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(54) Title:
CYL-PYRIDINIOALANINAMIDES

PROCESS FOR THE PREPARATION OF ACETYL-AMIDINIOPHENYLALANYL-CYCLOHEXYLGLY-

(57) Abstract: The present invention
relates to a process for the preparation
of acetyl-amidiniophenylalanyl-cyclo-
hexylglycyl-pyridinicalaninamides of
formula (I), 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 nsed, for example, for preventing
thromboses. The process according to
the invention comprises the coupling of
2-[2-acetylamino-3-(4-amidinophenyl)pro-
plonylamino]-2-cyclohexylacetic acid,
which is  cobtained from  2-[2-acety-
lamino-3-(4-cyanophenyl)-acryloy-

lamino]-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-carbamoylethyl)-1-methylpyridiniom salt or a salt thereof. The invention furthermore provides starting
materials and intermediates for this process, processes for their preparation and acetyl-(8)-4-amidiniophenylalanyl-(S)-cyclohexyl-

glycyl-(8)-(1-methyl-3-pyridinio)alaninamide as ditosylate salt.




physi ol ogi cal | y acceptabl e anions, and their anal ogs, mhhgg ﬁg%o ffective
I nhibitors of the blood coagul ation factor Xa and whi ch H e dsed, for
exanpl e, for preventing thronboses- The process accordiqg to the

i nvention 6Hﬁ Y8s the coupling of CT/ER01/00523

2-[ 2-acetyl am no- 3- (4-am di nophenyl ) pro- pionyl am no] - 2- cycl ohexyl acetic
acid, which is obtained from2-[2-acety | am no-3-(4-cyanophenyl)-acryl oy-
| am no] - 2- cycl ohexyl acetic acid by asyrnetri c hydrogenati on and conversi on
of the cyano group into the amdine, or a salt thereof, Owth a

3-(2-am no- 2- car banoyl et hyl )-1-met hyl pyridiniumsalt or a salt thereof. The
i nvent i orPrboesshier ther preparatiod e astigr-aminiophrgtalatys-caclehexyiglydyedi at es for
this procesgikﬁiocesse for their preparation and

acet yl - ( PTEUIRAHRGHENy| al anyl - (S) - cycl ohexyl -

glycyl - (S)-(2-nethyl-3-pyridinio)al aninam de as ditosylate salt. 12 July
2004 WO Q1/55175 PCTI EP01/ 00523 1 Process for the preparation of

acet yl - ani't® FIE8BRdAVRtcaTplates o opresgsioy g prepgiatian of 888tithi nani des The
preseng i ' 5 E At L cetyl 5

am di ni opﬂgw %‘?%Rw%ﬁ%ﬂ@@ﬁ%ﬁﬁg@?ﬂ?ﬁ%@f ani nfgrr%e ?e}‘%‘% et he formul a
' | in which the anions X are physiologically acceptable anions, and their
anal ogs, which 10 are effective inhibitors of the blood coagul ation factor
Xa and which can be used, foryqexenple, for preventing thronboses. The
process according to the inve on conprises the coupling of

2-[2-acetyl am no- 3- (4- ag O Phe i ﬁgyl am no] 2- cycl ohexyl acetic
acid, which is obtained m 2- [ anf*no- 3- (4- cyanophenyl ) -

acryl oyl am no] +Recycl e agetic 'Bycﬁsym*ret ric hydrogenati on and
conversion 15 of 0 oupl i ntg ,t he am di nﬁ, or a salt thereof, with
a 3-(2-am no- yZarpe ¥ N IF‘g/lpyridini msalt or a salt thereof.
The invention furtker pr ovillles

in which the anions X are physiologically acceptable anions, and their analogs, which

10 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 |

15 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.

20 '
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

25 coagulation system excessively or even completely, since this may result in life-



starting materials and internediates for this process, pr S or their
preparation and %?usl %0‘{

acetyl - (S)-4-an di ni ophenyl al anyl - (S) - cycl ohexyl gl ycyl - 1- net hyl - 3-
pyri di ni o) AL de as ditasyiate salt. 20 In certai n c G %400523
situations, such as, for exanple, deep vein thronbosis, high risk of

myocar di al infarction or stable or unstable angina pectoris, disturbances
of the blood coagulation systemand tiZe formation of thronboses may result
in a fatal course. However, in the prevention of thronmboses, it is not
desirable to inhibit the blood 25 coagul ati on system excessively or even
conpl et eltjreasning bidedingrahe reagllatiominhibitersliPatlareyc 2@mily WOLSH, /SGEH 26

cur rent 1 AN s asoidh B hERY, b 5 eV e St B BrheR b Aol iS e ek 498 an

opti mum pe@qbw ¢c}mp|rcm‘t|bhe by fble’edmgtém\( ircédme loe g éli‘hl(ﬁé@ﬁ'ﬁidti@ﬁé nSioRyd,
bl eedi ng an | inical situations nentioned are not able
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formation of thronbi reliab lCi/Wl hout bl eed| ng occdrring, as iIs observed
when di ré@rpmmr@iﬂmwﬂh%hﬁq G0GqUErng; @§.is Pheervedpdendlirest thranabinor nul a |

d I t X
o 20l STy I DI Bh el Gt o e
admi ni st readi kighly potedd infultitas Obfactdn Xafwhinilage bffestidedolidwingg wﬁﬂwemnis, are

descri beq, | - .aNn e correspondi ng US- A-584951 0. According
to WO A- %E?gﬁ%é‘gﬁéé%gﬁ'%%%%@%tf" d by solid-phase synthesis using

prot eddi ve-group techni ques where 3- pyridylalanine S coupled to a resin
using a Knorr |ink d the | ed 15 cycl | ycipe, the

pyri di nelé[fh ‘%rtgﬁ?‘?rg’ Q?'é‘fﬁ gJags \Kefﬁ%o‘cﬁr%gﬁ??‘%@dl ig WQthPeid918Rt h
acetyl - 4-aa|ﬂ1tﬁe @@ﬁb@ﬁdﬁcﬂhgﬁwsﬂﬂém%ﬂﬁm&dﬁﬂmﬁﬂwﬁﬂ% #ayrge, and the

product is, follow na cleava e fromthe resin, purified by chr omat ogr aphy.

Thi s sol iPEEPFRALY slignhase sy tﬁﬁ%‘ﬁWE‘EIFEOFGFW%Q%@’:PP@"W&Wh‘RrQ quantities

requi r ed 3efridylalanine 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



devel opnment tasks, such as toxicol ogical and clinical stuq' &s %\[) even for
the 20 synthesis on an industrial scale. A pharnaceuti cal |§ 'é]é"t% 3 conpound
is acceptabl e as devel opnent product and for later use in patients only if
the prepar #QYF5¥an be carried out on the required scal e PGERPOHPEE adequat e
purity, where purlty,'ln t he case of compounds having centers of 25
asymmetry, includes in particular also st ereochem cal purity. The conpounds
of the formula | contain a peptidic difcat i on carrying positive charges in
am di ni um group and the N-nethyl pyridiniumgroup. Among the conpounds of
the formula | wth different anions X such as acetate, chloride, fumarate,
benzoat e TamaRhysislogieal eainé of view; theusitda less areferred §9n lapg-teranseaiTdeor

panoat e, wrawpaaﬁga tcﬁé%r%H?&%?ﬁfn?b@g?%ﬂo éﬁﬂ%%ﬁﬁ%uﬁﬁ!%r% #b%npqg la I,

CF3C02) was “f'o wever ity of t he
trifl uor omtericatsty aabtphosisi ijamo:pmus nature of thed $altisii$ e domsidasable prichiemor y and

12 July 2004 VWO 01/551¢5 PCT/ EP 0523 3. from a physi ol ogical point of
View  ndn DR MSpERBEt & gt 4 i oo et BuBVSR Brosecdl, Sidiadt

di agr ags r?iﬁd@tkeér?ﬂaﬂizh%n B@édsmb;\é arﬁdn&aambpl;wdudr:]taﬂml%tﬁélmw puaifi thiodn o
not ori ous e anDr ous . n re of the salts i consi der abl e
Dr b e RSO ESAEI oR RS 47T EB 715 RN THE PLOTARIPR STGANSY &l at | vol y
| ar ge scyr&eipitationgs, éf cﬁaufﬁ”'@%ﬁoﬁv@ﬁwﬁttﬁ‘ét'dféaéryﬁﬁlhké‘ﬂ%ﬂﬁéh@lﬁs fHifeforeact i onal
pr eci pltatlon is the only purification nethod feasable for use on_a |arge

scal e. H3REGEFaAry therepare ﬁV%th%@ pomp@moweéorwééwﬁhtaawﬂahla anionpf
course, & 04 rdR¥BK tﬁéigﬂ?oéé&% #fs cﬁmg%%gi P s8Mnatdi thd %nd 8 thﬁ{t]:?BPr e

necessary to rep are even t.h ecr Of the fornu
sui t aBPe ciinice aocaptﬁtdemabftqacﬁlrbetmtaalnpd@wémow precipitation. Howpeersths e, so

that in t

obt ai nedtdgéglpfrragcr?f)on%gg%%% élg %19? P%% d %@ﬁatﬁ%ﬁ@ﬂ ggé%cé?& a‘cg S%ﬁ%&ess
nat ur al | psafcs@xbmplet yidie, the ceipibebbsteps br thespaeiiabitily dreithepsics ofthe as, for
exanpl e, irﬁl d he lnurrber of steps or the availability and the price of
t he star#/ﬁl %rr'zi”ih s. 15 A process for preparing the conpounds of the

formula | which is not carried out on a solid phase is described in

V\DA—% [/22712. In this process, the three am no acid
A'process for preparing the compounds of the formula | whlch 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



units contained in the conpounds of the fornmula | are Iinlﬁg q}{r&ob[‘je sane

order as in the process of WO A-96129189. (S)-3-pyridylala pr ot ect ed
at the am ng a tert-butoxycarbonyl group (Boc), is initially
convert ed i“H% am de, which is then, 20 after renoval POYERIKROSEE ot ecti ve

group, coupled mnth (S)- N Boc- cyclohexylgly0|ne the protective group is
renmoved, the dipeptide is coupled with acetyl-(S)-4- cyanophenyl al ani ne and
the cyano group in the resulting tripeﬁtlde is converted, by reaction with
hydrogen sul fide, nmethyl iodide and amonia, into the am dine, and the
pyridinesp%tro en aLon1is)g®atern|zed The product is isolated in the form
of the 251Nt Rl GRR@IaNE ﬁag%afnrpmakﬂpr@mp@mﬁpw,menrﬁ@essé@ﬁﬁu on

sol ution t i due,

2 1 on o efitfle ISRl RRGverk A [ BBl 1] SR el o B L ever

it is fomhvih%theltCPfé'lEp@ﬂBtokalﬂ@ét lpw\rdamper@bme@; aedlthg/usmofﬁxppnauess

i ncludin i h nts
necessi { atiriie T ials (ol AmoBifs dtthe G063 ohétgfRFcely Furs Wb Ao o1 ves
heavy 80 d-astrasacidsl ($)53-pyadylaphiab) (S)myehhemglyahemdt(BMpr ocess on a large

le. T d t hysi ol | t of
ot th T es FERHINoheRASRAIEr L B kA PO IRHINe: 1o STdI dTevReRe ﬁgceZLSWy to
convert tfbﬁnéh’ fREMGhe icPhiRo grol@)) éethtmn%e% BM?d%/b'ié‘c%ﬁn fHfe écﬁﬁ&drﬁ@%

different salt using ion exchange chromat ography. Mbreover rocess has
consi der éﬁﬂn@JI?é@FﬁlF‘é‘HmeﬂG@ﬁd@WﬁB@eEUf theve eqmppindsare vieaeexFensiyRkent s such

as di et dog P&lltl@? ntﬂér&i%)%"l’iﬁ% r%rez:l Ffﬁgﬁgt rnx.{nﬂmg}ﬁ?g afhp{rfesla@r%a!)%gr :J(S:gl F;

expensi ve star materi al's ree e

pure dAngreparmtion af eompaourstsi af$he @;melqou'ravmg abuitdbie anipB)X.cycl ohexyl gl yci ne
and (S)-4- am di nophenyl al ani ne (or (S)-4-cyanophenyl al ani ne; the am di no
group can be forned fromthe cyano group) contained as building blocks in
t he conpdinlsbjett it mehieved |byltiae proaess foptinepreipatdtipnaf @bnpblisds ditthet hese

conpound ccor,din there is still need for a
smoot h-r Sﬂ lﬁaY %@ggﬁ%gb ePQF&%’“E’E‘a?’b hroRRLisEs SPNYRTting ﬁ?orrpounds of
the for moompouhd\of tige foruis I&bi( cafalviio hydrogERborDand® 6dnversias bf Beasyaly t he
pr oceﬁg for the ﬁ{ eé)a tion of cor‘g)ounds of the

group into midino 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.



formula | according to the present invention, which conpri 588 %Bxerti,ng

. 1 lg :
the compound of the formula Il by catal ytic hydrogenati on~and “conver si on
of the cyano 15 %rgoup into the am dino group into the coglpound of the

formula 11 WOWSTS salt with the acid HX, followed by r cHERINOWRS t he
compound of the forrmula ill or its salt wth a conpound of the fornula IV
or its salt with the acid HX to give the conpound of the fornula I, where
the anions X are physiologically acceptsolbl e anions. 12 July 2004 WO
01/55175 5 PCT/ EP01100523 NH NC It ~-, HIl 0 0O NO" "N "ff" "OHI H
Whereas in the known processes, the nolecule of the formula |l is :

constructed by coupling the C-terminal dipeptide of pyridyjtal ani ne and
cycl ohexyl gl ygyae with the 5 N-terminal am no acid am di nopgenyl al ani ne (or
cyanophenyl al ani ng) the process according to th_ent iNfth, t he

nol ecul e i s synt heff d byHcoupling the N -term nal Mg pé&ptide of

am di nophenyl al ani ne=andycycl ohegyl gl yci pe wil:& t hg” C T€r mithal anmino acid
pyri dyl al ani ne. over|} irnkithe[lprocess accordinglto %ﬁe pavention, in the
di peptide which i T hy Hpl i ng, tE SE ralx uniQH

uc :
CH CO- NH- CH CO, wh 3s tipwo centers of chiralitywhixh are sensitive

to epinerization, is not forged~Nin a coupling reactio two chiral
(x-am no acids as in the kno ocesses, but by 1

‘\ -
I % X
o \CHS
NH,
o v

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



asymmetric hydrogenation. In the process according to the P&viarbtgl n, the
peptide coupling is clean and quantitative, wth i nexpensl' 8% Qgents

bei ng used. Epinerization is very |ow. The compounds of the fornmula |I are
obt ai ned i WG i el d 12 July 2004 WD 01/55175 PCT/ EPO1/RSHERILBOSFhd i n

hi gh chem cal purity and .stereochem cal purity by fractional precipitation.
Chr omat ogr aphi ¢ purifications or expensive and conplicated technol ogies,
such a freeze-drying, are not necessaf to obtain the desired purities. 5
The present invention also provides processes which are anal ogous to the
above process and in which, using starting materials having a different
conf i gur @&ndon highscheraicabpurity end bierémcheoival pudty wf fradtionboprenipiiatiorar e

d. . ) n hirali . h
b o nopiomafSFRR puREHBNS R bl g PP iR S Bhafshiof by er ot
chi ral i t freéezetdrgingyateatmbnetgdsary treohtaintthbalesirddpdiftigsR) confi gurati on and/ or

the center of chirality in the pyridylalanine unit has the (R
configuration, or conmpounds which, on one or nore of the centers of

chi r al 6t Yiheapreseitiag@itionassd prokides prodeeses Whith dré&fkicous ¢ tHaedbmee
provi des rocessecgﬁv\,hl ch are anal c’)_‘%%us to the above processes and in

whi ch, udrREPSSRNGIRYRIER. Using dadingimrlerialghaving asdiffareat serfigsratiosypounds of
the f i j ' I
compounds aRCisgers ohicloor iRl ARs BEIFR imial ohe pRIERER, Tt ol 1o b oup i n

t he ani diosgpeeings i whiahdhe epoter obehitglity in thcamittinophdnylalapineipnit hasither |

i het ead ‘ S S

contain (3 PRt aiehetentd o GRS I PL LML LB RES IR 00 bei ng
met hyll0 ¢Rhgbnfiguratioropydi/or iheaentaryf chinaltbyiinythe pysidyatanineamdt hasrthe iRy y| . 20
Pt Ol SRR VA, Sy R S e eS|
met hanes réserdias, (RS) ohiveres: Fhe ihventioh furtraeeiops providesipedassaswhishnges. I n

t he case of ,pol yvalent, anion, for exanple suJfate, X is an anion
equi val o AnaIdgRuS 1932 8PS ROLersERiAH 19 Whigh. RNGHEP BPRISPERIS Saring j ections

froma physteabrgasabgdef dmedundseitheirmuld | (Bha tisarierbondrst &

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



formula | are used in relatively high doses and for a rel atively.lLong
period of time, and/or which inparts to the conpounds of El%ﬂ'élyf%)%rul a |
favorabl e properties with respect to pharmaceutical processing and the
phar macol o&%‘ﬁ{ﬁg&t ion, for exanple a suitable sol ubili tREWEPOURRSEY | and/ or
which inparts to the conpounds of the fornmulae I 30 and IV favorable
properties with respect to technically conducting of the process according
to the invention, for exanple sinplicitly of the process, suitable
solubilities 12 July 2004 WD 01/55175 PCT/ EP01/ 00523 7 in the solvents
used, the fact that they are easy to precipitate and/or easy to filter, -
etc. |n dnpheseverdd usatdbe ierithaitheyhareprasydo preaipitate aodior ¥asysto filter,

t ol -4, f = 4- f = 4- - CGH4-SC8 =t | at
L ros0y it Blere otoaT R RSN rRRch & Sod e snge (O
t ol - 4= Lk 4 Qi ' gl : ' t,
the 1 nvert oo 2o s onaly O oy E TS TR ISR ERT
the for myzatidulary préferfedl smbbdiieat, H sashbaé 2-sKohatel Thus,lifl thi€ pafeuRdy of t he
formula la, NH2rI° ~~ TosO |, a 10 0 Iva which _conprises converting the

N, | (

conpoufrd REETEMeE anahadimgnt {he)nvention relates tog arasges faritlm peapgrationvaltke on of
the cyan i el ' fiar mul a
T o T O o e B s B o R T e
formul a Ifommulgda, ts t ol uene sulfonic acid salt with the conpound of 15
formula W or the toluene-4sulfonic acid salt thereof to give the conpound
of the fornmula la. Froma physiological point of view, there are no
objections to the tosylate ani-&lq-cont ained in the conpound of the fornula
la, and the conpound of tH¢fornmula

10
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



la is distinguished, in particular, by particularly good g E@riqbgs when
conducting the process according to the invention. The ¢ ?rg r‘? f the
formula la is easy to 20 precipitate and easy to filter and is obtained in
a particul ¥AYSHBh yield and purity. The present inventBI¥EPRIAS2%r ovi des
t he conpound of the fornula Ia per se and its solvates, for exanple
adducts with water or alcohols, the use of the conmpound of the formula la
as an inhibitor of factor Xa or for the treatnent, including therapy and 12
July 2004 WO 01/55175 PCT/ EPO /00523 8 prevention, of thronboenbolic

di sorders, such as,.thronbose ocardial infarction or angin ectoris,
2nd ¢ ho. FLRVSRer e tBETOTREP Tl SHEORTS, RUAS B POPOe PP AT el Uafent <
for thesermgireddectilt, bh8theo0Se ofhE BRPOIRE OFHLRIMARIR#6AIrbFaINd OF .
pharmaceuti cal conpositions) conprising an effective anmount of the conpound

of 5 t he eficaMants forthgsa Madigalaprlinaliens. lapdpheapeesiticatpieppations (@, one or
H : _ T : = det ai |

on ¢ he' ueseRateUl ComAcdaRisy ebRpRRgRh et iR Anplnt ihe LiFPoudER 901 %t he

fornmul & Ithe foronuimia and 2 pharmpacasiticaltysaccppiaple cariien s ecompor sioreg t hem are

given in z oy 9 A explicitly incoyporated
into the pﬁ%@%ﬁ%&%%@?g@é&?%&%§ x%gﬁ%f g@é&r%&ygﬁgﬁ g@%rg ﬁg@&% P it%%u?%o{ he

]E)r oc els seshe egmlpbbmlk afthedohmula { me!ud;rgdﬁeabhmunﬂ Oc|>1l’ ﬂ']t}: mﬁﬂpl@lla (éﬁld@‘n thb][le
ormula | an or. the preparation.a e_conmpoun t a rom
the " comRbafecaliohirPaEang s Prisha tin 67 Biven,n o poSopHistads Ly

i nvent i orA-68498 WBwiieh ard Bxplicitlyascorporatdll iRRAthe e édif diRigearwBy abyldie forml a
ls, V\/ﬁ'ch égn%)rises reacting the conpound of the formula Ill or its

t ol uen- A8&®¥HEhi c acid salt with the conpound of the fornula |Va or its
tol uene-4-sulfonic acid salt to give the conpound of the formula |la. For
this process, which affords the corrcFound of the formula | in the specific

di t osy! atle adgitian 4 s procaggep dasciikea akaveder thegeparatien of theccompdunys afid
chiopY: . . . ]

aroot hl y BR iR CER i e (erPioh ¥ ind Bttpddnd b8 R i it 6 | ¥

i | | ust r atcoompeougiy ehtheiforsulaad del erftbeir sélts, trmpitesent infeniionee@bemtounds of

the f ©5 mﬂr@@eslslfbr &%ga}ng e éJ}ﬁ‘Borun%aolfttﬁe formtila lta?\cvhgcrﬁec Pt nts'e(sj Fedc #1 lt!"lc-,r\] g
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.



step in the context of the process described above, apply c rr ﬁggndl ngly
12 July 2004 WO 01/55175 NH PCT/ EPOL100523 9 O 111 IVa NHEZ Tly2904 65 0. N
"0 0 N'" Is The conpounds of the formula | can al so be represented by the
formul a VvV, WhHERI7Sexpresses that they can be consi dered fRYIRROIAOSAE aci d
addition salts of the acid HX 5 and the nonocati oni ¢ am di no-substituted
pyridiniumsalt contained in the formula V (having a free am dino group (=
car bani mi doyl group = anino-imino-neth{l 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 N different ways, for exanple as dicationic
pyridiniumsalts which cg jlp a positively charged amdinio group as a 5
el yNthar ged anions X as comgg®tions, or as acid
addition salts of thelg HX and a nonocatio yridi nium salt which

contains a freb#l,@nm digho ro as a substituent ang’e *a negatively charged
anion X as coun |o. D&en n “CH, .

-

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 [).



on the respective circunstances, other ways of nam ng may 2Isp€®§
appropriate, for exanple a nanme derived from peptide no ng é in which
the positi ¥ charged 10 ami diniumgroup (= am dinio gro or the free
ani di ne gr&ﬁ% Y3t he positively charged pyr|d|n|un1grod%%%EP Hini o
group) are considered to be substituents. The conpound of the fornula | a,
for exanple, could be referred to as 3 (S)-2-[(9)-2-((9)-

2-acetyl am no- 3- (4- an1d|n|ophenyl)prop| nyl am no) - 2- cycl ohexyl acet yl am no] -
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 nophenyMMHpr op¥onyl ani no) - 2- cyci ohexyl acet yl am no] - 2-
carbanoyl et hyl } - 1- met hyl pyri dj{ ni um t osyl at e_t ol uene-4-sul fonic acid salt,

or else as N-acetyl - 4- ¢ETHAG- THHNO yIX;

L- phenyl al anyl - L- 2- cycIoheJ.IegcyIlS-
met hyl pyri di ni tHpc3-ylg™~ L&l anna sytat e tol uene-4-sulfonic acid salt.

20 When-carrying out F@roc&ss ccolﬁﬁl ng fo the |r\went|on t he conpound
v e ® the conpound of the fornmula Il by

of the fornul@
initially hydrogerh'htl t hg cdrpoutd of the fornula Il in a

stereosel ective manner 10 e the Yconmpound of the forrmula VI, followed by
conversion of the cyano g into amdine, or by initially converting the
cyano group into the am dime; foll owed by stereosel ective 25
hydrogenation. 12 July 2004 WO 01/55175 11 VI VI PCT/ EPOLl/ 00523
Preferably, the hydrogenation to give the conpound of the formula VI is

carried QCérredponti ,tﬁé)b&:rﬁt&@%&y SFOAIYEbE namedlin differet foP'ei the
am di ne. The {Pter en?;éyontrol | ed dc; ogenat i on of ll?he &Cavg%sg |l e bgn‘ﬁ Fe?n t he

dehydr odigFeqjeatipnic pyridipjeny %ﬁlhswvfacf! soniain shleositively ehrrged amidinig sseyres ave
het er oge
pr ef er bl oAl g1 MSnEGaRly Harged BanS X3 PRl BT aldie) o,
r ut heni urfaitp of thepagid iHx aad layn@maémb pyridifivmhsali wmchlc):)ntaTm&aa frearamldmon
metal calghisbe 6ANAANBAE LAH b HeBltiy EAdthed ARt oS BBuREASTERAi"

on the respectlve 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.



~be fornmed in situ in the hydrogenation nediumfromthe chi %?'1 rjo &Ed and a
precatal yst, for exanple a rhodiumsalt such as [Rh(CCD)C b P (COD) 21+
Y (CODis 1 5- c cIooctadl ene, Y here is, for exanple, tetrafl uoroborate).

The 15 hydW&¥fat®Pon catal yst can be present in the hydr RfEHERLBH2Hedi um in
honbgeneousl y d| ssolved form or it can be heterogenized by attachnment to a
solid support, as a result of which |_h can be renoved easily by filtration
after the hydrogenation has ended and 'be 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 can be found, for exanple, inl. Qim, Catalytic Asymetric

Synt hesi s, pages 445 - 447, VCH, New York 1993. In a prefggred enbodinent
of the present invention, a rhoe'Num (I') conplex with a {hi ral phosphi ne as
ligand is used for the asyfetric hydrogenation of onpound of the
formula 11 12 July 2004 55175 PCT/ EPOL/ 00528
of the formula Vig cPart| p@eferencels gi ve A Rh(l)-(+)-.BPPM

catal yst, he. a r hdfi u cat yst i Hh,Ceonpfi S8y, chirgl Jigand,
p

(2R 4R)-1-tert- b(atyl dtyca bon§ I-4 d| phen® o'\-] -(dl(i)HenyI phosphi nonet
hyl)- pyrrolidine (in a nol tio rhodiumlI'tgaqy = 4:1). The catalyst is
preferably prepared 5 in s roma rhodiumsalt g he |igand. Suitable
solvents for the stereoselec e hydrogenation of t bnpound of the
formula 11 to give the conpound of the fornula VI aréy for exanple, ethers,
in particular vvater-m'sci{JAre ethers, or |ower alcohols, such as nethanol,
et hanol or 10 isopropanol . YThe hydrogenation is pagggicularly preferably
carried out in nmethanol. The hydrogenation is preferably carried out at
tenperatures of from about 20 to about 60C, particularly preferably from
about 30 : r sure
fhat i o Erpieptiting WiurddhaiTERF o B rdtrne EHARI IS RaM S

est abl 5slirst, ﬂmyohve@by cpneerswne:fcﬁie t:ymgtbup:intd: tHeoaralding. 20 bar, 15
particularly preferably fromabout 5 to about 15 bar, for exanple about 10
bar. To increase the efficiency of the hydrogenation, the reaction is
carri ed Que siérebcontrolled 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



substanti al exclusion of oxygen and very intensive m Xing. Thle ‘
hydr ogenation product can be isolated in a sinple manner 1%\}“5&8%9 wat er
and filtering off or centrifuging off the resulting precipitate. The
asymet ri cMAMBSEYenati on proceeds 20 with very: high ster FETEPAYHUSE ty and
yield and gives the conpound of the formula VI wth a diastereoneric
excess of 98.4%d.e. of (S,S)-isonmer in the crude product and 99.5%d.e.
in the isolated product, at an isolaté@ yield of 97% Moreover, these
excellent results are obtained at very high substrate/catal yst ratios of
about 2000:1 to about 5000:'1. 25 The present invention also provides the
conpoundtmgive litee tampuoliad b thedornada V.. Rarti¢u$3r preference is given to a Rh(l)-(+)-

2-1(9S) 2- | am no-.3- (4; cy. h I ' | am - I I [
rot 5 nnaEPPN cBENAE 1% AR e AR B e e W et ol
sal ts, sz 4Ry-ita-nagbryoariseiyi-4alipiergiphotpiinb2disHehyiphbgpahomethgnocess

for its preparation and its use as,30 jn diate, i.n rticular as
|t er nedPUreIdioe (1 RS Bt Parg e/ dho bt ertalst 1§ srapiaphpah=(he
01/ 5518 5 P&t =i d PR n 43It AR8 tHY l/ja@dgr oup in the conpound of the fornula
VI can be converted into the amdine by various nmethods known per se to

the person skilled in the art, for exanple by the nethod described in
WO A- 97/ ' : r | s when
carried §ﬁ§ é@%@!@%ﬂ@?ﬁ? aﬁ@ég{e&l@%ﬁr@am g otfﬁfée %ﬁ@@%ﬁﬁsdr ogen
sul fi de. formula B givel the cosppuad of tiel fornua Ml ede, dart example; etherts, in addi ng
hydr oxyl anl.ne, 1.0 e c roup.kn t Q f 1 fo I, with
For mat | oRartsiey iR ofieft B dher o BIF SHEY af mainafifidell - The
(I:IO gpotmd islrmbrc_bpkaho_l.ﬂmerfgycﬁogérlattiba ig m?maﬂw gn’df@@biy_rnm?era]d opt in rretnareal. The
rogenglysis, j.e. reaction rogen i e _presence of a
nyir ogenBySDeShatan fseroreraiy conac s ol eePSTnRS 0raD ARt Pieothe
princi pl eoet, pdrisul&@apidfeablyaeiie abeuti 30 Beiviut BoW, fbosxansiant aboltio°t).

Jendralla et al., Tetrahedron 51 (1995) 12047. The required dr oxyl am ne
i s adv anﬁ- BgdVeEgendessredhatis ggtlaglt ?ﬁegends on the appa atus useg?/:? s

preferred to establish a hydrogen pressure of from about 1 to about 20 bar,

15 particularly preferably from about 5 to about 15 bar, for example 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-[(8)—2-acetylamino—3-(4-cyanophenyl)pfopionyiamino]-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.



hydr oxyl anmoni um sal t, for exanpl e hydroxyl anmoni um chl or |Igg [%916%
hydr oxyl anmoni um sul fate, and a base, for exanple a basic

pot assi um conpound or a tertiary am ne. The base used for the reaction of
the conpouMPYi55tHe fornula VI with a hydroxyl ammoni um sEIRERIGORES 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 corrpoun&l3 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

met hanol .THEheyaporgroum ih the compoliod o iree furmulasyimasfier ciriveripd épatiesl at

t t f bI t
tenper at (PR b B heal B Ret e B PR S B By oal 1
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t he conmpoung of .the r .that I1n ou of the rmul a
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N- hydr gxy@ei ¢fihgerddfent iffided MY lcdn¥érkiohss ﬁ@e@e@ caried oGPiAHiaNy adinge

I sol ated in an advant ageous manner in t formof a salt at the carboxylic

aci d fundivdpylamige to 'thze EYRNO{eWP (1steg cogpeued & the @Uﬁﬁ@dﬂdw‘th FPMAIORor m of
the sodi lB?“tﬁé‘MWd?Qxﬁm;B#ﬁ% iRFRS%ld & the fdtmu gﬂzﬁ TS0 OIEHCF&F' Rkt ated by

concentratin e reaction mxture / or aam xi ng wt a rel atlvely
nonpol ar feanwamil istiden ewaé@dwafa:mpleanamer bcrrhydmanpfyts@at e.dw. reggtigul y 2004

WO 01/ 55 ' f the
formul a WP‘ Wé H{P‘gﬁ%re%epo?ggd%géﬁgﬂgﬂééﬁ%@&ﬁ tBQﬁ? %m@%‘%ﬁh% A1l can
be carnfi ddrroula llim‘fha pmmpietaf thisresctioh sequencess desaripedf for exampley fri ¢

hydr ogen oI, ex n of a- customary noble netal 5
cat al yst%s‘%@ﬁrﬂ% eﬁﬁ? igP %ﬂnggﬁﬂ)@{sﬁ%ﬁéﬂ eaction conditions depend on
the apparatus used. The hydrogen pressure can, for exanple, be in a range
of from _gbout 1 to about- 30 par, in Earticul ar fromapout 5 to about 25

bar, and eapled ﬁéﬁﬂ*"’xﬂ?ﬁ%@ I%taAfiveniagROKSY PRRAATEHBLEMUIPTN @ about 70C, in
parti cul Hydr&:§MBrameHfurd Salt, qoxaéa@aﬁpse ﬁ?&r xJ IBENOHRIAGARRIdsdrs |s preferably

carried out in an acidic nmedium Pre red
5 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.



10 solvents for the hydrogenolysis are, in particular if ?951
N- hydroxyam dine is enployed in the formof a salt, pola Yol 4V, 8%5 for
exanpl e | ower alcohols or acetic acid. A particul ar| y preferred sol vent is
acetic aci WO%F&Pesul ting ani di ne conpound of the for mAGERHIEZh be

I sol ated as such or in the formof an acid addition salt (the am dine

conmpound of the formula 111 as such is pot present in the form having a
free am dino 15 group and a carboxyl i cl4ci d group, which is represented by
the fornmula 111, but in the tautonmeric formof the fornula Isla, i.e. as

bet ai ne or zw tteri on, in which the carboxylic acid group is dissociated
to the carboxylate anion and the amdine unit is protonated to the

am di niu s! g f gsent even
uring tnEeprodmohsis B e BoRbBaRR e o RRBYI Loy S Sa el o GVEIAS T o1
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ani on, for e e or tosylate.

are the 5986‘ %%eg’&ldfﬂg%‘fp ﬁ%”ﬁ&faa’ %P'Fh © DHRAFAWFLITFOR ¢ he
formul a lgbbut { o éb@t@mmum%mcmé}qr&ﬁ 'éﬂbutas {d édeﬁ 2B%abeadoﬁﬂbaé@éizohn the
formof an acid addition salt is preferably chosen such that

t he corrpé@!ﬁﬁe'@ltur?r?@” hesiromiabout ?Q t%@ﬁ’ﬂ‘&msct 'ﬁé’wrém% Abe 40He abelbound
of the fegpag! '@hé hgdllaﬁenﬂ&ﬁg M ﬁr‘éferglﬂy%arrlécd cStR?n dh %%%ﬁﬂ'lcl. ﬁ%ﬁluﬁfilﬁre@freﬁhe

formJIaIals pr epar ed ound ormul a is to be

i sol ai@d sab/eatsSfar the hydspgenalysis ars, i) mafhcu!ar i the' N-hyepsexy amiglinenis emmplayed um
tosylate Ar? {Shlﬁtéﬁﬁnfo? 'é'g‘gltapg 'atf%o[\’)@% q’g%exarﬁﬂ%%\iverf éiéot%fé‘gpégetay cnc?%d' ng

t ol uene- 4- oni ¢ acl MRRt | oned
pepti de mthqnlarlyg:mfﬁntect%&nbrmaﬁdaoid ﬂ'herésultmg axnlchhed:om;som.pmlsofltbdae to use
f or nul a. Ihe

either t ound of t a| ne
i teri SRR TR Pe Males o %M of thp 8 Bt pck Biditon st e 581 o vi 1)
(= salt ebrigéuaddr tHeeformuROURS wich idieotiredant it formhavhgtdﬂfr@ sinidingi m | ar
purltlgs and ZI el ds.. The conpound qf the fornmula Il|
group nd a carboxylic acid group, which is represented by the formula I, 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



preferably isolated as betaine (or zwitterion) of the forqrzlj.a1 Ibb and used
as such for the peptide coupling. If the hydrogenolysis i 'é§r2 d out in
acetic acid, the acetic acid = salt of the conpound of the formula Il (=
compound oWQAHESYSrnula VII1 where )C acetate) initially RFRIYEEh 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%and VI 1| per se, i.e.
(S)-2-[(S)2-acetyl am no-

3- (4-am di nophenyl ) propi onyl am no] - 2-cycl ohexyl acetic acid as-betai ne

(zwi t t er icompPopBd ghthe fermuls Hds abiemediasi acl%aqicﬂlgt?n sk Tawesdsing o esis gfor t hei r
preparati i FAter | i ' : ' di at es
For " phar iSRRI AR, b safr B oL@V fiay InhiEH Kool X3 phdfhsb e
of the fa phisioldgitallyi accepbieoaniomfforexsmple ardideortosylatd. hercotripeunds of of t he
bet ai ne Q

f th I |1 i 10t i g, ni i 1.de 30
formul a |IQFtqrﬁy‘éé{iﬁ"ar%ﬁé?g@%v%é@lwggtsﬁgé ég%%ﬂ%ﬁglfana t ef%SPWﬁﬁéd%)Pgan be
Cﬁl‘ ri eta Qlt:{éé fszrmuwgl(t) ﬁzmev\%mgp?phdl ggth&éc@rd/nﬂEgau;(igggngetiaghﬁ ipeesionmofiahl ed in
the art. A e
by i i i GEACLAIIRH SR 16 BEHDY SIS GARY BURAS SUChHSY P RPBPOUN AT P8y t n ¢ he
acid  HXfolma VI cbM@indsthd's8metaMiorfias fHel @inpiinkiof e tdi@ufortgwea | X, in
whi ch the anions X are preferabl \B/(})hyy ol ogically acceptable anions. 5 0

The ani oPrepargd: Heuss §iie dilesyiatesal of Biearmaulava i totheerrepaiesiand e t he

formul a | ' ' din the form
of a sal tc%so}‘I tﬁgOFgnénﬁmﬁwpﬁ%%?kgh?{deéiﬁ%h’a?r%%%rﬁg&cig%}oﬁﬁ of the
fornuhe “drépariry e ehadriiny tdfyratabf @8 foimuila il AhepnREMeEOT forkRampioty a | to
be prepared, i.e., in the case of the preparation of the conpound of the

formul a |ssldingieluensyd-atltordmacid dutihg werk-tgrAs hleeastynpentiahedf for IHE pépjidw! a lll
" the 1 aemegte widing Sednih s ot TR BRI Gt ol RE I S “The. anton
X, whi ch dotnpound of the formula {li as such, i.e. the betaine (or zwitterion) of the formula 1lla,
or the amidinium salt of the formula Vil (= salt of HX and the compound of the
15 formula i), both giving similar purities and yieids. 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.



required for preparing the conpound of the fornula | in aggi tli(}@ o the
equi valent of 15 the anion X introduced by the conpound o tl?ié’ 8 mula 1V,
can be added in the form of an equivalent of the acid HX or a salt of the
acid HX duMMY/BPk-up of the reaction mixture of the peBRWERROVESED! i ng.
Exanpl es of peptide coupling agents suitable for activating the carboxylic
acid 20 function or carboxylate functjion in the conpound of the fornula
[11 (or Illa or VII1) which nay be ment& oned are carbodiinides, such as,
for exanple, dicyclohexylcarbodlimde (DCC) or diisopropylcarbodiimde
(DIC), or_uronjumsalts, such as '

0- [ ( cyandhetrysidiniealaningmideds pygfeiablysemployedinihe fonn of asalimithite ecigni um

tetraflu Fogs Qi 7 ' - -l e :

N ot P et o igiCaloh AGRERETMAR TC ) e e e des are
pr ef er ablpyefergiivplysidlagically arceptabiseanibndydr oxybenzot ri azoe or

hydr oxybenzotri azol e reagents, such as

3- hydr oxy- 4- oxo- 3, 4-di hydro-1, 2, 3-benzotri azine (=

3- hydroxy-1, 2, 3- benzotad.azi n- 4(3H) -one = HOObt) or

1- hydr oxy- 1H-benzotr{jazollg KHObt). Preference is given to 12 July 2004 WD
01/55175 PCTI ERO1/Q M activating agents and reaction conditions in

whi ch epinerizatiops a t h€Hehi ral carbon atons, in particular in the

a- position toﬁépl Hyl group iriXthe conpound of the fornula IIl, are
mnimal, so t only few, if any, diastereoneric inpurities are fornmned.
Activaki ng agents whDch are particularly preferred in this respect are
HATU, DCC/ HOOht and DCC/ HObt. In particular with HATU or DCC/ HOObt, the
coupling gives a product which contains only 0.7-1.5% of the diastereoner
in the cr i ' | | Lderngbl y | ower
price, is'l‘l'\@%hﬁ%&%‘ﬁe %@ﬁﬁ@a@e%f;{hggﬁé@%@%&%ﬁgpggrt%aflrhg%goyed on a
suppor t , angr if hepgmpound ofithe fermuda Il isemmeyasbinghe fym e s2lbef the fgrmsfizr abl y
carried | Al . Sel v R ' | vent s
are prot S}(L:m’s% %g]r??%]&éﬁ@ﬁeas%pc?\(ﬁgp ogfriegﬂﬁ}érﬁglfa \{lﬁ‘ﬁ%‘é@%ﬁéﬁ H%ﬁﬁgﬁo&ﬁﬁé et hanol
or i sofir apapolnd ahthd foemukando detpnesared) imohinltse cpse bithepreparation 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



given to isopropanol, since the risk of a conversion of t nal.
am de group 15 into the ester is lower than wi th nethanol tﬂggqé’?ﬁg@o

Parti cul arwq\ﬁreferabl y, the <coupling is carried out in aprotic polar

sol vents i {¥H5t he coupling proceeds particularly raf(@/EPOHAE2E] eanl y,
for exanple in am des, such as N, N dinethylformam de (DVF) or N-nethyl
2-pyrrolidone (NW), or in dinmethyl sul foxide (DVSO . However, it is also
possi bl e to use solvents such as, for éXanple, ethyl 20 acetate,
tetrahydrofuran (THF) or nethylene chloride, in particular also in a

m xture wth other solvents. Very particularly preferably, the coupling is
carri ed ocadtivatindbgerds antslll\;@actlmtdmndﬁiomﬂircWhig,h\e@iresaﬁ*Etibeaet thmqbitriah@rbmul ts

d | t d | d f ft t
e der it e eles in' e SSTHIIS 56 stPou ot uthe Hoptogd LR,y 11 eq ™
out in D'\’Erm@l'arlﬂearbhhﬁnrﬁélns@%d’tm@ anhg, dlasielteorddid Iﬁwmé@ar@r@ﬁh@d The

coupling is preferably carried out at tenperatures of fromabout O to
about 30d\ctiygfing agenls whigh afeem%mmya%x Pﬁf‘%ffﬁch’lﬂdb'ls respest s UATYSC, for

exarrp' 3 bf:sccmobb@'aha SEEHOBIIN .&m%w cﬁliogpp%e é&@ n@gd then

allowing It to warmto roomte rature. |nt e preférred di ment
of the colips ﬁ@r@d@wmmrecom@ngouiydﬂaﬂ ﬁ%gftmﬂhaﬂaredrmemnth:éh@‘Uﬂ@rm of the

zwitteri t eac t of the
Formi = 1o} Sebahy et Pulifa st autiatl idhenied, KBER b ound of
the for miFar dafetyseastmg, BICObtiis prrerablyl dryplpyed enta sipporigiot bearepieiane 12 Jul y
2004 WO 01/55145 PCT/ EPO1/ 00523 18 course of the coupl I ng, wWthout the

addi ti on BC3E additi onal base bei ng required. Optionally, the pH can be
adj ustyed appropriately by adding a base, such as a tertiary amne. If both
t he conpound of the formula | | | and the conpound of the formula IV are
enpl oyed The codpdingoeattiamgs iprefetrablyf carried bukiala polar sdlvent (arca golveht t he pepti de

2 CouPL WGBSR oL i Bl Bl o RSB s
N- et hyl di methainol etiwrioh er isbpropagckh aad éorresmend triiseeitotals, hefepigplis g st ep,
where the_activatin ed.is _a carbadiimde er with an
N by dr oxyalie b EPRPRBOH Pingt IRISR SRR ROBierT h BT eGSR amide SRR as, f or
exanpli®, ik estdHis IGEFIBAL Wit IdBaris| &5 @fHanbh 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



substoi chionetric anmounts or only catal ytic anounts, si nci El@gzibkgydroxy
reagent - is regenerated during the reaction of the conpou %1 R formul a
IV with the activated ester internmediately formed fromthe conpound of the
fornula || WHHESIBe N-hydroxy reagent. If, for exanple, REEERIHOBLIng 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 #8an 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.

| f the comrsenef the cedpling witbaut tbgiaqigitim@fH@@dditiomg/b@;eabqjm@r;eqpir@d.erabl y an

he 1 or m e PP B Hodh o Aol B istorhitoTBY RBd B basc bl B 3B Do

1.3 nol, drpineel bofhl theatompoubd 28 theoformpleril! randéhe tompbend ofthedorahwdé 1 he

formula 11 is . e d. The ocrder .in i the reactants are, ,added is
var i by e 2BV B Bt o ind e plty A R il o BERUR Bembiide of the
formul 8 |douphmglrdquires thdradditicabt &t leastonasgivialak ofBbhabs, fafdethsiad t he
Nhydroxgeé5 reagent, ter in the carbodjinmde, for exanple in the

t, and to
f or m of B EMEle: SHCR as fiathdaming e peeleraRly, HretRiipisapeRylamiBer i od of
several hours, for exanple fromabout 5 to about 10 hours. In this
procedure, the coupling, at a reaction tenperature of about 10C foll owed

by sti rrilRghaprafersed eebgdingnioéthe eouping stebl yhemnibeactvatingageny used iskes

| ! ) SHpPEl . _ SUET TV
Rorkeup, ' FrobHifiiBIbbafis Yih in A Fok e WP SUN-nidho i Bl ] oo
produdf resgentesughr as; ifen example dyO Qb ithi raagant cabbe pespntic sol vent. |f the

or v, O B fey R dminy B s SN o s ey REA R BdeREuiss,

| ower  keegersratadodurag the etactienaf theetdmpoletdyflthé tdromubs Nowith trevdativbied
et o 0P P iy AR R B B s, >
preci pi t abademt! BAYE bxarbples Headcrpliny isl ddrisbltaming DECFROOLLS tHe HOOB: isWashed

and, if desjred for increasing the Puri ty, precipitated a second
15 preferably employed in an amount of from about 0.15 to about 1 mol 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



time or else a third time in an anal ogous manner (for exag?l g gﬁogi ssol vi ng
the product in DVMF and precipitating it by punping the s tg't‘iy into
acetone or nmethyl ethyl ketone). Wth this procedure, nost of the

by- product ¥Q¥ME1 in solution, and after two precipitatRCHEBROIPER3 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 fornmul ae’¥1 and IV 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 tih&Nr oc M4, dbe prefipitptioo is prieéerably eatriashoul esing areexesise wéa lower

tarti i | ' ' f th
Formul o KORAfE. sfih 85 ekporb i My eyt ARG, baioviRl e RBeBRRE TE . pe”
bel ow or mf&?hm;ﬁﬂ? smlﬁimartemgé@ﬂdddﬁ]rpp\?isessw mim'csrl df@ptubp{t@_m eﬁ@\l 0 H
CHO x 20 C u (o} e ftarnmul a can n
Toaeti og & retonp arietBy SN REIoheOTe Preciiiialed propis e Jeeraad by Rl Bk
(f or nuka céhtrfugdifth, azshed ang, ipliedilee fbombtdaginglthe barithtpechieted/s8ddrkb175
PCTI EPO1/ 00523 20 which is essentiall éﬂé)resent as Z i1.soner, .is fornmed under

L e
st andar d (B eF else Asthird timerp anggn nner Ser 6@“@@&%%@\"59 i)
4- 1 or nyl hepadiih DM akd prebipitting itdyhunbing He/sdihtdr iRl addtdnsamBing! by
heat i ng \?viﬁt h sédPym gce?aétl'}é&an’ﬁé falcet iu(?%(;{ﬁ%ydr icg% i nl @ 4 ih?i
ethyl ketone). With this procedure, most of the by-products remain in solution, and
after two precipitations, for example, the compound of the formula la (ditosylate) is
10 obtained in a yield of about 91% and a purity of about 97% (+ about 2.4% of the

diastereomer).

The starting materials of the formulae Il and IV or their salts, which are used in the
process according o the invention described above, can be prepared, for example,
16 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

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!,



a solvent, preferably by heating in acetone under refl ux. E% rﬁ étion of
the 5 conpounds of the fornulae XI and XI1 to give the deﬁg Py d § ptide of
the formula 11 is preferably carried out in alkaline solution, for exanple
wit h addi t W6H166178ne equi val ent (based on the cycl ohexy | R{IWERORBOS2Hf a base
such as sodi um hydroxi de or potassium hydroxide, in a mxture of water and
a water-m sci ble organic solvent, for _exanple a ketone, such as acetone,

or an ether, particularly preferably i70a mixture 10 of acetone and water,
at tenperatures of from about 30 to about 50C, for exanple, at about 40C
To isolate the product, the reaction mxture is acidified, for exanple

wi t h hydndieh tsresseatially, present gsiL isbmeboa formedl unsigr glandeediconditipnadoetne and

t he preci ' ' f [ 0f ) LS procedure,
the T ecultdidyer a3lattorsfifhedls rgth aTBLbbHATRAIE, domlla Xy BRYS BSOS
t he per cMHaagiylghicire, ifeoemmpls by h2gtingvith 55dinmesastatel amdesdetio mnbydidepmnovi des
t he conpounds qf the rmul ae i and Xl and salts.of the ¢ ound of the
ormr i Siert Rt ab g in Bfiodt e eRo 18ttt SaMBons  for
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i nt er medi,at es ar naceuti ca ctive conpounds. Salts o e conpoun
of the.f ds RiETaraPlY GTe crmAks RS GRIET sram 'Pdv'fg%w e

and al kalddgafafsHt (hadiRf 61 th‘éaéybﬁmheﬁylglbci?@) 8Fa bhg SQH 243 Sh HHErddide et assi um
salt. The optically pure_ (S)-cyclohéxylglycine (formula XI|) required is

advant agdwiassjum bydisxided irbg mixtbreef water apd rovatergmissitie organiesolvert, fohe

jute, t ' | ' ' I Lhe: d X1l
whi ch i s amets pigorE sfc 8 B orerl SHEE PEURIRMY dRENAS ORI, Dl dar 4
condi tiloref acetoine araloeatiec, at yerhpéreiuyres b/ fromeabplib8orid aboukISEPC, fooexawplepl e by
hyd i ' bl et al. cat al . hodi
08l S AR S bt Bl B e Sl
g)éangl e a@lvftrmhammcﬁlﬁﬁﬁa_ cidlmdahaapl-lfnf h&idt_nmga@nﬂ{dﬁ&&d%ﬂg@ﬁe{,ﬁhcﬂhglﬂeﬂitﬁitatﬁ agout

ar. . racen c_cycl ohex i.ne is then acetyl ated under andar

condi o1 oS NEEredG R areEHTHORLP AL Biin rocBehrie e ebing cBmeouifiog i de | n
the presgogeulafl is phassht ) as Zis60er, Whe beeattqdaf B iBol &Y < 2%. The
tenperature of from about 0 to about 30C and atfogr%yﬁgd()f at, least 11. The

racemte NpresQitynvenlien GROQIPYides e ¢qrapornds okihe i apd %F‘S}d samoinp
01/55175 tﬁ’%ﬁ%@&ﬁ@ Bpthe formuta It per se, in particular the Z forms, the above processes

for their preparation and their use as intermediates, in particular as intermediates for

ieof fl&al i net al

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



21 subjected to an enzymatic racemate resol ution using an1 c} ban)&
(L-specific amnoacylase, E.C 3.5.1.14), to give opticall ? é

(S)-cycl ohexyl gl ycine (formula Xl1) and N-acetyl cycl ohexyl gl yci ne

cont ai ni ng“éf}/ﬂ%éﬁsexcess of the (R antipode (fornula X\%?lg’@é@@f'sz?or
exanple, K. Drauz et al., Enzyne Catalysis in Organic Synthesis, VCH 5
Wei nheim 1995; M A. Verkhovskaya et gl., Russ. Chem Rev. 60 (1991) 1163;
H K  Chenault et at., J. Am Chem séd. 111 (1989) 6354). The selective
enzymatic deacetylation of the (S)-Nacetyl-cyclohexylglyci ne in the (RS

m xture can _be carried out, for exanple, using the acylase "Amano" 30 000
in the praisried if ar spaYTENG RCeRIR FaSRMEPRA Usingean aeviaseil-arecifiSout 7.8 and a

oS\ e By 2550, M0k G BRI Gy R i o s
g Eéekwl'r ?; anr;d dyadebtieyojohgxyiglyeine mﬂt@hmgaﬂmghsxtesa ¢fd:'te (R} antipodedformuke é cralr e
i about X4 Tg TR Iy 2P B ERAE Gt Sifheds TRHL |
the end \é\nm}k?irgylﬁs M.QA. \féTkhm\mkam et &, aﬁsycltwml G&wx@ﬂ)%@ﬁl);ﬁﬁ% K.
ﬁ%’%ééﬁ 9&‘%‘ 3%&5 %\SJP ﬁ‘ g’é%??gg%%) &B‘é E‘ffﬁ‘i 8NaE5tSP01/ 00523

22 A secodshdefastidy dfithy (si-Nmﬁwcyaahé@)gwﬁe ﬁhméwrw)mmm §Q‘ETBé ic8ffed
prepari ng racem c N-acety] cycl ohex ycl ne (formnul one-step

process MR EXANRIG SN t?? é‘&y'aﬁﬁi' E'&‘P b@@@ in'be H‘"P%ﬁﬂce of cobalt(ll)
cyci ohex %ﬂ@ﬁd@iﬁ'vﬁ'ﬁ@b’gﬁ? pﬂadf%%uf‘? BAHdLteMisbrated 8fhstiut 382bl40vedTihy the
descri bed racemate resolution with an acyl ase (see
10 cyclohexyiglycine that precipitates out is virtually enantiomerically pure (S) isomer.
The (R)-N-acetylcyclohexylglycine, which remains in the filtrate, can, after
racemization, for example by heating with acetic acid and acetic anhydride at about
115°C, again be subjected to enzymatic deacetylation, so that in the end virtually all
of the racemic N-acetylcyclohexylglycine is converted into optically pure (S)-

15 cycichexylglycine.
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5M Beller et al., Chem Eur. J. 4 (1998) 935). In the t irdBprggess_for
preparing (S)-cycl ohexylglycine (formula Xl 1), the phenyl de J@ I'n
enantionericalu¥5%ure (S)-phenyl glycine (formula XVI1) is hydrogenated
under raceM%%PYR-free conditions to the cycl ohexyl grouRCTBRPAIS23 syitabl e
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<4gl acial acetic acid, particularly
preferably in a strong acid, such as, for exanple, 2N hydrochloric acid or
sulfuric acid. In such a strong acid, the hydrogenation proceeds rapidly
and w t hobiseaerd BegiRility of prerasipa® rayslohexyiglyeine Sompiigrs prepaé@Iacemitn about

resulti ng gL ot Ry BNIRIREIE RGY S Oho-s'ef proBSaiy Pl i keighd 1o

f r om r aceanidopaonyitipn ifitoen byclatexapecarbslsedyds; cathemh mbowdde Fhed starting

material (S)-phenylalyecine is A ensjve than the starting nateri al
(RS) - phe né?%?@bq%n go’H%Béﬁ W@Fﬁé’eggﬁq%ﬁégﬁméte rﬁﬁ8@§8’? G .a(g'béqyia,setgtﬁ%e process
whi ch el Bellérgt-ghhenghg Bxel Net (4998)te83)i ng material is nore advantageous.
The enantiomerically pure starting material of the fornmula IV or its salt

of the formula |1X is advantageously prepared starting from

pyri di ne- Bripakiind SrRR¥Eefdr frepaHa (%%élbhe)?\é&?}% (8finkg )G@ qﬁg@hgﬁwu? ﬁgr

simlar conditions as those state ove | the 25 conveérsi
conmpound @rupteengntipmerically pte (foheowplyging (EFrmutle XV} ishydrogenatddht o t he

azl act oneyplerlrBEarhiblith-freklcBnafifhs RYALRY Bohbol B Aot Bubbed BLiglydle/c! ne

and acetic anhydride 1 n acetone. ztacto can be
sol vol i eare ngbisnmetal eatalystsi sush gsatos exanipley chasliymiamydasbemiThe, i.e. to the

car boxyl i | M | .c Lys ] - - al kanol ,
such as n@xcﬂgg%?at@b '%@L%ﬁ%bw ?a\(gﬁ%? \%t 'ﬁggbﬁ%égg&%ﬁ%é%g&?gkb%y@ erably
wi t h net hacid such 3 glacibhacetietdeid, pedicaiarly peasferably infastreigpadiX)suchas) for
subsequent_as i ¢ hydrogenation i.s particularly 12 Jyly 2004 WO
01/ 55175 %@W% bﬁé%ﬁg’g'ciﬂfg?ﬁﬁ%%ﬁa ?%he‘%ls%?ﬂg ?‘f'ig'a%_eal cohol under
aci di ¢ comgirbgermgionrecsed¥aspidf/ arid withmrah?é)drﬁf&aﬁ@raéeﬁﬁ&mbh@aé are :
converted into the ester, and as the solvolysis of the
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



azl actone of the formula XI X with al cohols proceeds nore snmoothly than that
with water, the conpound of the fornula XI X is preferabl QzéﬁﬁY\?@%ﬂzed usi ng
a lower 5 al cohol, particularly preferably nethanol. The al coholysis is
preferabl yWOYSES out in the presence of a weak base, f{BFI/BRARPIE a
tertiary amne, such as triethylamne, at tenperatures of from about 50 to
about 65C. The nethyl ester is preferably isolated in the formof an acid
addition salt with a strong acid, i.e.?¥n the formof a conmpound of the
formula XX, where the anion Y here is the anion of a strong acid, for
exanpl e 10 tetrafl uoroborate or tos?gl ate. Particularly preferably, the
product d@dveniegesysly sermes eut inanalshalundsr esdicotondiiorsowhareamashor all
precipit r r : |.N WG acid,

for examﬁag&a)ﬁﬁ%éﬁgo@éétmsgg\glc%‘?% or'btgqégi% E@sro%ﬁ %‘%Hf%éd‘l’k?%&gwé‘% of about
1.5 t o alazigactéhe 6fthedammpa Xédthtaldoi@)s prode¢dempradmnobthlysthaafthatrwitthe

preci pitati,on has been br t ot | et ion, by additi.on. of nanpol ar
D orvent - Wase, 11 SamBRind el tbmhfla SRR StattRiiae etz Uit PR s
1|‘3 i:l4t er gd ;.(kfdho@(rfarm.tl_ hz_én'igfh pigsgest lagwfn;eotljhmi. 'gl@é@l@uﬁd%_ﬁﬁ ri]sz b@fémbWam%@%u.%mr izY
IS ohbtal ned I n Nl | e a ver I, urity (> .. .
July 2004N&\Bresense pfs fﬁf@ﬁ%@é BPIEa SRiiaty aRiNeySUgh fﬁ,y Wgtbylganwe% 8t XX |
O,GB | Yémbéra’f@ﬁ'e%'of from about 50 to about 65°C. The methyl ester is preferably isolated
in the form of an acid addition salt with a strong acid, i.e. in the form of a compound

of the formula XX, where the anion Y here is the anion of a strong acid, for example

10 tetrafluoroborate or tosylate. Particularly preferably, the product of the methanolysis
of the azlactone of the formula XIX is precip'itated as tetrafluoroborate salt by adding
tetrafluoroboric acid, for example an 'aqueousA tetrafluoroboric acid solution, up to a
pH of about 1.5 to about 2, for example about 1.9, and the product is, after the
precipitation has been brought to completion by addition of a nonpolar solvent, for

15 example an ether, such as methyl tert-butyl ether, filtered off or centrifuged off. The
compound of the formuia XX whefe Y = BF4 is obtained in high yield (90%) and very
high purity (> 99.5%).



XXI'V The next step is an asymetric catalytic hydrogenation of the
dehydropyridyl al anine derivative of the formula XX to gi véJely@00étically
active amno acid derivative of the 5 formula XXl _ As nentioned, in order
to obtain WOMEAM%ield and a short reaction tinme, this MREFEYEAEEIon is
preferably carried out under acidic conditions, for exanple in acetic
acid, particularly preferably in the p %sence of a strong acid, for exanple
tol uene-4-sulfonic acid or tetrafl uor ric acid, which is enployed in at

| east the stoichiometric amount, for exanple 1- to 2-times the nolar
anount, thus converting 12 July 2004 WO 01/55175 PCT/ EPO1/ 00523 25 the
pyridine group conplete boto the pyridiniumsalt. For the hydrogenation,
pr ef er ence 4 fven to jusing a pyridinium,sal the formula XX and, if
appropri at dditi ondNaa . rticularly abl y, the hydrogenation
of the pyr urn_salt o fornuLa;)OH’|~‘ {Cul ar the salt where Y
= BF4,. is cafried out inalo abcohol, 5 sp ally nethanol, in the
presence of out 15 nol % of\y"a ng acid. Prgfer ﬁh%gf i n whose
presence thhe Rfdrogenation of\ t#e salt of th& f olNml affXX i®lscarried out
are tetrafluoroboric acid apf tol uene-4-sul fonichacidg in particul ar

tetraf | uoroRey c acid, vii&h can be used in the formof an aqueous
solution. '10 Wth respect tgpthe catalyst for KKe asynmmetric hydrogenation
of the compounds of the formula XX to those of the fornmula XX, the
illustrations given above for the catalysts for the hydrogenation of the
conpound of the formula Il to that of the fornmula Vi ply

correspondi ngly. Thus st er eocont r gt'Re n of the C=C
doubl e bond in the cofipoudd of the for winge be carried out
15 using sel ective u i fral transition netal
conplexes. It Qis ef erably carried out}usi nmet al conpl exes of
rhodi um(1) or juth niumﬁll), ' i uH ) .—Fhe transition
nmet al cat aH RN b eanp%ed in isolated¥ fo ori{ican be fornmed in situ
in the hydrogenati on dium froma chiral ligand apd a precatal yst, for
exanple, a rhodiumsatt, such as (Rh(CCD)Cl]2. The catalyst is 20
preferably preeehed in situ. As chiral ligangxgjfor the transition netal
conpl ex again

. CH
X T.°
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N X |
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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



nunerous different conpounds are suitable. In a preferred_enbodi nent of the
~present invention, the catalyst used for the asymetric h}alJ @h9¢i on of
the conpounds of the formula XX to the conpounds of the formula XXI is a
rhodi un( | ) WQUM1Ex havi ng a chiral phosphine as |igand, PaVERQRO0RA|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 Bﬁenyl 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 also, for exanple,

t he abovdheryiidine @rouy compleiaipinte e pifidiiyneainFacpriYyerganation.+) - ppp (=

(+) - propr, ; ot 3 L 1996)
117 " P RpencetS Hifen SR o Bfidihi | sqit Jithe RieoRX RN TERbIRAE oo
PCTI EPO1/igR®ial addakaiticalatly pnafetsbhyn thehwdrogemaiioesat shapwridinismesiit dfdhe
exanple, in 1. )&llm Catalytic Asymetric Synthesis, pages 445-447, VCH,
New Yor k famada Xphdn paicslas the sahwiere: he Biomppbaraedout e loyeraleghsk i s

preferably carrjied qut at, t enper at s of .fr out 20 t. bout 60C,
Port | ool apepat Belinglin e o of ot A molfh o S 7ot Egtattad o
about 40Gcidiniwhodd sreBusicoehyBrRRRElicn ofih! s2Maes tierands XX is Berisg@par at us
used; preference is given to a h%/) rogen ressur.e of f_r?m abo#

t 0.2t
about 20 B Are [RHEHEANE,RCH ILIOMSNS-4-PUIRMIB 8, 0. PRI aIHSRTURSORAC,
especi al | aeiphien @Qﬁ%eﬁsepﬁﬁmﬁ%bf%ﬂ(@lq)h_egl?@%!hﬁén.bar’ for exanple 10

about 0.8 bar. I'n particular en a henyl - CAPP catal yst is used, the
hydrogenation is, to increase enantioselectivity, preferably carried out at

rel at izkel e . | e enation
of t hébc o%ﬁ%h%g%ﬂ‘[ @%e&ft%?&rrﬁﬁ'gth? Ia,sﬁﬁ'gfééﬁé ﬁ g%‘%g? ﬁéem)yle%fctﬁ% gﬁmﬁg{}%@% ?‘?ed out
wi t h subdhafidrmalla &¥clothbsaobihe formyda K3 tdewWiustratiens/given enevesior hei ng, to

of ¢ ho. { GV B Ed Y enaron BT RRERR o B pHifi N FEERAR o, Chor ai e

sal t, preabenabh\ dppt) edresbpoyidiaglys Thls, itiastersocdnirollec Aygrbgendtioprafaine al cohol ,

such as isopropanol. The isolated yield is fr about .86, to_about =~ 95% the
onant | o 76 dUPIGENeU he EamaPe ShherarinadBibay fiivisohe SRS bout
15 using selective 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



70% to. about 95%e.e. of (S) isomer. For the hydrogenation of the
conpounds of the 20 formula XX to those of the formul a XXE2 July 2084 possi bl e
to use very high substrate/catalyst ratios of fromabout 5 000:1 to about
10 000: 1, 01%§H’ﬁpl e about 8 000:1. In the next step, tHel/FR@23ester
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 renoved 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 boxyl i actiyeitepnsition rpetategmpleesoare listad. ferareoipie.yin byOjimadeateiyticwi t h an

acid, for | Of | as 1 N hydrochloric
acid, or ﬁ%ﬁ@c%ﬁ?%éa%&&wgg%%%gg%ggrk(s) , tor exanple, from about
60 to about 85C or of from about 85 to about 90C. To facilitate the

| sol ation_of the praoduct. . fromthe QusS reacgtjon |y 2004 01/ 55175
per epor) BashudogBatiar e BRnbpind SRR i otx R brameabludertind bt y
ijmwnedit & stbgqpe@atf Vieds cﬁ’Cfrcimb_BmtatrEO tﬁcadog:tr'emtl:,q:rawm%w ;sﬁlefelram?lbeﬁ:mm@bcﬁnsi ly
eprotected, for exan into the benzyl oxycarbonyl am no group.
Introduct$%ﬁn6ﬁb9ﬂtesa£gmgﬁfl%ﬁw %tcﬁ'ﬂﬂ‘-'tﬂﬁcﬁ' alniéheéygwseoﬂ%sgr%up) is

pr ef er abl ' [ Y @@ﬁqi 3 (= Z-0su)
in the soéllr\r}g%?éﬂv\gg g?‘?@rngﬁ F%%ﬁ%g%%g&,aﬁgéﬁ% @ange, B&%ﬁcu FEIH y

pr ef er abl gregsurg qiFTonT apewsA. 2 troaows 20 has, pasticulady prefexpblyfrarmabewds2i®n has

ded. t ; ; O£ ¢ P e |
Spef erabriooalﬂgg 0 F%%Slﬁﬂgtprélféra%ééﬁgtclrﬁgﬁgﬁfc%ﬁgo ? hg&}&r I!é%rf Eq(}!teg?@gm;onpound
of t hdOf cabmut &.8Mdn. (n particllae waen af Rh(brpharyhCAPPUeatalystfié used, tdesi red, the
it f f | .| be, 10 i

Puer v o RS o ek, b b Rt GRS T R e, o1 11
aLn' dfe of tlbbvaw)zfxdrwgaﬂ prﬁa&&hﬁel As b&glhh?d@mnt 2 é}fme:mdﬁixglerw%r{)éf_ thbelomnt hndn]gs of
t he or nu or e Co oyn (o) ne or a . al napl e rerrom
byt he. prdidbe forgiia i B, HRelE reactionig e witbs st cLahReR Bbus. | o
cl eave . t hexyeatand vattPUerylinteAsivd miaRg e itiredse the dffiGe iy Bt d

15 hydrogenation. The hydrogenation product of the formula XXl is, in particufar 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



of the formula XXI not by using hydrochloric acid, but en ¥gq@j§ﬁlly and
thus enantiosel ectively. The enzymatic deacetylation is é f 2’ ﬂy carried
out anal ogously to the enzymatic deacetyl ati on of

(RS) - N ace? &Y% Bhexyl gl yci ne descri bed above, using t hBCHEPAIA8R3 " Anano”
30 000. In a particularly preferred procedure, the salt of 20 the fornula
XXl isolated follow ng the hydrogenation is initially dissolved in water
and, after addition of a base, for exa@ﬁle sodi um hydroxi de, stirred in the
al kaline range, for exanple at a pH of fromabout 10 to about 11, to
hydrol yze the nethyl ester. Follow ng addition of cobalt(ll) chloride as
co- cat al yBixturehbedtaa aming group iiienadvantggeessly inynediBtaly coneried ialoan 7. 9

d at . : le i
Srount or S SBAThB S G hichIG 8P e <Al QedBidled forama IS BRTP, O 10 B8
XXI', and kédreylngytcarbenylaming gnoed. nirbdiictiomeof (%) besaytexycarbodgbpretectiee ed. To
convert the d

acet vyl at.ed -l somer .into.th r ot ect ed . e
bome! o BB T8 rah S Sttty Smen oht fihd §-BaR & morvioscsirimigs, e 4
wat e{ - 1B (e mﬁswagg mmv@m@u!fat?ﬂ Hfﬁﬁhei%i@%ﬂﬁaﬁrﬁ% tengef ]g@ﬂ?dllgrﬂ% mt xt UL& t the
reacti on w - u | rri 0] a a 0 roma u . abou
-5, the RIEGARTE 2L BIRFLAY H9TG 0wt & Pr1aabBH .5, ARSTHherRUCRdiasAToge ed to o
PH of abastaficaafichi dSMIRURI BRGNS AN QFE proialdnty SRHRMIAdUS i< of Lhe
formula XX[I is then isolated. 1 uly 2004 WO 01/55175 PCI/EF01100523 28

The conversiallished anddhe praciniietecerrapeunst efdhe farmula XXiIds fi@red liar into the z
pr ot ect%néh geéoﬁﬂfﬁeeu%d?@%?ﬁtg&gw 6%@&98 dtlth ?tﬂ'nﬂ?a Rggfdtaﬁ%eout using

nmet hods V cust omar reac ons an nown € person
ski | | 48 iincrensed by regrysiatlidatian, for example Fboy water, meion talthet prepanatidn of thehe

formul a [ i e conversion.into the m xed anhydride using an
al kyl Chf%bigﬁooﬁﬁtqr@;qﬁ(ﬁ%l arly preferably isobutyl chloroformate. This
reaction is preferably carried out in the presence of a tertiary am ne,
for exa N-et.hyl dj i sopropyl amine, in an ether h as THE as sql vent,
2t t ool e puagierie B ibe SoPolndafifeer e &k Ba Bk ot °- 10
to about the forpfula Kl shtir@bletherefRITBNR procésy dexdvbed absle B ibaimGeRt ur e of
fromabout -10 to about OC, preferably from about -10 to about.-5C, into

t he sdifutit Bradyaniageous e gleave 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.



anhydride. After customary work-up and crystallization f:n(im a]X%al Xent ,. such
as, for exanple, ethyl acetate, the compound of the for Fau P41 |

obt ai ned |n a i el d of about 87% with a chemcal purity and enantlonerl C
purity of H3case virtually 15 100% The net hyl ati ot BEPR{E2Hyri di ne
ni trogen atomln t he conpound of the formula XXIIl, wth formation of the
pyridiniumsalt of the forrmula XXV, C?g be carried out snoothly wth
nuner ous net hyl ating agents, for exanpfé-nethyl iodide, nmethyl brom de, 20
met hyl chloride or nethyl toluene-4-sulfonate, in a nunber of solvents, for
exanpl e al cohols, such as isopropanol, am des, such as DV, o
N,N N,N-tetranethylurea, ketones, such as acetone, or ethers, such as

THF, pr efRicaddrvetion 6MpRIZ tme@te@bnfﬁ@mndaiméfoﬁﬂutaoxmqua tRdZp rdatectelae

reaction of the conpound of the formula XXII] with neth chl orlde i n DMF
at 45C, f%ﬁ“n@ﬁﬁiﬁﬂf@'detq’féh@&wmf camie £aried| it }ring mef RH%WB' #eq is

obtal ned duliciy b ich@aki i< arRiMhrPl e pelorrliiid A MieRahhto

met hyl ation | arried out on an in trial scale i's preferred to use a

| ess vOI & preferretemithast theyacid @fithe fermula Xkl ischtitivateddoy comversianxidtaatinge, f or
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physi ol ogipeat OQQ'B?éférQH;!&'fﬁo)h 8boitha 0a8 EReUNE Of intd'the Slidntofline MRIAl |, the
i odi des and toluene-4-5ul fonates have, based on their properties, been

found t o aHBYPEHS. Aftﬂr&urssﬂmarawlérypeﬂndmrﬁte!ilz@wnﬁmrﬂ>a| selvent, sugbrassfarhus
bei ng ”Etéi)é}nglé’f%tﬁg RBEIEHE b %bH& B?tr% o d@ﬂﬁt@oﬁt‘auﬁ%{ A yidigsy! ate) .

The tol uene nates, I n particular, are tin I the case of
t he conp@bett 87% Mihfa)cmmhlaallpurtby anth enactiameris purgiy lof nmeanh casechrtwally
there% 1%# he fact that they can be isolated easily, are highly sol uble
and

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



have a hi gh peptide coupling rate, and in the case of thelgﬁ %g of the
formula 1, 1in particular by surprisingly good precipitati n@ Q rties,
purity and yield. A 10 particularly preferred nmethylating agent for the
conversion“&? O¥i¥5conpound of the formula XXI11 into theP€ P33 0f the
formula XXIV thus is nmethyl toluene-4- sulfonate. The nethylation of the
conpound of the formula XXI1I wth nethyl toluene-4- 15 sulfonate is
preferably carried out in a | ower alcohdl as solvent, for exanple in

| sopropanol , at tenperatures of from about 40 to about 60C, for exanple, at

about 50 uene nat s preferabl Io in a small
excess, g‘fﬁ @'{'E?pﬂeang afbah ﬂie F‘guéﬂﬁ @rep{pp;@ﬁ @%ﬁﬁq fint, based
on the cmpsiatQic coﬁlbﬁtllﬁlmgfﬂﬂﬁe a@%hﬂnéunchSﬁhmrmdléu ieran, tﬁ@%dwd of
the formula XXI'll and the 20 subsequent renoval of the benzyl oxycar bonyl

pr ot ect i Felugrgrdpsulianaies hayepbased @1 thefripropertias heerpyndip bg padigelady ysi s can
be carri %kadd?HEieS RALAL S nbth ﬁétﬁi‘g% ké/mué'&%wgf@éﬂﬁyl Blldy Jﬁ:{;rﬂe!?\y fongpRo! ysi s

are carried out'in a one-pot | on nt erme Si&t Fon of
t he coﬁpdljmdfonatadﬁnewmwaeﬁl Vhe Tajuenie-4-selichatesién pedicptanateof the fornul a

from t he SBBH<Bke, adho SEETBE fre NonRiebhder 7 Blmu'a ¥ r 8 TG biS  ger
cust ?)mar ﬁcﬁ:fmdi lhsmucf,, by the feﬂtathaﬂ they oah be isvlsisd reeilyfara higinht soleislg andbl e
met a a su

b f b 20
Tot 2 bout Tate s Vigh BEGHad Bolng ety Bhe th G eaee o e CompanaoTITR fashRl by ovsus o
of from a;b Hﬁtcﬂllat‘ﬂy sa:hmdingjmgb@d pre@rp@té&érab&dpeﬁresrrpam?landlyiéld About 5 bar,

partlgl referably at _about 30 . €. _.hot _under hydr.ogen
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ani on X, sulfenaRanpl e tosyl ate, iodide or chloride, as counterion, Le. the
conmpound of the formula IV, can be isolated as such. Preferably, the
resulting pyridinioalaninamde is isolated in the formof a salt with the
aci d HX, Theeneihylatiba of thercarhpodred ofi thaférowlss XKl with medhfidolahe-dt X, and to
this qu ’su‘fgﬁate is preferably carried out in a lower alcohol as solvent, for example in
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



5 reaction m xture of the hydrogenolysis is adm xed with ags ﬁ@n%
equi valent of the acid HX 1i.e. about one equivalent of ¢ sul foni ¢
acid in the case of the tosylate. The hydrogenation cata is filtered
of f, and t RO YBHdct can then be isolated by concentratr '”Eﬁﬁmm”3
crystallization of the residue, for exanple froman al cohol such as

| sopropanol . 10 The present invention ghso provi des the conpounds of the
formula IVin which Xis an anion or ion equivalent, in particular a
physi ol ogi cal | y acceptabl e anion, for exanple, chloride, brom de, iodide
or toluene-4-sulfonate, and their salts wwth the acid HX (= dication salts
of the f ogroupdHXn,the&r-pesition)kedsinearorpXofoe ssample tohgate, idlide epanaridepn and
processes in which one or nore of the above steps are carried out, and
their useAB@OUMERGHES: Hteeeompqularftth%tﬂr@plaa@/ can sergdiatedas syeh.

B o Prefeably, (Rstfing SRAURERn R0 IIGRIRANS 16n bIIPeLIORMINAS, 1

XX | e exa OW Sserve rate the
present |am@htx aA. rnga/émm of ilhbeircra’nmarsaltohthea‘bsmu!artxran@m tnizderid, ¢t | ons  of

Steps. 3 degatT e dRe rgRRBaRlYs it adter Yy BEUNRRP LERRT S0Es 1's "
carried oagid HX, $evabahtmmmumewmmsbﬂnﬁtmﬁmmh@d out in a
drfferent order ere |mIa < 3&%{0 vent se or wher e

ratios t%ﬂ?‘? h}' reg8anRsg 30 ?é’éo

4- (2- Met higb @dr%hkraﬂoerbhdeﬁermﬁééﬁba Bﬁthéqes*eneler%QaéareJrrﬂruaaOM WO
01/55175 PCT/ EPQOL/ 00523 31 Acetone (80.0 was i ntroduced into a mixture

of 4-f or FBIFPRAN SR BEiisaPreRanad kg, 114.5 m)l) N-acetyl gl yci ne (19.2 kg,
162. 4 qgpl ) and anhydrous sodium acetate (9.4 kg, 114.5 nol) followed by
I ntroduction, with stirring, of acetic anhydride (35.0 1, 370.5 nol). The

reacti on Th&presenvingestior sie6 proviteds thetbmpsolids bf e fdimsuls @ iH whiel X g n

an anion or anion equivalent, in particular a physiologically acceptable anion, for
example, chloride, bromide, iodide or toluene-4-sulfonate, and their salts with the
acid HX (= dication salts of the formula 1X), 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 yel | ow suspensi on was cooled to 50C and ice-water (200 i% v&g &gded.as
qui ckly as possible, with stirring and cooling. The m xt é 8 tirred at
20C for another. 1 h. To isolate the product, the yell ow suspensi on was
pressed onP®@W5EHdtrifuge and washed with deionized wat efCYER)10§523

| sopropanol (40 1) and nethyl-tert-butylether (75 1). The product was
dried under reduced pressure at 40C.. gJI eld 18.17 kg (85.7 nol, 10 75. 2% of
theory). Mp.: 192-193C, M5 (DCl): mz = 213 [ MtH+]; 1H NWR (DI\/ISO dé): 8 =
2.42 (s, 3H, 7.30 (s, 1 H, 7.96 (d, 2H), 8:33 (d, 2H). Exanple 2:

66 5 ol PR (058 i EomtkERr infdld FiBSR orSomhi AR BisiFia. 0 0 X9
(30 9 st riges mol)zm-écdtylglyahe@am@nwamgmﬂ) aﬁgaghﬁd@us@o?lifkfnr?ﬂnéﬁté% e
ot ocon (o g dia cEon TatEb 6 rogtion. wila g, Sheceticpnydride i e aac

heated t @7ar h'l@ﬂ)eTH@reécﬁi'ﬁﬁ%iﬂﬁlﬁé @JagfstlﬂrQQ GnaBfrefiik "r‘cﬁreﬂhf'ﬂﬁe Fe%uiﬁngﬂﬁlﬁ 20
m xture was then cooled to an internal tenperature of sarrpl e was

Ef aken {5b:YEH¢WISFJ§P%!%5i@m wag sopleddeiSgf Ganericewvater (208 l)[vytmseaqﬂagll@w lyaso. 60,
was 1111 Eagbl Mitsthlo sndcBbing. fhp SERRRELErERA 0T RbanbBBr It T/

to pH 4 usdlaig thgpeeduct shdiyahow suspensiatevaopressed oftoa centrifugesahd about 15
). The Qui SLd 0.m e ct was
1 ter od WA 6 Gl SeiBbizbl Bt o Tt PrBhe) (a0 R BB TRERZE o
reduced py. @heypreductivedsddricdi thdey réARUdqiressuee ay40°0\Yield 18. BOKGA85. M}, DCl ) :
mz (%9 = 158 ([M+ + H, 100); 1H NVR (200 MHz, trlfl_|.|o oacetic acid

(TFA) 10 F5:2% of thetorg). (Vhp.: 38P;198°G; MSADCI): mwzams BHAHC] 2HNYR (DMSQ- 4. 3
(d, J =4 Hz, 1 H, 11.6 (s, 1 H; IR (KBr): v = 2927. 7. 1583.9, 1508.8 cm
1. 30 12 dsonwM(smﬂﬂ.amszsimamswmpsm (cBZHExarrpI e 3:

(R, S)- N Acetyl -cycl ohexyl gl yci ne At room t enper at ure,

(R, S)-cycl ohexyl gl ycine (9.41 kg, 61.7 nol) was added with stirring to an

aqueous Wayg;q@j_cggloﬁg*wéwaﬁe(concentrat ed, 30.2 1) in water

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 (134 1). The m xture was cooled to an internal terrperattirﬁ of g-lOC,_ and
acetic - anhydride (15.7 1, 17 kg, 166 nol) was netered in 40094 nt er nal
tenperature over a period of 2 h (exotherm c reaction). The pH was then
checked an®0%f55}%8quired, adjusted to at |east pH = 11 WRGHEPH8FeDus

sodi um hydroxi de solution. The mixture was stirred at an internal
tenperature of 5-10C for | h. The int\(,a\é 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 tat e/ met hanol / gl aci al acetic acid/ water 70/301515, Rf
[ acet yl cyeoMRIR °('§1C35ﬁﬁ€}9@°¥§%§xy YRS cl ohexyl gl ycine] = 0.55), the

m xture was cooled to an internal tenperature of 5-10C. The pH was
adjusted to pH = 3 by slow addition of 15 hydrochloric acid (30% strength,
about 36 Atyroosk teaperues, ABIS)rayveiebexyiglyeing (981 1@Ct1.7anpl) wasgdiad vibnt i nued

[0 3 Lo T e IR SR il edo D pser

reduced [Aa4duiTbe mikickelwhs c5aleddo Eadntema termperatyp of SHO°C1e5d 265HE B
DCl): m %, = ) + 100),: 1, .H NVE 00 doe): S =

675 ) 1 hrybrtbie 1890 A7 kg, Moo indi) wag Bidherstihf S YR femalfefunepiiie i a5 o

Y330, 5. | Ferbd if2 T (liteimicreachofle Tha pHwas i Chethed ahdif retirediBr) - v =

08 el ARS8 BaSaH 8Dk ing Sss Rt P O3 selugiornT g gt

cycl ohexy4d stirtétfat’in erhaOshiperiareadfis-e0°d far 3)h. 'FrRGAlYhA Yerhparatire fiasci ne

(7.95 kg, 39.9 nmol) was added w th stirring to an aqueous sodi um hydroxi de

sol ut i18n then dcreaseshio ahaub 23t andstifngwas cantinued forg fusther 24 iEYETY t he pH

was adj u ; ' OLLC. agl

Cobal £ (1 110an] SeB ShépSdthalihe AUAS AR PHL Aty kBl a5

stirring.(TLEeetH xayétateﬂmétﬁah@m%b@iat asbtic@cRiwAaiRF 70/3815/5 eRPatatyleyelonéxyBs- 40C.

At a 12 July 2004 WO 01/55175 PCT/ EPOL/ 00523 33 constant 1 nternal

tenper at W|geindlGy b3IE R {H1RI0AE 8R8) £ 8%5Y, the PridtePe t6€'ah i added

wth sl ovlggc'zl?gri ng. 'TF}% x?ﬁyﬁgnggl st rsgedézli“ow{ waa(s)?B?lbi&ﬁ, %Qd?t}éﬁgaIMi ch
temperature of 5-10°C. The pH was adjusted to pH = 3 by slow addition of

16 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



time the (S)-cycl ohexylglycine slowy precipitated. Using Eéq %ﬁgiorl ¢ acid
(30% strength), the pH was carefully adjusted to pH 5. 5- &2 duly m xture
was cooled to an 5 internal tenperature of 2-5C and stirred for 1 h. The
preci pi t at ¥® P5F17%€ycl ohexyl - glycine was filtered of f, wRH&EPHPEEH wat er
(about 16 1) and dried under reduced pressure at 60C Yield: 2.79 kg
(44.5%9. Mp. > 300C [a]Jo 32.1 (c = 1 NHC); ee = 99.78% (GC

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

1H- NMR 10 (200, VHz, TF ‘
2.3 (m g:o}q;tanglnjserpal tenéae:eﬁgrwc&]gs%’l&méqo‘b? 00 %4(]_5 iﬂﬁﬂO(&mfyvatef)- 2927 7.
1583.9, 1pfRBaddddWilh sibw StRERY TheliikRAE ed s&uF%)edl‘élcﬁﬂ?%H ﬂyﬁldﬂﬁﬁgW%w ci ne,

the not her |iquor was, at an internal tenperature of 2- usted to pH
= | usi ngln?ﬁ/meo(ﬁhcwlpbeadglum(r%@wmsp@pmetﬁtﬁdh Usingdindrachiorioacch(B%i rr ed at
25Cfor I iltered
of f, was hs'érg h\%} h;mﬁw? ?%@3@9146@? &gaﬂ)rslse ﬁhg%wé%&bég [SJIF \ggé l?be at
60C. Ybelinterrsal I@nkga(ure of 35°C\vanel stisrerifor 2 h2The peddipite®sd 65 ¥ ayclohgxylsret hanol ) ;

or opanol =R ATRERL S Beaeel AR watey (B i DR ¥l Ra e cat

20 of th dar t [ lzo

(R 9 - 1 AR pOIE VTG (eead). M BOS Crlin 33 s &y TV HOD:

cycl ohex\ded* 98i78% ASC sighbri CRgSsH L-VE) fonbmgtdélnvwiaﬁbﬁwlhqirwﬁaﬁwﬂcﬂ;0 9
kg, 54.7 nol) was adm xed with stirring with glacial acetic aqd (24.5 1)

and acet iandgreriidoropepidnid adiydrithe NISI{BCHan/z {26 pd Ha (M e+\loﬂs100)p rdHGR to
115C, and the m xture was stirred at this tenperature for 3.5 h. The
i nt er A8 (eGPt e: dast-1 ha® e dibed 712 amﬂBsz arﬂj(m»a'ltl‘gr“@?(si 1) was

added. The QH of he reaction. mxture was The m xtuge was stirred at
30 0.3C fbF 41 hy Bdeultk ﬂﬁ(g%q)l‘d”\%?yf p I1f5§$§d1§9§ 8&AH washed twice with

wat er (251 12 July 2004 WO 01/55175 PCT/ EPOV00523 34 each) and the
substance was dried at 60C under reduced pressure. Yield: 7.95 kg (73% of

t heory) dfo (d8oRr hhreaetedl I(R)-N-adetigtdinexi/ighcing the rhothet G6Gor v Bt én(c = 1
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°
(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 |



met hanol ). 1H-NVR, MS and IR data agreed with the data of #?@ %rﬁguct _
obtained in Exanple 3. The nother |iquor contained anot hé ] 8 2 kg of

(R, S)-Nacetyl 5 cycl ohexyl gl yci ne. Exanple 6: (8)-Cyclohex ne by
raceni zat i B ¥FSEEShydr ogenation of (S)-phenyl gl yci ne 10 ITQ?Y/%"%@W%genat i on

apparatus nade of enanel or Hastelloy, (S)-phenylglycine (90 g, 0.53 nol;
content of R-isonmer < 1 % was added at,50C, under nitrogen and with
stirring, to a solution of concentrated sulfuric acid (97% strength, 60 Q)
i n deionized wat er (0 701). After all of the phenyl gl yci ne had been

s keI L AL e Sl B
E -§00Q0

agggd a'rl'ﬁﬁ?fdoﬁrtﬁa/selﬁz{) F@r\hgzappa scﬁm%gylgﬁgsrlegld @g&%?ng?%l g@g%usgg_g% vvaz 20
par of  nyarbgadh ifuans %ﬁt'%ﬂdéﬁ Bl B3 e PEfeH e Sbrinea ™Y
hydrogen %ﬁdqsswﬁem%uﬁmoicmﬂ&ma aTnB%ér'%béﬁtezﬂ ohgf@sgoracéi @d ended, the

20 m xture was allowed to further hydrogenate at an” extra 30-60
m n. TRe @lehexygglieiset hen cool ed to an internal terrperature of 50C, and the
catalyst was filtered off at 50C using a pressure filter. The catal yst was
washed with deionized water (0.30 1), and the filtrate was, at 20C,

adj ust ed Exangie6: {SHEye didexylglycimmbye rdceatizationdremolusdregehaiionioj dr oxi de

sol ution %i ﬁStlrf g]th about 90 m). 25 Stirring was continued for 30 m n,
and the F‘ ® 5P¥g Y& product was filtered off with suction and washed with
dei.oni zed water (in total about 0.85 1) until the washings were free of

sul fate i.ons. The npj st product (about 150 q) dried at under
e tuadl Rl edenation @rRatEN Mg e 8 SoamE LI HaReIy) (orenanyighaine (80 ¢,

(S)- cycl anexydH otFités:: ofmsbﬁ@lr < 1p/slyw@yad@éh a8®@e, urfertrdgéryark®Qtn WO
01/55175 PCT/ EPQL/ 00523 35

o 50 Aot (5 2 500U onyE AORFRTRHS e S ACisHOR oA Stpensyie| 5ha)ip Kiissiasd
water (0.70 {). Adter all of the phenylglycine had been dissolved (if required, additional
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



acid (S)-Cycl ohexyl glycine (3.14 kg, 20 nol) in acetone (ﬁg 1%2355 heat ed
wth stirring at 5 35C. Wth stirring, | N aqueous sodiu H9 r de

solution (20 1) was then added over a period of 10 min. The m xture was
heated to WRPY53HE at an internal tenperature of 40C, sdfGHEP01/00523

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

a pressure nytsch.covered wth eitz filter K1000 and_actjvated carbon
(1 Koy " Eamiln g IS e LEAsay AriBo A iz npte i er K M BP- 2 Erbohen Tagadc
filtrate gy then cooled to 14C. Wth stirring, 2N hydrochloric acid

(about 10 1) was then added over a period of 10 min until a pH of 2.3 had
been reached. Stirring was continued for 15 mn, and the 15 pH was

B T e s T

adm xed W I~oni ze er eupon etitle
conpoufid 353CeuViihi stiatirag) . 1 NNaguea.tsi sodiung hydrosidei sotuiioe (28.4) vasothed addedC and

stirred at _this . te rat u for. 1 h, r, 1,sol.atdon he | ct was punped
onto a caiver Ayt RADEh Ths it s hifen 4B et BIgA", (nbr e ar ed
o L heor vy T g o, JDBC e By o oynazcl oSS PBe TR (200 Nt
o] eory),. o - ; ESI+):. mz = 370. . , \ ,
DVSO- d6) :(4§65/<l€8 ?gé’“@’?ﬂa§5"?tﬁ{ed(s'ﬂ)"? Pé‘?"@és’-w'ﬂ’? !ﬁéomc-'ﬁﬁL@' 1S 101%5 - , 4.20
(dd, 11 H)thg,l- gdggoﬁEzad'béél}menaeagtgégga&@m migcydig wed, stitled, at@nGrtefrstel 1 H), 9.58
(S - 21bL emporburaricadont haTos BrsRe sgliian dasdnon Hierme forsuch
cycl ohexydraegirk hutiech®bolBred wiit'h %%Ltﬁ‘ﬁﬁ K100 and activated garbon (1 kg), and .
(S)--2-[2-acetyl am no-3-(4-cyanop eny?) acryl oyl am no] - 2- cycl ohéxyl - acetic
aci d (7. dheifjer resicdeierway waslied with 1@l phacaieneg ddwei filratetwastben ceolgddo 1) and
ol ut 1 on g B S AEhyspHubRE b R Bngs et ER e Aty Gbeo T
ul t r aseoni10 it dnifl @arpH. bf 2i3rhatlbeangeabined StiPringivgs 200hua0 fod 15 i, 5and the
PCT/ Elfi(%l 1p%\§v%§ rgaGdjusted 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 isolation, 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



time argon was introduced. Wth exclusion of oxygen, (+)-ﬁfﬁ¥l éé8492 g,
19.65 nml ) and [Rh(COD)Cl]2 (4.88 g, 9.75 mmol) were the |
successively, and the mxture was left in the ultrasonic bath for another
30 min. Th¥WQMSFYM orange catal yst solution was then purfS&ERKPH2E he
autocl ave, with exclusion of oxygen. 5 About 3 bar of hydrogen were applied
three times, and the autoclave was venggd inmmediately again. The reaction
m xture was heated to an internal tenperature of 40C, 10 bar of hydrogen
were applied and the m xture was then hydrogenated with stirring at 40C

L%r ggeggﬁé@rg@m&% 'g‘ﬁ%d E’ﬁg—[}%&f‘l&?ﬁ@?&&)@gpe@ t%é?’uagggel tz filter. |

The filtr | 756 over a
peri od of@%o m n, and | r r)?'(rﬂg(4 @898% msdﬁ@ﬂﬁrgﬁﬁ%@@ﬂeﬁc&%ﬁ@@% xture
was then a?ﬂcth@%kmrd@@saéfﬂm tak iultFRenitball® forfapbtHer 30 MiRe TRE 6lldv-brdrRe

product was isolated by filtration through a pressure nutsch filter,

washed wicetplyisghitica yvagthen pupped)intgige GHioéliiV@n\Yélﬁ e%%‘tl%i@@d’f PXYgHessure at
40C. Ygeld: 7.73 kg (20.81 nol, 96.7% of theory). 209-211 C, Ms
(ESI+). mz = 372.2 [MrH+]; 1HNWVR (DVMBO-dg): S = o 051" 38 (m 5H),

1 47-1. 8@\bauk berFipf hydrpgen wergppplieal tmoee(me@leﬂndzthp aulpclaye(wrs ventey | 4. 70

(m 1H m?ne‘&ig%égxag%h? ’Thé r@éctldrﬁnixm was ﬁ@atécﬁjto én ,Fpterngl t%%p(epatupe 6’1‘) 12.60

br
ES) Z [ ( F0°C; moaybfahwdnogeq Wéreaapplied auiddhy Imixiuopivas sHeamiydrpgehated with
cycl ohexuliaget bouBel e BEHETRE Ml 8\ dd B nuRE AR hifRdn! dnyms added to
cyanopbertwﬂbqyenan@m;blaztrommhbyﬁdmﬂyﬁltwtthmughIedSén&f'ﬂt?erkma filpate ol |)

oo 22 o h Rt B0t el Hen ek Wl gBRa 6wl & Paroq gt Sh Biane nas

t hen addeaﬁmrg/arscacmeés 8shtiiued TorM hiTiee MBAGE al MeXiddbRABSI5PERIAd Sl owly
(evolution of carbon dioxide) to an internal te rature of 55C and then

stirred &imsgetfGrC sl Bnthabrecinigtestprrdushwasdrfatast i dtrgtin tyqiah @ The
pr eci p'tﬁiré ﬁﬂgfﬁh?ﬂwa %e%ﬁt fdénc%rﬁié‘rﬁwafe? (%g ﬂ*élnﬁlb?ﬂeti%dépréb%b@& a Seitz

filter a anol sol ut1 on was

conceflbr gressure ab#ol. Yield17.4Si Kﬁxj29 &lonak §64%apbihepns). Mip. a202h “CeMRr at ur e

f about 12 July 2004
of about Le Ul Y, 2993 2 M+H"]: TH-NMR (DMSO-dg): & = 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



WO 01/ 55175 PCT/ EPOL/ 00523 37 40C, and added dropw se, w tg Vi %g ,
stirring, to isopropanol (60 I). This resulted in the pré rrﬁblly Plon of the
sodium salt of the N-hydroxyam dine. To bring the precipitation to

conpl eti onWQHEHSxt ure was concentrated under reduced pri¥sEERY0053¢  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

| t di I f N-hyd ’ th di I for
he 10 o s EarBR st CBtuRaT Ul VLR BT BRqe g aera (60 i TS Resdiegzs )
was i nitijglihe/ pef2ivitaen of thedsdbdamh 85k eV e NURgdioRParBiRiHd MoSsting thé t he
N-hydroxyam di ne (about 6,2 kg, moist crude product fromthe above

react i on)Pragigitefingda qampletian, m%miwrfew&‘% ¢ancengatetiiundes edyced Rregsy s @hi xed
W th a sugpenghaen Iaﬁ& rﬁ?ﬂ\@dﬂm&ﬂﬂngaﬁb@%lﬁﬁg (?FEQ P Sflrring%éjsﬁthﬁﬂ) in

gl aci al acet I C ac e aut ave was first nitrogen
and 155t mantiniedahl@fiCflpen, h, and thd pradugt waeﬁMedwﬁéhrdwbmgeamremuéachmC and

Fo Cool t s BRGNS wblh & ih Norfchabel (i aR Sibd B bl ™' =

cl ari fyi nayereigiet; irfSeistreafi dftnitroggavered with activated carbon, and the
filter residue was washed with glacial acetic acid (2 1). The filtrate was
concentrated on a rotary evaporator at a bath tenperature of 50C 20 until

no {mre gl'l‘%?ﬂe?lﬁltlﬁg%Flldmn@ga!goﬂwﬂ'tydi'dﬁdmﬁlﬁet wag tcﬁérv&te"ﬂt Iem:tlom fof ﬁre: ed. The
m Xt ur S en al |l owe (6] apou ar xture was
still 1E’ots\,\&/$’ﬁﬁ@“ef8m9r°995'@8%tﬁ° '?'@oeﬂqf %%%F*g Q') Mas "F'F*%'g'l@rﬂﬁ@%e

rotary eviaRpaikstlave\PuaHe SBdiliREsaltarteé Nehﬁfr&@lalﬁh&:ﬁb?gb@;& 6923%'@0@9' d salt.

After 0.5 h of extra stirring tinme, the -preci'pitate was fil tered off with

suct i on Bfude praslust framdhp @poye Fﬂa@ﬂoﬁma%ﬁd@ﬂ IBBJOH'IIWSOW@WS;‘"WQ'E Rheuct i on.
The crudespip %é@&:ﬁﬁ&b%@o gg@g&ﬁze d&%ﬂ&&ﬁlﬁlé@?%rﬁgﬁf'ﬂ?;% Wt i oduced

with wvigorous stirrin | been heat ed
to 40C, dhd0 kgbln giaoaala@tiwasidiéd). dtiesut@ireuwas flushedlfmstrw#olmtmgermahdd

o e, kS SRSl 44 PR A e D C 2R o
pressure of 18 bar 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



precipitation of the title conpound (as betaine). Stirring \t/lxﬁ 3@ nti nued at
15C for | h, and the precipitated product was filtered of 4 @

pressure nutsch. The filter 12 July 2004 WO 01/55175 PCT/ EPO1/ 00523 38 cake
was washed™@ §551%€e water (6 1), dried thoroughly in a stRGEEROHPOSA t r ogen,
transferred into a vessel and sti rred at room tenperature and under
nitrogen with 40 1 of acetone for The precipitated product was
filtered off through a pressure putscqsl8 washed with acetone (about 10 1)
and dried under reduced pressure at 40C. 5 Yield: 2.58 kg (6.64 nol, 65.7%
of theorL) of the title conpound 9/B(ES . mz = 389.3 [MH}]; 1 H NWR

( met hanol aﬁﬂ)wassﬂas dd%'th icg=vagter {§ 1), slded thorgugbly in 2stream efimitrogen, 96 (s, 3H),

3.10 (2
o (Ex gtﬁéf)gfe?lﬂééd mifb Q?eééél ahd 'd)lrretﬂaﬁr_%gn'ﬂlﬁ_m rJ_iﬁJre chﬁéﬂg rﬂ%ﬁ%x”a‘%%ﬁ-ﬁggone 10

Under ni tqf 65%*9”95%%1 bnjé%%woapi jed pr@ﬁudwees W&El'%"pff(ﬂ‘lrnegﬁamewrelehyde (20.0

Is<gd| uﬁ?g@g%g%ﬂ\%&@ﬂ &og% (%bﬁglelt){yl %qﬁhgﬁjég%nréfmg%de@%gsgnhyéb ge (40.0
I, 42950 Yiglt) 2,58 ga@cRrmol, W6t7% Bf@@o?%%ftﬂé"lﬁler&ﬁﬁédm MS%ES é) =heated to

refl ux terrperature and then stirred under reflux for T IS gave a

thin red A s et ) hyl
tert - but ?th& ﬁer (80 0 1;2@\/%1 Eeﬁ ):1532%% 1e§§v\g{] )9'5%0 7%% gﬂi) was
added as 16 (§<BH)6@10Q§>sublm)(4o@(m ), 4/@.1 tuqstm 17 m(@fﬂ-l)CPGB'(BQZHP“d the
m xture was then stirred at 5--10C for The bei ge suspensi on was

I ntroduced into a centrifuge which had been |nert|zed with nitrogen. The

preci pi t E@niAs 102 MdthHILbyrididB-yehabitibRe er (80.0 1) and
dried under reduced pr e%lsufra)emat 4%% SLY eﬁ% -QEW%B% mol , 70. 6% of

theory¥. Mp.: 173C, M5 (DCl): mz (% =189 ([M+ H+], 100); 1 H NMR (200

'VHZ EEB)MZ%S 0 nltl%genl_ﬁ—xég}on&é ‘t?ér D fo?to»%é:i gpg 8yédiﬁ%%%a@§ld§égd%( g 8 61 (d,
Exanrpl e 18t %mpbrwaeﬂsidatﬁrtmﬁ-@etMWmn@é&BhgyZBD Byt pgnd stnd:mm racetate
1 VISR o B, Wb CAHER s UREAIAE DN L. 40 0 moh paosachs oo, o
mol ) in MEithind0imia] 2 @atfiorvaixtireatastheted G refili kerhporature 2ad then stirred
15 under reflux for 1.5 h. This gave a thin reddish suspension. 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



(0.5 1) was punped in, and the apparatus was rinsed with nﬁi@agg (0.5 1)
(the pH of 30 a sanple taken, neasured using a gl ass el ect g, s pH
8.15). Wthin a period of 12 July 2004 WO 01/55175 PCT/ EPOL/ 00523 39 30
mn, the rEﬁHﬂﬁéﬁssolution was cool ed to 30C. Tetrafl uor JEFVFROVABEH
solution (48% strength in water, 11.8 kg, 64.5 m) was added over a period
of 30 mn. Wthin 1 h, the mxture waggcooled to an internal tenperature
of 10C and (if required after seeding) the suspension was then stirred at
10C for a further 3 h. Methyl tent butyl 5 ether (40.0 I) was added, and

the m xt %ﬁn%%é%&a&ﬁﬁﬁ’g&hti&@@a&%o 8%_36'5@. PaIPRRIOPOEIC a‘éﬁﬁ?&ﬂﬁ#ﬂﬂé@?d 'nt o

a centrifuge whic een inertized with nitrogen, centrifuged,” "and the
t he pr odsirengtisihedater, t1H .Gy, 16A.5 meitwasagdedeovasa gea®deofi30 mimdWithired hat  40C

o e, S R Fibalrewa oo o inthfial 12 fpdsBflnd g FiG ane (fred fhg EREGLY) - M P
|7-|- glgl\g/R ( g%:?Mrlg) ﬁ?ﬁl?}?ﬁgsidﬁ)vvas&heg Bt;r(géd 351 (:}L‘{ﬂ'ﬁo,r aJurtfer(3 h. Bhhyl fbgz%lét(!ls , 11H) ,
5 22, L8 eigion (.0 $s et bt ks Wes&ifTed abiDos far 1,5, The suspension

(S) - 3- (2-wishirbatkdtiink Jebh@ R R bREh kitfizel With Mitrdgeh! &drittipesor at e
15 In an autocl ave, 2-acetyl am no- 2- net hoxycar bon}/)! vin I)pyrl di.ni um
|

3-
ot 1 af | UGNSHOP 1@ piotbictwRg e a medi oy Pbos (J08 Nand MO 120, 0 1)
Tet raf | uQiRRPFdduces! §s‘21:ré’.tYiQI@I: ﬁé?gﬁg‘r(g@gﬁflﬁélz, ob.194 8¢ igﬁogy?: M.010{ 99,485 added,

and the autoclave was cl osed and y inertized using nitrogen. The

catal yst MO(ESIgrmROowRS 201 epanaf] by tHo es bags, mebhdrpNMRB(DOIMHED an
ultrasonic bath for 15 mn ile ‘introducing argon. Wth exclusion of air,

th h i s t4M dm ' CAPP
(12,50, g e e 7 T o T AR e

el | ov-Organg ey, o)k 18! (s SRl BL ISR ARTKBR! 9% ¥ntes, AIZEON 100f.5 G 'm . Wth

excl usi on of " Oxygen, the catal yst solution was introduced into the 25
autoclave. Wthin a period of | h, the contents of the autoclave was heated

Lo 40C. L0 el Ao ARl Brtias S e S S aRliGe T ee times, and

tetrafluoroborate :

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



was vented i medi ately again. 1.5 bar of hydrogen were th?g alg)’ﬁlpbgd and
the mxture was hydrogenated at 50C, with vigorous stirri é‘.‘ r 7 h,
the hydrogenati on stopped. The HPLC anal ysis of a sanple taken showed
that, at tM®&0$618oint in tine, 99.1% of the title conpoutfdl Ry 4eEesent ,
and GC analysis (30 mfused 12 July 2004 WO 01/55175 PCTI EPO /00523 40
silica capillary colum Chirasil Val, isotherm c 160C, injector 220C,
detector (FID) 260C, carrier gas 0.8 6r of hydrogen, tret [(R
enantioner] 12.64 mn, tret [(S) enantionmer] 13.64 mn) showed that the

T T Y oS0 bt e M R S BR
pressed {SUOHON o B Sl P PR ool 581 oy

asymet ri ; 6 4 ' i ' 5.97 mol)
I e i R AR

hydr ogendsPmar.tiheeautoglane wes dsleed wikh nisiegep@nd, usingvittagendhe canterts bbner i c

purity cof ' ' Lt % ee of
5 sondr PecfSasfBvivEted Mol L ARITEMSGeh WhiFe e e e OF
j acket t estprdathSBCoindedGitrogeéh. concentrat ed under reduced pressure to the

resi dual volune of 150 1. Isopropanol (200 |I) was added, and the m xture
was, at a jacket tenperature of 40C and under reduced pressure,

?pncent L amadgm% gbc:sw;bwahurgpgommrgfer ﬁsﬂnmetrw\mydmg@qatﬁoﬁgwere Eamadcu@mnol
I n eac a ed,, a m xt ur.e S, at a ] acket

{enper at PeraY2 80 kel BB it {263 KOS 1 0. e o ook s 2 Tk
resul t1ed tbﬁwﬁei’étu?e@4@"0f?riyt€fdﬂ%aﬁér9ﬁn8f4-$ h?pﬁddhbﬁccﬁﬁéﬂﬂ@gfqriﬁgfﬁ%(ﬂ‘ﬂ‘wﬁ

suspension was stirred a under nitrogen for | h e product was

cent ri f ugENEPMENiSPYGHEOIEBA CrYda RfedvHii nenaxsregrnation seuticd 82. QB4 8% 98 r ogen

and was wgsd ' hsopropanol (100 1) and with nethyl tert- butyl ether
(150 1). Thi gsgéﬁé@&gé%fo kg (144.7 mol, 90.6% of theory) of the title
conpound with 71 % ee of (S)-isoner (GC). Mp.: 126.2C (according to DSC);

MS 25 ( Eﬁl‘é' ﬁiirafgszof(tlg@ five Be.?féhéé Mei‘te Egr]'lbﬁ)lfed talﬁﬂ étr aej%cQgtStSmpllzPé%&fe c}f Ad"‘&l!\/R (200

MHz, DMSO
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 fo 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-

dg): &= 1.78 (s, 3H), 3.08 (dd, J = 9.5 and 7 Hz, 1H), 3.29 (dd, J = 9.5 and 4 Hz, 1H),

4.68 (m, 1H), 8.00 (dd, J = 5.0 and 4.5 Hz, 1H), 8.42 (t or 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



do): 8 =1.78 (s, 3H), 3.08 (dd, J = 9.5 and 7 Hz, ?f;égl (28 J =9.5
and 4 Hz, | H), 4.68 (m | H), 8.00 (dd, J 50and45 wy 8.42 (t
or 2 d, J about 6 Hz, 2H), 8.80 (d, Jabout5Hz 1 H, (1 I R
(KBr): v =“OAHGY5 1654.3 cm 1. 30 Exanple 13:- PCTIER o523
(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 gi

(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 nutsch covered with activated carbon (0.5 kg). Using concentrated
aqueous 5 sodi um hydroxi de solution (33%strength, about 3.0 I'), the pH of

the filt rﬁ%@iuﬂeﬁ of mez-adety@nmrb-iqnétﬂaoxmﬁ#oddwetﬁmpyhummrwas then stirred

at 20-25C for i n whi ch the pH was kept constant using

concent r atﬁtfaﬂlang@@iie €7c3| b GRi @J@rkéx%l@ m@bmwat@ﬁ Saﬂﬂﬂaéﬁﬁﬁfqdéh'&%@ et hyl

had boon TGPy whaTenefee) Wi BEhEEIRT (02 Kb AR cqfRnuslye fleats et e
concen®r a&cetilmwdﬁnéﬂa)soiutmtﬁ?s@‘%( strenath, @boulB ), 1), tﬂh% PHI—W\KE{%W{Q aweed to pH
et on e 1S HLETGEE G PRMRLE e o B Qi oo i, o (e
at a conghiehthd preasakepteonétaﬁ&ﬁlrﬁg)concemrametqueeuy ssdlum bydroxidag, acyl ase
them xt (xR, TEGmdie rles? el ectaltibrbenilvaR st L M ARGt
t enper at Witweid tﬁ&&ﬁe%etﬁ?l SsterThdd bémﬂWdr@ly@éwe@np@ta@m@»e tendarborgict hat
about 85% of the carboxylic aci cor.respondi_n cont f (9S)
i somert0 rRqigdising Qoa%%itsat%ﬁrhmo%wé@@%%@géﬂgmfﬁh F'p\ﬁ adiistef to
T e e R he
react i on neggtien ElDWa@ way b@afédrbféﬁﬂ dnieliﬁﬂ tf-mper@w ot48°6 and stirrest A
}\I_ezrgg:]g; l“%c)'f(hygéar}tg%rﬁg\ara\(vr%g JC% gld(ﬁ |f6rﬁ 18123 ﬁz{ﬁ géw §60 Sﬁg’ng ac’(‘ SPT ‘;{\ ert.'ae?{:"r“ahydr of uran
(23.01) v@&oaamjo glin deignizkd etateri (4@0 nﬂbivpﬁadd@d REY° Caand ghemixtarepyas
conti nuoug addi L HoR A WonSRRE BRI S S Y UERME NS M AR INE 5238505 20 HE 108
‘(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



(33% strength). The m xture was then stirred at 20C for 2\1%2&@ (rmbile
phase as 25 above) showed conpl ete acylation of the free z; fi d. Ethyl
acetate (60 I%l added to the reaction m xture, which was then stirred
vi gor ous| y % Si’é’ nmn. After thorough phase separation, RGERIUAR3 acet ate
phase was separated off and discarded. The aqueous phase was adjusted to
pH 5.0 using concentrated hydrochlorig2 acid (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 nitrogen, the crystals

vere fil{@s2thalf41. QW@Maeo@)mm&&me%m&aﬁawwm‘mwewcap mrawlmé wat er
(201) and dried at 48C under reduced pressure. Yiel g 12 July 2004

WO 01/ 55278 xw@m@mmwgwﬁzm@%@ompansﬁetbw@fn—hw%%/ﬁ m@‘l% tle

FSSB%BSW@%%&%Z%4@%}«8‘@% PEhed s 12?3 el Mnd 7R B 16

mn), [a]D220. -9, 954(c t hano L]) 173-174C (by ._DSC).:
(EQ ) | BECT S ESI5 e (0 2107 (GoR -1, 1080 RisruiBoi0 g zdﬁrg@od@g) 585 2. 85

195 Y82k 5/9.8 it Ha) 14 3 b () 9B B Ty dBagh, g 25 LT

(m 2H) 4198 @O2HR17.$5 - 7J40|'Gh1 SHX?EBF-)T?B/(m 365 9.38 - 4.50 (mA2HY, 980 (br 5046. 9,
699.2 cm 1. Exanpl e 14: Benzyl

(9[- cdl*h.dRo@‘lBr)Zv(@WWEi B70R4,) 18R 1086/ BRALEO. A suspensi on of
(S)-2-benzyl oxycar bonyl am no-3-(pyridin-3-yl)propionic acid (2.60 kg, 8.65
nol ) in tetrahydrofuran (60 ) was cooled to -9C. At this tenperature,

N-et hyl dE'x§91&fé)W|§éﬂz‘9'F§.ﬂl 183 n&@q@@@%ﬁ@ﬁ@%ﬁiﬁ%@@r a period of 5

mn. At -9C 1sobutyl was then added
withih020 min, the 15 internal terrperature in the end increasing to -6C

o S Rp sy SIS Sl heor DAL 3 98 el 123 o)) ves
t hi n sus266ikgn8i6h roip irctetralpgdrofuran (60 r]'lwasroeaM| toRrIVEAL thisitémpédagursf r ongl y
Cot e et BBt B8, S PRESCA B ot BT il b 1o
16C, -9°C, isobutyl chloroformate (1.36 kg, 9.86 mol) was then added within 20 min, the

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-



20 which gave a thick but still stirrable crystal slurry. 5\ g@ﬁ ket
tenperature of 30C, the solvent was renoved under reduce& g‘rﬂé{ The
white, gre resi due was suspended in ethyl acetate (125 1 A soI ution
of sodium Wﬁ?b‘s Ff carbonate (3.0 kg) in water (50 1) weRCTAERIZAOZhd t he

m xture was stirred vigorously for 30 mn, after which all of the solid
had di ssol ved. The organi ¢ phase was se:g)arat ed off 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 30C to a

suct on, "raNehreR e PSR (1B B g B T 1 coucec
bas o0, omkate: B2 PG ket e el ad S THEH d ot PR, Ty

Dai ool 4800 Mttt SIS brAiSS 2 (b im0 pranelr O 30 . 92 iS4 DR AIES 075

oo IR ATSIR I8 B oo, B el PR,
300 (H[Z 5 ﬂ‘elm mp)&sebemm Qmﬂﬂ‘%‘%%@?@%ﬁ%@ﬁﬁ xiuqlgs;p PR (2n

3H), 70(12-7134&5([130%11) 746- 7.60 (m 2H), 7.60 - 57.76 (m 1 H), 8.36
- 853 (m 2H); IR (KBr): v = 3306.8, 1674.9, 1537.7, 1424.0, 1271.6,
1251.3 cm 1. Exanple 15: 3 ((S) 2 Ammoni o- 2- car barmoyl et hyl ) - 1-m

:ggg{jp%/(r)l Z;H?H?S??@ car ni%‘o'{)/? L?Fi)pyrﬁg 'ﬁy)%—rd é)ﬁﬁﬂ?car(ﬁtani?%e)(\i\ago kg,

3.33 nol) and met hyl tol uene-4-sul fonate (0.67 kg, 3.6 nol), the stirrer

no sodd i o, TsRuhbaby 1. £ s ARe i ddrh (i} SRR pRET Ve
P hand g2t Tpethyliepiramate (4,004, mm°')mm%t3§§°f§ﬁ§4ﬁmﬁ?§f6@t ?L'eon °
oectron e 85 S ST R e s B wis e s clgted

pal |'ad rg i) of 80% At oo foea ri@Ro FiRotHiRire 128 alufeassnat i on

was carried out under atnospheric’ pressur
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



by passing through hydrogen- (about 10 I/mn), wth CO”“E?EUISZ ttlered
addition of a solution of toluene-4-sulfonic acid monohydfat® 63 kg,
3.33 nol) in deionized 20 water (1.0 |I) at 20-25C, over a period of about 3
h. After tR®P¥GF8genation had ended, the autocl ave was ?‘F%Wé’&ﬂWth

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 I. Wth vigorous

wth L??}(P“\@%%%@éﬁ P Re AR TaER 4ol g?ﬁlz%-ﬁg R ORE el
crystal 1 {age 7 EaH 278 (ANFNZBOYS IR, bick . s TR kB, B26c ¢ o
0.5 h, ar(, ’lH)e pr oduct was.flltered off with suction through a paper

filter, washed with I | of isopropanol, dried thoroughly with suction and
dried. Yield: 1.57 kg (3.0 nol, 90% of 30 theory). Mp.: 219-220C, Ms (ESI

:DCZI'/ Eg%z/l‘;"%%np!e 1803 X (DA BTR-((S PR ACcellldhi- Gﬂamw:rﬁoéﬂﬁ@ﬁrl)mwmz 08
(ad 1 2t iseyming] cha(%amOViﬁW?ﬁm'éﬂwvnémum dteats 2 0%

(s, 1 H, 805-822(m 4H), 8.42 (m 1 H), 895 (m 1 H). 5Exanp|e16

3-((9)-2-[(S)-2-((S)-2-Acetyl 4- d henyl |
> Cyel ondigRsauiogeR3 C&yé%?%%&yd@&a@?{”zb%%a%ﬁnf%%Gp”’a‘iﬁg"&%ﬁ&;‘?ﬁi%e

Under i td bRt e?ngrrﬁagy“és% fod 12 dipatcorlors. fperapinphzsne (1306 ko

30.0% on D ca was a ensi on

3-((S)i02 czaﬁbmoﬂemymd ~mtmm¢irwm¢htpsyiaﬁed6m,a lfg(ﬂDcBGin)rﬁddt(S)s?-}[(’ﬁ)é-( 5. 43
acet yl am BT RS SR ey hpionyaminel-2 pydohoiagetc spd beteine .
bet ai ne (GAQCI]KQ o8, 15%pmﬁe9/owajelecommt®c85%m 681 ntol BN, !\lgdlﬁ'@ﬂ‘lylfotrmamraje
N o T Sy e B0 T TR PSR Sl OO
di cycl oheaxsis, easohsibni ofidieyclcheRfickbodffdeurTs kgl 20%8pure] 12.28 nbINnIN,N-
SR S5 et Ve o3 oh7 h mowes RR PeRaAvde” (0.5
1) . The mMurpglaRd 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



was stirred at 10C for 1 h and then, with warmng to rooml{zﬁn]g@rﬁﬁure.
(23.501 for a further 14 h. The suspension was filtered s 8 a Seitz

. layer and washed with a mixture of N N-dinmethylformam de 1) and

tol uene (OWPMWPS51%yer a period of 30 min, 20 the filtratel P”M] 2d into a
vessel which had been initially charged W|th acetone (1200 1), which was
stirred vigorously under nitrogen, at 48C. The m xture 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 ypwggéﬁgneggf goégj fThe fsblid §%s dﬁeetﬁ@rahammg N8t ftﬁ%tmgteﬁtaarfae.tone (3

x 100 1) e pressure nutsc over ni usi ng
ni t r ogen themdriednitiglyed 26PEC andenrediicedprassomtartd theo @i 434 undaen/bagh t hen

repeated. To this,e h | i I,ssol W th.stirring in

R di e AT i dee3 k3T 78 nieh BB BRa e el S el R a5 Tene (2. 5
1) and, ©®gete8 (HPLOPCSH ChalmM®GR 10080 mMtSouma; 4@ €.7 mivis Bgbesuseen
initiaIIy charged with acetone (1200 1), which was stirred vigorously 30 -
under hi sodipenacetate soutiorh@ 0usldE gt 6:20vmin, t&i [enantiomert 62 ruionber at ure for
10 mn and then pressed with jitrogen through a pressure putsch. The

resi due \[dississadreer] 4297 min); -6\D (0 F ©6,1whtePCThERDEMIEH parity 4fas/@ 4%,

acet one &3 x 100 1% The solid was dried thoroughly in a stream of nitrogen

and t herhelcprient i diastergorear vwar. dddiPLE Runsaspies SO RRseiead %Owat 43C

enant i onar? OVTAt £y cRstEn 2085 1% il e el A R B Aer £ 5 o

40C, 0. 7 80 mhofracetositils + 5 mbofi arthophespiiceicsanid)t adjustéd EDpHTY with aboutd &0 i n,

o LS el epb ST el b1 875 0r,

was 2. 4%&1ﬂ8pﬁosp&wwme§d1&€bﬁ8w a&»&arﬁhtﬂ:&i@smﬂof(inaﬁyla&ﬁ% efl@iopct i on 210

nm 1.0 mM/mn; bile 950 of water + cetonltr|Ie+7
M of or tHEPREE ﬁdmrbofafqoa’o m@ﬂ%@h@@ Aothen oafeﬁﬁtn?ﬂageﬁﬂomﬁf inegrgo§0%

triethyl aRdmR pHEYa A & Bﬁ%%ﬁ)bﬁegﬁgge Bl tHeh M@é%rthhrﬁ@%ﬂméﬁraﬁéﬁ&%bt rile +7
m  of orthophosphorlc acid justed to pH 3 wth about 8

triethyl @o:s@mialrd 6ithe nidtilgphabest Icpftifle @atidRI0B. 4% Wir, erep!wswaté\antdn@n over a
period of 10 min linear to 50%

16 26.88 min). 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.



nobi | e phase A + 50% nobil e phase B, then for a further 15 m ,
isocratically this 50:50 m xture of the nobile phases: trlag]u{}taopﬂe cati on]
13.44 mn, tret {tosyl ate anion] 15 26.88 mn). M (FAB, NB,?%R: mz (99 =
722 ([m] SO URERonot osyl ate, 15%, 550 ([Mt] of the t IR
nonocati on (N-nethyl pyridi niumam dine), 100%; 1H NVR (500 MHz, DWMSO d6):
8 =0.80 - 1.25 (rn, 6H), 1.40 -1.70 (4 SH, 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, Pl %élg LH, 20 7.73 (d, 2H), 7.92 (d, 1 H, 8.06 (dd, 1 H), 8. 14
(d, 1 H),aé. 1 r(rjn 1 H, 840 (d, 1 H, 88 (m 4H), 9.25 (s, 2H;
13C-NWR (75.43 MHz, DMSO-d6, {1 - broad- band decoupled): 8 = 20.67 (20,

{1 H
22.31 (1,0, 25.51 (20, 25.65 C), 28.32.(1.0), .28.89 (1 O, 34.21 (1
Q. 36.( 9d- %“‘1","8?‘?534“?? g”éf) RrePey2 ‘OB%’% E@')“PEU'&?S, gféé‘? Wﬁ g)wﬁ“'%'si‘?%‘??"'('iesc) , 1(25. 36
(40), 12onPéHihd tie corhgburiPol(the @rmuld N.b{Qatdiyiid hydkréGerifiondad, cohwérsivh (1 O),
137.74_(2C), 25 138.13 é:l CA,_143.36 g c?], 144. 68 Sl C., 145. %5_(120),
145. 375( pr)e cyans grgup intefhe amisling graup indp the gempeLind oghe ferpiadll oritgr) |
171. 35 (2 withnkSERI Dix, tollowed B red@R withld dompdar of®@Forrdid Iv obf$, 569
cm 1. 12 Jul'y 2004 WD 0%1/55175 PCTI EPOL/ 00523 46 Patent Clains_1. A process
for the [eEpdindbe@sidiiXdesheumermpeunchef the fermua b whane the aaiens Xaare

converti t ormula Il by catal ytic hydrogenati on and
gb‘gygﬁw %ggéa’or;gﬁlg AhforlsS

conver si roup into the am dino group into the conmpound of
the formula Il or its salt with the acid HX, followed by reaction with a
conpound of the formula IV or its salt with the acid HX tgpive a conpound
of the fornmula I, where the anions X are physiologically @Cceptable

ani ons. NC OHNI(E. 2. .~{he process as clained in claim W e hln t he

hydr ogenation is d ed out using a chiral rhodiun onp 5@ as

catal yst. H 0

H,C

0O
o o™

L
Z N“CH3
H,N NF,
O v
-
H.C CH,
" N

10

2. The process as claimed in claim 1, whereih the hydrogenation is carried out using
a chiral rhodium(l) complex as catalyst.



12 July 2004 WO 01/55175 PCT/ EPOL/ 00523 47 3. The process 2'5 ﬁ'ls%%l din
clainms | and/or 2, wherein the hydrogenation is carried d rqge

r hodi un( | )H%y% 2R 4R)-1-tert--butyl oxycarbonyl - 4-di phenyl(grhosgl)hl no-
(di pheny!p & H’érret hyl ) pyrrol i di ne conpl ex as catal yst pr ocess

as clainmed in one or nore of clainms 1 to 3, wherein the conversion of the
cyano group into the amdino group is garried out by reaction with

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

resul ting N-hydroxyanidine. 5. The process as clainmed in one or nore of

claims | g qhé,pr%k@é%srblél%dr:ﬁ%ﬁimgﬁ Mardhe wﬁé?elﬁQH@ﬁb@%eﬁétidm% cfaﬁféﬂ-” ae

111 and IV or of salts thereof 1s carried out In the présence

car bodi | iudlEsing a rhndw(&déw&é%ﬁemtylaxmaébwimmmwimpapm& -t o 5,
wher ei n nulae [1l and IV or of
salts thgaggéﬁﬁéﬁééyh éﬁ#ﬁhg@£"ﬁﬂgﬁg%%ﬁﬁ%§£§%g%% of di cycl ohexyl carbodi i m de
and 3- hydr oxy-4- oxo- 3, 4- dlhydro 1 2 3- benzotr|a2|ne 7 The process as

cl ai e in ne or n.in eactlon of .th
conboutidd 3P EREPes AR RIameR 7 OaR g rpteit B S R BRefsia HERRIPEIAT 5 50
enpl oyed thécyditd groupintd thé anfidihd gmumstchme@mlﬂ bb'XeaﬁIbnt\hlﬁ'l Bedreuadirgf t he

formula 111 S e oyed as such . as betai ne. . Mrocess as
cl ai med % adwe T‘Eﬁfy %mnm & 5arn%hydrpse'?°w,ﬁef H]erfeﬁH[E”aN rexygnaidine.

tol uene-4-sul fonate. 25 9. The conpound of the fornula la in which the

anion TosO-_is toluene-4-sul fonate. 12 July 2004 WO 01/55175
PCT/ EP01/5% dbe process aggdaimediip one or more of claims 1 to 4, wherein the reaction of the

10 compounds of the formulae Kl and IV or of salts thereof is carried out in the presence
of a carbodiimide.

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-d|hydro-1 2,3-
benzotriazine.

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.



2 1 NCH 3 la 10. A process for preparing the conpound of H?g fg{ggla l.a in
whi ch the anion TosO is tol uene-4-sulfonate, which conpri g 8 ting the
conpound of the formula IIl or 5 the toluene-4-sulfonic acid salt thereof
with the cEPYMEof the fornmula Na or the tol uene- 4- sul RoMFROVARY sal t
thereof to give the conpound of the fornmula la. NHNH2 OH O Il |IVa TosO N
HO O la 12 July 2004 49 1 1. The procgg8s as clainmed in claim10, wherein

t he conpound of the fornmula IVa is enployed in the formof its salt with
tol uene-4-sulfonic acid and the conpound of the fornula Ill is enployed as
such, i.e. as betaine, and the reactiQP i.s carried out in the presence of
di cyci ohexyl car bodi i m de and 3-hyqn¢&yfﬁgbxo-3,4-dihydro-1,2,3 5

the fornula 11 and its salts. . NC 11 10
NH, | =y TosO

N+
S \CHB

0
\/U\N N, la
O

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

benzotriazine. 12. The conpound of

H
N

[E3]]

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




13. The compound of the forrmula IIl and its salts. 1l Al I?Elg, HEET 12
July 2004 50 14. The conpound of the fornula IV and. itslvggll_’tl ﬁogh t he

acid HX, where the anion X is a physiologically acceptable anion. IV 0 .
AVENDEDSHEET ' :

49
11. The process as claimed in claim 10, wherein the compound of the formula 1Va is
employed in the form of its salt with toluene-4-sulfonic acid and the compound of the

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