpl e about 8 000:1. In the next step, tReUVERIR§I23ester
group in the conpounds of the formula XXl is 25 hydrolyzed to give the
carboxylic acid group, the acetyl group_at the amno group is renpved and
the amino group is protected in a suit Bl e manner, so that it does not
cause any side-reactions during the formati on of the carboxam de function.
Renoval of the acetyl group and hydrolysis of the nethyl ester to the free
car boxy! i Bx#gRdthedree aainparee is gn advaitegapsly snpegiataly sanvasied ifotan an

acid, for A ' ' : rochloric
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cl eave t hpedeiuia X0 PsHtainabId thBRfdM PPiHY frdBedd\dddtaibeé@ BBOVER insufficient,
16 itis advantageous to cleave the acetyl group from the amino group in the compound
of the formula XXI not by using hydrochloric acid, but enzymatically and thus
enantioselectively. The enzymatic deacetylation is preferably carried out analogously
to the enzymatic deacetylation of (RS)-N-acetylcycichexylglycine described above,
using the acylase "Amano" 30 000, In a particularly preferred procedure, the salt of
20 the formula XXI isolated following the hydrogenation is initially dissoived in water -
and, after addition of a base, for example sodium hydroxide, stirred in the alkaline
range, for example at a pH of from about 10 to about 11, to hydrolyze the methyl
ester. Following addition of cobalt(ll) chloride as co-catalyst, the acylase is added at
a pH of from about 7.8 to about 7.9 and at a temperature of from about 38 to about
25 40°C, for example in an amount of from about 5 to about 6 g pér kg of the compound
of the formula XXI, and the mixture is stirred until the (S)-isomer is deacetylated. To
convert the deacetylated (8)-isomer into the protected benzyloxycarbonylamino
compound, then preferably, as illustrated above, a water-miscible solvent, such as
THF, is added to the reaction mixture, the reaction with Z-OSu is carried out at a pH
30 of from about 8.0 to about 8.5, the organic solvent is distilled off, the mixture is
acidified to a pH of about 5 and the precipitated enantiomericaily pure product of the
formula XXII is then isolated.



of the formula XXI not by using hydrochloric acid, but en tically and
thus enantiosel ectively. The enzymatic deacetylation is é¥g%@€§§ﬁy carried
out anal ogousl to the enzymatic deacetyl ati on of

(RS) - N- aceW‘Eé}é’r"éhexyl gl yci ne described above, using t ECHESMALR3 " Amano”
30 000. In a particularly preferred procedure, the salt of 20 the fornula
XXl isolated follow ng the hydrogenati Is initially dissolved in water
and, after addition of a base, for exaffpl e sodi um hydroxide, stirred in the
al kaline range, for exanple at a pH of fromabout 10 to about 11, to
hydrol yze the methyl ester. Follow ng addition of cobalt(ll) chloride as
co-catalyst, the acylase is added at a pH of fromabout 7.8 to about 7.9

and at a TrrigsivatdisreobthelZ-protested bnio bEIdUP Y fodmurOOKII e X2 5Pbiecicd an
anount of from about per kg of the conpound of the formula
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The methylation of the pyridine nitrogen atom in the compound of the formula XXIII,
with formation of the pyridinium salt of the formula XXIV, can be carried out smoothly
with numerous methylating agents, for example -methyl iodide, methyl bromide,

20 methy! chloride or methyl toluene-4-sulfonate, in a number of solvents, for example
alcohols, such as isopropanol, amides, such as DMF, N,N,N',N'-tetramethylurea,
ketones, such as acetone, or ethers, such as THF, preferably at temperatures of from
about 40 to about 60°C. In the reaction of the compound of the formula XXIIl with
methy! chloride in DMF at 45°C, for example, the compound of the formula XXIV

25 where X = Cl is obtained in quantitative yield and a purity of about 98.4%. When the
methylation is carried out on an industrial scale, it is preferred to use a less volatile
methylating agent. Since an additional anion exchange, for example by ion exchange
chromatography, is to be avoided if possible, a further aspect in the selection of the
methylating agent is the effect of the anion X, contained in the compounds of the

30 {formulae IV, IX and | and originating from the methylating agent, on the propei'ties of
these compounds, for example on the solubility of the compound of the formula IV or
a salt thereof, which is of importance in the coupling reaction of the compounds of



anhydride. After customary work-up and crystallization f:n(i?] al;&%' Xent ,. such
as, for exanple, ethyl acetate, the compound of the for 4u P4y
obtained in a yi el d of about 87% with a chemcal purity and enantlomerl C
purity of WP UaEWScase virtually 15 100% The nethyl ati ofCHEPMAES2Yy i di ne
nitrogen atomin the conpound of the fornmula XXIlI, wth formation of the
pyridiniumsalt of the forrmula XXV, c?% be carried out snoothly wth
nuner ous net hyl ati ng agents, for exanpfe-nethyl iodide, nethyl brom de, 20
met hyl chloride or nethyl toluene-4-sulfonate, in a nunber of solvents, for
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| odi des and ene 4-sul tonat es ave ased on their Pproperties, been

f ound tosbﬁowﬁtlcul arly favorable, preferred nethylating agents thus

bei ng nethyl iodide and nmethyl toluene 5 4-sulfonate (= nethyl tosylate).
The tol uene-4-sulfonates, in particular, are distinguished, in the case of
t he conpdinednethytatienfod tmtempatrat oftthe faroiule XX Ihwih iniathyldoluanéd- sal t
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isopropanol, at temperatures of from about 40 to about 60°C, for example, at about
50°C. The methyl toluene-4-sulfonate is preferably employed in a small excess, for
example in about 1 to about 1.2 times the molar amount, based on the compound of
the formula XXII. The methylation of the compound of the formula XXl and the

20 subsequent removal of the benzyloxycarbonyl protective group in the compound of
the formula XXIV by hydrogenolysis can be carried out separately. Preferably, the

-methylation and hydrogenolysis are carried out in a one-pot reaction, without

intermediate isolation of the compound of the formula XXIV. To this end, the
compound of the formula XXIV is dissolved, for example by adding water, if it has

25 precipitated from the reaction medium of the methylation, and then hydrogenated
under customary conditions, for example in ithe presence of a customary noble metal
catalyst, such as palladium on carbon, at temperatures from about 20 {o about 40°C,
preferably about 20 to about 30°C, and at a hydrogen pressure of from about 1 to
about 20 bar, preferably from about 1 to about 5 bar, particularly preferably at about

30 1 bar, i.e. not under hydrogen overpressure. The monocation salt, comprising the
3~((S)-2-aming-2-carbamoylethyl}-1-methylpyridinium cation (having a free amino



have a hi gh peptide coupling rate, and in the case of the gﬁ %ng of the
formula 1, 1in particular by surprisingly good precipitat i ‘T]S' B rties,
purity and yield. A 10 particularly preferred nmethylating agent for the
conversi on“é?“lt'sﬁyscorrpound of the formula XXIIl into theP€ AP33 of the
formula XXIV thus is nmethyl toluene-4- sulfonate. The nethylation of the
conmpound of the formula XXIII wth net Hél tol uene-4- 15 sulfonate is
preferably carried out in a | ower alcohlol as solvent, for exanple in

| sopropanol, at tenperatures of from about 40 to about 60C, for exanple, at
about 50C. The nethyl toluene-4-sulfonate is preferably enployed in a small
excess, famoupdtinipltbeiZrpetition) ahdtam atiauX, for 2xamplestosyleteriddide emahloride, based
on the conpound of _the formula XXI1I. The nethyl ation of the conpound of

t he for maAscoudtenonhe. theecoropatingsd dhrfarmulaniyy &8N 8 istated@sAuchxy car bony!|
protectiw | : 1 : : IS can
be carri e‘greg%rt%@é{ya%r%te g\t@.ﬁ rﬁgﬁg@ S’P %lnyafnﬂtﬂﬁié}k%ﬁﬂyﬁb ggﬁmaﬁ*ydéj %@g‘?ggewnezl ysi s
are car riaaid bi¥, i.enindhe fernpof theatieatioo salt wf tHedformulardiXeand th thisend; dhaat i on of

th of the f XXLV.. T0o.this. end..t f |
S v TS eagH mbeel o IR e R i Auogl ' oy BREBGHRIE] of e, { Of oy
frO{nthe gokd &0, 0. abolit fmqmmmwmmh ' ulf@ﬁdabihl}gtmﬁiwdaiegmlaéed bimder
cust omar congdil ons, or Xa n e resenc (0] us mar no e
o T oSrlat, TheRkragension ntetyst BTG SPacthe Srodick 638 BeNtom Sbout 20
to about é46iated By Sdridenbration BAY cnAthiliz2tieh oftheFaSiduaNtdr 8kamplREbr@@An pressure

of fromabout 1 to about 20 bar, preferably fromabout 1 to about 5 bar,
parti cul 2&F9hq)suel AgHsPraRangbout 30 1 bar, i.e. not under hydrogen
over prygssure. The nonocation salt, conprising the 3-((S)-2-am no
2- car banoyl et hyl ) - 1- net hyl pyri di nium cation (having a free am no 12 July

2004 WO Ot presenfiaTeiishlaied prsides the etmpblirdd of theFormBaV i WAcha(ids an

anion X, for exanple tosylate, iodide or chloride, as counterion, Le. the
conpound arf anibp of anian equikglentaim peetidular sppleydiclsgisaltynacceptablacaribh,yfor t he

hord o pRttE, s SRR el o8k BhR aehgR. e el sdedfintng to°
thi s end, adidhlX (= dication salts of the formula IX), per se, the above process for their
15 preparation and processes in which one or more of the above steps are carried out,
and their use as intermediates, in particular as intermediates of pharmaceutically
active compounds, and the compounds of the formulae XX, XXI1, XXI1 and XXIV per
se.

20 The examples below serve to illusirate the present invention. However, the invention
also embraces modifications of the embodiments described above and below, for
example processes in which steps are combined into a one-pot process ar, vice
versa, a process is carried out in several separate steps, or where steps are carried
out in a different order, or where similar reagents or solvents are used or where ratios

25 or work-up methods are modified.

Examples

Example 1: 4-(2-Methyi-5-oxooxazol-4-ylidenemethyl)benzonitrile
30



5 reaction m xture of the hydrogenolysis is adm xed with ?2?‘3 Q
equi valent of the acid HX, i.e. about one equival ent of gr% Y% sul foni ¢
acid in the case of the tosylate. The hydrogenation catalyst is filtered
of f, and t M@ YPFA3Hdct can then be isolated by concentrati 00523
crystallization of the residue, for exanple froman al cohol such as

i sopropanol . 10 The present invention §J150 provi des the conpounds of the
formula IV in which X is an anion or anion equivalent, in particular a
physi ol ogi cal | y acceptable anion, for exanple, chlori de brom de, iodide

of the 1 ot et B BRSa0RR! SRyl By Bttt B A Pon " ane”
FL ocesses} 1B miml)pN Mylgllycmr(eg kag% he2. labm[ge and eflﬁy@'bgs etaﬂ:urreabemtb and
bhar c ed@ k. hy 2 epoh Jelcind B Ao oldien: WHB Sushe heceBrarHa 4o 36 he xx,

XX, XX Iz7amBimsl! Yheeéadti®n riRtufd a8 s8BH @hdBelavk $& VR. Tite tdsLilipbtiihe the
present i nvention. However, the invention also enbraces nodifications of

t he enBodeHewsyspersien wag caaw‘stogﬁac Far deg-weiar (20Q Byascagsiesassaiekly Aswhi ch
Steps ar el R étf?ﬁr?gs 2n@BSaIRRY TRE ﬂﬁﬁaﬁe %s sffr'r&‘? at 367G or aﬁofP{engfﬁ%' S,

carried ut 1 n'several eparatestep steps are carrie out I1n a
differ entlsaia’adhe poedudhdhe yslfamv Isaspmnymaspmssedbmm senirifugesardt or where

a2 25 wet ipeec b autb Bl Nate 2R D, EBR AR o iF R PRl 4B Gieias wo

01/ 55175 IPG'ﬁéEi?ﬁﬁt&di@Ea%Bdrﬁéb urdtr oedcel (présdure wb40 it Yieldudety kan(85. Amul xt ur e
of 4-fornyl benzonitrile (15.0 kg 114.5 nmol), N-acetylglycine (19. 2 kg,
162. 41%% 2thof dnenry). (MLP 468183 GrMSL(DE!): (0z& KR M. 15 iriﬁWRf(BMSﬂved by

i ntroduction, with stirring, of acetic anhydride (35.0 1, 370.5 nol). The
reaction d@:)ﬁﬁﬂeﬂ/\& 36Y),i 7.8@ s, Uo7 .06 46) 2k), BA3 (d, BH).The resul ti ng thin

Example 2: (R,S)-cyclohexylglycine

16 Under nitrogen, (R, S)-phenylglycine (10.0 kg, 66.2 mol) was added with stirring to
water (78.5 1) and hydrochloric acid (30 % strength, 21.5 I). Rhodium on carbon
(209.6 g, G 101 S/W 5%, moistened with water, Degussa AG) was then added with
stiring and under nitrogen. A hydrogen pressure of 18 bar was applied, and the
mixiure was heated to an internal temperature of 100°C and stirred for 72 h. The

20 mixture was then cooled to an internal temperature of 50°C. A TLC sample was

taken (butanol/glacial acetic acidiwater 2/1/1, Rf [phenylglycine] = 0.60, Rf

[cyclohexylglycine] = 0.68). After complete conversion, the catalyst was filtered off at
50°C and the pH of the filtrate was, at 20°C, adjusted to pH 4 using aqueous sodium
hydroxide solution {(concentrated, about 15 1). The mixture was stirred for 30 min and
25 the precipitated product was filtered off, washed twice with water (35 | each) and
dried at 50°C under reduced pressure. Yield: 9.7 kg (98% of theory). M.p.. > 300°C;

MS (DCI): m/z (%) = 158 ([M+ + H]J, 100); 1H-NMR (200 MHz, trifluoroacetic acid
(TFA): 8=1.1-1.6{m, 5H), 1.7 -2.1 (m, 5H), 2.1 -2.3 (m, 1H), 4.3 (d, J =4 Hz,
1H), 11.6 (s, 1 H); IR (KBr): v =2927.7, 1583.9, 1508.8 cm-1.

30



5 yel |l ow suspensi on was cool ed to 50C and ice-water (200 Llﬁ V\ﬁf;&%gdw as
qui ckly- as possible, with stirring and cooling. The m xt du tirred at
20C for another 1 h. To isolate the product, the yell ow suspensi on was
pressed onP® W¥hAtri fuge and washed with dei oni zed wat &€ 1/p9523

i sopropanol (40 1) and nmethyl-tert-butylether (75 1). The product was
dried under reduced pressure at 40C.. Pj('éel d 18.17 kg (85.7 nol, 10 75.2% of
theory). Mp.: 192-193C, Ms (DCl): mz¥2 213 [ MtH+]; 1H NVR (DMSO d6): 8 =
2.42 (s, 3H), 7.30 (s, 1 H, 7.96 (d, 2H), 8.33 (d, 2H). Exanple 2:

(R S)-cycl ohexyl gl ycj 15 Under, nitrogen, (R S)-phenylglycine (10.0 kg,
66. 2 nol %mﬁé@dé%%ﬁﬁcewﬁwﬁ%ewblvq?ﬁ er (78.51) and hydrochloric acid
(30 %strength, 21.5 1). Rhodiumon carbon (209.6 g, G 101 SI W 5%

noi stened with water, Degussa AG) was then added with stirring and under

ni t r ogen. Atxopydespenatyre{But)ecysioheryigieingd8.44 sl Bad, mah wastegidediwitrur e was
heat ed t QaR.i | ' f he 20

i xtur e, eiifing 6 Bdued R Wy cBide Kt Tonedrivefit off i fitef 02 7V e
t aken Ebytasd)l The mikiare aestcooleddd ahvateenal Brpdrature of pRHENEL ghyeceti = 0. 60,

Rf cycl oh gl Lnel.. = Q.68).,.,After .conplete.conversion, t.he catal yst
nas 11 TGS ST N R, JuBiha e Bhetiiin gt g PRETRDER TR SEY Vot
T ;) p$h4 q:_méritm@ Cﬁmmttmdﬁ%fﬁacm% Thié gl \s? tzltSein?mebR@m aﬁdsl,_tiit' I&uetged,abgut t 15

. e m r was, stlrre or. mn and,, e ecl pl e roauc Wwas
1 e od el BB M £ 1 g Anro e oira Byl o oo e rEBS ando:
reduced py@sstitred abareinterndl téniperdtIYef@-104RI M) h. THelnterral 3ASeratlyd wdeCl ) !
mz (9 158 ([M+ + H|, 100): 1H NMR (200 MHz, trifluoroacetic acid

= 158
(TFA) )10 dhen i!?qéaSEdefO@%ﬁ,OUS%‘?C.ﬁn# stirngiwasronjguedfona furthes 2hmEventy) | 4. 3

150 12 TEAFy DO GH R et Blee el b0 1441 R ehlipp Ha endea 1905 & €

(R S)- N-Agety btrc‘yvgbétb@xmb%»@irgacié; adedie Acldpvaer D/BOE/5, Ry [ﬁcety!cyclohexyl-
(R S)-cycl ohexyl gl ycine (9.41 kg, 61.7 nol) was added wt stirring to an

aqueous  SEpkiNg] iy SO L cRABKHIBIOENEF2 0BT Hthe h%ursWas chbledo WAlMEmal
temperature of 5-10°C. The pH was adjusted to pH = 3 by slow addition of
15 hydrochloric acid (30% strength, about 36 1), at an internal temperature of 5-10°C.
Stirring was continued for a further 15 min, and the mixture was then ﬁltered. The
resulting solid was washed twice with water (45 | each) and dried at 60°C under
reduced pressure. Yield 11.52 kg (96.7% of theory). M.p. 195-197°C; MS (DCI): m/z

(%) = 200.2 ((M* + H], 100); "H-NMR (200 MHz, DMSO-dg): & = 0.9 - 1.3 (m, 5H), 1.5
20 -1.8(m, 6H), 1.85 (s, 3H), 4.1 (dd, J1 = 8 Hz, J2 = 6 Hz, 1H), 7.96 (d, J = 8 Hz, 1H),
12.47 (s, 1 H); IR (KBr): v = 3339.7, 2929.3, 1699.9, 1615.7, 1563.2 cm .

Example 4: (S)-Cyclohexylglycine by enzymatic deacetylation of (R,S)-N-acetyl-
cyclohexylglycine

25
At room temperature, (R,S)-N-acetylcyclohexylglycine (7.95 kg, 39.9 mol) was added
with stirring to an aqueous sodium hydroxide solution (3.65 |, 33% strength) in water
(143 1). With stirring, the pH was adjusted to pH 7.8 using hydrochloric acid (2N,
about 0.8 I). Cobali(ll) chloride hexahydrate (13.8 g, 0.058 mol) was added with

30 stiring. The mixture was then heated to an internal temperature of 38-40°C. At a



5 (134 1). The m xture was cooled to an internal tenperat Tg? of g 10C,. and
acetic - anhydride (15.7 1, 17 kg, 166 nol) was netered in ulypDl4 i ht er nal
tenperature over a period of 2 h (exotherm c reaction). The pH was then
checked an¥O{55¥%8quired, adjusted to at |east pH = 11 L%qTI‘[@HJHW%US

sodi um hydroxi de solution. The m xture was stirred at an internal
tenperature of 5-10C for | h. The int\(,aé al tenperature was 10 then

i ncreased to about 23C, and stirring continued for a further 2 h. Every
hour, it was checked that the pH was still pH = 11. After the reaction had

ended (TLC _ethyl acetate/ met hanol / g| aci al, | ¢ acid/ water 70/301515, Rf
[acet yl consies terayterreraiure; sguesaAage] 35800 f4f Gan dbh a o st ¢ he

m xture g @Mt Slodstirfi® MR mixi PNk atiHed stiwlp a3 h,%ng'\'ﬁ/ﬁf@?
adjusted to Pr;t_ 3 by slow addition of 15 hydrochloric acid § 0% strengt h,

about 36 e ¢ (Sxeyrinhexvialycine sswiapiecivitateds Lising. hydsshioriars Yeont i nued
ol 1 d wad SEBR B L YRR e RS B SO0, Thelile weREaelBi e
reducell pntemaltempefiatre of 285 ansl stbecos bh. Thegrdipitated (SHgelonend: VS
0.5 1 1. eie ey rtgfearost i b it capbyic Syl ey oS °L >

J2 =6 , iy 9 78 50 4 106 = =

3339. 7, H%%%Sflgéh aiéggﬁg\f'g%%g?# (59, Mo, i.ég(%gr[r%\%e%? Ho=hFukibin; v
(S) - Cycl aleexpbgisys (GE dhaly@RzZoBhirssideveriolibwingUerivatiAdRoSwilN ReSaNdIHCT
cycl ohexyl gl yci ne 25 At room tenperature,” (R S)-N-acetyl.cyclohexyl gl ycine

(7. 95 kg,arg8idflnarbpropicniadai@diride); S §DCHr mimy(%)o= 468 {dbies dd, 30 HANMRr oxi de
sol ution éB. 65 |, 33%strength) in water g143 1). Wth stirring, the pH
was adPfudeed Mz, JikA) 8=k} n3.aq &onl dri2:1 &4@i §HE 2N - 2sbim, 131)84.8)(d,

Cobal t (I | oride hexahydr at 13.8 Q. 058 nol ) was agded with 30
stirri ng.J)"Tﬁg"%"l U?E-G\ﬂéws%%qﬁzﬁ%ﬁ@a\-ﬂéﬁ 2%37%115%%% ﬁ%@a-ﬁéﬂber ature of 38-40C.
At a 12 July 2004 WO 01/55175 PCT/ EPOL/ 00523 33 constant internal

tenperature, acylase "Amano" 30 000 (40 g, in 400 M of water) was added
W th sl oWasitdcovemgnredtted fRy-NuaatylaglcHaxyloding!, thel mofher ligdortwasdat amg whi ch

internal temperature of 2-5°C, adjusted to pH = 1 using hydrochloric acid (30%
16 strength, about 4.3 I) and stirred at 2-5°C for 1 h. The precipitated (R)-N-acetyl-
cyclohexylglycine was filtered off, washed with water (about 16 I) and dried under

reduced pressure at 60°C. Yield: 3.76 kg (47.3%). M.p. > 210-212°C; [a]p -23.5°

||_E||

(c =1, methanol); ee = 98.39% (GC analysis of Chirasil L-Val following derivatization
with propanol/HCI or methanol/HCI). 1H-NMR, MS and IR data agreed with the data

20 of the racemic starting material 4.

Example &: (R,S)-N-Acetylcyclohexylglycine by racemization of (R)-N-acetyl-
cyclohexylglycine

25 Under nitrogen, (R)-N-acetylcyclohexylglycine (10.2 kg, 54.7 mol) was admixed with
stirring with glacial acetic acid (24.5 1) and acetic anhydride (1.7 1). The internal
temperature was increased to 115°C, and the mixture was stirred at this temperature
for 3.5 h. The internal temperature was then reduced to about 20°C, and water (73 |)
was added. The pH of the reaction mixture was pH 2. The mixture was stirred at

30 0-3°C for 1 h, the resulting solid was filtered off and washed twice with water (25 |



time the (S)-cycl ohexylglycine slowy precipitated. Using Bédlr%ﬁ@lori c acid
(30% strength), the pH was carefully adjusted to pH 5. 5- 82 ou m xture
was cooled to an 5 internal tenperature of 2-5C and stirred for 1 h. The
preci pi t at ¥® PSF1%€ycl ohexyl - glycine was filtered of f, waRHERPOHPEE wat er
(about 16 1) and dried under reduced pressure at 60C. Yield: 2.79 kg
(44.5%. Mp. > 300C [aJo 32.1 (c =4, 1 NHC); ee = 99.78%(CC

anal ysis on Chirasil L-Val follow ng dérivatization with propanol/HC and
pert | uoropropionic anhydride); M5 (DCl): mz (% = 158 ([M + H, 100)

2R IRl e ol o fchfyascied ol TP
';ﬁgsm?t ndrof: %J@i&f&&"g@aﬁwﬁ MR Blre) ME RIS BTNEE 1 Lo ph
2.5¢ 1 or MERERIRTHENNR S SR et e e TRREhr fbobouRBIid 17 €1 o

ff,
goc_ \Qfﬁzrﬁg&ngaéfs Wﬁé%otﬁ@ﬂm@r é&tbmea%omér%ouﬂwﬁg of g@éwscéig|es§g{ ﬁaﬁf) N

ee = 98. M%ﬂﬂhﬁﬂ'@m S of Ch| ra5| I L VaI foI I OWI ng derivatization wth
propanol | HCI or nethanol/HC ). 1 HNMR M and IR data agreed with the data
20 of the racem c starting material 4. Exanple 5:

(R S) - N Acemyle ¥ic ($heysibigexyiglyundpy ravemizatmnifee ofdregnaiioacét yi -

cycl ohexyﬁg Ci e 25 Under nitrogen, (R)-Nacetylcyclohexylglycine (10.9
kg, 54.7( "Ipal' B% xed with stirri ng with glacial acetic acid (24.5 1)
and acetic anhydrl de (1.7 1). The internal tenperature was increased to

115C, t m xture was stirred at this eratu for The

Mt er B o apiadenatoRdEais el ok TS HBIISIEIY, (SHTMASNE B0, vas
added. Thesphd cdritént’c? Reisb@er & pob1vas ¥adedpht 50°CT DAdER m{rﬁ{;éh ¥eswahirred at
30 0.3C for_.1 h, the resulting solid was filtered off and washed twice with

wat er ( 2534ming, J@ pysojulion qf\eomemi%smpao@\@@%zgr%m%aﬁ%) i slgianized
oot e SABELCLI0FaRl S0 4 Rin B a8 oot
sulfuric acid (about 5 ml) was added), rhodium on carbon (8.3 g, 5%, moistened with

15 water (50% water), from Engelhard type 5% RH Carb Polcere Escat 30 M, Engelhard
Code 8000) was added. The hydrogenation apparatus was closed and inertized
using nitrogen. The mixture was heated to an internal temperature of 80°C, and
20 bar of hydrogen were applied. The total hydrogenation time was 5-8 h, the
hydrogen uptake was about 37 i, After the uptake of hydrogen had ended, the

20 mixture was allowed to further hydrogenate at 20 bar for an extra 30-60 min. The
mixture was then cooled to an internal temperature of 50°C, and the catalyst was
filtered off at 50°C using a pressure filter. The catalyst was washed with deionized
water (0.30 1), and the filtrate was, at 20°C, adjusted to pH = 4 by adding
concentrated aqueous sodium hydroxide solution (33% strength, about 90 ml).

25 Stirring was continued for 30 min, and the precipitated product was filtered off with
suction and washed with deionized water (in total about 0.85 1) until the washings
were free of sulfate ions. The moist product (about 150 g) was dried at 80°C under
reduced pressure. Yield: 80-84 g (86-90% of theory) of (S)-cyclohexylglycine. Optical
purity: 99.3% ee. '

30



met hanol ). 1H-NVR, MS and IR data agreed with the data of %t}elyp(%bg uct .
obtained in Exanple 3. The nother |iquor contained anot héf T4 2 kg of
(R S)-Nacetyl 5 cyclohexylglycine. Exanple 6: (8)-Cyclohexyl glycine by
racem zat i &fﬁi’qlfséb"shydr ogenation of (S)-phenylglycine 10 ¥ Fé%ﬁ%genat i on
apparatus nade of enanel or Hastelloy, (S)-phenylglycine (90 g, 0.53 nol;
content of R-isomer < 1 % was added a5550C, under nitrogen and with
stirring, to a solution of concentrated~sulfuric acid (97% strength, 60 Q)
in deionized water (0.701). After all of the phenyl gl ycine had been

di ssol ved. (i f gui.red, .addjti sulfuric aC| abou was added),
hodt um CRaEnaiB g I - oS B Ao B R R PEBRYRBh RS o
Engel har gype 5% RH Carb Pol cere Escat 30 M Engel hard Code 8000) was

added. The hydrogenati on apparatus was cl osed and inertized wusing
nitrogen. The m xture was heated to an internal terrperature of 80C, and 20

bar of h T I t he
hydrogeny%%njh\éﬁ%‘agﬁﬂ (qukf ag{ﬁtﬂ*ﬁ] de@{'% ?Qﬁyéﬂﬁ%w@"@jinded t he
20 m xBurdd°GayVitl stiotieg) tbbaqmectmeaodhymhm@'enmlegoathoa({zm;)maa)theamddndra 30- 60
mn. The m.xtur h I t r f, 50C, and the
cat al yst %&)g(auqeﬁ)&%?éh r@f‘f fﬁ%"ﬁ’g@ %’T’;‘%Be% § gb ¢' arﬂ)qe"l’tt uin?el:ﬁ%l cat al yst was
vvgs hefl \C/i\nt‘teﬂmpdmtqnyfgnrcv\aédd_ Iwﬂﬂn%ﬁfro?mgai&%ﬂtdeﬁ'léﬁfeﬂ'iw\)bﬁnzﬁltr@C

2ol e on (e 2r e ABrER T 5B TS A AL s
and the ﬁﬁ@%ﬂ@ﬁlbﬁ‘hﬁd HelePlitled e rbadticl Mtkiwe wadl diifredBt Ghiigterld washed wit h
dei on| zed water (in total about 0. 85 1) until the washin were free of

sul f afl@ itemperatiye ofAEE far bAudhe reasyan SQE@O@)N&MBG@W%’&C’S‘BYOQ%&Under
reduced Riréssipte %uts%h%qaoe%% ﬁf‘a B éﬁn@% Gﬁo érﬂf@étxf)atéa‘ garbon (1 ka) and
gl yci ne 04

(S)-cycl tica purit 3% ee. 30 12 July
01/ 55175 trefiiaresidoesess washaawitplie | ¢f aq@yne The filtrate was then cooled to

2- [ 2- Acet iR i dirfi, DIRRGRBENY)S BEEYLENAH Qs B SAIP: AYRHod of

10 min until a pH of 2.3 had been reached. Stirring was continued for 15 min, and the
15 pH was readjusted using 2N HCI. Over a period of 20 min, the solution was then
admixed with stirring with deionized water (160 I}, whereupon the fitle compound
precipitated. With stirring, the mixture was cooled to 0°C and stirred at this
temperature for 1 h. For isolaﬁon, the produbt was pumped onio a centrifuge, washed
three times with water (10 | each), tumble-dried and dried at 40°C under reduced

20 pressure. Yield: 4.21 kg {11.4 mol, 57% of theory). M.p.: 186-188°C; MS(ESI+): miz =

370.2 [M+H']; TH-NMR (200 MHz, DMSO-dg): = 0.98 - 1.35 (m, 5H), 1.48 - 1.90

(m, 6H), 1.99 (s, 3H), 4.20 (dd, 1H), 6.98 (s, 1H), 7.72 (d, 2H), 7.88 (d, 2H), 8.02 (d,
1H), 9.58 (s, 1H), 12.85 (br s, 1H).

25 Example 8: (S)-2-[(8)-2-Acetylamino-3-(4-cyanophenyl)propionylamino}-2-
cyclohexylacetic acid

[n an autoclave, (S)-2-[2-acetylamino-3-(4-cyanophenyl)acryloylamino}-2-cyclohexyl-
acetic acid (7.94 kg, 21.5 mol) was initially charged in methanol (100.01) and the

30 autoclave was carefully inertized using nitrogen. The catalyst solution was prepared
as follows: methanol (3.0 I) was freated in an ultrasonic bath for 15 min during which



acid (S)-Cycl ohexyl glycine (3.14 kg, 20 nol) in acetone (ﬁ) @)Q @@f heat ed
wth stirring at 5 35C. Wth stirring, | N aqueous sodiu AIAERT de

sol ution (20 I} was t hen added over a period of 10 min. The m xture was
heated to WS®YS8H8 at an internal tenperature of 40C, sdGHEFN/00523

4- - (2-met hyl - 5- oxooxazol - 4-yl i denenet hyl ) benzonitrile (4.66 kg, 22 nol)
was netered in in portions, with vigorggs stirring, over 20 mn. After the
addition had been ended, the reaction mxture was stirred at an internal 10
tenmperature of 40C for 1 h. The reaction solution was then filtered through

(1 ko), AP Q@%’%ﬁc@m?@%&“@“f Ih S BERLodbE PR B e, The.

(about 10700 TR FRPIEGOIPIGH e 580, B By iioh ey MG SUReRSN9) '3

been r eacéaﬂc{he Rlikire Wais WSisinchs Litraseicf Rith idr dfother 80minhFhd Jeiw-vBsnge
readj usted using 2N HCl . Over a period of 20 mn, the solution was then

adm xed \Maﬁlysétspwpﬁd"% than gemprdietg tmfag;octayg()wmy exGiHePE @heNvaSRe titl e
conmpougd precipitated. Wth stirring, the m xture was cooled to 0C and

stirred at this tenperature for 1 h. For isolation, the product was punped
onto a ceMaut Bugs of hideean were eppliadibecatimes, anddhe @utpciaveanas verted| e- dr i ed

and dri fﬁ@{ﬁ%‘ﬁ%@{. f@%@éﬁ@%@@rg%ﬁgﬁaﬁé%&é rﬁﬁ%@mp%@wzoow%

DVBO- d6) :408C+10 basof hy‘dreger( weresafplietl. a8l the miglre yas tl'&iﬁ) hydro@éhat@d WRH) 4.20

( dd 1 H)s*hw%% @P fgr h,_g'hg %g(a@ggﬁg%aés téersl %ughéd WH)I hltrogen Jrr%je » 9.58

( S) 2 1D( Pydrogapatioh soiution datbubyeqaplie fiteicprtbpiugh\d Seitzfiller 2Fhe filtrate
cycl ohexyl acet
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(5.2 Sraagea i hohd St St 110 hwes aged avAEs Peried of BRI AN dcet | o
acid (7. My atdb6 wad o\,orvmea fort1 Bl The Add@SFad IheRRLBRIAD 1(51@%@ 1) and

the 30 autoclave was carefully inertized using nitrogen. The cataly

sol uti on ShEedst B &er 1 BSTW%P'T%W&WF%%IW&ISGS@E‘?@ %@tfﬁ?%ﬂ‘&igﬁﬁ an

u |CtT/r EE 82']%—%%%8 g%&bh Firerl st With dibififed wattr (20 YA HEdUHeerletRiced

pressure at 40°C. Yield: 7.73 kg {20.81 mol, 96.7% of theory). M.p.: 208-211°C; MS
(ESI ): m/z = 372.2 [M+H }; H-NMR (DMSO-dg): 6 = 0.95-1.38 (m, 5H), 1.47-1.80

(m, 8H), 1.72 (s, 3H), 3.10 (2x dd, 2H), 4.15 (dd, 1H), 4.70 (m, 1H), 7.47 (d, 2H), 7.65
(d, 2H), 8.08 (d, 1H), 8.12 (d, 1H), 12.60 (br s, 1H).

20 Example 9: (S)-2-[(S)-2-Acetylamino-3-(4-amidinophenyl)propionylaminc}-2-
cyclohexylacetic acid betaine

With stirring, methanol (20 ) was added to (8)-2-{(8)-2-acetylamino-3-(4-
cyanophenylhpropionylaminec]-2-cyclohexylacetic acid (3.77 kg, 10.1 mol) and

25 hydroxylamine hydrochloride (1.06 kg, 15.2 mol). The mixture was stirred for 10 min,
and sodium hydrogen carbonate (2.52 kg, 30 mol} was then added. Over a period of
1 h, the reaction mixture was heated slowly (evolution of carbon dioxide) to an
internal temperature of 55°C and then stirred at 55°C for 6 h and stirred at room
temperature overnight. The precipitated sodium chloride was filtered off with suction

30 using a Seitz filter and washed with methanol (4 I). The methanol solution was
concentrated to about 10 | using a rotary evaporator at a bath temperature of about



time argon was introduced. Wth exclusion of oxygen, (+)-E§P%é§8492 g,
19.65 nml ) and [Rh(COD)Cl]2 (4.88 g, 9.75 mmol) were the |

successwel@y and the m xture was left in the ultrasonic bath for another
30 mn YSHR- orange catal yst sol ution was then purffSdEROMOE2E he

aut ocl ave, W|th excl usion of oxygen. 5 About 3 bar of hydrogen were applied
three tines, and the autocl ave was venéf I mredi ately again. The reaction
m xture was heated to an internal tenpérature of 40C, 10 bar of hydrogen
were applied and the m xture was then hydrogenated with stirring at 40C

f 20 h th fl h t . 10 :
ot agen 0 Gradd pied Hropse JRELAGRITE St 1y SeproReay 470 1 TaR resuter or
The fi Itr.atﬂ@e phRipitagss efltHeCsdeflif s8ie bPihe2¢fy m@rﬂéJTb)brwg&h@dded over a

period of 30 min, and stirring at 50C was continued for 1 h. The m xture
was t hen RigPzficndo Esmpletien, &g mrweaﬁaq%c\eavatﬁdwnd%@dplﬁ@@ PrssHEe: @t

pr oduct u't 38'GLRY gﬁﬁﬁ J|%6rb?§8ﬂ|@ﬁg,ttﬁ of 888&%5 1€ SAHingy %EbJ theher .

washed wi delonlze reduced pressure at
40C. Yﬁelqﬂmtrmumak‘gﬁ Cor dh, @od th@ﬁrcm‘ucbWaas ﬁﬁaresi)oﬁ tMauigh @esare ngfschis

471, a0 el yAEHE %heéﬁfpﬁ“@f‘%ﬁ?&&%aa%%@d e ﬁ%aéﬁﬁ't‘%*? 4,70

(m 1 H) ovérnﬁ@ht(dlaﬁtrbambfﬁiﬂroged 2H), 8.08 (d, 1 , 8.12 (d, 1 , 12.60
(br s, 1 H. 20 Exanple 9:

(S)-2-[(S)-2-Acetyl am no- 3- (4-am di nophenyl ) propi onyl am no] 2-

cycl ohexynﬁ:@tsumng@bdmebﬁ BENW/HFoxgamiding Gras fdr@irsttly @Atbldyedasttrdded to

oI A oRB s GrodRP AR Lol @b siAcial aertic agis (26 B wes intallighaross | )
and 25 hydmaiedhne dMC{ﬁ@‘éBbﬂH Qﬂt dfnd Ni-Hyihi b%)%gﬁdlﬁﬁ ééboﬁ@z R@j%éﬁéﬁ was

stirred for 10 m n, sodi um ¥rogen car 0 noi) was
t hen addetmud@&thﬁtiﬁemtba appve legetion)eas addad uarpqmn&;wéh\ﬁa@'lngeahed sl ow y

(evol Ut Qo glonSad Rl Rited shbeiBion ':RIAR GTBELE) KK 0B Ei8Rd, L hen

stirred at stlrred at era overn
preci pi t 81.40 kgpidi gimnal'acsaticdleld/ﬂad) ﬂhletaut@ilam‘ﬁ:as\ﬂwh@lﬁrsh\mth @ﬁogem agda Seitz

concerltr atigh (i Tiebtaemy P SFE g % et Py TuliedPae 0GB TiRungt at ur e
of about gr8sslref 20®4r for 72 h. The reaction mixture was allowed to cool to room
temperature and filtered under nitrogen through a clarifying layer Seitz filter covered
with activated carbon, and the filter residue was washed with glacial acetic acid (2 I).
The filtrate was concentrated on a rotary evaporator at a bath temperature of 50°C
20 until no more glacial acetic acid distilled off and crystallization started. The mixiure
was then allowed to cool to about 25°C and, whilst the mixture was still rotating, ethy!
acetate (20 [) was soaked into the flask of the rotary evaporator, whereupon the
amidine precipitated as acetic acid salt. After 0.5 h of extra stirring time, the
precipitate was filtered off with suction by means of a paper filter and dried
25 thoroughly with suction.

The crude amidinium acetate, obtained as described above, was introduced with

vigorous stirring into dejonized water (20 1) which had been heated to 40°C, and the

mixture was heated at 80°C until a clear solution had formed. With vigorous stirring,
30 the mixture was then cooled to 15°C, within a period of 30 min, this resulting in the

precipitation of the title compound {as betaine). Stirring was continued at 15°C for

1 h, and the precipitated product was filtered off through a pressure nutsch. The filter



WO 01/ 55175 PCT/ EPOL/ 00523 37 40C, and added dropw se, w ijéw Vi %ﬁb us .
stirring, to isopropanol (60 I). This resulted in the pr rTblV ron of the
sodium salt of the N-hydroxyam dine. To bring the precipitation to

conpl eti onWAHESHSxt ure was concentrated under reduced prRESEEROF00533  about
40C and with vigorous stirring, to a volune of about 50 1. Stirring was
then 5 continued at 15C for | h, and t product was filtered off through a
pressure putsch. The precipitate was shed with isopropanol (101) and
dried on the nutsch filter overnight, in a streamof nitrogen. The

resultin odium salt of N hydro m di ne was then directly enpl oyed for
the 10 s%ﬂéﬁmﬁaﬁxﬁd’r%&wst A (076 HirdheRushly dp actgpmMeRfdiireoeici d (26 1)
was i ni t iydinsiereianeesl vesdbl aRd 3tre8 heMBm RRtbd-Aers 944 H@%ﬁn%i{r%gna%m 401

N- hydr oxyam di ne (about 6.2 kg, noist crude product ove
react i on)°f gagtopadd! hnThe pracimiigted proueiiwas filieged Tdhrough atpressunas adni xed
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glacial acetic acid ve was ushe tW tTh ni'tFogen

and 155t esldve 5B Kay(@Ismel egwd/ofbhme%zywmmdmrﬂyw & @ffzat 50C and

a hydrogen pressure of 18 bar for h. The reaction mxture was all owed

to cool tygorpmmHT ??‘ﬂ?ﬂil@hl{h%tﬁé?%l-ﬁ%dé i Gdgundgy {@L@SQ% 1 ﬂ?@ﬂﬂﬂgﬁ},he

clarifying layer Seitz ftilter cove w th act carbon, ‘a

filter rdsdgise3nas3.nashedd e 4gi2aal aH), aoet (dd, 3k d7.42 (d)2H), 7les éa,i by ate was
concentrated on a rotary evaporator at a bath tenperature of 50C 20 until
no nore glacial acetic acid distilled off and crystallization started. The

m xture B@mpIde0: 2MMaMEd- ri&iﬂ%-g%%%?leﬁgg%ﬁaz Lod the mxture was

still rotating, ethyl Tacétate (2 was soaked 1nto the flask of the
rot ary“evaporator, whereupon the am dine precipitated as acetic acid salt.

Af t 0. : i i i Mol =Y eY] bt d off with
Sucti on 1P idEehRasdtbhé (Ao Blowbd By pAERLE-babadyae OCKES ot | on.
The cruddB8f mehi was added taN-asetyidiyeite 2. d&gc250e dalbarvksodiem dcetateduced

I R A e e T S T
fornmed. Within 3Dgoinptie eattian mixturdvdsteeated tafefiunesmpdrature @atiaiteri tirddlC,
Wit hi 52 URSQ' iU Tfor3195 rfT'n‘ rf'histgpaiv% artﬁisnurletdj:igﬁ siugpéz?s?on. The suspension was
cooled to 50°C, and methy! tert-butyl ether (80.0 1} was then added. lce-water (< 2°C,
200.0 1) was added as quickly as possible (< 5 min), with stirring and cooling, and the
mixture was then stirred at 5-10°C for 1 h. The beige suspension was introduced into
a centrifuge which had been inertized with nitrogen. The precipitate was centrifuged,
20 washed with deionized water {80.0 I) and dried under reduced pressure at 40°C. |
Yield: 24.8 kg (131.2 mol, 70.6% of theory). M.p.: 173°C; MS (DCI): m/z (%) = 189

(IM + H'], 100); 'H-NMR (200 MHz, DMSO-dg): § = 2.40 (s, 3H), 7.28 (s, 1H), 7.53
(dd, 1H), 8.61 (d, 2H), 9.18 (br s, TH); IR (KBr): v = 1799.9, 1777.4, 898.0 e

25 Example 11: 3-(2-Acetylamino-2-methoxycarbonylvinyl)pyridinium tetraflucroborate

Under nitrogen, a suspension of 2-methyl-4-[pyridin-3-yl-(Z)-methylene}-4H-oxazol-

5-one (12.0 kg, 63.83 mol) in methanol (120.0 [) was heated at 60°C. Triethylamine

(0.5 1) was pumped in, and the apparatus was rinsed with methanol (0.5 I} (the pH of
- 30 asample taken, measured using a glass electrode, was pH 8.15). Within a period of



precipitation of the title conpound (as betaine). Stirring \tzlxﬁ 3@ nti nued at
15C for- I h, and the precipitated product was filtered of 4 g

pressure nutsch. The filter 12 July 2004 WO 01/55175 PCT/ EPO1/ 00523 38 cake
was washed™f} 41¥51%€e water (6 1), dried thoroughly in a stBE&RYPOSA trogen,
transferred into a vessel and stirred at roomtenperature and under
nitrogen with 40 1 of acetone for 1 hggThe precipitated product was
filtered off through a pressure putsch, washed with acetone (about 10 1)
and dried under reduced pressure at 40C. 5 Yield: 2.58 kg (6.64 nol, 65 7%

o 5 ner 0, iy oHRYBTYAL cobBE 5 ot prsBPic bl b ot 1

:;)H)lo (E>2<)e(1 strengthHin wate 4 1(&1kg, 164 mog)lvms gdiikd Qvar)a petiotinf CP, rzﬂl—wnhm lEBE&S( g N
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kg,di ulsg1 Cs%edlm the/\aﬁspadd;ed Was tNea stitrgd \g/\'; ?T%ﬁr&aﬁ?ﬂﬁeﬂ%&ﬂ&%ﬁﬁ%ggd( 40,0
02950 e IR0 s ey P otie asrirerah BTG ATt by T SNRbensER: od t o
reflux t Qfﬁ?ﬁhﬁbéﬁ@cﬁﬂ% b E@ﬁtnﬁlger wisieh had %ééﬁﬁnérﬁ‘iédmnﬁ ﬂi’cro@eﬁ dibntrTfﬁgéd gave a
thin reddi sh suspensi on. The suspension was cool

t er t - but yANddhe dhe peagiugt wsmwﬁmwﬂada%&bu%eﬂﬂﬁa{%qo )@nﬂcinedzajdoﬁm ) vvas
added as Lﬂfdbfzﬁéducéa pr %@'ﬁel@ﬂ%é"ﬂgﬁboﬂ"ﬁﬂ 85104 bf‘@xeaf}g ! { 7glq4e@nd the

m xture was t nstlr -- The' belges pensi on was

i nt r oducedsipsp): mrzc(%;iaﬁmgmwn g o trROréepAsd, MO0} reRVR {dooibEogen. The
precipitate was centrifuged, 20 washed with deionized water (80.0 1) and

dried d Y | 6% of
t L L gr ;?ndmsoeéééggcm%%@am) atrf‘tQC?sH)a v@*ld(abiﬂz F. w(c(dlaﬂ)%g)a (d, ﬂ& NNRO( 200

'VHZ S'V'f?ﬁ d, 1$1)18§8‘k9 1) 9@%@ TH?E}R }F(Br)l,v@l‘%%e 5,316878?1 0103:9;1n @crp 221 (d,

Exarrpl e 11: 3-(2- Acet yl am no 2- met hoxycar bonyl vi nyl ) pyri di ni um
Pty L'yi’ %[bﬂc;)é)glt"gr %}336'{2 ?\E Sﬁ*}’?‘@% g Q%H%‘I'*Y')W@mumz. 0 kg, 63.83
mol ) in reirifpbbdraid. 0 1) was heated at 60C. Triethyl am ne
18
in an autoclave, 3-{2-acetylamino-2-methoxycarbonylvinyl)pyridinium
tetrafluoroborate (10.3 kg, 33.44 mol) was dissolved in methanol (120.0 1).
Tetrafluoroboric acid solution (50% in water, 1.018 kg, 5.8 mol) was added, and the
autoclave was closed and carefully inertized using nitrogen. The catalyst solution
20 was prepared by treating methanol (3.0 1) in an ultrasonic bath for 15 min while
introducing argon. With exclusion of air, the methanol degassed in this manner was

admixed with (+)-phenyl-CAPP (12.5 g, 20.83 mmol) and [Rh{COD)Cl]z (5.0 g,

10.10 mmol), and the yellow-orange catalyst solution was sonicated under argon for
30 min. With exclusion of oxygen, the catalyst solution was introduced into the

25 autoclave. Within a period of 1 h, the contents of the autoclave was heated to 40°C.
in each case aboﬁt 3 bar of hydrogen were applied three times, and the autoclave
was vented immediately again. 1.5 bar of hydrogen were then applied, and the
mixture was hydrogenated at 50°C, with vigorous stirring. After 7 h, the
hydrogenation stopped. The HPLC analysis of a sample taken showed that, at this

30 pointin time, 99.1% of the titte compound was present, and GC analysis (30 m fused



(0.5 1) was punped in, and the apparatus was rinsed with [rlr%@a%%(o.S 1)
(the pH of 30 a sanple taken, nmeasured using a glass elec & s pH

8.15). Wthin a period of 12 July 2004 WO 01/55175 PCT/ EPOL/ 00523 39 30
mn, the r ¥EWBH3sol uti on was cool ed to 30C. Tetrafl uor FSVFRIVERRY

sol utlon (48% strength in water, 11.8 kg, 64.5 m ) was added over a period
of 30 mn. Wthin 1 h,, the mxture vag cooled to an internal tenperature
of 10C and (if required after seeding) Phe suspensi on was then stirred at
10C for a further 3 h. Methyl tent butyI 5 ether (40.0 I) was added, and

th t d a | i . i nt d int
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7 89 (dd,isameg. Tre autorelave wasl)ﬂush@ wsho rog;ema)'ld gsiog n(tsagem% co@tmzs o’é 1
H; IR
(S)-3- (Zlﬁﬁ%e thcé%e:\%g% ﬁre ? ﬁ%@%&ﬁ%@ﬁ@@%r%umﬁe he ﬂﬁrﬁtgr‘% Sor at e
15 In an ﬁutteakﬂtahﬁéc Uhdgp ndogen! ani no- 2- met hoxycar bonyl vi nyl )pyr| di ni um
tetrafl uoroborate (10.3 kg, 33.44 noi) was dissolved in nethanol (120.0 1).
Tetrafl uoroboric acid solution (50%in water, 1.018 kg, 5.8 nol) was added,

and the taﬂhgm@abomracbd@edf@nmmﬁre&yxhimetrsmwdrog@fbtms R@réchiriegemt The

Uit ravon GaRh 564 80 kAR A RRRIG 10 4k0 bintt AP yamesnressre Pl bt of i ¢

t he Wﬂ@“&@ﬁipe@é&ﬂﬁﬁm dk eﬁaff@fﬂﬁ‘ﬁé A& H; Bﬁéﬁbmtéﬁtt% C§~9§38|9@WLCFAPP
(12.5 g, 20.83 mpl) an 12 (5.

yel | ow or%n?g@owﬂawgty @fdl;‘ﬁtcl"&? ncag @mt%ﬁ%ogﬁmpn@p@wﬁn%ﬁaﬁ%@wa Wth

excl usi orbfq:éngﬁ.)@? c)j.he catalyst solution was introduced into the 25
aut ocl ave n'a p))erl od of I h, the contents of the autoclave was heated

to 40C. In each case about 3 bar of hydrogen were applied three tines, and
the aut ooty firates of the five batches were combined and, at a jacket temperature of 40°C,

15 concentrated under reduced pressure to the residual volume of 150 1. Isopropanol
(200 |) was added, and the mixture was, at a jacket temperature of 40°C and under
reduced pressure, concentrated o a residual volume of 250 |. Two more times,
isopropanol (in each case 100 |) was added, and the mixture was, at a jacket
temperature of 40°C, concentrated to a residual volume of 250 1. This resulted in the

20 crystallization of the title compound. The white suspension was stirred at 10°C under
nitrogen for 1 h. The product was centrifuged off using a centrifuge which had been
inertized with nitrogen and was washed with isopropanol (100 1} and with methy! tert-
butyl ether (150 I). This gave 45.0 kg (144.7 mol, 90.6% of theory) of the title
compound with 71% ee of (S)-isomer (GC). M.p.: 126.2°C (according to DSC); MS

25 (ESI™): miz (%) = 223 (M + H'] of the free base, 100); 'H-NMR (200 MHz, DMSO-
de): 8= 1.78 (s, 3H), 3.08 (dd, J = 9.5 and 7 Hz, 1H), 3.29 (dd, J = 8.5 and 4 Hz, 1H),
4.68 (m, 1H), 8.00 (dd, J = 5.0 and 4.5 Hz, 1H), 8.42 (tor 2 d, J about 6 Hz, 2H), 8.80

(d, J about 5 Hz, 1H), 8.82 (s, 1H); IR (KBr): v = 1740.9, 1654.3 cm'1.

30 Example 13: (8)-2-Benzyloxycarbonylamino-3-(pyridin-3-yl)propionic acid



was vented i medi ately again. 1.5 bar of hydrogen were th?ﬂ algﬁlpbid and
the m xture was hydrogenated at 50C, with vigorous stirri é‘.‘ r 7 h,
the hydrogenation stopped. The HPLC anal ysis of a sanple taken showed
that, at tﬁfos‘"@é”ﬁoi nt intime, 99.1%of the title conpouffdFFRIYBEsent
and GC analysis (30 mfused 12 July 2004 WO 01/55175 PCTI EPO /00523 40
silica capillary colum Chirasil Val, i,sotherm c 160C, injector 220C,
detector (FID) 260C, carrier gas 0.8 ﬁ r of hydrogen, tret [(R
enantionmer] 12.64 mn, tret [(S) enantioner] 13.64 mn) showed that the
enantionmeric purity was 86%ee of (S) isomer. The autoclave was flushed
with nitrogen and, using nitrogen, the contents of 5 the autoclave were

pressed tAEeMABN Bf @Q-@-Ebétyl%fniﬂ\c_ﬁlQQnéthMm%onyMﬁyiﬁgﬁhﬁliLfrh| trate was
stored at +5C under 'nitrogen. Using the above procedure, four further
asymret r i tetrafjuprobeisia (7972 eRef-£0&ar 81 BaneJhin watgh (88h) wesdilterey thipugh 97 ol )
- 10.3 k ; M yai U4 ;

hydr Ogeng%rlégs;hrt‘elﬁﬁn@ E)%Qvﬁyé%\?r?%gggtﬁf ag%cf]ﬁﬁ?ﬁg%%gggq%j%)ﬁgmg ; encgflr?:&) iggmari o
pur i t y Sofsaditem dydetxiqe salutéan (38% steengihlrabgehd i lhthe pHuafitom filateowad. 50 ee  of
S i soner T L bk . i : o ' d, at a

j acket teérf{;g@}t%? ltjor gﬁoﬁd_ﬁl‘j}éﬂ ﬁﬁ)g%@%ﬁ@@x{af éﬁ%@gﬁrﬁ e?t ﬂrtg'ggccg pr@gdsaﬂi?l to the
resi dual wisithitiee pH WDkt chastanysimptor{c@d@ated apuecasd deditmandiroxide m xt ure

was, at a_ jacke e rature of 40C a under,, reduced pr

concent raﬁdé@'%tr&br@}gqmﬁﬁ a5% Ptk qta%@‘aetf_anql%at ?%eet{cl %@‘i?aﬁpgaé@ropanol
(i n each gamedliBBt ihe mekypsklethadiskri rirdlyxédicempiately & gite tlactarboxylic
tenperature of 40C, concentrat eq’dto a.r S|duqll vo& f 250&. TBIS

resul t18d aqid.{Yging gonesyitaigd Nydiee PricaCiE fRbaUt AR ﬁﬁ%aﬁwﬁﬂ UgiRAR
suspensi | : Wt I t was
cenlto rif u%bﬁfﬁﬁséﬂlg%ﬁgkgﬁ#ﬁggéﬁmﬁr%ggoﬁéégﬁl) W%e?gq}?e?hem% nitrogen
and was weehtien mixture waphesigd e a( inlerna) tlemperaiursofhdd Gyand slired Bia y| et her

(150 1)y gt i o by SS9 P Bl Anet 1
VB 25 (EX) 000 (38.9 q) W) deiogiz8d (ater£468 mibwas hdded sb3%5s @nd toomixtarerwagR (200
Mz, qlgsqhen stirred at a constant pH of 7.9 and a constant temperature of 38°C for 40 h. TLC
‘(mobile phase as above) confirmed that about 85% of the carboxylic acid
(corresponding to the content of (S) isomer in the 3-(2-acetylamino-2-
methoxycarbonylethyl)pyridinium tetrafluoroborate used) had been deacetylated. The
vessel was inertized with nitrogen, and tetrahydrofuran (22.0 [) was then added and
20 the reaction mixture was, over a period of 1 h, cooled to an internal temperature of
10°C. Within 45 min, a solution of N-(benzyloxycarbonyloxy)succinimide (4.63 kg,
18.6 mol) in tetrahydrofuran (23.0 I) was added, during which time the pH was kept at
8.0-8.5 by continuous addition of concentrated aqueous sodium hydroxide solution
(33% strength). The mixture was then stirred at 20°C for 1.5 h. TLC (mobile phase as
25 above) showed complete acylation of the free amino acid. Ethyl acetate (60 |) was
added to the reaction mixture, which was then stirred vigorously for 15 min. After
thorough phase separation, the ethyl acetate phase was separated off and
discarded. The aqueous phase was adjusted to pH 5.0 using concentrated
hydrochloric acid (about 3.7 |), seed crystals of the enantiomerically pure title
30 compound were added and the suspension was then stirred at 5°C overnight. Under
nitrogen, the crystals were filtered off through a pressure nutsch, washed with
deionized water (20 1) and dried at 48°C under reduced pressure. Yield: 2.86 kg



do): 8 =1.78 (s, 3H), 3.08 (dd, J=9.5and7Hz J =9.5
and 4 Hz, | H), 4.68 (m | H), 8.00 (dd, J 50and45 uly| ﬂﬁ‘ 8.42 (t
or 2 d, Jabout6Hz,2H) 8.80 (d, Jabout5Hz 1 H, S I R
(KBr): v ="PHUGFY5 1654.3 cm 1. 30 Exanple 13: PeTIEROVDS23

(S)-2- Benzyl oxycar bonyl am no- 3- (pyridin-3-yl)propionic acid 12 July 2004 WO
01/ 55175 PCTI EPOL/ 00523 41 A sol ution 43

(S)-3-(2-acetyl am no- 2- net hoxycar bonyl et hyl ) pyri di nium tetrafl uoroborate
(71 %ee;. 6.70 kg, 21.6 nol) in water (88 1) was filtered through a

pressure 9‘52%‘61 5089 Mhé\bryﬁoﬂﬁb'tiﬂé%%ﬁaﬁ@%ﬁ@o’% EQXCSMW&IWRQM rat ed
aqueous sodi um hydr oxi de sol uti on % strength, about 3. t he pH of
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react | on 41Bg«(sy2H), Wa$s hEa10ath, 1Bpi)an, eznvermﬁh 214)TBe3Bat 8160 (M ZHQGZ&BEd(I:ﬁTsI rred
at a constant tenperature of 39C for . Wth very slow stirring, acylase
" Amano" 36i),080(KE2B Vo= §369.14, tedohi tabd. 1ydiDdb.9, $09.2dMm was added at 39C, and
the m xture was 15 then stirred at a constant pH of 7.9 and a const ant
tenperature of 39C for 40 h. TLC (m)bi | e phase as above) confirmed that
about - 85 @fntd194:G86 rg/dw-ca% yRERANG)- B iBablhaontent of ()

I somer |nthg ‘22 arﬁg )a[mno o xycar é?] ﬁly(dlnlum
tetraWuoroborate used) had been deacetyl at ed The vessel was inertized
W th nitro 20 the
Feact | on eurparatf et (12 8oy cBbdngianno. s (HRah S BBt O

t enper at (2.80&f, 8.58@noit ﬂetrahyﬂdi'ofurm (80 B wlastoooleddd -9°C. At this temperature,

(25, 01) MR RBREalAnE (i e Pl et spetlealsy Bhetiog b Sghtly ' "

cont i nuoug* (A Gehiduty® ehirofofmaert I3stier ompueel vasaden aubeldimmm @M, tid on
15 internal temperature in the end increasing to -6°C. After 10 min of vigorous stirring,

ammonia gas (2.1 kg, about 123 mol) was infroduced at a constant temperature of
(-5) - (-6)°C into the resulting thin suspension in the course of 3 h. The reaction was
initially strongly exothermic (requires initially slow introduction), later on less
exothermic. Over a period of 30 min, the reaction mixture was warmed to 16°C,

20 which gave a thick but siill stirrable crystal slurry, At a jacket temperature of 30°C, the
solvent was removed under reduced bressure. The white, greasy residue was
suspended in ethyl acetate (125 [). A solution of sodium hydrogen carbonate (3.0 kg)
in water (50 ) was added and the mixture was stirred vigorously for 30 min, after
which all of the solid had dissolved. The organic phase was separated off and dried

25 over sodium sulfate (1.0 kg), the drying agent was filtered off and the filirate was
concentrated under reduced pressure at a bath temperature of 30°C to a volume of
about 6 |. The resulting precipitate was filtered off with suction, washed with ethyl
acetate (1.5 1) and dried at 30°C under reduced pressure. Yield: 2.26 kg (7.55 mol,
87.3% of theory). The chemical purity was 99.9% (HPLC: 125 x 4.0 mm RP18

30 Purospher, 40°C, detection 210 nm); the enantiomeric purity was 100% ee (HPLC:
250 x 4.6 mm CSP Chiralpak AD Daicel, 40°C; detection 248 nm; mobilre phase: n-



(33% strength). The m xture was then stirred at 20C for 21]{':]6'2%5: (rmobil e
phase as 25 above) showed conplete acylation of the free gl d. Ethyl
acetate (6Q I% was added to the reaction m xture, which was then stirred
vi gor ous| y ¥QP3E5hin. After thorough phase separation, RHEERMAYS acet at e
phase was separated off and discarded. The aqueous phase was adjusted to
pH 5.0 using concentrated hydrochlorigzacid (about 3.7 1), seed crystals
of the enantionerically pure title 30 conmpound were added and the

suspensi on was then stirred at 5C overnight. Under ni trogen the crystals

(201) andetreiroprsmseriRalot Ei2H 0 Ve S A RORchaltS la ) M550 ) 2004
Compound TR N-BSGHAL o B E) s T2 Rz 35@955@ M%@i”ﬁﬁﬁ@ﬁl e phase:

o D BB S5 AL 155 P DA, L 68l

ESI +) : N S5 285
(dd. ?] _HE g aT9 T a0 SogE o g0 7t Gk oA 88 (B 2, 6907 25 (i
1H, $’tsgn 1I3)‘|B 3¢~ 8@3 (m7214|§r IFWKB:‘*}")V-?)S@QS 16‘747§ {557 2Hu4®, 38 - 8.50
(m 2H), 0 1 KBr) : 3369. 7, 1707.4, '1504.7, 1046.09,
699. 2 cm1271B$a25|16c?a4 Benzyl
(S)- [ 1- car banoyl -2-(py(di n-3--yl)-ethyl)carbamate 10 A suspensi on of
(S)-2-benzyl oxycar bonyl am no-3-(pyridin-3-yl)propionic acid (2.60 kg, 8.65

el hyt TS A S pitudrip Ao fAREARHH- (e Ryl REBRR! L
mn. At -9C |sobutyl chloroformate (1.36 kg, 9.96 nol) was then added

A ter 180 T Ao Resrlb@ R (1.7 WL e eV T ea i B ) s
|t Et r oduc edylpithy] c@ﬂﬁmﬁaﬂ&tﬁ tcmmBaiamnel)@i’\d rhethy t;JIL(ené)ZQsm[mtd {os7 b@,u![ ti ngI
xot her kb (et did ST a3 SRS and ik FREPRoR iU was aiignd Biihp glasba "Y'
%‘ét her Mg toddR, AR50 aRd LPHeSRitrBhéh, fbﬁ@hr?ﬁéPéﬁﬁomﬁﬁkﬂaf@Wé@%llﬁ@é@W to

- stand at room temperature overnight, which resuited in the sedimentation of the

16 methylated N-benzyloxycarbonyl compound as a viscous slime. The reaction solution
was diluted with deionized water (0.33 1), and palladium/carbon (10%, 50% water; 50
g) was then added. The hydrogenation was carried out under atmospheric pressure
by passing through hydrogen (about 10 I/min), with continuous metered addition of a
solution of toluene-4-sulfonic acid monohydrate (0.63 kg, 3.33 mol) in deionized

20 water (1.01) at 20-25°C, over a period of about 3 h. After the hydrogenation had
ended, the autoclave was flushed with nitrogen and the hydrogenation solution was
filtered through a Seitz filter and washed with deionized water (0.5 1). The filirate was
transferred into a rotary evaporator and concentrated under steam-jet vacuum at a
bath temperature of 40°C to about 2.5 |. With vigorous stirring, isopropanol (10 1) was

25 then soaked in and the mixture was, with stirring under reduced pressure at a bath
temperature of 40°C, concentrated to about 5 | whereupon the title compound started
to crystallize. With stirring, the crystal suspension was cooled at 15°C for 0.5 h, and
the product was filtered off with suction through a paper filter, washed with 1 | of
isopropanol, dried thoroughly with suction and dried. Yield: 1.57 kg (3.0 mol, 80% of

30 theory). M.p.: 219-220°C; MS (ESI™): miz (%) = 180.1 (M+H'], 100); "H-NMR



20 which gave a thick but still stirrable crystal slurry. @ i 3@@ ket
tenperature of 30C, the solvent was renoved under reduce& E?E The
white, greasy residue was suspended in ethyl acetate (125 1 A solution

of sodi um RHMESET carbonate (3.0 kg) in water (50 1) weRCHERIM9ZAd t he

m xture was stirred vigorously for 30 mn, after which all of the solid
had di ssol ved. The organi ¢ phase was sg@arated of f and dried 25 over sodium
sulfate (1.0 kg), the drying agent was filtered off and the filtrate was
concentrated under reduced pressure at a bath tenperature of 30Cto a

o USRI 2, SRANS B0E01 00 0B AR Lo
P s St 588, 0 Eob o BBl vt s 83 Pl

t he enant(imprikt)i ¢ puri ty was 100% ee (HPLC: 250 x 4.6 mm CSP Chiral pak AD
Dai cel, 40C, detection 248 nm nobile phase: n 12 July 2004 WO 01/55175
PCT/ EPOL/ 00523 43 hexane/ i sopropanol / et hanol 8411214 + 0.1 % di et hyi am ne;

g Bgt [ sAS)Eﬁ\mﬂB 34(DD-{(8)-B (SN2 ActyLFAING G- (@ammphw)bfosgcrwnjauym) (9
L R dshey e iR Ry Aoy ey Pgmey S i 1y © 4 06 (o

3H) 700-740(m7H) 740-760(m2H) 760-5776(m1H) 8. 36
- 8.53 (m 2H); IR (KBr): v = 3306,8, 1674.9, 1537.7, 1424.0, 1271.6,
1251.3 ¢ rHrlderEbktéﬁﬂ:ﬁne 34hydraxy4-gxo-8 aeilseiont 2. benvakiaaing Hyiﬁqﬁ kg, 30.0%

added 1o Bencefiel S AP 1Al el Raip 8 AU P & R o 2t e (100 ko,
3.33 8l )caabmaﬂetﬁyl) Tolethuieyr uﬁ/rwh fditasitlate((S. 437kg<d 0 35 vonanyl (S}-Ad(SHtd-r r er
T o LS (4O bR ARt LifohBo e iYL o oV
stand at (Adrkg, Qﬁp‘fﬁ%upurea waier contgrit 6.88% ch 50t smadl) iedN N%dltrieﬁ‘lykfedhatarmat | on of
R N o N R o R
pal | adi u%t@@%t(oh%d@&%&ﬁyleérboaﬁ}md@)@\mg Do purdedi2. 2B Mmeolhimdy ppenat i on
nas ca'rsr Ide me%uﬁfoyrggrg{dea(%nfﬁ evgesragd%e ro%grs g period of 7 h by means of a pump, and
pump and tubes were then rinsed with N,N-dimethyiformamide (0.5 1). The mixture
was stirred at 10°C for 1 h and then, with warming to room temperature (23.5°C), for
a further 14 h. The suspension was filtered through a Seitz layer and washed with a
mixture of N,N-dimethylformamigie (2.2 1) and toluene (0.2 I). Over a period of 30 min,
20 the filirate was pumped into a vessel which had been initially charged with acetone
(1200 1), which was stirred vigorously under nitrogen, at 18°C. The mixture was
stirred at room temperature for 10 min and the suspension was then pressed with
nitrogen through a pressure nutsch which had been covered with a filter cloth made
of polypropylene and a Seitz filter. The residue was washed with acetone (3 x 100 1},
25 the solid on the pressure nutsch was dried ovemnight using nitrogen, and the
precipitation of the product from acetone was then repeated. To this end, the solid
was dissolved with stirring in N,N-dimethylformamide (25 I} and the solution was
admixed with toluene (2.5 ) and, over a period of 15 min, pumped into a vessel
which had been initially charged with acetone (1200 ), which was stirred vigorously
30 - under nitrogen, at 18°C. The suspension was stirred at room temperature for 10 min
and then pressed with nitrogen through a pressure nutsch. The residue was washed



by passing through hydrogen- (about 10 I/mn), wth contigggu& Bfered
addition of a solution of toluene-4-sulfonic acid nonohy t 226@ 63 kg,

- 3.33 mol) in deionized 20 water (1.0 1) at 20-25C, over a period of about 3
h. After tRWOHFd 8genati on had ended, the autocl ave was FGTEHGE0SE t h

ni trogen and the hydrogenati on sol ution was filtered through a Seitz
filter and washed with deionized water440.5 1). The filtrate was
transferred into a rotary evaporator and concentrated under steamjet

vacuum at a bath tenperature of 40C to about 2.5 1. Wth vigorous
stlrrlng r s,
W th oty AROREISL 1680, She tBRd s uiEH LRRSHGHY e S0Palntf e ed =

concent r dherdtied ahtmllly &b 20°®/h|ede|upducedlpressuneeamuhpo @hd342 anderchigh o

crystallize. h C | e 5C for
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filter, \gaghed (HPLE ICIP ChiraliAGPr0pa®d mrdS @d: 40rG, QUOMIMMinatibesusct | on and
dried. Yield: 1.57 kg (3.0 nol, 90%of 30 theory). Mp.: 219-220C, M5 (ESI

i ): nbz spunratceBta sEpferHARO rald et 628 MivRtrdeoantionzad4. 28mio 1 1 &5175

PCT/ EPO / 00523 44 (DMBO- d6) : = 2.30 (s, 3H), 3.10 - 3.40 (m 2H), 4.08
(dd, 1 HydiadteB&ortier] 437 mir}); 2p d-55°4bl)=1 0 wate(‘):lThéldhemﬁ:a?pur(tg was $%, 7. 90
(s, 1 H, 8.05 - 8.22 (m 4H), 8.42 1 H), 8.95 H . 5 Exanple 16:

3- (( S) - 2ihe¢ spntent pRjiagterensosvead 24%3 Hl-cérﬁunﬁrmf@ﬁ@r&?s;qmt;ﬁ Y xam no)

Cndor i r SRt 24 C BeRgYioR 218 R 3 il prpdid BAapE Rt RE 17°%08" kg,
30, 0% orstOmEal adettkile 2746 afuhophespitriedscld) afsste enpH@wi about 8 m
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kg,
acetyl amcmhoghé r&mcﬂhdwrdmédwmswm ﬁﬁLﬂ@]onfQ&éthﬂhﬁ’mé 20giohc aci d

bet ai ne 93. 15% ure wat er cont ent 85%
N, N- di rretmg;gﬂam neof gobjle phase {\h@egwﬁéﬁﬁeaﬁd wgég @amhea%rtte%i)@fc At

this te
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di met hy| f30:5@miiderd & the imobiephadsee drepftice oatummlaom min Ireh[tdvaylateanmr@f a
punp, and punp and tubes were then rlnsed with N, N- di met hyl formam de (0.5

). The mHedaiffn). MS (FAB, NBA): m/z (%) = 722 ([M ]of the monotosylate, 15%), 550
(M ]of the tosylate-free monocation (N-methylpyridiniumamidine), 100%); H-NMR‘

(500 MHz, DMSO-dg): 6 = 0.80 - 1.25 (m, 6H), 1.40 - 1.70 (m, 5H), 1.72 (s, 3H), 2.29
(s, 6H), 2.71 (d, 1H), 2.98 - 3.07 (m, 3H), 3.18 (dd, 1H), 4.05 (t, 1H), 4.36 (s, 3H),
4.55 - 465 (m, 2H), 7.11 (d, 4H), 7.27 (s, 1H), 7.42 (s, 1H), 7.47 (d, 4H), 7.51 (d, 2H),

20 7.73(d, 2H), 7.92 (d, 1H), 8.06 (dd, 1H), 8.14 (d, 1H), 8.21 (d, 1H), 8.40 (d, 1H), 8.88
(m, 4H), 9.25 (s, 2H): "*C-NMR (75.43 MHz, DMSO-ds, { H}-broad-band decoupled):

§ = 20.67 (2C), 22.31 (1C), 25.51 (2C), 25.65 (1C), 28.32 (1C), 28.89 (1C), 34.21

(1C), 36.95 (1C), 47.79 (1C), 52.19 (1C), 53.30 (1C), 57.67 (1C), 125.36 (4C),

125.80 (1C), 126.82 (1C), 127.70 (1C), 128.03 (4C), 129.59 (1C), 137.74 (2C),
25 138.13 (1C), 143.36 (1C), 144.88 (1C), 145.25 (2C), 145.37 (1C), 145.63 (1C),

165.16 (1C), 169.26 (1C), 170.58 (1C), 171.35 (2C); IR (KBr). v = 32886, 1663, 1184,

1124, 1035, 1011, 683, 569 Cm'1.



was stirred at 10C for 1 h and then, with warmng to room%ﬁnﬁ ture
(23.5C0 1 for a further 14 h. The suspensi on was filteredgHP u?éﬁ a Seitz

| ayer and washed with a mxture of N, N-dinethylformm de and

tol uene (OO W51y er a period of 30 min, 20 the filtrateP P‘Wﬂ ®d into a
vessel which had been initially charged W|th acetone (1200 1), which was
stirred vigorously under nitrogen, at 48C The mxture was stirred at room
tenperature for 10 mn and the suspension was then pressed with nitrogen

t hrough a pressure nutsch which had been covered with a filter cloth nade
of pol ypr#%g%gtqﬂgm@d a Seitz filter. The residue was washed with acetone (3
x 100 1), € solid on the pressure nutsch was dried overnight using
nitrogen, and the precipitation of the product from acetone vvas t hen

r epeat ed id, was di h, sti.rr

R di ety ATOPRRs Ol e BiSBe 2Rk of RETRONIAS G aaRTIA ke BPTRITS ene (2. 5
1) and, %bﬂfrer@in@@ﬁé Q&np&uﬁ&oﬁmé for’mumﬁ(byl cféi’télyt&: Nﬁﬁ&@énatks’ﬂlsﬁﬂ doadeRzfen
|n|t|aIIy charged wi acet one rously 30 -

2
under Ai tof Hg%war@tgfm;m e @fa}%gr%lﬁ lvseéh%ppmpeanfépf %@Jﬁ%l@%ﬁ'&%%r e for
10 mn  agg v&.ﬁﬁﬂe%&ﬁﬁxdfowed By FERIRA Witk 2 B8MpauMM BEHETErmRMA ¢ Br jtd e
resi due was washed 12 July 2004° WD 01/55175 PCT/ EPO1/ 00523 45 with
acet one (s8ltwithobe Brid HKdo givei aicqrapound efdhe figmilg hiwhare the aripasMae ni trogen
and the under reduced pressure and then at 43C
under 31‘%‘% 'dﬂ%%eé%b‘a r@%@ (8.76 nol, 91.3%of theory). The :
enantlorrerlc purity was > 9%ee (HPLC: CSP Chiral AGP 100 x 4.0 mm 5 pm
40C, 0.7 m/mn aqueous 5 sodium acetate solution (100 m\V) ,,tfret 6.20 mn,
tret [enantioner] 4.26 mn, tret [diastereoner] 4.97 nin) a] D25 -6.5 (c

= 1.0, water) NJhe m caI purity was 97% the cont st ereoner
was 2.4% (HPLC. Syper3pher 60 RPsel ect B 250 x 4. 0 G ection 210

nm 1.0 m/mn; ade A. 950 m of wate f acetonitrile + 7
mM of orthophosphoH , %;ﬁ;ed tojaH 3 th bouH 8 ﬁ 10 of
triethylamne, no ) Om of wa onitrile + 7
m of orthophos +”acilfl jud®dd to pH-3 wiph about 8 n@

p
triethylamne; elutiod prpgrag 15 min of 100% nmobi Pe e A then over a
period of 10 min linear to 5 .

10

2. The process as claimed in claim 1, wherein the hydrogenation is carried out using

a chiral rhodium(l) complex as catalyst.



nobi | e phase A + 50% nobil e phase B, then for a further 1§ ' .
Isocratically this 50:50 mxture of the nobile phases: t 3?“{}'[%09% cati on]
13.44 mn, tre}?{tosyl ate anion] 15 26.88 mn). M (FAB, NB%?: mz (99 =
722 ([M] SO e Monot osyl ate, 15%, 550 ([M] of the to&AERLNYYe
nonocati on (N-nethyl pyridi niumam dine), 100%; 1H NVR (500 MHz, DVMSO d6):
8 =0.80 - 1.25 (rn, 6H), 1.40 -1.70 (ay 5H), 1.72 (s, 3H), 2.29 (s, 6H),
2.71 (d, 1 H, 2.98 - 3.07 (m 3H), 3.18 (dd, 1 H), 4.05 (t, 1 H), 4.36 (s,
3H), 4.55 - 4.65 (m 2H), 7.11 (d, 4H), 7.27 (s, | H), 7.42 (s, 1 H), 7.47
(d, 4H), a7Thd ffré’ces%"as cléithet ik 2idifls 124Md/or?, Yheréin the drogeﬂﬁtic(rﬂg’caﬂrié@’ 8.14
(d, 1 H, 821 (d, 1 H, 8.40 (d, 1 H, 8.88 (m 4H), 9.25 (s, 2H);

13C- NVR (©pbuaiBg HpodiomEO-(d- (2R 4R -isrtdudyvipamarkrnybdpliphenylphgseghino-%7 (20),

22.31 (1 2 28.89 (1 O, 34.21 (1
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(40). 125.80 (1 O, 126.82 (1 O, 127.70 (1 C), 128.03 (4C), 129.59 (1 O),
137, 74_(20).. 25 138 13 (1 Q). 143,36 4.68 (1.C). 145.25 (20).
Ta0, 575¢ e videssgas datipd hioss O sire el d 1o 8 pobai e goriisryan 5
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cm1. 12 July 2004 WD 01/55175 PCTI EPOL/ 00523 46 Patent Clains 1. A process
for the (F&dHdERYHMEPN bARE hydrogreoly e pfiihe resuling %hw@ﬂmf@sm&-
converting the conpound of the fornmula Il by catal ytic hydrogenati on and
conversion_5 of the cyano group into the am dino group into the conpound of
t He for m# dheiproeassiassclaigmgdin@netermrresticlaimix ! to 4 wheksin Bie fcagtien efthgi th a
conpoypRd My | i o Tol : | npound
o T ndD; someetfps 8 e BnhfaBln chd v §7 b} st eleofieAeried Puf i 43 KesBne?
ani ons. NCa@drdgiihiddhe process as clainmed in claim1l, wherein the
hydr ogenation is carried out using a chiral rhodiun(l) conplex as
cat al yst. '

8. The process as claimed in one or more of claims 1 to 5, wherein the reaction iof

the compounds of the formulae Hi and IV or of salts thereof is carried out in the
15 presence of dicyclohexylcarbodiimide and 3-hydroxy-4-oxo-3,4-dihydro-1,2,3-
benzoftriazine. |

7. The process as claimed in one or more of claims 1 to 6, wherein in the reaction of
the compounds of the formulae [l and IV the compound of the formula IV is

20 employed in the form of the salt with the acid HX and the compound of the formula i
is employed as such, i.e. as betaine.

8. The process as claimed in one or more of claims 1 to 7, wherein the anion X is

toluene-4-sulfonate.
25

9. The compound of the formula la in which the anion TosQO is toluene-4-sulfonate.



12 July 2004 WO 01/55175 PCT/ EPOL/ 00523 47 3. The process gﬁ @é@ﬁ din
clainms | and/or 2, wherein the hydrogenation is carried & Rge
rhodlun(I)H%%%ﬁ%ZR 4R) - 1-tert--butyl oxycarbonyl - 4- dlphenyu%Posphlno 2-

(di pheny!p nethyl)pyrrolldlne conmpl ex as catal yst . POUBPOIAI3 by ocess
as claimed in one or nore of clains 1 to 3, wherein the conversion of the
cyano group into the amdino group is agrried out by reaction with

hydr oxyl am ne or a hydroxyl anmoni um salt and hydrogenol ysis of the

resul ting N-hydroxyam dine. 5. The process as clainmed in one or nore of
claims | to 4, wherein the reaction of tEF 10 conpounds of the fornul ae
1l and IV or of salts thereof |S|@4rff out in the presence of a
carbodil m de. 6. The process as cI ifred |n one or nore of claims 1 to 5,
wherein the reaction iof t TG NheTtheonul ae 111 and IV or of
salts thereof is carried out c€e of dicycl ohexyl carbodiim de
and 3- hydroxy- 4- oxo{gc4- dif RZOT ¢ g2|ne 7. The process as
clainmed in one or noPf herein“in the reaction of the
conpounds of the f e, C ﬁpound of the fggormula IV is 20
enpl oyed in the forn1ofkthe ~alr'mn&h the acid HX and the conpound of the
formula I'l'l is enployed as S ye ¥ betaine. 8. The process as
clainmed in one or nore of clal to 7, wherein the anion X- is

tol uene-4-sul fonate. 25 9. The™seffpound of the fornula la in which the
anion TosO is toluene-4-sul fonate. 12 July 2004 WD 01/55175

PCT/ EPO1/ 00523 48 ' TosO - NH

10. A process for preparing the compound of the formula la in which the anion TosO"

is toluene-4-sulfonate, which comprises reacting the compound of the formula lil or
5 the toluene-4-sulfonic acid salt thereof with the compound of the formula IVa or the
toluene-4-sulfonic acid salt thereof to give the compound of the formula la.

IVa




2 1 NCH 3 la 10. A process for preparing the conpound of 22{ la la in
uly 2004

whi ch the anion TosO is tol uene-4-sul fonate, which conpri ting the
conpound of the formula Ill or 5 the toluene-4-sulfonic acid salt thereof
with the compound of the fornmula Na or the toluene-4-sulfonic acid salt
thereof to give the conpound of the fornula la. NHNH2 OHO Il |IVa TosO N

HO O la 12 July 2004 49 1 1. The proggss as clainmed in claim10, wherein

t he conpound of the fornmula IVa is effployed in the formof its salt with
‘toluene-4-sulfonic acid and the conpound of the fornmula Ill is enployed as
such, i.e._as betaine, and the reaction is carried out in the presence of
di cyci oﬁ‘é-x'[/h%ﬂmﬁﬁ iasidRiMaddn Slaimdt; sheteiptae sompound of tha famaula IVa is

- DenzOt bigidlRd it Fhe ot SRR LoiidHe-4 SUTBAR abha 808 tld SordPolifia o th 1 1°

formula ill is employed as such, i.e. as betaine, and the reaction is carried out in the
‘ presence of dicyclohexylcarbodiimide and 3-hydroxy-4-oxo-3,4-dihydro-1,2,3-
5 benzotriazine.

12.The compound of the formula i and its saits.

NC

- 10 ,
13. The compound of the formula HI and its salts.

AMENDED SHEET



13. The conpound of the formula Il and its salts. 111 A NIS)E@ HEET 12
July 2004 50 14. The conpound of the fornula IV and. itswgalfl Q%OEh t he

~acid HX, where the anion X is a physiologically acceptable anion. IV 0 .
- AMENDEDSHEET ‘

50

 14.The compound of the formula 1V and its salts with the acid HX, where the anion X
is a physiologically acceptable anion.

“AMENDED SHEET





