WD 2004/ 092127 PCT/ EP2004/ 003980 -1 PROCESS FOR THE PREPARATI ON OF

N- SUBSTI TUTED 2- CYANOPYRROLI DI NES The present invention relates to a novel
process for the preparation of N-(N -substituted

gl ycyl) - 2- cywoeporoonbt di nes and a conposi ti on obtai nabl e }qﬁx;ﬂ; ' t he
novel process conprising predomnantly N-(N -substitute 2%45939&00
glycyl)-2(S)-cyanopyrrolidine. N (N -substituted

gl ycyl)-2-cyanopyrrolidines, especiallythose of formulal H~O,RCN RN ° v
N Ln (1) wherein Ris as defined below, in free formor in acid addition

salt form g | e _dj petldaselv DPP- I nhi bitors which
have been des{Crl geﬁm@%ﬁé‘é Fpgr SEBeATPPE D‘ﬁTgYXgB%’é‘?ﬂqLéhﬁ‘lEsprocess
for preparation of N-(N -substituted glycyl)-2-cyanopyrrolidines,
especially those of fornula | above, conprises reacting a hal ogen
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especi ally when considering industrial production of N (N -substituted
glycyl)n c h nopyrrolidi ne
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Furthernore the process needs aqueous work up at several steps resulting in
potential waste prqgble and | o yields. It has also recently been
reported an alternative [fynt hes based on solid phase chem stry which

avoi ds free 1-ha] t - opyrrolidine but which process is not
suitable for scafe- up accﬁiding toits authors (N. Wlland at al.,
Tetrahedron 58 (2002) 5741 us, there exists a need for an inproved

process. It has now been found that 'surprisingly the
1- hal oacetyl - 2- cyanopyrrolidi ne i nternedi ate may

wherein R is as defined below; in free form or in acid addition salt form;

are valuable dipeptidyl peptidase-IV (DPP-1V) inhibitors which have been described in WO
98/19998, for example.

The conventional process for preparation of N-(N'-substituted glycyl)-2-cyanopyrrolidines,
especially those of formula | above, comprises reacting a halogen (preferably chlorine or
bromine) substituted (2-cyanopyrrolidino)carbonytimethytene with an appropriate amine. Said
substituted (2-cyanopyrrolidino)carbonylmethylene may be obtained by reacting a
haloacetyihalide with L-prolinamide followed by a dehydration with triflucroacetic anhydride.
This process has significant drawbacks, especially when considering industrial production of
N-(N'-substituted glycyl)-2-cyanopyrrolidines, as both the 1-haloacetyl-2-cyanopyrrolidine
intermediate and its direct precursor are classified as irritant. Furthermore the process needs
aqueous work up at several steps resuiting in potential waste problems and lower yields. It
has also recently been reported an alternative synthesis based on solid phase chemistry
which avoids free 1-haloacetyl-2-cyanopyrrolidine but which process is not suitable for scale-
up according to its authors (N. Willand et ai., Tetrahedron 58 (2002} 5741-5746). Thus, there
exists a need for an improved process.

It has now been found that surprisingly the 1-haloacetyi-2-cyanopyrrolidine intermediate may
be prepared in such a way that no isolation of said irritant compound is needed. Said

compound may therefore be directly further reacted with the appropriate amine. in addition,



be prepared in such a way that no isolation of said irritant conpound is
needed. Said conpound may therefore be directly further reacted wth the
appropriate amne. In addition, W 2004/092127 PCT/ EP2004/ 003980 -2 the new

process al | oxg 2bRp6AsYCl € all solvents and the only by-pr
I norganic salts. The new process is characterised by a rﬁ@%@é@@?" yield

and is suitable for industrial production. Therefore, an object of the
instant invention |Is the process for the2preparation of a N-(N - substituted
gl ycyl)-2-cyanopyrrolidine conprising at |east (a) reacting, in the presence
of dinethyl formam de, a conpound of formula (V) O ~)(2 (V) X1 wherein,
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O C(=0 -rg:HZXS, -O SOZ-'&CL sé_al kél or, - O SOp- Eﬂ%gé}% wth L- P[ol I nam de,

f ol | onel"BYeY R OF8s8 13 PR ariedsed by B high overaly {sehiteblester mdustiahi th a
dehydr aprodoctagent , optionally followed by (c) reacting, in the presence of
a base, the resultant conpound wi thout isolation with an appropriate am ne
and (d) recovering the resultant conmpound in free formor in acid addition

sal t f OThereforéieam ofijectsof 162 MRfant afvighlion fshthe bRsoBsS dnthe prefaator 6f aBE@EYCl i C
or bicycl iﬁ zi\erxgnptilg h drocarl.bon roups having 6-12 carbon atons in the
ring pofdasBiied Ry 'g'ﬁeﬂwrfo'gfrﬁn‘g?m SINg3yREPyI and t et rahydr onapht hyl ,
each of (apréadtingpin the prexeatt pf biensthyiRinnaries] dgorpdundsaflisimdlaen) s, such as
optionally substituted (Cl-4)al kyl e.g. trifluoronethyl, halo, hydroxy, (C.
4) al koxy, acyl. QPreferably the aryl group is a phenyl, or a substituted
phenyl. When X2|]s -0 S02-(Cl.8)al kyl or -O S02-(aryl), the term"al kyl"
refers to either rai ght or{(V)branched chain, which nay optionally be
substituted by 1-5 Substituents selected from

1

wherein, independently of each other, Xy and X3 are halogen; X; is halogen, OH,
O-C(=0)-CHzX3, -0-SOz-{C1.g)alkyl or -O-SO,-(aryl),

with L-profinamide, followed by

(b) reacting the resultant compound without isolation with a dehydration agent, optionally
foliowed by

{c) reacting, in the presence of a base, the resuitant compound without isolation with an
appropriate amine and

{d) recovering the resultant compound in free form or in acid addition salt form.

When X; is -O-SOz-(aryl), the term “aryl” refers to monocyclic or bicyclic aromatic
hydrocarbon groups having 6-12 carbon atoms in the ring portion, such as phenyl, biphenyl,
naphthyl and tetrahydronaphthyl, each of which may optionally be substituted by 1-4
substituents, such as optionally substituted (C4.4)alkyl e.g. trifluoromethyl, halo, hydroxy, (C..
s)alkoxy, acyl. Preferably the aryl group is a phenyl, or a substituted phenyl.

When X; is -O-502-(Cy.g)atkyl or -O-SOz-(aryl), the term “alkyl” refers to either straight or
branched chain, which may optionally be substituted by 1-5 substituents selected from
halogen preferably flucrine, chlorine, bromine or iodine. Exemplary alkyl groups include
methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, trifluoromethyl.

In the above described process, the amine is either a primary or a secondary amine. Such
kind of amines useful in organic chemistry, for the synthesis of pharmaceutical compounds



hal ogen preferably fluorine, chlorine, bromne or iodine. Exenplary alkyl
groups include nethyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,

i sobutyl, trifluoromethyl. In the above descri bed process, the amne is

ei ther a priywehia@s21dy secondary amine. Such kind of am nesiS&fiibaed
organic chemstry, for the synthesis of pharmaceutical conmpounds

2004/ 092127 PCT/ EP2004/ 003980 -3 are well known by the person skilled in
the art. An appropriate am ne substitut-€éd by one or two organic groups, can
be easily selected by the person skilled in the art based on e.g. the
structure of the published DPP-1V inhibitors such as in WD 03/ 002596.
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(C1. 4) al koxy, hal ogen, trifluoronethyl, cyano or nitro; or phenyl optionally
nono- or independently disubstituted with (CL.4)al kyl, (Cl-4)al koxy or

hal Ogeeré%]fﬁalli. a6l 0813t thé insfakht Ihvahtion is thE BrodBsk $ordh8'prébarBtion of a

(C3.12) cycl oal kyl rgptl?ggl | y nmonosubstituted in the 1-position with

(Cy3) hﬁ%‘?ﬁ&*‘é‘fj@/l@ W3 lRo(cH2)n - wherein either R2 is phenyl optionally
nono- or independently di- or independently trisubstituted wth

(Cl.4)al kyl, (C1.4)al koxy, hal ogen or phenylthio optionally nonosubstituted
in the phenyl ri ngl-withcbnydroxmt hyl; or is (Cl.3)alkyl; a [3.1.1]bicyclic
carbocyclic noiety Jloptidhallyono- or plurisubstituted with (Cl.3)alkyl; a
pyridi nyl or naph h§$ € optionéllly nmono- or independently

di substituted with (G _4)al kyl, (CLl.4)al koxy or hal ogen; cycl ohexenyl; or
optionally substituted ada 7 and .

wherein R is

a) R4R1aN(CH2)m - wherein
Ry is a pyridinyl or pyrimidinyl moiety optionally mono- or independently disubstituted
with {Ci.4)alkyl, (C1.4)alkoxy, halogen, trifluoromethyl, cyano or nitro; or phenyl optionally
mono- or independently disubstituted with (C,.4)alkyl, (C44)alkoxy or hatogen;
R4s is hydrogen or (Cq.g)alkyl; and
m is2or3

b) (Ca1z)cycloalkyl optionally monosubstituted in the 1-position with (C,.3)hydroxyalkyl;

c) Rz(CH2z)n - wherein either
Rz is phenyl optionally mono- or independently di- or independently trisubstituted
with (C1.4)alkyl, (C14)alkoxy, halogen or phenylthic optionally monosubstituted in the
phenyl ring with hydroxymethyl; or is (Cs.s)alkyl; a [3.1.1]bicyclic carbocyclic moiety
optionally mono- or plurisubstituted with (C.g)alkyl; a pyridinyl or naphthyl moiety
optionally mono- or independently disubstituted with (C14)alkyl, (C1.4)alkoxy or halogen;
cyclohexenyl; or optionally substituted adamantyl; and
n is1t03,; or
R, is phenoxy optionally mono- or independentty disubstituted with (Cs.¢)alkyl, {(Cs.
s)alkoxy or halogen; and
nis2or3,

d) (R3)CH(CHz)z- . wherein each R3 independently is phenyl optionally mono- or
independently.disubstituted with (Ci.4)alkyl, (Ci.4)alkoxy or halogen;

e) Rs(CH2)p - wherein R, is 2-oxopyrrolidinyl or (Cz4)alkoxy and p is 2 to 4,

f) isopropyl optionally monosubstituted in 1-position with (C+_a)hydroxyalkyl; or



nis 1to 3; or R2 I's phenoxy optionally nmono- or independently
di substituted with (Cl.4)al kyl, (ClL. 4)al koxy or halogen; and nis 2 or 3;
d) (R3)2CH(CH2) 2- wherein each R3 independently is phenyl optionally nono-
or i ndependwlé.lgi substituted with (Cl.a)al kyl, (Cl.4)al koxy or hal ogen;
e) R4(CH2)o - VEHERA i s 2-oxopyrrolidinyl or (C2.4)al REXFPHAH%s 2 to
4, f) isopropyl optionally nonosubstituted in 1l-position with
(C1. 3) hydroxyal kyl ; or WO 2004/092127 PG/ EP2004/003980 -4 g) RS wherein RS
is: indanyl; a pyrrolidinyl or piperidinyl noiety optionally substituted
with benzyl; a [2.2,1]- or (3.1.1]bicyclic carbocyclic noiety optionally
nono- or, gluri- substituted with .3)af kyl ;. .adamantyl ;. substituted .
adamant F%/';Q5 B'F'efe&f,' -Héfsaf kJPg‘HB’w %Mfﬁw%hwﬁe'&w"?‘d‘a@ﬁbﬁ%fﬂ?ﬁy substituted with
pl gri sugst i lbemz;ml; a/\[zmmyxd[:;)xmbiﬁw?:@&wm) I Eld maregph@t&?danymdoo@albluﬁ-rmno- or
I ndependent i St tut |t - a) al kyi 4) al kox r ogen; . in
free form OPM?%II@%QHVL'QC@?‘%E’W'sazgﬁﬁqng’?'rﬁ%%ﬂﬁq(s‘?qlﬁ)’a'ﬂt o?é@ﬁﬁg ,o%?'ﬁn?'er
presence of miinoebhindépemdentigd plurisubstitpiadrvathofydraxyrtldrokhettyl or phghyl V) X1
wherein, in ent | f. ch pther ..an e, hal ogen; ., X2 i s hal ogen,
oH o :ogs%%%‘% ,’ﬁq'{?%dﬂ-gg‘aﬁ”_‘%fﬂ}’ E{ﬁ‘z’(%‘f't” 9%@%2@‘&?%‘5‘ ik A SeloeR; de.
f ol | owelh fime fiob ar drastid egiditive sattfatrh ant conpound wi t hout Isolation with a
dehydra&érﬂﬁﬁé}gﬁnt, preferably optionally followed by (c) reacting, in the
a

presence’ 0 ase, the resultant conpound w thout isolation with an
appr opr (atreadding nig, the pedsaneas lof dmnetbylfroomachidd, & compownd(flidrmula (V)

‘)sz (V)

X4

wherein, independentiy of each other, X, and X; are halogen; X; is halogen, OH,
O-C(=0)-CHzX3, -0-80,-{C.g)alkyl or -O-SOz-(aryl),
with L-prolinamide, followed by
(b) reacting the resultant compound without isolation with a dehydration agent, preferably
optionally followed by
{c) reactiﬁg, in the presence of a base, the resultant compound without isoiation with an
appropriate amine, preferably a compound of formula (V1)

HaNR (vh)
wherein R is as defined for formula (!) and
{d} recovering the resultant compound in free form or in acid addition salt form.

Reaction (a) is conveniently carried out under an inert atmosphere and in the presence of
dimethylformamide and a further inert, organic solvent or a mixture of such solvents,
preferably isopropyl acetate or ethyl acetate. The temperature preferably is from about 5° to
about 45°C and most preferred from about 10° to about 35°C. Preferably a 2 to 20% molar
excess of (V) is used. Preferably, no base is added. Preferred are compounds of formula (V)
wherein both X, and X; are halogen, preferably chlorine or bromine, particularly preferred X,
and X, are the same and most preferred X, and X; are both chiorine.

Reaction (b) Is conveniently carried out under an inert atmosphere and in the presence of an
inert, organic solvent, preferably a mixture of isopropyl acetate and dimethylformamide. The



H2NR (Vt) wherein Ris as defined for formula (1) and (d) recovering the
resul tant conpound in free formor in acid addition salt form Reaction (a)
is conveniently carried out under an inert atnosphere and in the presence of
di et hyl formam de and a further inert, organic solvent or a m xture of such
sol vents, prwbes@pbiiz? sopropyl acetate or ethyl acetate. plReeh6illRfhal Ur €
preferably is fromabout 5 to about 45C and nost preferred fromabout 10 to
about 35C. Preferably a 2 to 20% nol ar excess of (V) is used. Preferably,
no base is added. Preferred are conpound$-of forrmula (V) wherein both X
and X2 are hal ogen, preferably chlorine or bromne, particularly preferred
X, and X2 are the sane and nost preferred X, and X2 are both chlorine.
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agents dPeStRtelegs th)ﬁlé-)rdp%f K@Pﬁn?ﬂ%'i‘ag?ﬁ‘?ﬂa‘ﬁ K59 Jeromqpidpde mestPreferipd or
al kyl enecshigroaMopr srefnaddl a6 & HeRyhtion g athehdisiedér reagéntd.ecar bon at ons,

nost preferred t hyl. or t hyl ene, and hal agen is_ch(gro, brono or jodo,
Tost  br GHPERVRREe T MarE Ph2d0e.. PERERYS 24P G air Sheesthel the
Vi | snei efehyéeagontagentis usbl 0 Sobsédquentp ahgientdda)df ailgmigierreagémmalebe Pr ef er abl y
a 2 to 20% nol ar Exgess {H tgﬁ denydrat ' on ent is used. Subsequently any
excess orecOMPoREt &Y t?ee%%‘ﬁ Vbl 15\ 5 Whﬁoﬂ@ “by the addition of a snall
anount of water. Reaction (c) is conveniently carried out under an inert
at nospheg e er.eh he resultant . reaction.product of (b) I dded 1o a
ol ut | o U8 (N shaferigticPite ol Relh 8T i Catisp Rereiiheroy et euiehic,
or gani c reattiopproductef év)db lagdd@d bub anintien casaetpensioncd tosamind eoropound of formula
di et hyl {qr. I, T. . f f | s fraom - o about 60C
and s VT aRu6H, BefarBBRER, BideRBR SbAntas iy sBaHlma 412, 2Vt
amount (dimethylfarmareide Tbe tapperafure pesfetsibly ialiwnt abogt fto jabbatsBi Cnancbaode | s
used.  ThiteRMedGrdth ab8lit™H Fo bt 35°C! F5ikrdrBby ol dtalytic amount (for example 1 to 10%,
preferably about 5%) of potassium iodide is used. The amine of formula (V1) is used in Sto
35% molar excess, preferably in 10 to 25% molar excess. Conveniently the base, used in an
amount of 2 to 10 eq, preferably about 5.5 eq, may be an alkali carbonate or NaOHM,
preferably Na,CO; or K.CO3; and most preferred KzCOa.

Recovery {d) conveniently comprises filtering the reaction mixture, removing the solvents
under reduced pressure and recrystallising the crude product from a solvent containing an
organic or inorganic base. In a preferred embodiment, the solvent contains a N-base, for
example 1,8-diazabicyclo{5.4.0Jundec-7-ene, tetramethylguanidine, N(C4Hg)s, N(CzHs)a,
isobutylmorphoiine or tetramethylipiperidine.

The compounds of formula (1) can exist in “free form” or in acid addition salt form. Salt forms
may be recovered from the “free form” in known manner and vice versa. Acid addition salts
may e.g. be those of pharmaceuticatlly acceptabile organic or inorganic acids. Although the
preferred acid addition salts are the hydrochlorides, salts of methanesulfonic, sulfuric,
phosphoric, citric, lactic and acetic acid may also be utilized.

' "Alkyl" and "alkoxy" are either straight or branched chain, of which examples of the latter are

isopropy! and tert-butyl.



35% nol ar excess, preferably in 10 to 25% nol ar excess. Conveniently the
base, used in an anount of 2 to 10 eq, preferably about 5.5 eq, may be an
al kali carbonate or NaOH, preferably Na2CO3 or K2CO3 and nost preferred
K2CO3. Recovery (d) conveniently conprises filtering the reaction m xture,
renovi ng the wol2eewbsizy under reduced pressure and recryst addpSo0i0bidg Crude
product froma solvent containing an organic or Inorganic base. In a
preferred enbodi nent, the solvent contains a N-base, for exanple

1, 6-di azabi cycl o[ 5. 4. Q undec- 7-ene, tet rfret hyl guani di ne, N(C4H9) 3,

N(C2H5) 3, i sobutyl norpholine or tetranethyl pi peridine. The conpounds of
formula (1) can exist in "free form' or in acid addition salt form Salt
forns nRyproferaldy bvarad) asaefinbe abbveee fornm' in known manner and vice versa.
Acid addition salts nay e.g. be those of pharmaceutically acceptable
organic or inorganic acids. Although the preferred acid addition salts are
t he hydr Be prafeliablysis agairidinyb br pwrirhiites ot pipaiazgnyl;uiofajy pptionaliycsipbiitutes ai tri c,
| actic a a I N |ther
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i s hydr oigehor Respecitily 2bp preferabiy ischen 3,\espedislly 8.ut ed phenyl or adamantyl.
R3 preferably is unsubstituted phenyl. R4 preferably is al koxy as defined

above. R5 preferably is optionally substituted al kyl as defi ned above, m
pref er aberiCi’iBylZerfﬁfqme'denalﬁ’ifyz-w dt grefarably i%@'pﬁé@ﬁ&ﬂ“t%d or. mpngsubstitutasl.y is 2 or
3, espec v [

3. espechay eéb% in gyofsndgg:ggsmﬁ.ﬁ.@yn%f&@ EXJth-hé\nzz y; it dréfeFHtﬁ%y 'uésﬁtﬁ‘ed

pr ef er abPympgosipstitited, preferably l"t4'BP@P@"|' &ty PSﬁW e§' ﬂ?rﬁ!—l?ﬁgt‘mﬂi? & DYSF""Y‘ and

nonosubsf,j,,{rHitd fil ol Rl @plcyah@af}daq,% bbSdbialfy §hRbred as substitutents for
pyri di nyl” and yrimdin are hal ogen, cyano’and nitro, especi allygcéano

When it \Aéheg'ub@tﬁubaﬂth ph@mw prefe isimongsybsiiuiesiils preferabliis substifutadbwidy) y
i's subst hhidh&sl piefebably chiorine, or methoxy. It preferably is substituted in 2-, 4- and/or 5-position,

especially in 4-position.

(Cs.12)cycloalkyl preferably is cyclopentyl or cyclohexyl. When it is substituted, it preferably is
substituted with hydroxymethyl. (Cz.4)alkoxy preferably is of 1 or 2 carbon atoms, it especially
is methoxy. (Ci.s)alkoxy preferably is of 3 carbon atoms, it especially is isopropoxy. Halogen
is fluorine, chlorine, bromine or iodine, preferably fluorine, chlorine or bromine, especially
chlorine. (Ci.g)alkyl preferably is of 1 to 6, preferably 1 to 4 or 3 to 5, especially of 2 or 3
carbon atoms, or methyl. (C1.4) alkyl preferably is methyl or ethyl, especially methyl. (C4.
s)hydroxyalkyl preferably is hydroxymethyl.

A [3.1.1)bicyclic carbocyclic molety optionally substituted as defined above preferably is
bicyclo[3.1.1]hept-2-yl optionally disubstituted in 6-position with methyl, or

bicycto[3.1.1 Jhept-3-yl optionally trisubstituted with one methy! in 2-position and two methyi
groups in 6-position. A [2,2.1]bicyclic carbocyclic moiety optionally substituted as defined
above preferably is bicyclo[2.2.1]hept-2-yi.

Naphthy! preferably is 1-naphthyl. Cyclohexene preferably is cyclohex-1-en-l-yl. Adamantyt
preferably is unsubstituted or substituted by one or more, for example 2 substituents 1- or 2-
adamantyl. Preferred substituents are selected from alkyl, -OR4g or -NR1R12; where Rqg, R14
and R;; are independentty hydrogen, alkyl, Ci.galkanoyl, carbamyl, or -CONR13R4, where Rq3
and Ry are independently aiky!, unsubstituted or substituted aryl and where one of Rq3 and
Ri4 additionally is hydrogen or R1z and R4 together represent C;.;alkylene.



hal ogen, preferably chlorine, or nethoxy. It preferably is substituted in
2-, 4- and/or 5-position, especially in 4-position. (C3.12)cycl oal kyl
preferably Is cyclopentyl or cyclohexyl. Wien it is substituted, it
preferably iswosubghiztit ed with hydroxynethyl. (C2-a)al ko@bﬁﬁﬁtﬁiﬂﬁﬂ?ﬁ’ is of
1 or 2 carbon atons, it especially is methoxy. (CLl.a)al koxy preferably is
of 3 carbon atons, it especially is isopropoxy. Halogen 1is fluorine,
chlorine, brom ne or iodine, preferably flqorine, chlorine or bromne,
especially <chlorine. (Cl.a)al kyl preferably is of 1 to 6, preferably 1 to 4
or 3to5, especially of 2 or 3 carbon atons, or nethyl. (Cl-4) alkyl

preferabl g I vl . .especi al hyl 1 hydr oxyal kyl.

b of or abl 3 G Mbed ot moBERSHoRalY pobLice ot FRmertpraa Y e

opt i onal | pysoiidin-i3tyhbe dipesidihed-yh ddherbid isesybstifutedilh byefesably is N-substituted.

bi cycl o[ 3.1.1] hept-2-yl optionally disubstituted in 6-position with nethyl,
or bicyclo[3.1.1 |kept-3-yl optionally trisubstituted with one nethyl In

2- posi t i oNegnhpreferedareopmpayinds pf farmuie ghosi tion. A [2.2. 1] bicyclic

car bocycl 'wée ,ilety optionally substituted as defined above preferably is
bi cycl o[ 2.2. %?hept -2-yl. Naphthyl preferably is 1-naphthyl. Cycl ohexene
preferably isRigARA0E-1arehR} isygubsitutetbadaphantyr afidr ably is unsubstituted or
substituted by.ope rie, ' .S 1- or 2- adanmantyl.
Preferred sub)sl‘t'l pu1e'n cs’pg'rig f%%ﬁéﬁﬁéﬁ@é@%%gﬁﬁgﬁgb&% or -NR11R12; where
Rio, R11 and R12 are independently hydrogen, alkyl, Cl1_5al kanoyl, carbanyl,
or - CONRL ; S, | I 1 | or
substi t ut é?' §?§%§§§u%§ne onedggé c%@ogﬁ%ﬂ?g?ﬂﬁ Qééptﬁé%':nltgg?E%@%‘%t}ggﬁﬂ%r
R13 and Radamgplyt isdiondep cascbridgehead] kyl ene. WD 2004/ 092127

PCTI EP2004/ 003980 -7 A pyrrolidinyl or piperidinyl noiety optionally
substituted as defined above preferably is pyrrolidin-3-yl or

pi per | di nEspsgiallypreferied campaingsiare cemppungs ffferallpy is N-substituted. Very
preferred are conpounds of forrmula (I) wherein Ris RA(CH2), and R2 is
substituted adamantyl; and nis 0, 1, 2 or 3; In free formor in acid
addition salt form

Rl
H o c
N
- 'l‘\)k SN ()
)

R' H

wherein R’ is hydroxy, C,.7alkoxy, Ci.salkanoyloxy, or R R""N-C(C)0O-, where R and R""
independently are C.7alkyl or pheny! which is unsubstituted or substituted by a substituent

or

selected from C..;alkyl, Cq.;alkoxy, halogen and trifiuormethyl and where R™ additionally is
hydrogen; or R and R”” together are Cs.ealkylene; and R" is hydrogen; or R' and R”
independently are Ci.;alkyl; in free form or in acid addition salt form.



A preferred group is one of above conmpounds of fornula (1) wherein the
substituent on the adamantyl is bonded on a bridgehead. Especially
preferred conpounds are compounds of formula R R (IA Z/NO-i \,~ Z~

or R H O CN wbBhos/obibln wherein R is hydroxy, Cl.7al koxy,pcyle@adsoadsey! oxy,
or R"R'"N-C(O O, where R.. and R... independently are Cl.7al kyl or

phenyl which is unsubstituted or substituted by a substituent selected from
Cl. 7al kyl , Cl. 7al koxy, hal ogen and triflgwornmethyl and where R'' additionally
is hydrogen; or R'' and R'" together are C3.eal kyl ene; and R' is hydrogen;
or R and R' |Independently are Cl.7alkyl; In free formor in acid addition

sal t fo %ﬁ)é]ﬁ/ I I f rred
s the cokﬂoun F?% ?ﬁzﬂgﬁ[ ?ﬁﬁgﬁfﬁ%&%la (%)Xﬂ-([)ieln ggp{ya yxﬂ{/}g\r&'ogen in
free fohydregen in Teasi fora@giin add aggitionfsaittermyHihis @m@anﬂms@scakwmmm as

Py ol ! ik b AAoRXY daaRABRALbInt) BEUICE PR YIS nangner, (S) o

LAF237 préf appropriate am ne, ornmula (VI)
(VI) wherein the preferred R are the sane as those defined for formula (1),

especi afy, p.%férsea ?ﬁr%ﬂte -ar@ing, ,8% eo?nédmatdfwhﬁﬁa gmantly especially as

defined a ove 3;1n free formor in acid addition salt
form The co‘thﬁnds N‘)forrmla (I) exist in the formof optically active

| SOMer syRérefif PEGRBABE rF@are?‘t'ﬂé Bt SLtho8P Mo Rshufs Y, YsBEciiy RORvent i onal
technlques however the above
R2(CHa)n- and R; is substituted adamantly especially as defined above; and

nis 0, 1, 2 or 3; in free form or in acid addition salt form:

The compounds of formula (1) exist in the form of optically active isomers or sterecisomers
and can be separated and recovered by conventional techniques, however the above
described process is capable of yielding compounds of formula (1) with a high (at least 95%})
enantiomeric purity of the N-(N’'-substituted glycy!)-2(S)-cyanopyrrolidine.

Therefore, a further object of the instant invention is a composition of N-(N'-substituted
glycyl)-2(S)-cyanopyrrolidine and N-(N’'-substituted glycyl)-2(R})-cyanopyrrolidine, obtainable
according to the above described process, whereby 95% to 99,9% is N-(N'-substituted
glyey)-2(S)-cyanopyrrolidine and 5% to 0,1% is N-(N'-substituted glycyl)-2(R)-
cyanopyrrolidine, especially whereby 98% to 89,9% is N-(N'-substituted glycyl)-2(S)-
cyanopyrrolidine and 2% to 0,1% is N-(N'-substituted glycyl)-2(R)-cyanopyrrolidine and
preferably whereby 98% to 99,99% is N-(N'-substituted glycyl)-2(S}-cyanopyrrolidine and 2%
to 0,01% is N-(N'-substituted glycyl}-2(R)-cyanopyrrolidine, and very preferably whereby 99%
to 98,99% is N-(N'-substituted glycyl)-2(S)-cyanopyrrolidine and 1% to 0,01% is N-(N'-
substituted glycyl)-2(R)-cyanopyrrolidine.

In a further embodiment the present invention covers a composition e.g. a pharmaceutical
composition comprising a N-(N'-substituted glycyl}-2(S)-cyanopyrrolidine and a N-(N'-
substituted glycyl)-2(R)-cyanopyrrolidine, whereby 95% to 99,9% is N-(N'-substituted glycyl)-
2(S)-cyanopyrrolidine and 5% to 0,1% is N-(N'-substituted glycyi)-2(R)-cyanopyrrolidine,
preferably whereby 95% to 99,99% is N-(N'-substituted glycyl)-2(S)-cyanopyrrolidine and 5%
to 0,01% is N-(N'-substituted glycyl}-2(R)-cyanopyrrolidine, most preferably whereby 98% to
99,99% Is N-(N'-substituted glycyl)-2(S)-cyanopyrrolidine and 2% to 0,01% is N-(N'-
substituted glycyl)-2(R)-cyanopyrrolidine and very preferably whereby 99% to 99,99% is N-



descri bed process is capable of yielding conpounds of formula (1) with a
high (at |east 959 enantioneric purity of the N-(N -substituted
glycyl)-2(S)-cyanopyrrolidine. Therefore, a further object of the instant

invention i s ocREAMsizki on of N-(N -substituted
gl ycyl)-2(S)-cyanopyrrolidine and N-(N -substituted PCT/ER2004/003980
glycyl)-2(R)-cyanopyrrolidine, obtainable according to the above descri bed
process, whereby 95%to 99,9%is N (N -substituted
gl ycyl )-2(S)-cyanopyrrolidine and 5%to 0,1 %is N (N -substituted
gl ycyl)-2(R)- cyanopyrrolidine, especially whereby 98%to 99,9%is
N(N -s umtétbuﬁtetbdgglyGWJ-Z(&{c‘}}anomwmﬁdtmprerrﬂl 1%itn © CHWisZI%(N(}s@Js.’ht%dj Ylycyl)-
0,

to. 09, aosmevRnoRyr R 1 B SR S Snariny o obriRierRoRIS0, 1y o, o1
\OI{;] is BI— ( bpro?%% gmqs/l'-gd:%lyutbd a(ylayk)xzjs)aqmnbppfmltﬂmean@N@I(Nlewsﬁmmfdleglg_fyl)y

er eby Q is " = C rrolidine
and 1 %?@RGCFVBTO%TOEM N’herétl}'b%?#?‘ﬂupgg’%lsa%%‘ ‘%t%%}t‘%é%wé%@%?%yl dine. In a
further eyr-imwnaﬁmné bed pFMemems% m%(iﬂi—mbsﬁmmglyaﬁ)szmasjahbpmmldgne ar
phar mace bido C ubstitute o o
Gl yoyt ) - Ipeley o527 Shidoh AR BlseR ol BLE iighiSfine and 0.8% t0 0,1%

gl yeyl) - B(N%XNCWM&G olycd)-2€R)-syemopiayol@fiié t 0 99, 9% is NN(N -substituted
glycyl)- 2(S)-cyanopyrrolidine and 5%to 0,1 %is N (N -substituted

gl ycyl)-2(R)-cyanopyrrolidine, preferably whereby 95%to 99,99%is

N- (N - suBduithastabeay b thel insta(iSnventionds pracotpodition of (N %substitubsddlyeg)-8(S)-

N-(N - 8%
o oo SBRBYRBfe il N BURIBEN SRR e oG PRl BB 0
%is N (Ntheganm demrmdg?rsi@%ss) 2(R)-cyanopyrrolidine and very preferably
wher eby 99% to 99,99%is N WO 2004/ 092127 PCT/ EP20041003980 -9

(N -substituted ycyl)-2(S)-cyanopyrrolidine and 1 %to 0,01%is
N-(N - suB'ﬁf?P@QtYeg"QjF?@W inventjqm) is @ cotepnaitan CFQ!!’i'F?T@'"QN“rﬁ"eﬁEWtédeé)%Wp’l)é’(Sk a

conposi t oﬁ ﬂoncﬁné)Bﬁa/BPﬂE@ 'sﬁ@étvtu@?@%?&%ﬂs(tﬂ? tcg d}‘y(”lulldlﬁu?@ﬁéntem £ onty by-

glycyl) - anopyrrol i1 dine and

2(R) - cyaﬁ@ﬁyﬁtﬁ(ﬂf e m%@amﬂ/ﬁé% tpyefeoally gbtainable ?@ONJ"('N*O ﬁlﬁb%ttq\'?tﬁeélr ibed process.
glycyl)-2(S)- cyanopyrrolidine and 1%to 0,5%is N (N -substituted
glycyl)-2(R)-cyanopyrrolidine, or whereby 99,2%to 99,9%is

N- (N - subBe preseatingentian 3lse cepearhsinopyr rol i di ne and 0.8%to 0,1 %

i) a pharmaceutical composition comprising,
a) one or more pharmaceuticaily acceptable excipients, and
b} at least one N-(N'-substituted glycyl)-2(S)-cyanopyrroiidine obtainable according
to the above described process.

if) a pharmaceutical composition comprising,
a) one or more pharmaceutically acceptable excipients, and
b) at least one N-(N’-substituted glycyl)-2(S)-cyanopyrrolidine, and
¢) between 0.00001% and 5% by weight of at least one
(haloalkylene)diatkylammonium halogenid preferably
chloromethylense)dimethylammonium chloride.

Preferably the N-(N’-substituted glycyl)-2(S)-cyanopyrrolidine is obtainable according to the
above described process

Preferred N-(N'-substituted glycyl)-2(S)-cyanopyrrolidines are those described as preferred
compounds in the above process.



Is NN(N -substituted glycyl)-2(R)-cyanopyrrolidine A further object of the
I nstant invention is a conposition of N-(N -substituted glycyl)-2(S)-
cyanopyrrolidine and/or N-(N -substituted glycyl)-2(R)-cyanopyrrolidine,

obt ai nabl e acg@neismg2i 0 the above described process. Pref@hahyoaobids
I nstant invention is a conposition conprising N-(N -substituted

glycyl)-2(S)- cyanopyrrolidine and/or N-(N -substituted

gl ycyl )-2(R) -cyanopyrrolidine, wherein th®only by- products are inorganic
salts, preferably obtainable according to the above descri bed process. The
present invention also concerns; 1) a pharmaceutical conposition conprising,
a) one or nore pharnmaceutically acceptable excipients, and b) at |east one
N (N -subcs}airﬁbéi%g:d gl ycyl)-2(S)-cyanopyrrolidine obtainable according to the
above desTribed process. ii) a pharmaceutical conposition conprising, a) one
or nore pharnmaceutically acceptabl e excipients, and b) at |east one

N (N -subégairﬁﬂ%q? glycyl)-2(S)-cyanopyrrolidine, and c) between 0.00001 %
and 5% by"wei'ght’of at | east one (hal oal kyl ene)di al kyl anmoni um hal ogeni d

pr ef er ablRrepaiation ofiByingii dine,) A[(BdyHrdxgriradaroamtglidronofeetyR2edyanak | ($):t he

N-(N -substituted glycyl)-2(S)-cyanopyrrolidine is obtainable according to
the above described process Preferred N-(N -substituted

gl ycyl ) - Btep{alyanopyrrolidines are those described as preferred conpounds

§a$Fea?§ Ygtr)[gﬁg Fegt Jh%ia%f@@? Ig é}?%g (V=Y f&j&g?’gge%tﬁ v ar] g @%%%ﬁ-sacetate

1- [ ( 3- hy dingx12.8 galimatwifgrmamidec [Tdeaesttonisipertized. Aabout ST ¢ipteragl temperature) 15
°C, 125 g chloroacsetylchloride is added within 15 min., after complete addition the IT is
adjusted to about 15 °C, and a solution of 110 g L-prolinamide in 304 g dimethylformamide is
added within 1 h. The addition funnel is rinsed with 18 g isopropyl-acetate. The reaction

mixture is warmed to about IT 35 °C for 1.5 h.

Step (b)
After cooling to about 15 °C 142 g Vilsmeier reagent is added in portions. The reaction
mixture is stirred for 1 h at about IT 25 °C. At IT max. 25 °C 4.4 g water is added.

Step (c)

A 4.5 | reactor, equipped with a mechanical stirrer, is charged with 733 g of potassium
carbonate, 194 g 3-hydroxyaminoadamantane, 8.0 g potassium iodide and 880 g 2-butanone.
The suspension is heated to about 35 °C. At this temperature 937 g solution of step b} (crude
{S)-1-chloroacetyl-pyrrolidine-2-carbonitrile) is added within 1.5 h. The addition funnel is
rinsed with 20 g 2-butanone. After stirring for an additional 1 h, the suspension is warmed to
about IT 70 °C for 30 min. The warm suspension is filtered and the filter cake is rinsed three
times with warm 331 g 2-butanone. The filtrate is concentrated at about JT (jacket
temperature) 60 °C under reduced pressure (about 20 mbar).

Step (d)

At about JT 60 °C 8.8 g 1,8-diazabicyclo[5.4.0Jundec-7-ene and 44 g isopropanol is added
and stirred for 30 min. at IT about 60 °C. The resulting suspension is cooled to about IT 40 °C
and at JT 40 °C 814 g t-butylmethylether is added. The suspension is cooled to about IT 20
°C and stirred for at least 2 h at this temperature, then cooled to about —10°C - 0 °C, stirred
for 1 h and filtered. The filtration “cake” is washed twice with 168 g of a cold (about -10 °C})



A 1500 m reactor, equipped with a nechanical stirrer, is charged with 212 g
| sopropyl -acetate and 19.8 g di nethyl formam de. The reactor is inertized.
At about IT (internal tenperature) 15 C, 125 g chl oroacetylchl oride is
added W t hi n W9 2084ez12f t er corrpl ete addition the IT is bout
15 C and a solution of 110 g L-prolinamide in 304gd|rreth ormam IS
added within 1 h. The addition funnel is rinsed with 18 g isopropyl - acet at e.
The reaction mixture Is warnmed to about113 35 C for 1.5 h. Step (b) After
cooling to about 15 C 142 g Vil sneier reagent is added in portions. The
reaction mxture is stirred for 1 h at about IT 25 C. At IT max. 25 C 4.4 ¢

wat er i st; a(ﬂdeﬁmiﬁﬁr&mfﬁsdﬁr@p#\dﬁahd -Bafiraéthyletier. pn@k:b At Ipr@duﬁemarg)qaldned
stirrer char Wth 73 qtassium carbonate, 194

3- hydr o%ﬁfﬁirs?fﬁedg‘&gﬁrﬁ %H@a%a%ﬁ'bgtét% $ium i odi de and 880 g 2- but anone. The
suspension is heated to about 35 C. At this tenperature 937 g solution of
step b) (crude (S)-1-chloroacetyl-pyrrolidine-2-carbonitrile) is added

within 1.5 h. The addition funnel is rinsed with 20 g 2-butanone. After
stirringstampia: additional 1 h, the suspension is warnmed to about IT 70 C

f 30 fi,l d k d

T R E R R R B
about JT (] acket terrperature) 60 C under reduced pressure (about 20 nbar).
Step (o) Ao Aol 800G 88 AR YLl Dachu Bl KIS0 Loy AT 24 0

A\ gFo P ¥trd oSl At isPlodition 1 g i 196 86 61071 3
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C, sti rrvearm §3r75°Q) readtof.ithe SitecakEHe waished with 80 ¢ 2-dtsnone. Tbs Neis admstedm t h

168 g of (4 P 39849
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g) is dradusgendatder!.§ gdwtanpresrm addegt The craulti BBpension is stirred for 30 mm
cooled to IT 50 °C within 2 h then to 30 °C within 1 h finally to 0 °C within 1 h and stirred for 1
additional h. After this the suspension is filtered and the crude product is washed twice with a

cold (0°C) mixture of 80.4 g 2-butanone and 55.5 g t-buty! methyl ether. The product is dried
under reduced pressure at about JT 55 °C. The melting point is 148°C.



Example 2: Purification of Pyrrolidine,

1-[ (3- hydroxy-I|-adamantyl ) am no] acetyl - 2-cyano-, (S): A 750 ml reactor,

equi pped with a nechanical stirrer, is-dkarged with 199 g of crude 1-[(3-
hydr oxy- adamant - 1- yl am no) - acetyl ] -pyrrolidine-2(S)-carbonitrile), 800 g

2- butanone. The mxture is heated to reflux (JT 95 C) and stirred for 15
mn. The mxture is filtered intoa warm (JT 75 C) reactor, the filter cake
is washed with 80 g 2-butanone. The IT is adjusted to 70 Cand 0.18 g

(1-[ (3-hydroxy-adanmant - 1-yl am no) - acetyl ]-pyrrolidine-2(S)-carbonitrile)
suspended ¢Rims: 6 g 2- butanone are added. The resulting suspension is stirred
for 30 mn., <cooled to IT 50 Cwithin 2 hthen to 30 Cwithin |l h finally
to O Cwithinl h and stirred for I additional h. After this the suspension

is filtereq Fpsbsh e the préBamtiloid Ni(R-yibztiattdigcg-oWyhRopyrrofidh&loffrmluldmixt ur e
of 60.4 g 2-butanone ag%SSS.S g t-lgutyl met htﬁwcg[?hery. ﬁe pr oduct isarqri ed

under reduced pressure at about JT 55 C. The nelting point'is 148C. -12-
Clainms: 1. Process for the preparation of a N-(N -substituted
gl ycyl ) - 2-cyanopyrrol i di‘ﬁe ofd formyCN (1) HJI CNRANN (1) wherein Ris a)
R1IR18N( CH2) m -wherei n R, IS pyridi nyl (gr pyrimdinyl noiety optionally
nono- or i ndependent! R rgi bstNtut®ad wi'th (Cl-4)al kyl, (C1.,)al koxy,
hal ogen, trifluoronethyl, cyanojor nitro; or phenyl optionally nono- or
i ndependently disubstituted with (C,.4)aikyl, (C, 4)alkoxy or halogen; R o
IS hydroge‘g oL, (ng B)alkyl; and mis 2 or 3; b) (C3.12)cycl oal kyl
optionally ﬂ%"ﬁB ubstituted in the 1- position with (CLl.3)hydroxyal kyl; c¢)
R2(CH2) " - apR@iMN(BHgint her- wR2réis phenyl optional Iy nono- or independently di-
or 1 ndependentll_hy tr '8 La{%%}ic'iiﬁﬁto?gyrimidinyl moiety optionally mono- or independently
disubstituted with {C_sJalkyl, {Ci4)alkoxy, halogen, triflucromethyl, cyano or nitro; or
phenyl optionally mono- or independently disubstituted with (C,.)alkyl, (C..)alkoxy or
halogen;
R.a is hydrogen or (Ci.s)alkyl; and
m is20r3;
b) (Ca.1a)cycloalky! optionally monosubstituted in the 1-position with {C,.3)hydroxyalkyl;
¢} Ro{CH.)n - wherein either
Ra is phenyl optionally mono- or independently di- or independently trisubstituted
with (C,.s)alkyl, (Ci.c)alkoxy, halogen or phenylthio optionally monosubstituted in the
phenyl ring with hydroxymethyl; or is (Cy.g)alky!; a [3.1.1]bicyclic carbocyclic moiety
optionally mono- or plurisubstituted with (Cq.g)alkyl; a pyridinyl or naphthyl moiety
optionally mono- or independently disubstituted with (C1_s)alkyl, (Cs4)alkoxy or halogen;
cyclohexenyl; or adamantyl substituted by one or more substituents, selected from
atky!, -ORy, or =NRs;Ryz; where Ry, Rqy and Ry are independently hydrogen, alkyt, C4.
salkanoyl, carbamyl, or =CONR;3R,4; where R,; and Ry are independently alky!,
unsubstitutad or substituted aryt and where one of Ry; and Ry, additionally is hydrogen
or Rs:s and Ry, together represent Co yalkylene; and
n is11t03;0r
Ra is phenoxy optionally mono- or independently disubstituted with {C,.)alkyl,
{Ci.a)alkoxy or halogen; and
nis2or3;
d) (Re)2:CH(CHa)2-  wherein each R independently is phenyl optionally mono- or

independently disubstituted with (C4)alkyl, {(C,.4)alkoxy or halogen;



with (Cl.4)al kyl, (C, .a)al koxy, hal ogen or phenylthio optionally
nonosubstituted in the phenyl ring with hydroxynethyl; or is (Cl.3)al kyl; a
[3.1.1)bicyclic carbocyclic moiety opti%nally nono- or plurisubstituted
with (C1 s)alkyl; a pyridinyl or naphthyl noiety optionally nono- or

I ndependent |y disubstituted wwth (Cl_4)al kyl, (Cl-,)al koxy or hal ogen;

cycl ohexenyl ; or adamantyl substituted by one or nore substituents, selected
from alkyl, -OR10 or-NR1, R 2; where R13. R' and R12 are independently

hydr ogen, aI kyl, C, Bal kanoyl car banyl, or-CONR, 3R14; where R13 and
Rl4are mche)}?em}bht-l whatelry Ry is Mmpbmlndtwtwc(%x)alkmusanldtmsedoaryI and where one

C2_7ai ky) dnEostgff Bhad ool BsE A Bositin Wy GobydedadiBne. o o
i _ndependerg) IRy wihiesairb B¢ ist uineldnyli 4 pyr(cﬂdmy’u)mIpip;ehdmyl(n@ietg)opildmﬂyswstﬂmwm&n; and
opt i onal 1y moer A Bz SLa at ARl FRERET: IPERETERIY opps R
(Cl1. 4) al koxy eubstititedyeith (G,hplkyt rdRH&RHA2 Sphstitutdteacaimantph, or $C.2)akyO pytionally di ny|
T posi T on w 11Preca Byierabenf aficpubesni g prrBImgE bidRmatnBTRRNG o ° "
pyrY o|1 i di nyl cmpuqmapgem‘odmmymdapermy{l;oclnsmusmtdwmm)awlt lgm)muohy oblﬁrllagdln ‘a

t t - ti-
subst i tut daTEF AMCEY SRR y1*: "Subst i uted adarantyl or
gCé_e) al kydorgigingnal | y nono- or i ndepenant l'y plurisubstituted }NI th
i subst ¢ UHERERHHER A pitpaft i me bl Riss Yo PR BE o PRRBEMECL Y o0 or 11

acid addition salt Aorm conprising (a) reacting, in the presence of
di met hyl f or mam de, compound of fornmula (V) O X1

X, V)
x‘I

wherein, independently of each other, X, and X3 are halogen; X. is halogen, OH,
0-C(=0)-CH:X3, ~0-S02-(C1.g)alkyl or ~O-SO-(aryl),
with L-prolinamide, followed by
(b) reacting the resultant compound without isolation with a dehydration agent, followed by
(c) reacting, in the presence of a base, the resultant compound without isofation with an
appropriate amine, wherein the amine is a compound of formula (V1)

H:NR D]
wherein R is as defined for formula (I}, and optionally
(d) recovering the resultant compound in free form or in acid addition salt form,
and,
wherein when X, is -O-S0,-(aryi), the term “aryl” refers to monocyclic or bicyclic aromatic
hydrocarbon groups having 6-12 carbon atoms in the ring portion, such as phenyl, biphenyi,
naphthyl and tetrahydronaphthyl, each of which may optionally be substituted by 1-4
substituents, selected from substituted (C,4)alkyl e.g. trifluoromethyl, halo, hydroxy, (C..
s)alkoxy, or acyl.

2. A process according to claim 1 wherein the dehydration agent of step (b) is a
(haloalkylene)dialkylammonium halogenid.



wherein, independently of each other, X1 and X3 are hal ogen; X2 is hal ogen,
OH OCA)-CH2X3, -OS2-(ClL e)alkyl or-OS®2-(aryl), wth L-prolinam de,
followed by (b) reacting the resultant-ldenpound wit hout isolation with a
dehydration agent, followed by (c) reacting, in the presence of a base, the
resul tant conpound without isolation with an appropriate am ne, wherein the
amne is a conpound of fornmula (VI) H2ZNR (VI) wherein Ris as defined for
formula (1), and optionally (d) recovering the resultant conpound in free
formor in acid addition salt form and, wherein when X2 is -O SQ2-(aryl),

the term 3K plocedsadc@bingo BRI & Whetdin e dehgatalidrCagtinPéfedide(b) Ry dr ocar bon

gr oups hayin 6-12 carbon atons .in the ring portion, such as phenyl,

bi phenyl , Chwgesmthwneaﬁa‘efw BEEIRAYHYI , each of which nay optionally be
substituted by 1-4 substituents, selected fromsubstituted (CL.a)al kyl e.qg.

trifluoronethyl, halo,, hydroxy, (d. . 4)al koxy, or acyl. 2. A process

accor di ng%%P')éF%?srﬁcfomrt%F’ﬁmt‘Hégﬁ‘ﬁﬂ?fﬂation agent of step (b) is a

(hal oal ky{d Reacfihd lirkthb BraBaRLs 87 dAbOGIfiHEmidel 4 toBpodhdX6i&RiTa @§cor ding to
claim1l erein the dehydration agent of step (B) S

(chl or onet hyl ene) dpret hyl ammoni um chl ori de. 4. A process according to claim
1 conprising (a) rgacting, in the presence of dinethylfornmamde, a conpound
of formula (V) ~ Wher ei n ind%ppndently of each other, X, and X3 are

hal ogen; X2 is h Iogéa, OH O C(=0- CH2X3, -OS-(C, .3)al kyl or

-0 S02-(aryl), wth L-prolinamde, followed by (b) reacting the resultant
conpound wi thout 1solation with

wherein independently of each other, Xy and X, are halogen; X; is halogen, OH, O-C(=0)-
CHaX3, -O-502-(C;.s)alkyl or -O-SOs-(aryl),
with L-prolinamide, followed by '
(b) reacting the resultant compound without isolation with
(chloromethylene)dimethylammeonium chloride, followed by
(c) reacting, in the presence of a base, the resultant compound without isolation with a
compound of formula (Vi)

H:NR (Vi) -
wherein R is as defined for formula (I) and
(d) recovering the resultant compound in free form or in acid addition salt form.

5. A process according to any of claims 1 to 4 wherein R is Rz(CHa),- and Rz is adamantyl
substituted by one or more substituents, selected from alkyl, -OR1o or —-NR;1Ry2; where Ry,
R,1 and R,z are independently hydrogen, alkyl, C,salkanoyt, carbamyl, or—CONR;3R1.;
where R,z and Rqq4 are independently alkyl, unsubstituted or substituted aryl and where one of
R13 and Ry, additionally is hydrogen or Ry3 and R4 together represent C.;alkylene; and nis
0,1,20r3.

6. A process according to any of ¢laims 1 to 4 wherein R is 3-hydroxy-1-adamantyl.

7. A process according to claim & or 6 wherein the recovered compound is used to produce a
pharmaceutical composition comprising,
a) one or more pharmaceutically acceptable excipients, and
b) a pyrrolidine, 1-{(3-hydroxy-1-adamantyl) amina] acetyl-2-cyano-, (8), in free
form or in acid addition salt form.



(chl or onet hyl ene) di met hyl ammoni um chl ori de, followed by (c) reacting, in the
presence of a base, the resultant conpound without isolation with a

conpound of formula (VI) H2NR (VI) whed&rn Ris as defined for fornmula (1)
and (d) recovering the resultant conpound in free formor in acid addition
salt form 5. A process according to any of clains 1 to 4 wherein Ris
R2(CH2),- and R2 is adamantyl substituted by one or nore substituents,
selected fromal kyl, -OR10 or -NR'R12; where Rio, Rll and Rl12 are

i ndependent|y hydrogen, al kyl, C,.eal kanoyl, carbanyl, or-CONR 3R a; where
R, 3 and Rid are independently al kyl, unsubstituted or substituted aryl and

where one_.o R13 and R o additionally.i hydrogen or R13. and /R tagether
repr esent Btéﬂﬂzﬁﬁ %Gﬁ&dﬁrgﬁac u’pgor W%‘? g".e régovgg%{]@m n E&@PG?%B"“H@C%?Iy of
clainms 1 pharfhaskheicsl gdnigosiioBedtyghisingy - | - adamantyl . 7. A process according to
claim5 or 6 wherein the recovere s used to produce a

d c ound i
phar neceut i cal c@r?ﬁ@ﬁrm%?lpEQfWBF?‘g\cﬁI&g%&?mBW@ eg¢IPIRRSeahar maceut i cal |y
accept abl e exci phyenysroliding, P)3-Bydrik-Phdstharyl) ér_n[rb?ad_ﬂa\clfﬁiiz ¥nd-, (dinmmat yl )
am no] acetyl -2-cyano: , @ jn f‘rﬁqe formor in acid addition salt form -
15 B. A process©HRebnfcktaddsiopsalt fam, ad 6 wherein the recovered compound is
uaed to pr _Odu;:fe @beﬁ%’ﬂnmml HV&@d_&QB?%ighg@th)tmrieSi lnga a) one or nore
phar maceuti cal | y, accept ahl e _exci pi ents, an a pyrrolidine,
1- [ ( 3- hydr oxy- 1-@8@??‘32'?9%"35%; o%ﬁ?f’ge{l’ﬂ’:yano-, (S), infree formor in
acid addition salt form and c) between 0.00001 % and 5% by wei ght of at
| east one hal oal kyl ene) di al kyl a ni ym hal ogeni d. 9. A proce accor di ng
Lo ol ai m B APRSSRARAING BB ST St Hparverad coyproyns B maoiding (40
hydr oxy- 1hpdtag@nadanai) S@inopacip-cyasya®:- ., ().



