1 ‘New pyrrolidine and thiazolidine conmpounds, a process for their
preparation and pharmaceutical conpositions containing them The present
invention relates to new pyrrolidine and thiazolidine conpounds, to a
process for their preparation, to pharmgceutical conpositions containing
themand to,their use as inhibitors of dipeptidyl-peptidase IV (DPP 1V).
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258 476 and sul.phon onpounds in Patent . Application EP 1 245 568 e
corrpoundsq%fpaf‘i’fg’_l?fnm {{?{nﬁﬁ%_ EemiSHOB 1 yhe EEBPPRIEoF VRRYANDR gGLiEbl
proper ti egglucABkLING fepRIR-PRIGIICY] Bihg ad'BgioHant QImiIAer bf #RIBBRELoPbf MbMEPSE
intol erance and of disorders 20 associated wth hyperglycaem a. Mre
speci fi calif the naheregs, baendireet beraficol effedtandke leveltf glusospiathelblood. f ornul a (1)
X) mIOO Inhibition of DPP IV accordingly represents an extremely promising approach in the
treatment of glucose intolerance and of disorders associated with hyperglycaemia such as,

_ for example, non-insulin-dependent diabetes (type II diabetes) or obesity.

DPP IV-inhibitors have already been described in the literature, in pércicular amide
compounds in Patent Application EP 0 490 379 and in the journal Adv. Exp. Med. Biol.

15 1997, 421, 157-160, carbamate compounds in Patent Application DE 19826972, a-amino
acid compounds in Patent Application EP 1 258 476 and sulphone compounds in Patent
Application EP 1 245 568.

The compounds of the invention have dipeptidyl-peptidase IV-inhibiting properties,
making them particularly useful for the treatment of glucose intolerance and of disorders

20  associated with hyperglycaemia.

More specifically, the present invention relates to the compounds of formula (I) :
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nz Rl jt, ,* ~I) 1VR AK Nz X, R3 -2- wherein: 0 X, represents an atom or
group selected from CR4aR4b, 0, S(O gl and NR5, wherein R4. and RO which
may be identical or different, each represent a hydrogen atomor a |inear
or branched C I -C6al kyl group, 5 or R4. and RO together form wth the
carbon atomcarrying them a C3-Cr7Cyd oal kyl group, g, represents zero,

or 2, and R5 represents a hydrogen atom®r a |inear or branched CI-C6al kyl
group optionally substituted by a hydroxy group, 10 O m represents zero
or an integedreldl: froml to 4 inclusive, # M represents an integer of from
1to 4 inclusive, # nl and n2, which may be identical or different, each .
represent an integer of froml to 3 inclusive, represents a hydrogen
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branched Cl -batiknyR,, @ho RS, whicd niatyri&alrdemucabbadxffemﬁt Céacme;irk;dnt aptydmgah | y
substituted by a h¥droxy grog 8r by an am no group optionally substituted
by | or 2 |i e B leairhEnched Cﬁé@k@“¥@Wbups * R2 represents a hydrogen
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or branched Cl chain optionally substituted by one
group,

q represents zero, 1 or 2,
and Rs represents a hydrogen atom or a linear or branched C;-Csalkyl group optionally
substituted by a hydroxy group,
10 ¢ m, represents zero or an integer of from 1 to 4 inclusive,
+ m, represents an integer of from 1 to 4 inclusive,
¢+ n; and n,, which may be identical or different, each represent an integer of from 1 to 3
inclusive,
* R; represents a hydrogen atom or a group selected from carboxy, linear or branched
15 C;-Cesalkoxycarbonyl, carbamoyl optionally substituted by 1 or 2 linear or branched
C;-Csalkyl groups, and linear or branched C;-Cgalkyl optionally substituted by a
hydroxy group or by an amino group optionally substituted by 1 or 2 linear or branched
C,-Csalkyl groups,
+ R; represents a hydrogen atom or a linear or branched C;-Cgalkyl group,
20 ¢ Ak represents a linear or branched C;-Csalkylene chain optionally substituted by one or
more halogen, preferably fluorine, atoms,
* prepresents zero, 1 or 2,
*+ Rjrepresents a hydrogen atom or a cyano group,
+ X and X3, which may be identical or different, each represent either a S(O),2 group,
25 wherein q; represents zero, 1 or 2, or a CRg,R¢, group, wherein Re, and Rgp,, which may
be identical or different, each represent a hydrogen atom or a halogen, preferably

fluorine, atom, or Re, represents a hydrogen atom and Rg;, represents a hydroxy group,

to their optical isomers, where they exist, and to addition salts thereof with a

pharmaceutically acceptable acid.



nore hal ogen, preferably fluorine, atons, # p represents zero, 1 or 2, # R3
represents a hydrogen atom or a cyano group, # X2 and X3, which may be
identical or different, each represent either a S(O g2 group, 25 wherein
g2 represents zero, | or 2, or a CR6aR6b group, wherein R6a and R6b, which
may be identical or different, each represent a hydrogen atomor a

hal ogen, preferably fluorine, atom or-¥6a represents a hydrogen atom and
R6b represents a hydroxy group, to their optical isomers, where they exist,
and to addAbofg tisaphasmbdeakieslfy ydceprable fhiarthee endy bahleyti@rdepitbbhtengptyidg - 3-
Anong the pharnaceuti cal |¥ acceptabl e acids, there may be nentioned, w.thout
i npl yi ng  ayyimitgonghydsechlengcad Rydrabeomaisiagid, pylphwis asid, @hagnharic agidpaste ¢
acid, pho e L O 11G i AGA: G, A i i lact i i

oyt uvi 6 aci iR B e el il pirblit] iR BARBHE ol fecip A Al
tartaric aeid fumatieacidacitdric atidy malee add, agwoadid, asemrb, acid trhicthasshlphanc ¢ 5
acid, canphoric acid, oxalic acid. X, preferably represents an oxygen atom
or a _@Z_acgigaaghoqﬁacgﬁgxwiﬁ ferably each represent | or 2. n] and n2
preferably each represent 1 or 2, and are preferably identical. X1 1).1 J
preferably represents a group selected fromOCQ(I and OCXl 10 R2

pr ef er abl yXrppfesahdy represeity dn oyegenaatermor a AkHor @faipabl y represents a - CH2-
group. p preferably represents 1.

m,; and m; preferably each represent 1 or 2.

n; and n; preferably each represent 1 or 2, and are preferably identical.

Xl——-—( )ml

([ dmz () preferably represents a group selected from o/\:><:>< ,

(O

10 R, preferably represents a hydrogen atom.

Ak preferably represents a —CH,— group.

p preferably represents 1.

R3 preferably represents a cyano group. In that case, the configuration of the carbon
carrying it is preferably (S) when X, and X3 each represent a CRg,R¢p, group, and (R) when

15 X or Xj represents a S(O)q, group.

X; and X; preferably each represent a CRe:.Rep group.



R3 preferably represents a cyano group. In that case, the configuration of
the carbon carrying it is preferably (S) when X2 and X3 each represent a
CR61R6b group, and (R) when 15 X2 or X3 represents a S(0O q2 group. X2 and
X3 preferably each represent a CR6, R6b group. -4- Preferred conpounds of
formula (1) are: - (25)- | -Q[9-(hydroxynethyl)-3 -oxaspiro [5.5

] undec-9-yl] amino) acetyl)-2- pyrrolidi4+iecarboriitrile, and its addition
salts with a pharmaceutically acceptable acid; 5 -

(29) -] - (t [PBefehydcampomidbyt JospuraqParb} undec- 3-yl ] ar ni no) acetyl ) - 2-pyrrolidin
e- carbonitrile, and its addition salts with a pharmaceutically acceptable
acid; - (25 -1-(t [2-(hydroxynethyl)spiro[3.4]oct-2-yl] am no)

ot vabet ot SRR ROl GRS S S 9hanthd S 2.
(4R)-3-[ (spiro] 5yﬁ]>lirtidﬁmflﬁmythaaaﬁahd)iacmlﬂyio}l-sialtﬁmm apbimdicaieicdH ¢ acdeptabid i | e,
and its 10 addition salts with a pharnmaceutically acceptable acid, -
2-(f2-1(2S) - 2- c%ﬁﬁopyrrol i di nyl | -2-oxoetbyl | aniino)spiro[ 3. 3] heptane- 2-

car boxam de, _anghd\t S @6ld .Qﬂm§ | __9@&5 [ X abl e
aci d; §- (2S) - ?ZS)(I?f‘?gq%%drhydr%%}%g?‘ggﬁ]a%&%ig aspi f#%?%%%%?%gﬁl?gr ni nNo)
acetyl)-2 pyrrokaipméderdndnistadditon salttiwith s phatthiacewicalpheceptablelacad;

phar maceuti cal | C bl 15 id; = (2 ,45%]-4.4 uoro-l-(j .4

o ( hydr oxymet bS5 B ERufFo s e BApirmiz. 059 atlipopFut2 phrotidine-

acetyl ) - 2- pyr r okh@bRigglar HAnistaddlton shitSwitk phRndca@itally atdeptabRRcid#R) 1 soner
and addition salts thereof with a pharmaceutically acceptable acid; -

(2S) - 4, 4- di f FuofRX}3-{rird 5 tyrfeséyyiampip)aceyllol ddhipzdnestgarderideyanddis nol
ggafﬁgéghg , (2:éF?’%&cﬂhbﬁ’keﬁ&%E}P%hatrﬁl'a&&mcai}ﬂac'c&ﬁaﬁgQ&itd! on salts with a

- 2-({2-[(2S)-2-cyanopyrrolidinyl]-2-oxoethyl } amino)spiro[ 3.3 ]heptane-2-
carboxamide, and its addition salts with a pharmaceutically acceptable acid;

- (2S)-1-({[(2-(2-hydroxymethyl)-7-oxaspiro[ 3.5 Jnon-2-ylJamino } acetyl)-2-
pyrrolidinecarbonitrile, and its addigon salts with a pharmaceutically acceptable

15 acid;

- (25,45)-4-fluoro-1-({[9-(hydroxymethyl)-3-oxaspiro[5.5]undec-9-yl]amino} -
acetyl)-2-pyrrolidinecarbonitrile, its (2S,4R) isomer, its (2R, 4R) isomer and
addition salts thereof with a pharmaceutically acceptable acid;

- (2S)-4,4-difluoro-1-({[9-(hydroxymethyl)-3-oxaspiro[5.5]undec-9-ylJamino} -

20 acetyl)-2-pyrrolidinecarbonitrile, and its addition salts with a pharmaceutically
acceptable acid;

- and (4R)-3-({[9-(hydroxymethyl)-3-oxaspiro[5.5]undec-9-ylJamino } acetyl)-1,3-
thiazolidine-4-carbonitrile, and its addition salts with a pharmaceutically

acceptable acid.

25  The invention relates also to a process for the preparation of compounds of formula (I)

starting from a compound of formula (II) :



acceptable acid; - and (4R)-3 -Q [9-(hydroxynmethyl)-3 -oxaspiro[ 5.5]
undec-9-yl] am no) acetyl)- 1, 3 - thiazolidine-4-carbonitrile, and its
addition salts with a pharmaceutically acceptable acid. 25 The invention
relates also to a process for the preparation of conpounds of forrmula (1)
starting froma conmpound of formula (11) : 5 - X1 ~2 2 0 wherein X1,M, M,
nl and n2 are as defined for fornmula (1)9- which is converted to a conpound
of formula (M JRL NH2 5 wherein XI, M, M, nj, 112 and R are as defined
for formula (1), which is reactedwdh a conpound of formula (W 0 YI-Ak
"i'" N X2 (I1V) x 3 R3 wherein Ak~|p, {R3, X2 andX3 are as defined for
formula (1) and Y, represents a (“gaying)group,o to yield conpounds of
formula (la), a particular case of the gqonpounds of forrmula (1) wherein R2
represents a hydrogen atom Oz

0]

wherein X;, m;, my, n; and n, are as defined for formula (I),

which is converted to a compound of formula (III) :
Xl_é )ml

(O € 1 ey

Oz R,
NH,

5 wherein X;, m;, my, n;, n; and R; are as defined for formula (I),

which is reacted with a compound of formula (IV) :
o)
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wherein Ak, p, R3, X, and X3 are as defined for formula (I) and Y, represents a

leaving group,

10  to yield compounds of formula (Ia), a particular case of the compounds of formula (I)
wherein R, represents a hydrogen atom :

Xl_é )ml
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wherein X, m;, my, nj, ny, Ry, Ak, p, R3, X; and X; are as defined for formula (I),




Xx~0 2 -RI1 "~L'" ~ (la) NAK NxH/ 2 -x R wherein X}, M, M, rlil,
ri2, R, Ak, p, R3, X2 and X3 are as defined for formula (1), -6- which,
when it is desired to obtain conpounds of forrmula (1) wherein R2 is other
than a hydrogen atom is reacted with a conpound of fornmula (V) Y2-R 2 M
wherein Y2 represents a | eaving group and R 2 represents a |inear or
branched Cl1-C6- 5 al kyl group, to yield@onpounds of fornula (Ib), a
particul ar case of the conpounds of formula (J) wherein R2 represents a

| i near or vieh)ohted i€Cls Gl b oEfaﬁU@orhj%urﬁs om&nmﬂa (IRiwlereif Ry i6 ber tRdnFa ~- Ak

Nx/ 2 X33 wherein X1, M, M, nj, p, R3, X2andX3areas
def i ned f dwdragematoan, (sneacted wighe qempound aEde@fl af{é/d her i nbef or e,
YR V)

wherein Y, represents a leaving group and R'; represents a linear or branched C;-Cs-

5 alkyl group,

to yield compounds of formula (Ib), a particular case of the compounds of formula (I)
wherein R; represents a linear or branched C;-Cgalkyl group :

Xl_"‘é )ml

i
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0
O R, )J\ Ay (Ib)

wherein X;, m;, my, nj, np, Ry, Ak, p, R3, X; and X3 are as defined for formula ()

10 and R%; is as defined hereinbefore,

which compounds of formulae (Ia) and (Ib), which constitute the totality of the compounds
of formula (1),

are purified according to a conventional purification technique, are optionally separated
into thetr optical isomers according to a conventional separation technique and, if desired,

15  are converted into addition salts with a pharmaceutically acceptable acid.

The compounds of formula (IV) can be prepared according to the process described in

J. Med. Chem. 2002, Vol. 45(12), 2362-2365.

When it is desired to obtain compounds of formula (I) wherein R; represents a hydrogen
atom, the compound of formula (I) is reacted with hydroxylamine to yield a compound of

20 formula (VI) :



whi ch conmpounds of fornulae (1a) and (1b), which constitute the totality of
the conmpounds of formula (1), are purified according to a conventi onal
purification technique, are optionally separated into their optical

i soners according to a conventional separation technique and, if desired,
15 are converted into addition salts with a pharnmaceutically acceptable
aci d. The conpounds of formula (1V) cam be prepared according to the
process described in J Med. Chem 2002, Vol. 45(12), 2362-2365. Wen it is
desired to obtain conpounds of fx ula (1) wherein R represents a
hydrogen atom the conpound of fljormula (JI) is reacted with hydroxylamrie

to yield a conpound of 20 fornmul'%s ;tﬁéz -7 XE2 () 1)~ (V) A2 NOH
f
n2

wherein Xj,M, M,nj and n2are as degfined for formula (1), which is then
hydrogenated to a conpound of for nul la), a particular case of the
conpounds of formula (111) wherein R repf¥kents a hydrogen atom x (' Q-2

( ~2A .1 (Illa 9 2 wherein XI, m, .. and e as defined for
formula (1). eI lig“dBéWFéﬂf%UHSBTg%ﬁwBJngﬂﬂﬁé?bf fornmula (T) wherein
R, represents a hydroxynethyl, carboxy or al koxycarbonyl group, the

conpound of formula (11) is reacted w th ammoni um carbonate and potassium
cyani de t oviitle[ig] thenchyfsogandtedf tof o campaurd/ef formyla (Illy), y particular case of the

compounds of formula (IIT) wherein R, represents a hydrogen atom :

Xl_é )m1

Oz P (IlIa)

( )u2
5 NH,

wherein X;, m;, my, n; and n; are as defined for formulav(I).

When it is desired to obtain compounds of formula (I) wherein R; represents a
hydroxymethyl, carboxy or alkoxycarbonyl grdup, the compound of formula (II) is reacted

with ammonium carbonate and potassium cyanide to yield a compound of formula (VII) :

X] ( )m]
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wherein X;, m;, my, n; and n, are as defined for formula (1),

which is heated with barium sulphate to yield a compound of formula (IIlb), a particular
case of the compounds of formula (III) wherein R; represents a carboxy group :
Xl-—é )ml
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0O ~2 (VIl) NH IIN~ 10 O whereinXl, M, M, n, and n2are as defined for
formula (1), which is heated with barium sul phate to yield a conpound of
formula (M, a particular case of the conpounds of forrmula (111) wherein
R, represents a carboxy group (Il1lb) .2 CO2H NH, -8- wherein X1, in,, M,
n, and n2 are as defined for formula (1), which is esterified to a conpound
of formula (111c), a particular case of-8he conpounds of forrmula (111)
wherein R, represents an al koxycarbonyl group (I111C - CO2R7 X 5 NH2
wherein X, | nyereiV®;, M), t,,anendg, #6Qs asimRffoneegmbargfornula (1) and R7
represents a linear or branched Cl -C6al kyl group, the reduction of which
yi el ds a conpound of formula (111d), a particular case of the conpounds of

formila (11fdy WaKSidlaR 2 CERPSIENS Fofn Y SR H TRl har L0V the EHourdbbe

formula (III) wherein R; represents an alkoxycarbonyl group :

Xl—é )ml
(

(Illc)

>n\2 € )nl

wherein X, m;, m;, n; and n; are as defined for formula (I) and R, represents a linear

or branched C;-Csalkyl group,

the reduction of which yields a compound of formula (IlId), a particular case of the
compounds of formula (III) wherein R; represents a hydroxymethyl group :
Xl—{ )m1

(

) (11d)

Y
Jm2

( )nZ

NH
10 2

wherein X;, m;, my, n; and n; are as defined for formula (I).

OH

When it is desired to obtain compounds of formula (I) wherein R; represents a 1-hydroxy-
1-methylethyl group, the compound of formula (IIlc) is, after protection of the amine
function, reacted with methylmagnesium iodide to yield, after deprotection of the amine
15  function, a compound of formula (Ille), a particular case of the compounds of formula (III)

wherein R; represents a 1-hydroxy-1-methylethyl group :

X]_‘é )m1

I) {
( Tm2 A )nl CH3 (HIC)

( 2 \ CH3
NH, OH

wherein X, m;, my, n; and n; are as defined for formula (I).



to NH2 OH wherein X1, in,, 1112, n, and T)2 are as defined for fornula (1).
When it is desired to obtain conmpounds of formula (1) wherein R represents
a | -hydroxy- 1-nmethylethyl group, the conmpound of formula (lIllc) is, after
protection of the amne function, reacted with methyl magnesi umi odi de to
yield, after deprotection of the am ne 15 function, a conpound of fornula
(111c), a particular case of the conpounfls of fornula (111) wherein R
represents a 1-hydroxy-1-nmethylethyl group X1 1 ).11 CH, (11le) ).2 CH3 NH
2 OH wherein XI, M, M, nj and n2 are as defined for formula (1). -9- Wen
it is desired to obtaln conpounds of fornula &1 wherein R, represents a
car bany| W@pmtps degireddo mpmmqornpounds wfifferniulg (Ipyhersin Bf mresgn@raemba@wyd)f

t he am ne funct reactop

h f
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wherein R, represents a carbannyl ?rou liif)

wher ei n X1fungtipn, agpmpapndsp{fopmula (e Ié?é’fl‘?‘H%TcFaF%?f 6Fﬁmpaur(df)0f forﬁ“éﬂa (IH)
conpounds r ned starting froma conpound of
frpourn (ﬂﬁr%lgiﬂye}?r_egel")%s) alga‘fill;'ar}?(?yl%p&ﬂ)' g

formul a
1—€ )ml

(D P (116)

= CONH,
NH
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wherein X, m;, m,, n; and n; are as defined for formula (I).

The compounds of formula (II) can be obtained starting from a compound of

formula (VIII) :
Xl——'(- ) mi
/@{/ CO,CH,CH,
(O vy
(
0 gn>COZCHZCP13
wherein X;, m;, m; and n, are as defined hereinbefore and n'; represents zero, 1 or 2,
which is placed in the presence of a base, such as sodium hydride, to yield a compound of
formula (IX) :
Xl_f )ml
IR
m2 cocncn, X
n2
O
15 wherein X, m;, m,, n'; and n; are as defined hereinbefore,

the reaction of which with potassium hydroxide yields a compound of formula (II).



n-1 CO2CH2CHI (VHI) 10 .2 CO 2CH2CH3 wherein X1, M, M2 and n2 are as
defi ned hereinbefore and n', represents zero, | or 2, which is placed in
t he presence of a base, such as sodium hydride, to yield a conpound of
formula (1 X) CO2CH2CH3 (IX) O 15 wherein X1, 1111, M2, n', and 112 are as
defined hereffibefore, the reaction of which with potassi um hydroxi de

yi el ds a conpound of formula (11). - 101The conpounds of formula (lIla), a
particul ar case of the conpounds of forrmula (11) wherein n, and n2 are

i denti cal ﬁ{}dc&ﬁﬁ&nﬁi@rszeﬁ%ﬂmalga«;,aa Sl fRec RO thE LofdpRuhdNof fé @Ml én?-
conmpound of fornmula (X) X (X) CHZ 5 wherein X1, m and M2 are as defined
f or f or mulveherdin ni wid share sdentieal tand eodht tapreséné Al or oacetic acid chlori de and

zinc to yield a,conpound, of. ormul a (Xl -4) . Q) CA w10
A\ ;'r un)i of Form)ula (XE}.

can also bé obtained starting irom a com
X]_—-e )ml
X)
m2 \
CH,
5 wherein X;, m; and m; are as defined for formula (I),

which is reacted with trichloroacetic acid chloride and zinc to yield a compound of

formula (XI) :
X—6) , «
b a &
N o)

wherein X, m; and m; are as defined for formula (I),

10  the reduction of which yields a compound of formula (Ila) :
X1 )ml

( | - (11a)

N
o

wherein X;, m; and m; are as defined for formula (I).

The compounds of formula (IIb), a particular case of the compounds of formula (II)
wherein n; and n; are identical and each represent 2,

15  can also be obtained starting from a compound of formula (XII) :

XI—‘G‘ )m] 0
(L)‘% (XI)
H H

wherein X;, m; and m; are as defined for formula (I),

which is reacted with methyl vinyl ketone to yield a compound of formula (XIII) :



wherein X1, in, and n2 are as defined for formula (1), 10 the reduction of
whi ch yields a conpound of fornmula (Ila) (l1Ta) xgq O wherein X1, in, and
n2 are as defined for fon-nula (1). The conpounds of forrmula (11b), a
particul ar case of the conpounds of fornmula (11) wherein n, and n2 are

I dentical and each represent 2, 15 can a] so be obtained starting froma
conpound of formula (XI1) ) )M 0 (XIPHIl-M X HH wherein X1, m and n2
are as defined for fon-nula (1), which is reacted with nmethyl vinyl ketone

to yield a compound of fornula ¢XLil)) (X111) X ~ ,-2 0 wherein X1, in, and
M2 are as defined for fornula (1), fHe catalyti&ngydrogenation of which
yi el ds a conpound of forrmula (I{ ) ) X0 (

0

wherein X, m; and m; are as defined for formula (1),

the catalytic hydrogenation of which yields a compound of formula (IIb) :

X1 )ml
( - (1Ib)
0
5 wherein X;, m; and m; are as defined for formula ().

In addition to the fact that they are new, the compounds of the present invention have
valuable pharmacological properties. They have dipeptidyl-peptidase IV-inhibiting
properties, making them useful in the treatment of glucose intolerance and disorders

10  associated with hyperglycaemia, such as type II diabetes or obesity.

The invention extends also to pharmaceutical compositions comprising as active ingredient
at least one compound of formula (I) with one or more appropriate, inert, non-toxic
excipients. Amongst the pharmaceutical compositions according to the invention there may
be mentioned more especially those which are suitable for oral, parenteral (intravenous,
15  intramuscular or subcutaneous) or nasal administration, tablets or dragées, sublingual
tablets, gelatin capsules, lozenges, suppositories, injectable preparations, drinkable

suspensions.

The useful dosage is adaptable in accordance with the nature and severity of the disorder,
20  the administration route and also the age and weight of the patient and any associated
treatments. The dosage ranges from 0.5 mg to 2 g per 24 hours in one or more

administrations.

The Examples which follow illustrate the invention.



5 wherein X1, m and M2 are as defined for formula (1). In addition to the
fact that they are new, the conpounds of the present invention have

val uabl e pharmacol ogi cal properties. They have di peptidyl - pepti dase

| V-inhibiting properties, making themuseful in the treatnent of glucose
intol erance and disorders io0 associated with hyperglycaem a, such as type
11 di abetes or obesity. The invention exXtends al so to pharmaceuti cal
conpositions conprising as active ingredient at |east one conpound of
formula (1) with one or nore appropriate, inert, non-toxic excipients.
Anongst the pharmaceutical conpositions accordln to the invention_ there
may be mehtd SAdas mepteds B AP IKpoYVA peeduglsi warafﬂ@t%nrep%ql @cqaping te known
par ent er al ng&ﬂ& venous, 15 intramuscul ar or subcutaneous) or nasal

adni ni st rat Ion, tablets or dragees, sublingual tablets, gelatin capsules,
| ozenges, supp05|tor|es i nj ectabl e preparations, drinkable suspensions.

The useful..do aptabl e jn accordance w th t ure and severity
of the di sor d%’r'u%?ur ﬁﬁ%%‘?ﬂﬁ??ﬂ e%ﬁ” S8 1 ST ereréﬁ]rrmne ageo Wét!’

of the patm@f&na&lﬁ@pe@ﬂymaﬁ&qeaaﬁms (InFreatd/MR, mxksespdas@ﬁary)anges from 0 5
ng to 2 g per 24 hours in one or nore admnistrations. The Exanpl es which

followsillustrate the invention. -12- The starting nmaterials used are known
products of nr r

Bt ruct ur o P TERLE eRhEROQRNARAE A I uiRANba B GAREY Bl Miurs of
accor di ng d¢omnponudd afivenfigspacis @Rgtind 2S)echni ques (| nfra- red, NVR, mass
spectronetry). 5 A conpound having a (2RS) configuration is understood as
being a racem c m xture of conpounds of configurations (2R) and (2S).

EXAMPLE 1 : (2S5)-1-({|9-(Hydroxymethyl)-3-oxaspiro{5.5Jundec-9-yljamino}-

acetyl)-2-pyrrolidinecarbonitrile :

10 Step A: 3-Oxaspiro[5.5]undec-7-en-9-one

0.5 ml of sulphuric acid is added to 317 mmol of tetrahydro-2H-pyran-4-carboxaldehyde
and 317 mmol of methyl vinyl ketone in 500 ml of benzene. The reaction mixture is then
refluxed for 3 hours, water being removed using a Dean-Stark apparatus, and then a further
317 mmol of methyl vinyl ketone are added and reflux is continued for 3 hours.

15 The mixture is subsequently washed, dried and then concentrated, and the residue obtained

is distilled to yield the expected product.

Step B : 3-Oxaspiro[5.5]undecan-9-one

147.4 mmol of the compound obtained in the above Step are hydrogenated for 15 hours, at

ambient temperature and 4.6 bar, in 100 ml of ethyl acetate in the presence of a catalytic
20  amount of 10% Pd/C.

The catalyst is then filtered off, and rinsing with ethyl acetate and concentration are carried

out to yield the expected product.

Step C: 11-Oxa-1,3-diazadispiro[4.2.5.2] pentadecane-2,4-dione



EXAMPLE | : (2S)-1 -(I 19-(Hydroxynethyl)-3-oxaspiro 15.5] undec-9-yl]

am nol - acetyl)-2-pyrrolidinecarbonitrile 10 StepA:

3- Oxaspi ro[ 5. 5] undec-7-en-9-one 0.5 m of sulphuric acid is added to 317
mol of tetrahydro-2H pyran-4-carboxal dehyde and 317 mmol of nethyl vinyl
ketone in 500 m of benzene. The reaction m xture is then refluxed for 3
hours, water being renoved using a Dean-l18t-ark apparatus, and then a further
317 mmol of nethyl vinyl ketone are added and reflux is continued for 3

hours. 15 jHtenMoftdduSodsSe®MReRMSEBRd YS0BEMBH of AhinSshi@n CattiRAteCABCRIAEL 3 d,
and the residue obtained is distilled to yield the expected product. SwpB:

3- Oxaspi r oj®®.1Binghoithe no@pouns ohigine imibe abwive Siep. dberpragiien wibttateriethenheatad
above Ste r.e-hydrogenat ed for .15. hour anbi ent e nd 4.6
bor i 208 SrCoy S et PR S nite ol RLIE o Bhier MU 6apbRIPEIR W G208t |

of 10% Pd/4&2.5 diie, fdtthé wsktuieSs bti@ed for Riuacht G5PC. Brckthiind$ istBembtapoidiydf
acetate and concentration are carried out to yield the expected Product.
Step C5 1andthemixtgredp suhsgqueptly diftered; the spkeisriiged Wib water-agf 3yith acetpge gpd
of aqueou 7 ) i .are added to 300
mol of tﬁgggéﬁgggﬁggggggg’é%g?ﬁgpkgqgﬁove @ngEﬁg%g%?gg@#?on m xture is
then heated to 550C, 5.3 g of potassiumcyanide in 40 m of water are

subsequent |y added in the course 5 mn., and the mxtyre js stirred for
> hour's at 5@ DTh-SpHEr -chrsglr%ﬁ%ﬂé%ﬂﬁ&fﬁf%ngc S dRRBIORS  ur e i 5
subsequently filtered; the cake is rinsed with water and wth acetone and

then dried to yield the expected product in the formof a flaky white
solid. StdpDm 1ditrerawtoclavexiddli mopd. & barae awphde cag lsddsd tac 88.0i mimol of the

hydrochl oride ln.,a,1-1itre,autaocl o1 | _.of rium.sul t r
added t o 8(@_11&)0}%%% lobéafmetdhlél the atbgve %Y&) n ZJS ?nlnginwatgr. "H% Tt 1sqggn fedlE
10  overnight at 160°C and subsequently cooled in an ice bath. The barium carbonate formed

is filtered off and rinsed with water, and carbon dioxide is bubbled into the aqueous phase.
The aqueous phase 1s then filtered again, and the filtrate is subsequently concentrated to

dryness to yield the expected product in the form of a powder.
Step E : Methyl 9-amino-3-oxaspiro[5.5]undecane-9-carboxylate hydrochloride

15 100 ml of methanol are added to 61.3 mmol of the compound obtained in the above Step.
The resulting suspension is cooled to 5°C and then 184 mmol of thionyl chloride are added
dropwise. The reaction mixture is subsequently stirred for 1 hour at 20°C and then for
2 hours at reflux, before being evaporated to dryness to yield the expected product in the

form of a powder.
20 Step F . (9-Amino-3-oxaspiro[5.5]undec-9-yl)methanol

6.8 g of lithium aluminium hydride, and then 59.7 mmol of the compound obtained in the
above Step in the form of a base in solution in 75 ml of tetrahydrofuran, are added at 0°C
to 50 ml of tetrahydrofuran. The reaction mixture is subsequently stirred for 30 min. at 0°C
and then overnight at 20°C.

25 It is subsequently cooled to 5°C and there are then added 6.8 ml of water, 6.8 ml of 15%

sodium hydroxide solution and 3 x 6.8 ml of water. The mixture is stirred vigorously for



conpound obtained in the above Step in 335 m of water. The mi xture is then
heated |0 overnight at 160' C and subsequently cooled in an ice bath. The
bari um carbonate formed is filtered off and rinsed with water, and carbon
di oxi de is bubbled into the agqueous phase. The aqueous phase is then
filtered again, and the filtrate is subsequently concentrated to dryness
to yield the expected product in the forldh-of a powder. : Methyl

9- am no- 3- oxaspi ro[ 5. 5] undecane- 9- car boxyl ate hydrochl oride 15 100 m of

net hanol afemadded tied fifers SV ICHte. tihe gﬁ&ﬁmﬁwﬁl RRtAWRACtHeR ahd eheapBUR St ep.
The resulting suspension is cooled to C and then 184 mmol of thionyl

chl ori de adreedzaddeen eyeppwieddo Yirkbthe sxpactasipraduct in Geifermsefswdident |y stirred
for I hour at 200C and then for 2 hours at reflux, before being evaporated
to dryness to yield the expected product in the forn1of a powder. 20 .

(9- Ami no- 3- oxBEPG!: O[(55)5]M{[@Q‘ﬁbﬁroytjn)iBlﬁjzmlilﬁdasﬁnﬁﬁgjmfdeblﬁ-ﬁ]dma}dtt@iyl')LZJm

hydri de, and then 59.7 mmol of the conpound obtained in the above Step in
the form of a base IPTOFHINEFGRONHIRS i  of tetrahydrofuran, are added at
OC to 50 ml of tetrahydrofuran. The reaction m xture i s subsequently
stirred for 30 mn. at OC and then overnight at 200C. 25 It is

subseque ntQQ/md: o6 Idﬁﬂhldromﬁth@na redminded rod (28 e1 {ﬁﬂmoa«ﬂadﬂm@ny&oﬁﬂineéarbmieﬂe abd 8 ni

of 15% rooxi de solution and 3 The xture is
otiTred viGEt ShEIOIeh ot mate spacdarkin el el emneRd pufsingdn
preci pi t atige hovel Stgle%mrté@meﬁmﬁ 6edids aheoda, lthd ﬁlteelplﬁte S s andrddnem and

evaporated to yiel d the expected product in the formof a solid. ~p-G
(29)-1-(f [rgwéqudtlbsigﬁhbrquﬁyn@a@d ABpifilisfiss Bleuernsentorisd [mdimeysaddeyteyidpe

pyrrolldln arb n

(29)-1-( ch(i oarucl)ace P;ﬁegbﬁ rr gfgt (ﬁq ijlpélg}a?"ocl)l(r?ﬁE ag?a(ﬁghlgﬁoﬂ%afgjmﬁ%arn%? )

pot assioumtcaidldnhd expoceedastdéntt tin tHe formmndf mfyellldme oflowhieh dlidifitaimer ¢odd to
yield a white powder.

% C % H %N
Calculated  64.45 8.71 12.53
Found 64.50 8.78 12.28

EXAMPLE 2 : (2S)-1-[(Spiro[5.5]undec-3-ylamino)acetyl]-2-pyrrolidinecarbonitrile
hydrochloride :

15 Step A : Spiro[5.5]undecan-3-one
The expected product is obtained according to the procedure described in Steps A and B of
Example 1, with the replacement of tetrahydro-2H-pyran-4-carboxaldehyde with
cyclohexanecarboxaldehyde in Step A.

20 Step B : Spiro[5.5]undecan-3-one oxime :

70 ml of pyridine and 3.45 g of hydroxylamine hydrochloride are added to 39 mmol of the

compound obtained in the above Step in solution in dioxane. The reaction mixture is then



the above Step. After stirring for 6 days at 20'C, the precipitate forned
is filtered off and rinsed wth dichloronmethane, and the filtrates are
concentrated to dryness. The residue obtained is purified by

chromat ography on silica (eluant : dichloronethane/ methanol 97/3) 10 to
yield the expected product in the formof a yellow oil which solidifies in
the cold to vyield a white powder. El emghtal mcroanalysis % C % H %N

Cal cul ated 64.45 8.71 12.53 Found 64.50 8.78 12.28 EXAMPLE 2 :(2S)-1 -

[ (Spiro [ hebtdd unegRxovhaghto) aaedeyhéntB-doye drdtatedi to ieRicbod yieid  oil, which
hydrochloride : 15 Step A: S -3-one piro[.5. 5]undecan The expected
product i srystalbisesand aeeer e.whfcbwehéw%@rde Sakld ehérepertes pEPduRt it dorm afy B

of Exanpl nt of tetrahydro-2H pyran-4-carboxal dehyde
W th cycl ﬁé&%%%%g?%%gh (ﬁﬁﬁgen Step A. 20 : Spiro[5.5jundecan- 3-one

oxime 70 m of pyridine and 3 45 g of hydroxyl am ne hydrochl oride are added
to 39 mol of the conmpound obtained in the above Step in solution in

di oxane. The ¥@a&t | AR XtlideG-EVaBEe - 15 heated at refl ux over ni ght and
subsequent|ly concentrated to dryness to yield an oil, which crystallises
and which is washed with water to yield the expected product in the form of
a powder 3afnﬂ @f chnd¢entrated cmraomiunir hydngxidSked aCatalBpi awpBat5ifuRaey- lﬁelgdlaim ne 5

3 m of concentrpl gd amani um el oxide; 20, 8,033 ¥ LSRR, & sReney

The reaction mixture is then hydrogenated overnight at ambient temperature and pressure.
The catalyst is subsequently filtered off and rinsed and the solution is concentrated to yield

the expected product in the form of an oil.
10 Step D :  (25)-1-[(Spiro[5.5]undec-3-ylamino)acetyl]-2-pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Step G of
Example 1, starting from the compound obtained in the above Step and (2S)-1-
(chloroacetyl)-2-pyrrolidinecarbonitrile.

Step E : (25)-1-[(Spiro[5.5]undec-3-ylamino)acetyl]-2-pyrrolidinecarbonitrile
15 hydrochloride

The expected product is obtained by converting the compound obtained in the above Step

into a salt using hydrochloric acid.

% C % H % N % Cl
Calculated  63.60 8.90 12.36 10.43
Found 63.66 8.92 12.18 10.23

EXAMPLE 3 :(2S)-1-[(Spiro[4.5]dec-8-ylamino)acetyl]-2-pyrrolidinecarbonitrile
20 hydrochloride :



added to 15.8 mmol of the conpound obtained in the above Step in solution
in dioxane. The reaction mxture is then hydrogenated overni ght at anbi ent
tenperature and pressure. The catalyst is subsequently filtered off and
rinsed and the solution is concentrated to yield the expected product in
the formof an oil. 10 :
(2S)-]1-[(Spiro[-5.5]undec-3-yl am no) acetlpl-] - 2- pyrrol i di necarbonitrile The
expect ed product is obtained according to the procedure described in Step G

of Exarrplﬂlelex@t@atpregucﬁrlamb&diﬁe&@ww&ﬂg t@hhalpmduﬂe MlExaﬂﬁp)eez Swap taad

(2S)-1- (chloroacetyl)-2-pyrrolidinecarbaonitrile. .
(2S) -] - [ ( SpPlregment 9}1%?&@@2(@36??@9?@691&’@&“9&] cyzloﬁyma@ﬁcaﬂm@éahmnn Step e 15
hydrochl ori de The expected product is obtained by converting the conpound
obt ai ned in the above Step into a salt using hydrochloric acid. El enental

63.66 8.92 12.18 10.23 EXAI\/PLE3 2 9)- (S|rof4
dec- 8-yl am no) acetyl | -2- pyrrolldﬁﬁecarb;ﬁitrlIéﬁﬁo hyd5ézhlor|de -16-

The expected product iS;Qharnegragcordigng to t;hggprocegyre of Exaﬁple 2,
with the replacenent of cycl ohexanecarboxal debyde with

cycl opent anecar boxal dehWyaedi n SégsA.  Bl7énent d2.9&1 cr oahéfysis : % C %1 %N
%cl Calculated 62.66 8.66 12.89 10.88 Found 62.58 8.76 12.92 10.97
5 EXAMPLE 4 : N-[2-Oxo0-2-(1-pyrrolidinyl)ethyl]spiro[5.5]undec-3-ylamine
hydrochloride :

The expected product is obtained according to the procedure of Example 2, with the
replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with 1-(chloroacetyl)-
10  pyrrolidine in Step D.

% C % H %N % CI
Calculated 64.84 9.92 8.90 11.26
Found 65.54 9.89 8.98 11.28

EXAMPLE 5 : (2S)-1-({[3-(Hydroxymethyl)spiro[5.5]Jundec-3-ylJamino}acetyl)-2-

pyrrolidinecarbonitrile :

15 The expected product is obtained according to the procedure of Example 1, with the
replacement of tetrahydro-2H-pyran-4-carboxaldehyde with cyclohexanecarboxaldehyde
in Step A.

% C % H % N
Calculated  68.43 9.37 12.60
Found 68.78 9.32 12.45



5 EXAMPLE4 : N-[2-Ox0-2-(l-pyrrolidinyl)ethyllspiro[5.5)undee-3-ylam ne
hydrochl ori de : The expected product is obtained according to the procedure
of Exanple 2, with the replacenment of
(2S)-1-(chloroacetyl)-2-pyrTolidinecarbonitrile with 1-(chloroacetyl)- 10
pyrTolidine in Step D. Elenmental mcroanalvsis %C % H %N %C Cal cul ated
64.84 9-92 8.90 11.26 Found 65.54 9.8918.-98 11.28 EXAMPLE5 : (295)-1 -Q

[ 3- (Hydroxynet hyl) spiro[ 5. 5] under-3-yl]am no) acetyl)-2

pyrrolidi negaMPPE! i: l(@S)-l-h‘é;pT.hﬁs ¢ﬁ9ﬂ@&8®l%ﬂf3§£&et&l?2%&?«blﬂﬂﬂe@@ﬁ&iiﬁ'ﬂég to
t he proceduré of Exanp 1, with the replacenent )
t et rahydr o- 2H pyr an- 410§rmdﬂ@mdehyde wi t h cycl ohexanecar boxal dehyde in
Step A Elenmental microanalvsis -------------o-o-n--- %C %H %N

Cal cul ated 68.43 9.37 12.60 Found 68.78 9.32 12.45 - 17 EXAWPLE 6 :(2S)- 1

- [ (Spiro THe édpekfeddgodct ik abitdingdaaedoydihg Zo e poddedireesBER@Apler 2,1 @ith the
hydrochl oride : The expected product is aqbtained according to the procedure

of Exanpl geplacegpery of Paéclol}eéme&e@ﬁéﬁfielaﬁewﬁa Qxlopsiapecartonr e iaSten An
cycloo%tanecarboxaldehyde in Step A 5

% C % H %N % CI
Calculated  65.28 9.31 11.42 9.63
Found 65.56 9.01 11.21 9.63

EXAMPLE 7 :(2S)-1-[(3-Oxaspiro[5.5]undec-9-ylamino)acetyl]-2-pyrrolidine-

carbonitrile hydrochloride :

The expected product is obtained according to the procedure described in Steps B to E of

10  Example 2, starting from the compound obtained in Step B of Example 1.

% C % H %N % Cl
Calculated  59.72 8.26 12.29 10.37
Found 59.79 7.96 12.16 10.96

EXAMPLE 8 : (2S)-1-[(Dispiro[5.2.5.2]hexadec-3-ylamino)acetyl]-2-pyrrolidine-

carbonitrile :

15 The expected product is obtained according to the procedure described in Steps A to D of
Example 2, with the replacement of cyclohexanecarboxaldehyde with spiro[5.5]undecane-

3-carboxaldehyde in Step A.



El emental mcroanalvsis -------------------- %C %H %N %dCd Calcul ated
65. 28 9.31 11.42 9.63 Found 65.56 9.01 11.21 9.63 EXAMPLE 7
:(2S)-1-[(3-Oxaspiro[5.5]undec-9-yl am no) acetyl | -2-pyrrolidine carbonitrile
hydrochl ori de : The expected product is obtained according to the procedure
described in Steps Bto E of io Exanple 2, starting fromthe conpound
obtained in Step B of Exanple 1. El enentl& m croanal vsis
------------------- %C % %N %C Calculated 59.72 8.26 12.29 10. 37

Found 59. Berefll AirddhabRis96 EXAVPLE 8

:(29)-1-[(Dspirol5.2.572] bexadee- 3;?}/' am no)acetyl | -2-pyrrolidine
carbonitrile: 15 The expected proddetC is ottAi ned “aécording to the

procedure described in St D,of,. Ex 2, ;Wi,th the replacenent of
cycl ohexanecar boxal dehyde%\?fcf‘@téﬂgi rg?'§.55] un 'e£ne- ]gl-ﬁcar boxal dehyde in Step

A. El emental m croanal vsis /Fdan€ Yo YO N Qakcul ated774.35 10-04 11.31
Found 74.40 9.94 11.07 EXAWMPLE 9
:(2S)-1-1(Spiro[ 3. 3] hept-2-ylam no)acetyl | -2-pyrrolidinecarbouitrile

hydrochl org R MPLE 9 : (25)-1-[(Spiro[3.3]hept-2-ylamino)acetyl]-2-pyrrolidinecarbonitrile
hydrochloride :

Step A : 1,1-Dichlorospiro[3.3] heptan-2-one

5 6.25 g of powdered zinc and then 11 ml of trichloroacetic acid chloride in solution in 170
ml of ether are added to 5 g of methylenecyclobutane in solution in ether. The solution is
subjected to sonication for 3 hours while maintaining the temperature at 20°C, and then the
black solution is filtered through Whatman filter. The filtrate is washed, dried, filtered and

concentrated to yield the expected product in the form of a brown oil.
10 Step B :  Spiro[3.3] heptan-2-one

28 g of the compound obtained in the above Step and then 620 ml of water are added to
420 ml of glacial acetic acid. The reaction mixture is cooled using a cold water bath, and
then 28.1 g of powdered zinc are added. After stirring for 20 min., the bath is removed and
the reaction mixture is stirred overnight at 20°C.

15  The solution is filtered, extracted with pentane and evaporated. The residue is taken up in
pentane and the solution is washed, dried, filtered and concentrated to yield the expected

product in the form of a clear yellow liquid.
Step C:  (2S)-1-[(Spiro[3.3] hept-2-ylamino)acetyl] -2-pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Steps B to D of

20  Example 2, starting from the compound obtained in the above Step.



&epj: I,I-Dichlorospiro[3-3]heptan-2-one 5 6.25 g of powdered zinc and then
Il I mM of trichloroacetic acid chloride in solutionin 170 m of ether are
added to 5 g of nethyl enecycl obutane in solution in ether. The solution is
subj ected to sonication for 3 hours while maintaining the tenperature at
20'C, and then the black solution is filtered through Whatman filter. The
filtrate is washed, dried, filtered andl9concentrated to yield the expected
product in the formof a brow oil. 10 Step B: S -2-one piro[3.3]heptan
28 g of the g UNQ2ObL AispeY/3. 87 Hepe2-dlmimo) @R 20 rideimBadontrif  wat er
are added t04£%§% nﬁzgfiﬂFgciél‘gcgtig acié. fﬁé ?géction m xture i s cool ed
using a cold water Batdtechianide t hen 28.1 g of powdered zinc are added. After
stirring for 20 mn., the bath is renoved and the reaction mxture is
stirred overnight at 20'C. 15 The solution is filtered, extracted with

pent ane anrheekppab@pRduct iB@bia@fddbiecdnseitiak @lie edinpdund pdidifddeinane abdve Step
solution is washed, dried, filtered and concentrated to yield the expected
product i rintorpesaftawstagdydepchlosisicidel | ow | quid. SLep C
(2S)-]-[(Spiro[3-3] hept-2-ylam no)acetyl]-2-pyrrolidinecarbonitrile The
expected product is obtained according to the procedure described in Steps

Step. - 19 Ste - | -[(S -2-ylam no acet%%%rZ-pyrr lidin rbonitrile p D:
(2S) piro[ 3. 3j hepl hydrochloridég(%he e ctedf% duct9$é?obtained by

converting the conpoupd;9Rl:& nedoiry thesghove Hhgp 1njpya salt using
hydrochlori ¢ acid. 5 Elenental m croanal vsis :
Found 59.27 7.78 14.51 12.93

EXAMPLE 10 : (2S)-1-[(Spiro[5.9]pentadec-3-ylamino)acetyl]-2-pyrrolidine-

carbonitrile :

The expected product is obtained according to the procedure described in Steps A to D of
10 Example 2, with the replacement of cyclohexanecarboxaldehyde with cyclodecane-

carboxaldehyde in Step A.

%C % H %N
Calculated  73.49 10.37 11.69
Found 73.46 10.44 11.64

15 EXAMPLE 11 : (2S)-1-[(Spiro[3.5]non-7-ylamino)acetyl]-2-pyrrolidinecarbonitrile

hydrochloride :
Step A :  Ethyl 7-oxospiro[3.5]nonane-6-carboxylate
20.6 mmol of 3-[1-(ethoxycarbonylethyl)cyclobutyl]propionic acid ethyl ester in solution

in tetrahydrofuran are added at 0°C to 22.7 mmol of 95% sodium hydride in suspension in

20 15 ml of tetrahydrofuran. The reaction mixture is refluxed for 4 hours and then 49 ml of



%C %H %N %C Calculated 59.25 7.81 14.81 12.49 Found 59.27 7.78 14.51
12.93 EXAMPLE 10 :(2S)-1 +Spiro

[ 5. 9] pent adee- 3-yl am no) acetyl | -2-pyrrolidin e carbonitrile : The expected
product is obtained according to the procedure described in Steps A to D of
10 Exanple 2, with the replacenent of cycl ohexanecarboxal dehyde with

cycl odecane- carboxal dehyde in Step A -AW--16ngPni m 830C El enent al

m croanalvsis % C %1 9%\ Cal culated 73.49 10.37 11.69 Found 73.46 10. 44

11. 64 15 EXAPlaEidlake 'a0ded). “The toRhK RIrdfBraal is evapbrdted |oFThMPIRCREMLE obtained is
-2-pyrrolidinecarbonitrile hydrochloride : Step A: Et-~yl

7- oxospi r ofx3rasled ayitmethpl- acatabo X pombRedeorgani¢ pladses are washed, filtered, dried and

3-[1-(ethoxycarbanyl et hyl )cyecl g y oploni c aci d. et hyl ter i Ql ution
in tet rahy%}%g?rgggn oa?'leelpcg %ie%/f?’af’vg%thcl S% gﬁbé ! #ﬁ’ngﬁroﬁatﬁ%a}gkg’ogﬁu%ﬁ%ay rlﬁ%?é‘i n
suspensi onditilorodtttHamefEthydhcdiat 0aITY € Pitldrtad expEbRd peatiici.on m xture is
refluxed for 4 hours and then 49 m of -20- acetic acid are added. The

tetrahydrofuran is evaporated off and the residue obtained is extracted

wi th ethhyl ac e. db ined_organi ¢ phases are washed, filtered, dried
5 ﬁ&@kd ys gﬁéfgﬁ%nﬂﬁ@ 5\}){?

and evapor at orl, ich is subjected to chromat ography on
silica (eluant: dichloronethane,|lethyl acetate 95,15) to yield the

expect ed p{l(.)fjg%%potgss%}rg ?&ro?ﬁferig [1 80 ?r]l O Water Z.r-eoa?i?led to 39.7 mmol of the compound
obtained in the above Step in solution in dioxane. The reaction mixture is refluxed
overnight and then, after returning to ambient temperature, is extracted with ether. The
combined organic phases are washed, dried, filtered and evaporated to yield the expected

10  product in the form of a volatile oil.

Step C: (25)-1-[(Spiro[3.5]non-7-ylamino)acetyl]-2-pyrrolidinecarbonitrile
hydrochloride

The expected product is obtained according to the procedure described in Steps B to E of

Example 2, starting from the compound obtained in the above Step.

15 Elemental microanalysis :

% C % H %N % Cl
Calculated 61.62 8.40 13.47 11.37
Found 61.39 8.32 13.22 11.91

EXAMPLE 12 : (2S)-1-[(Spiro[3.5]non-2-ylamino)acetyl]-2-pyrrolidinecarbonitrile

trifluoroacetate :
Step 4 . (25)-1-[(Spiro[3.5]non-2-ylamino)acetyl]-2-pyrrolidinecarbonitrile
20 The expected product is obtained according to the procedure described in Steps A to C of

Example 9, with the replacement of methylenecyclobutane with methylenecyclohexane in
Step A.



11. 1 g of potassium hydroxide in 100 ml of water are added to 39.7 mmol of
the conmpound obtained in the above Step in solution in dioxane. The
reaction mxture is refluxed overnight and then, after returning to

anbi ent tenperature, is extracted with ether. The conbi ned organi c phases
are washed, dried, filtered and evaporated to yield the expected io0
product in the formof a volatile oil.-3lep -]-[(S

-7-ylam no)acetylj-2-pyrrolidinecarbonitrile C: (2S) piro[3.5]non
hydrochl ori de The expected product is obtained according to the procedure
described in Steps Bto E of Exanple 2, starting fromthe conpound

obt ai ned i n tStep BboVaS)St-é@pireB. HnenentlaninmaretydnadpyrspEdinecty omiwilen N % C
Cal cul ated 61.62 8. 4}0 13.47 11.37 Found 61.39 8.32 13.22 11.91 EXAMPLE
12: (2S)-1- [(Spiro TA“EPABH? 2 yi ani no) acet yI | - 2-pyrrol i di necarboni tril e
trifluoroacetate : SlLep A:

(2S)-]-[(Spiro[3.5]non-2-yl am no) acetyl ]-2-pyrrolidinecarbonitrile 20 The
expect ed prisdixpectpd pgteli if oftained dydionyetiag tiecpprriad wbiirrdsiathg abpverSter eps
Ato Cof . le. 9, - pl acenent of met hyl enecycl obutane with
met hyl eneé?t?(ag%g%gﬁl«% t’.‘ﬁ“@?‘%@g&.&ﬁ: 21 SiepB.-
(2S)-]-[(Spiro[3-5])70n-2-ylai 7zi no) acetyl]-2-pyrrolidinecarbonitrile
trifluoroacetate The expect fﬁ/ product is obtained by converting the
conpoudd d4EssisRed I NdMBdYe St%€B into a salt using trifluoroacetic

aci d.

EXAMPLE 13 : (25)-1-[(Spiro[S.6]dodec-3-ylamino)acetyl]-2-pyrrolidine-

carbonitrile :

The expected product is obtained according to the procedure described in Steps A to D of
Example 2, with the replacement of cyclohexanecarboxaldehyde with cycloheptane-

10  carboxaldehyde in Step A.

% C % H %N
Calculated 71.88 9.84 13.24
Found 71.52 9.95 13.14

EXAMPLE 14 : (2S)-1-[(Spiro[3.4]oct-2-ylamino)acetyl]-2-pyrrolidinecarbonitrile

hydrochloride :

15 Step 4 :  Spiro[3.4]octan-2-one

The expected product is obtained according to the procedure described in Steps A and B of
Example 9, with the replacement of methylenecyclobutane with methylenecyclopentane in

Step A.



5 Mass spectronetry : [M+ H + = 276 EXAMPLE 13 :(2S)-1 +Spiro[$.

6] dodee- 3-yl am no) acetyl | -2-pyrrolidine- carbonitrile : The expected
—product is obtained according to the procedure described in Steps Ato D of

Exanple 2, with the replacenent of cycl ohexanecar boxal dehyde with

cycl ohept ane- 10 carboxal dehyde in Step A Elenental mcroanalvsis : % C YO

H % Calculated 71.88 9.84 13.24 Found271.52 9.95 13.14 EXAVPLE 14

:(2S)-1-[(Spiro[ 3.4]oct-2-ylam no)acetyll-2-pyrrolidincearbonitrile

hydr ochl ori de St uct is

obt ai ned acco%@g t@@ﬂg@%@@b CHZ sf?fr?llo%gg@?n %ﬁgﬁ%&ﬁ&%ﬁ%n@t@? Exanpl e

9, with the repl acensarodfonvit hyl enecycl obut ane wi th net hyl enecycl opent ane

in Step A -22- Step B :

(2S)-]-[(Spiro[3.4]oct-2-ylainino)acetyl]-2-pyrrolidinecarbonitrile

hydr ochl or e exHe @te@é?&ﬁkﬁﬂ; &ftﬁﬁ&paccbﬁm%)foaehe%@aﬁ@r&gmeaqn ShpsB EBAIT €

described in Steps to , starting fromthe corrpound

obt ai ned i hxanhle 3pssatinSifeom ths cEmemﬂ@talnﬁtmhnabw&ep %C %HN%d

Cal cul ated 60.49 8.12 14.11 11.90 Found 61.08 8.00 14.18 11.37

5 Elemental microanalysis :

% C % H %N % Cl
Calculated  60.49 8.12 14.11 11.90
Found 61.08 5.00 14.18 11.37

EXAMPLE 15 : (25)-1-{[(3,3-Dioxo-3-thiaspiro[5.5]undec-9-ylamino)acetyl]-2-

pyrrolidinecarbonitrile :
The expected product is obtained according to the procedure described in Steps A to D of
Example 2, with the replacement of cyclohexanecarboxaldehyde with tetrahydro-2H-
10  thiopyran-4-carboxaldehyde 1,1-dioxide in Step A.

% C % H % N % S
Calculated  57.76 7.70 11.89 9.07
Found 5742 7.54 11.48 8.83

EXAMPLE 16 : (2S)-1-({[2-(Hydroxymethyl)spiro[3.3]hept-2-yl]amino}acetyl)-2-

pyrrolidinecarbonitrile hydrochloride :

15 Step A : (25)-1-({[2-(Hydroxymethyl)spiro[3.3] hept-2-yl] amino}acetyl)-2-

pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Steps C to G of
Example 1, with the replacement of 3-oxaspiro[5.5]undecan-9-one in Step C with the

compound obtained in Step B of Example 9.



EXAMPLE 15: (2S)-1-11(3, 3-Di oxo-3-thiaspiro[5.5]undee-9-yl am no)acetyl| -2
pyrrolidinecarbonitrile The expected product is obtained according to the
procedure described in Steps Ato D of Exanple 2, with the replacenent of
cycl ohexanecar boxal dehyde with tetrahydro-2H 10 t hi opyran-4-car boxal dehyde
1,1-dioxide in Step A Elenental mcroanalvsis : % C % H %N %

Cal cul ated 57.76 7.70 11.89 9.07 Found 2B7.42 7.54 11.48 8.83 EXAMPLE 16
:(2S)-1-(112- (Hydroxymet hyl ) spiro[ 3. 3] hept - 2-yl | am nol acetyl)-2
pyrrolidinecarbonitrile hydrochloride : 15 Suep-A :

(2S)-]1-(([2-(Hydroxynet hyl ) spi ro[ 3-3] hept-2-yljam nojacetyl) - 2- ‘
pyrrol i di necashbpsitri2Spi- (ﬂ'ﬁie(féadp@@mdzybsmm[dt3]ke3)tdbﬂ}mivnwaa@y1¢+2di ng to the
procedure described |n(§td§% %{%( Ie 1, with the replacenment of
3- oxaspi r o[ 5. 5] unded&ft &N ﬁ”fé’f’gpf’ H conmpound obtained in Step
B of Example 9. -23 Ste Bl - (([2 - (Hydro xymet hy 1) spi r o [3. 3] h
ept - 2-y1] ami no) acetyl) - 2- (2S) pyrrolidinecarbonitrile
hydr ochl orThbaemn:eteémpecbmtad qhtadetby cenveiing the dompowshehszingchin thhebewnisnnd
obt ai ned in, the bov 3 lI’ltO a salt using hydrochloric acid. 5

Bl ement al s SREY BN ooN %A Calculated 57.41 7.71 13. 39
11. 30

% C % H % N % Cl
Calculated  57.41 7.71 13.39 11.30
Found 57.32 8.02 13.33 11.91

EXAMPLE 17 : (25)-1-({[2-(Hydroxymethyl)spiro[3.4]oct-2-yl]amino}acetyl)-2-

pyrrolidinecarbonitrile hydrochloride :

Step A :  (25)-1-({[2-(Hydroxymethyl)spiro[3.4] oct-2-yl]amino}acetyl)-2-

10 pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Steps C to G of
Example 1, with the replacement of 3-oxaspiro[5.5Jundecan-9-one in Step C with the

compound obtained in Step A of Example 14.

Step B :  (2S)-1-({[2-(Hydroxymethyl)spiro[3.4] oct-2-yl] aminojacetyl)-2-

15 pyrrolidinecarbonitrile hydrochloride

The expected product is obtained by converting the compound obtained in the above Step

into a salt using hydrochloric acid.

% C % H % N % Cl
Calculated  58.62 7.99 12.82 10.81
Found 58.53 7.90 12.65 10.81



Found 57.32 8.02 13.33 11.91 EXAWPLE 17: (29-1 -Q
—[2-(Hydroxymet hyl ) spiro[ 3. 4] oct-2-ylj am no) acetyl)-2

pyrrolidinecarbouitrile hydrochloride -. Slep-A:

(2S)-]-(~[2-(Hydroxynet hyl )spiro[ 3. 4] oct-2-yl]am no)acetyl)-2- 10

pyrrolidinecarbonitrile The expected product is obtained according to the

procedure described in Steps Cto G of -2Bxanple 1, wth the repl acenent of

3-oxaspi ro[ 5. 5] undecan-9-one in Step Cwith the conpound obtained in Step

A of Exanple 14. StepB:

(2S)-]1-(([2-(Hydroxynet hyl )spiro[3.4]oct-2-yl]am no)acetyl)-2- 15

pyrrolidi nEXKAMPDE!1S I(éRDl-W-:[(Smhcb[Srﬁ]nimde‘EIrBeybxmhni)mit)m—d)ﬁbmazohdnh:t-ébcl ned by

converting the conpound obtained in the above Step into a salt using

hydr ochloric acid. El Ebenifrisitaflygreacetate: . ____. % C %H %
N %C Calculated .58.62 7.99 12-82 10.81 Found 58.53 7.90 12.65 10.81

-24- EXAMPLE 18 (4R)-3- [(Spiro [5.51 un dee-3-yi-arnino)acetyll

-1, 3-t hi azol iStemd-4 @&)-Bazind/P.&] indet-Budnoerdueand] -1, 3t égzolbdine-4-carbonitrile

(4R)-3-[ (Spiro[ 5. 5]undec-3-jl-am no)acetylj-1,3-thiazolidine-4-carbonitrile

5 The expected product is obtained according to the procedure described in

Step Gsof THXexpctedlp roah@rﬁslcswalﬁéd)abéda@mgqme Nsto@dalRl Bedribed S e Plof

Exanpl e 2 and (4R)-3- (chl oroacetyl)- -thiazolidine-4-carbonitffle., Step

3-[ (S -Bramplar st fipm thy, coglmﬁnéﬂbmneﬁdn@ Step £7 b Aixample2 and (4R)-3-

(chloroacetyl)-1,3-thiazolidine-4-carbonitrile.

Step B : (4R)-3-[(Spiro[5.5]undec-3-yl-amino)acetyl]-1,3-thiazolidine-4-carbonitrile

trifluoroacetate

10  The expected product is obtained by converting the compound obtained in the above Step

into a salt using trifluoroacetic acid.

% C % H %N %S
Calculated  52.40 6.48 9.65 7.36
Found 52.10 6.54 9.42 7.19

EXAMPLE 19 : 2-({2-[(2S)-2-Cyanopyrrolidinyl]-2-oxoethyl}amino)spiro[3.3}-

15 heptane-2-carboxamide :

Step A :  2-Aminospiro[3.3] heptane-2-carboxylic acid

The expected product is obtained according to the procedure described in Steps C and D of

Example 1, starting from the compound obtained in Step B of Example 9.



(4R) piro[5.5jundec trifluoroacetate 10 The expected product is obtained
~by converting the conpound obtained in the above Step into a salt using
trifluoroacetic acid. Elemental mcroanalvsis : % C % H %N % Cal cul ated
52.40 6.48 9.65 7.36 Found 52.10 654 9.42 7.19 EXAMPLE 19 :
2-(12-[(2S)-2-C~, anopyrrolidinyll-2-oxoethyl)am no)spiro[3.31 15

hept ane- 2- carboxam de : Step A : 2- Am nogpiro[ 3. 3] hept ane- 2-carboxylic acid
The expected product is obtained according to the procedure described in

Steps C and Dsplp PXOR EatniothahbhRfhh Oyl b SHPANAS. APSALREtim Step B

of Exanple 9

2-(tert- Butyloxycarbonylanlno)splro[3 3] hept ane- 2-carboxylic acid 40 m of
di oxane and t he at O (tert-butyl). dicarbonate in di

are added P&l qé@”ﬁmﬁﬁnqﬂ@ndBQ%Sd%aggﬂfgﬂﬁﬁﬁbW%ﬁFH@ﬂ§B@§é“%F@ﬁn?ﬂféaa%Plon
in 11 m ok, 3od §1or tﬂé’g?ﬁ%blﬂﬁi SOkl O thMab&le 96 iflis@fitioAtin Q" fal ofRBdium

di oxane i s evaporat ed and the residue 5 obtained is taken up in water.
Extract i onhydrogaiersobdioous fter ot mighteat,20aGidthe kisrxatih & agpereted ofbhmlséleﬂsmdue

acidified t H3 u an aque 10%citri.c aC|d t|o eous
phase i3 QE?P étlé&‘ﬁﬂﬁ“ N Fr %&?ﬁ?@ Is7¢periesh gy h’ﬁ atp'én uﬁ%‘; and
washed W t BhiNeiif8eidi il it6 PHEN BsiR O BE BA\doas ﬂ}d%t&tn‘éra)éiales%ﬁltfoﬁ Yh&hghcbhepexpect ed
product in the formof a white paste. 10 Step C

2- (ter t - Buiextyactsdy wathowshyll 2nviate) Bisi erapmic hmegst Sncombinpdpuparphedayith ibige.of
N-hydroxysygeh a3 afdied: 3 urIndl 18 FAE RO EXYRA ROGI: Th 3 ek BFDSHhilL

paste.
10 Step C : 2-(tert-Butyloxycarbonylamino)spiro[3.3] heptane-2-carboxamide

811 mg of N-hydroxysuccinimide and 1.45 g of dicyclohexylcarbodiimide are added to
1.8 g of the compound obtained in the above Step in solution in tetrahydrofuran. After one
night at 20°C, the reaction mixture is filtered, and gaseous ammonia is bubbled into the
filtrate. After one night at 20°C, the reaction mixture is filtered again and concentrated to

15 dryness to yield the expected product in the form of a white powder.
Step D ;' 2-Aminospiro[3.3]heptane-2-carboxamide hydrochloride

1.84 g of the compound obtained in the above Step are dissolved in ethyl acetate and then
gaseous HCl is bubbled through at 0°C for 10 min.. A precipitate appears. After 30 min. at
0°C, the precipitate is filtered off and rinsed with ethyl acetate, and then dried to yield the

20  expected product in the form of a white powder.

Step E : 2-({2-[(25)-2-Cyanopyrrolidinyl]-2-oxoethyl}amino)spiro[3.3] heptane-2-

carboxamide

The expected product is obtained according to the procedure described in Step G of
Example 1, starting from the compound obtained in the above Step and (2S)-1-
25 (chloroacetyl)-2-pyrrolidinecarbonitrile.



1,8 g of the conmpound obtained in the above Step in solution in

~tetrahydrofuran. After one night at 20'C, the reaction mxture is

filtered, and gaseous ammonia is bubbled into the filtrate. After one
night at 20'C, the reaction mxture is filtered again and concentrated to
15 dryness to yield the expected product in the formof a white powder.
Skepl ) .- 2-Am nospiro[ 3. 3] hept ane- 2- car.lpgxam de hydrochloride 1.84 g of the
conpound obtained in the above Step are dissolved in ethyl acetate and then
gaseous HCl is bubbled through at 0'C for 10 min.. A precipitate appears.
After 30 mn. at OQC, the precipitate is filtered off and rinsed with
et hyl acetBlemenmhsidrbemigis ed to yield the 20 expected product in the form
of a white powder. SLepE:
2- ((2-[(2S)-2-Cyanopyrrol i dinyl ] - 2- o¥det hyl Yafi no) sBi’¥ o[ 3. 3] hepi one- 2-
car boxam de The expected pigduebsi s @@kisai ned gaccor dpng to the procedure
described in Step G of Exanple 1, starting fromthe conpound obtained in
t he above Step and (2S)-1- Paundchl or6édidet yl Y48- pyr 18120di necar bonitrile.
-26- Elenental mcroanalvsis % %1 % Cal cul ated 62.05 7.64 19.30 Found
62.05 7 48 19. 20 EXAMPLE 20:
(29)-1-[ (3SERAMPILE0S 25 iF]5. B Rinde 8oy hmind)¥éetAl-RqdyiRolidiae boni tril e
bi s(trifl uoroacetate) (gt )elg‘qu:%gﬁﬂggﬂ? rso[ 5- %igmgecad?l- Qé-tg?lecbﬁhe expect ed
product is obtained ad@@b@ﬁﬂ@ﬂhﬁ@ﬂﬁ“@@@@@&@be described in Steps A and B
of Exanmple 1, with the replacenent of tetrahydro-2H pyran-4-carboxal dehyde
with benzyl 4- fornyl- | -piperidinecarboxyl ate in Step A

Step A :  3-Azaspiro[5.5]undecan-9-one

5  The expected product is obtained according to the procedure described in Steps A and B of
Example 1, with the replacement of tetrahydro-2H-pyran-4-carboxaldehyde with benzyl 4-
formyl-1-piperidinecarboxylate in Step A.

Step B :  tert-Butyl 9-oxo-3-azaspiro[5.5]undecane-3-carboxylate:

The expected product is obtained by reaction of the compound obtained in the above Step
10  with di-tert-butyl dicarbonate in accordance with the procedure described in Step B of

Example 19.

Step C :  tert-Butyl 9-({2-[(2S)-2-cyanopyrrolidinyl]-2-oxoethyl}Jamino)-3-azaspiro-
[5.5]undecane-3-carboxylate

The expected product is obtained according to the procedure described in Steps B to D of
15 Example 2, starting from the compound obtained in the above Step.



Step B : tert-Butyl 9-oxo-3-azaspiro[5.5]undecane-3-carboxylate: The
expected product is obtained by reaction of the conpound obtained in the
above Step io with di-tert-butyl dicarbonate in accordance with the
procedure described in Step B of Exanple 19. Step tert-But -(t2-[(2S

- 2-cyanopyrrolidinylj-2-oxoethyl)am no)-3-azaspiro- -C yl 9

[ 5. 5] undecane- 3- car boxyl ate The expect-@d -product i s obtained according to
the procedure described in Steps Bto D of 15 Exanple 2, starting fromthe

conmpound obt & A £ rB0INBpPb PS5 Jundet-9-HafPnJaéetyl] -2-pyrrolidinecarbonitrile
(28)-]-[(.3-%%%%%%r3?§b5 ﬁ?dee?g-g?gnino)ag%~yl -ZJ%Qif?blidinecarbonitriLe
bi s(trifluoroacel at &¥s(TFifaoeeqeetttedd product is obtai ned by reaction of the
conpound obtained in the above Step wth 30 equivalents of trifluoroacetic
acid in dichloronethane at 0-5 C for | hour. The 5 mxture is concentrated

t 0 drynessrhel&iecedprRIdne: i Dbpiiiddl byekakionpsrapatahpoitdriditsiined mSthe 8P&ve Step

aroij24zory : [M+ = 3 05 EXAMPLE 21
:(29)-1-(1yeh 3 b’;’iﬂ‘ﬂﬁt pfytriflugrageeticragifyn sishigpmetnneg ae8-3Cyfor -1 hgHrndie

vl ) o L di L _ . - ed
accor ding THAPRE EhBSEAAN8 e The [OoBERAELFHIRY GEHba Bu RERCTS
t et rahydr o- 2H pyr an- 4- car boxal dehyde wi th 4, 4-di net hyl cycl ohexane-

car boxal dehyde in Step El nt mcroanalvsis . % C % H %N Cal cul ated
69. 77 9. 76“-4@.;6’29&@%%'%@%5’%’7%7@511. 43

EXAMPLE 21 : (2S)-1-({[3-(Hydroxymethyl)-9,9-dimethylspiro[5.5]undec-3-yl]-

amino}acetyl)-2-pyrrolidinecarbonitrile :

The expected product is obtained according to the procedure of Example 1, with the
10 replacement of tetrahydro-2H-pyran-4-carboxaldehyde with 4,4-dimethylcyclohexane-
carboxaldehyde in Step A.

% C % H % N
Calculated 69.77 976 11.62
Found 69.54 9.72 11.43

EXAMPLE 22 : (2S)-1-({{2-(1-Hydroxy-1-methylethyl)spiro[3.3]hept-2-yllamino}-
acetyl)-2-pyrrolidinecarbonitrile hydrochloride :
15

Step A :  Methyl 2-aminospiro[3.3 [ heptane-2-carboxylate

The expected product is obtained according to the procedure described in Step E of
Example 1, starting from the compound obtained in Step A of Example 19.



EXAMPLE 22 '
:(2S)-1-(1[2-(1-Hydroxy-1-nmethyl ethyl)spiro[3.3] hept-2-yllaniinol-
acetyl)-2-pyrrolidinecarbouitrile hydrochloride 15 Stepj:

Met hyl 2- am nospi ro[ 3. . 3] hept ane- 2- car boxyl ate The expected product is
obt ai ned according to the procedure described in Step E of Exanple 1,
starting fromthe conpound obtained in-Q8p A of Exanple 19. -28- StepB:
Met hyl 2- (tert-but.~, | oxycar bonyl am no) spi r o[ 3. 3] hept ane- 2- car boxyl ate 5.8

m of triethyyangne gog,t Dby 1Rk eurtBnPgmshodpidi L 8 Bleprdibi Vi bshiyias bonat e
in dichloroﬁﬁ%%%ne, ar% agded 86 g.g’gngfmtﬁ%&%oépdﬁ%% obtainedyin the
above Step in solution in dichloronethane. After stirring overnight at
20' C, the action mxture is shed w-t aquequs 10%.citric acid

sol ution a%g 'P"ie?f&ﬁ‘?tﬁylﬁln& ?n;htﬁlea r étarg)% &1@@ ?’i &Etfftébdlé'lfitfl?aéﬁoéﬁ and
concent r at gehlbRnktifdng, hiteakeRew! 88 ProFAUE teohipolifitt obRIMBO R HokBBePiih -

2- (2-tert-Bui ~vl oxycar bonyl am nospiro[ -3. 3] hept-2-yl)-2-propanol There are
added to 5®lufionoin dichlsrometharie. oifter gvrisplayeimaghtoft HEChheraeastion umxtyredp de
in ether an hen, . at O nd .dr opwi .5 h o Al LN
the above Crst Mk g Bdh O Stuidy fhthed Pfip FRERF SRERAE PIER 167
amoni um cdiedl filered andcisirenteaned tohgeldttheexpeated produot ixthey rinfsh iofangd oflor |
hour at 20'C. The aqueous phase is extracted with ethyl acetate and then

t he conbi ned organi ¢ phases are washed, dried and concentrated to dryness
to yield the gxpect ed DLAMBGLkbd B iRt Blebr- Wl Shpfpyadal | i ses.
2-(2-Arrinospi'9 .3]hgpf-fg8%f:%?proganél prldgkéa%ggat%&%S 40 mM of
trifluororacetic acid are added at O Cto 4.8 g of the conpound obtained in

th b St ep | lutjon in .dichl . Aft tirring far .30.mn.
0 oY e PR 2l e L B PR e bR S
taken up s@N@raald thédes 09C tahd tdedp+aiee; 5 & € thed edmistad iohtdifeinnayepbsat Sgp e f to

yi el d the expected product in the formof a colaourless oil.
10  solution in ether. After stirring for 1 hour at 0°C, ammonium chloride is added and then the

reaction mixture is stirred for 1 hour at 20°C. The aqueous phase is extracted with ethyl
acetate and then the combined organic phases are washed, dried and concentrated to

dryness to yield the expected product in the form of an oil which crystallises.

Step D : 2-(2-Aminospiro[3.3] hept-2-yl)-2-propanol trifluoroacetate

15 40 ml of trifluororacetic acid are added at 0°C to 4.8 g of the compound obtained in the
above Step in solution in dichloromethane. After stirring for 30 min. at 0°C, the reaction
mixture 1s evaporated to dryness and the residue is taken up several times with toluene; the

toluene is then evaporated off to yield the expected product in the form of a colourless oil.

Step E : (25)-1-({[2-(1-Hydroxy-1-methylethyl)spiro[3.3] hept-2-yl]amino}acetyl)-2-

20 pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Step G of
Example 1, starting from the compound obtained in the above Step and (2S)-1-(chloro-
acetyl)-2-pyrrolidinecarbonitrile.



Shep- - E:
(2S9)-1-([[2-(]-Hydro)(1~,-1-nmethylethyl)spiro[ 3. 3j hept-2-yl]am no)acetyl)-2
- 20 pyrrolidinecarbonitrile The expected product is obtained according to
the procedure described in Step G of Exanple 1, starting fromthe conpound
obtained in the above Step and (2S)-1-(chloro-
acetyl)-2-pyrrolidinecarbonitrile. -29-~28tepF:
(2S)-1-([[2-(]-Hydroxy-1-niethylethyl)spiro[3.3]hept-2-yl]am no)acetyl)-2
pyrrolidinecaghopi.t r(b%ez.E%ﬂr@%Lw&iﬂﬁnﬂéb&zémﬁ%ﬁsfkg%%@}ymmgp&ew)eﬂ by
nmpound tep I g

converting t tained in the above into a salt” usin _
hydrochl oric acid. pyEoérertatbomicldadachrge: % C % H %N % C Cal cul ated
59.72 8.26 12.29 10.37 Found 58.96 8.48 11.95 10.99 EXAMPLE 23:
(2S)-1-[(3-Thi aspiro[ 5. 5] undee-9-yl am no) acetyll-2-pyrrolidine carbonitrile
bydr ochl ortilesxpetie¥ froddct R AsIHddtPeonl Bt GRN cAnSRRXIbiRReBmthexbsie St
expected product is obtained according to the procedure described in Steps
A and B ofinto asafbusinglhydgochigrictacidhe repl acenent of cycl obexanecar boxal dchyde
wi th tetrabydro-2H thiopyran-4-carboxal dehyde 1, 1 -dioxide in Step A
&epB : 3-Thiaspiro[ 5. 5] undecan-9-am ne 4 g of the conpound obtained in the
above St epElemenrabifie@odnalgartions to 7.9 g of lithium alum nium hydride in

suspension in 200 m of tétrahyq;ofuran. The reaction mixture is 15 then
refluxed for 12 hours and subseq@ént!|y FAHrol ys@dY by t reChddition of 8 n

of water, 8 nl of a 5%, s0dyumsydroxi gessol uhog and;46,m of water.
Found 38.96 8.48 11.95 10.99

EXAMPLE 23 : (25)-1-[(3-Thiaspiro[5.5jundec-9-ylamino)acetyl}-2-pyrrolidine-

carbonitrile hydrochloride :
Step A - 3-Thiaspiro[5.5]undecan-9-one oxime 3,3-dioxide

The expected product is obtained according to the procedure described in Steps A and B of
10 Example 2, with the replacement of cyclohexanecarboxaldehyde with tetrahydro-2H-
thiopyran-4-carboxaldehyde 1,1-dioxide in Step A.

Step B 3-Thiaspirof5.5]undecan-9-amine

4 g of the compound obtained in the above Step are added in portions to 7.9 g of lithium

aluminium hydride in suspension in 200 ml of tetrahydrofuran. The reaction mixture is
15 then refluxed for 12 hours and subsequently hydrolysed by the addition of 8 ml of water,

8 ml of a 15% sodium hydroxide solution and 16 ml of water.

The salts obtained are then filtered off and the filtrate is subsequently concentrated to

dryness to yield the title product.



The salts obtained are then filtered off and the filtrate is subsequently
concentrated to dryness to yield the title product. -30- Step-C
(2S)-1-[(3-Tliiaspiro[5,5]undec-9-yl am 720) acet) ;
11-2-p)~rrolidinecarbonitrile The expected product is obtained according to
the procedure described in Step G of Exanple 1, starting fromthe conpound
obtained in the above Step and (2S)-1I-(@ghl-oro-
acetyl)-2-pyrrolidinecarbonitrile. 5 SteDD:

(25)-1-1[(3- Thyg5pi.1 Qb§- P HENAREYd/5 s ALY SUShiTY)dcedPI-pyrrolidinecarbonitril
rrolidinecarbﬁt%?’?riﬁé9 hégroch¥%;{deﬁ¥%e e?geéfeécggédu€¥7?é’3%?5#%%6’%y
converting the conpound obtained in the above Step into a salt using

hydrochl orj.c acid, El epental m.crpanalysis : % C %H %N % % C

Col ool at adt 7 greisd ST 13, Apteiaed AgGraiRs Jp dhe grachibreodesenbeds o Siep 06,

t o EXAMPLEE@hple (2Shrting- fdih3hé Zokipgink ¥ethitkl Jin Ihadgsri $tep and k281 -¢@ford- Vi ]
am nol acetyl)-2-pyrrolidinecarbonitrile bis(trifluoroacetate) &e pA:

3- Azaspi r ofcBtybamngreeahngahenitil. The expect ed product is obtai ned according
to the procedure described in Steps A and B of Exanple 1, with the

repl acenent of tetrahydro-2H pyran-4-carboxal dehyde wth benzyl 4-

fornyl -l - pi pesregiDneqas)bo st Bhigspiird [ S phdbe- 9 BpinB)dcetyl]-2-pyrrolidinecarbonitrile
3-(2-Hydroxyetl 7yl ) - 3-azaspi ro[ 5. 5] undecan- 9- one The expected product is
obt ai ned by aIkyIatWﬁﬁ“@ﬁkT%% conpound obtained in the above Step with

2- bronoet hanol in the presence of potassium carbonate.

The expected product is obtained by converting the compound obtained in the above Step

into a salt using hydrochloric acid.

% C % H % N % S % Cl
Calculated  57.04 7.88 11.74 8.96 9.90
Found 59.67 7.96 11.56 9.14 10.52

10 EXAMPLE 24 : (2S)-1-({[3-(2-Hydroxyethyl)-3-azaspiro[5.5jundec-9-yljJamino}-

acetyl)-2-pyrrolidinecarbonitrile bis(trifluoroacetate) :
Step 4 : 3-Azaspiro[5.5]undecan-9-one
15 The expected product is obtained according to the procedure described in Steps A and B of
Example 1, with the replacement of tetrahydro-2H-pyran-4-carboxaldehyde with benzyl 4-
formyl-1-piperidinecarboxylate in Step A.

Step B : 3-(2-Hydroxyethyl)-3-azaspiro[5.5]undecan-9-one

The expected product is obtained by alkylation of the compound obtained in the above

Step with 2-bromoethanol in the presence of potassium carbonate.



-31 Step C

(2S)-]1-(([ 3-(2-Hydroxyethyl)-3-azaspiro[5. 5] undec-9-yl]am no)acetyl)-2-
pyrrolidmecarbonitrile The expected product is obtained according to the
procedure described in Steps Bto D of Exanple 2, starting fromthe
conmpound obtained in the above Step. 5 Step D: .5 ¢ ac i-~yl

(2S)-]-(([ 3-(2-Hydroxyethyl)-3-azaspirepb- Junde -9-yl/amp) e )-2-
pyrrolidinecarbonitrile bis(trifluoroacet.ate) The expected product is

obtai ned by ggpvert !(mg-Lm3.?pm@mac§iempzpgld}agmw5.t5y@m@a@\5%]a§hﬁ%ckf?y@-a sal t

using trifluoroacetic acid. Elemental” mcroanalysis : %

Cal cul ated 47.92 5. gwroligipecarbemittila7. 28 5. 94 9.38 10 EXAMPLE 25:

(2S)-1-(1[ 2-(2- Hydroxynet hyl ) - 7- oxaspi ro[ 3. 5] non-2-yl | am nol -
acetyl)-2-pyrrolidinecarbouitrile StepA : 7-Oxaspiro[3.5]nonan-2-one The
expect ed pmedipéctéSproaheiif eBtaned atelrdgigtto thdysropéduee deéscabeetcsteped to D &f eps
A and B of 15 Exanple 9, with the replacenent of nethyl enecycl obutane with
4- et hy| e Beespiehyptiriang fam-the esqppquad Sptamed in Hipeghope Step:
(2S)-1-(([2-(2-Hydroxynet hyl )-7-oxaspiro[ 3.5]non-2-yl]am no)acei ~yl) - 2-
pyrrolidinecarbonitrile The expected product is obtained according to the

proceduyr e degSedpiDed (23)-S{Eps2-Gytlxieripl)-3202aspteafpls purilec-9tydfdming) aberoba 2t he
conpound obtai ned in thF above St %p 3%
pyrrolidinecarbonitrile bis(trifluoroacetate)

The expected product is obtained by converting the compound obtained in the above Step

into a salt using trifluoroacetic acid.

- % C %H %N
Calculated 47.92 5.94 972
Found 47.28 5.94 - 9.38

10 EXAMPLE 25 : (2S5)-1-({[2-(2-Hydroxymethyl)-7-oxaspiro[3.5]non-2-ylJamino}-

acetyl)-2-pyrrolidinecarbonitrile :
Step A - 7-Oxaspiro[3.5]nonan-2-one

The expected product is obtained according to the procedure described in Steps A and B of
15  Example 9, with the replacement of methylenecyclobutane with 4-methylenetetrahydro-

2H-pyran in Step A.

Step B : (2S)-1-({[2-(2-Hydroxymethyl)-7-oxaspiro[3.5]non-2-yl] aminojacetyl)-2-

pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Steps C to G of

20  Example 1, starting from the compound obtained in the above Step.



Melting point : 103C El enental mcroanahsis % C % H %N Cal cul ated 62. 52
8.20 13.67 Found 62.56 8.25 13.32 EXAMPLE 26: (2S)-1-Q
[ 2- (2- Hydr oxynet hyl ) spi ro[ 3. 5] non-2-yij am no) acetyl)-2- 5
pyrrolidinecarbonitrile Step A: S -2-one piro[3.5]nonan The expected
product is obtained according to the procedure described in Steps A and B
of Exanple 9, with the replacenent of -B8t-hyl enecycl obutane with
nmet hyl enecycl ohexane in Step A S-tepB:
(28)-]7([[@@&gfﬁﬁgﬁgyy9ﬁghyl)splro[3.5]non-2-yljan1no)apetyl)-2- _
pyrrolidinecarbonitrile 10 The expected product is obtained according to
t he procedilemedtebmidrbeniliss 'Steps C to G of Exanple 1, starting fromthe
conpound obtained in the above Step., Elenent m cr alysis : %C %H %N
ol oo et ed 6. 5 8 01 13, 76 Found $hGe 6 2a15 e Y BaniLE 37
2 (2S)-1-[(7-Oxaspiro[ 3. 5] aqanuZrayd amspgracet lop- 2- pypwal i di ne carbonitrile
trifluoroacetate : Snep-A :
(2S)-1-[(7-Oxaspiro[ 3. 5] nonF@¢y| ani AdYfcet yPEI2- pyd#8Li di necarbonitrile 5
The expected product is obtained according to the procedure described in
Steps Ato C of

EXAMPLE 26 : (25)-1-({[2-(2-Hydroxymethyl)spiro[3.5]non-2-ylJamino}acetyl)-2-

5 pyrrolidinecarbonitrile :

Step A :  Spiro[3.5]nonan-2-one

The expected product is obtained according to the procedure described in Steps A and B of
Example 9, with the replacement of methylenecyclobutane with methylenecyclohexane in

Step A.

Step B :  (25)-1-({[2-(2-Hydroxymethyl)spiro[3.5]non-2-ylJamino}acetyl)-2-

pyrrolidinecarbonitrile

10  The expected product is obtained according to the procedure described in Steps C to G of
Example 1, starting from the compound obtained in the above Step.

% C % H %N
Calculated  66.85 8.91 13.76
Found 66.66 855 13.65



Exanple 9, with the replacenent of nethyl enecycl obutane with

4- met hyl enct etrabydro- 211-pyran in Step A &DR
(2S)-]-[(7-Oxaspiro[3.5]non-2-yl am no)acetyl]-2-pyrrolidinecarbonitrile
trifluoroacetate 10 The expected product is obtained by converting the
conpound obtained in the above Step into a salt using trifluoroacetic
acid. Elemental mcroanalvsis : % C % H3%-N Cal cul ated 52.17 6.18 10.74
Found 52.15 635 10. 73 EXAMPLE 28

1 (29)-1-1( aqesRr Y7 $5)dn=ZyRinhinejacSlyNeLpyR@Ndidel | e Step
A Spiro %ﬁ%@%ﬁﬁ C(g%)g 45 Thge@gggecrdél p?,odulct |cgﬂy([)]bt glyned according to

t he procedure descri bedrboni@ilepeiflnornadedteof Exanple 11, with the
repl acenent of 3-fl-(ethoxycarbonyletbyl)cycl obutyl]propionic acid wth
3-11 -(et hoxycar bonyl et hyl ) cycl opropyl ] propionic acid in Step A StgpB:

(295)-1-[ ( Spi rb245] qos)-B7¥ ORAPODEX Slrvh] 2= Aapito) et di- Dpoabhgnkédrbbmirilae
expect ed product is obtained according to the procedure described in Steps

A to D of 20 Exanple 2, starting fromthe conpound obtained in the above

Step. -34- 8%&%@%@5@@%@@@ 21 cording o flproceh Gt ualchlleP i 8@pSaBib dGr08

Found 68.9
(2S, 4S) 4- Biumripie 19; @{i{hOthe hypliacetyae tafyrhgth @enccgsiobuntapd wathuhaeth Bencitgtrahgdrono)

acetyl)-2- rroI|d| necarbonitrile :
yh- 201¥ pyran in Step A.

Step B :  (2S)-1-[(7-Oxaspiro[3.5]non-2-ylamino)acetyl]-2-pyrrolidinecarbonitrile

trifluoroacetate

10  The expected product is obtained by converting the compound obtained in the above Step

into a salt using trifluoroacetic acid.

% C % H %N
Calculated  52.17 6.18 10.74
Found 52.15 6.35 10.73

EXAMPLE 28 : (25)-1-[(Spiro[2.5]oct-6-ylamino)acetyl]-2-pyrrolidinecarbonitrile :
Step A :  Spirof2.5]octan-6-one
15 The expected product is obtained according to the procedure described in Steps A and B of
Example 11, with the replacement of 3-[1-(ethoxycarbonylethyl)cyclobutyl]propionic acid
with 3-[1-(ethoxycarbonylethyl)cyclopropyl]propionic acid in Step A.

Step B : (2S)-1-[(Spiro[2.5] oct-6-ylamino)acetyl]-2-pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Steps A to D of
20  Example 2, starting from the compound obtained in the above Step.



5 The expected product is obtained according to the procedure described in
Exanple 1, with the replacenent of
(2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (2S,4S)-1-(chl oro-
acetyl)-4-fluoro-2-pyrrolidinecarbonitrile in Step G El enental

mcroanal ysis ------------------- %C %H %N Calculated 61.17 7.99 11.89
Found 61.63 7.87 11.47 EXAVPLE 30: -34 -
(2S)-4,4-Difluoro-1-({[9-(hydroxynetbyi)-3-oxaspiro[ 5. 5]undec-9- 10

yi l anii nol acetyi)-2-pyrroiidinecarbonitrile : The expected product is
obt ai ned according to the procedure described in Exanple 1, with the

(2S)-1-(chloro- acetyl)-4,4-dif|uorq;%fpyrr%+gdineégaponitrile in Step G
El emental microanalvsis : % C % H % Cal c(l“ated 38:21 7.33 11.31 Found
58.30 7.62 11.21 15 -35 (CBOMPRAE 3%8969- 11289x0-276bhg-pyrrolidinyl)ethyll
am no) -3-oxaspiro [5.51 u ndec-9- yl)nethanol : The expected product is
obt ai ned according to the pfawsédur e68&8cri b&dbin Ex&fple 1, with the

repl acenent of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with
1-(chloroacetyl)- 5 pyrrolidine in Step G El enental mcroanal vsis

EXAMPLE 29 : (2S,4S)-4-Fluoro-1-({[9-(hydroxymethyl)-3-oxaspiro[S.5]undec-9-yl]-

amino}acetyl)-2-pyrrolidinecarbeonitrile :

5  The expected product is obtained according to the procedure described in Example 1, with
the replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (2S,4S)-1-(chloro-
acetyl)-4-fluoro-2-pyrrolidinecarbonitrile in Step G.

% C % H %N
Calculated 61.17 7.99 11.89
Found 61.63 7.87 11.47

EXAMPLE 30 : (25)-4,4-Difluoro-1-({|9-(hydroxymethyl)-3-oxaspiro[S.5]undec-9-

10 yljamino}acetyl)-2-pyrrolidinecarbonitrile :

The expected product is obtained according to the procedure described in Example 1, with
the replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (2S)-1-(chloro-
acetyl)-4,4-difluoro-2-pyrrolidinecarbonitrile in Step G.

% C % H % N
Calculated  58.21 7.33 11.31
Found 58.30 7.62 11.21
15



% %1 YN Cal cul ated 65-77 9.74 9.02 Found 65.75 9.62 8.85 EXAMPLE 32
' (4R) - 3-(119- (Hydroxy nethyl)-3-oxaspiro 15.51 u n dec-9-yll am no) -

acetyl) -

1, 3-thiazolidine-4-carbonitrile : 1o The expected product is

obt ai ned according to the procedure described in Exanple 1, with the

repl acenent of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with

hl oro- acetyl)-1,3-thiazolidings4-carbonitrile in Step G
mcroanalvsis : % C %H %N % Calculated 57.76 7.70 11.89 9. 07

(4R)-3-(c
El enent al
Found 57.
:(2S, 45)
am no) ac

acetyl)-4-
(2S, 4R) - 4-

AP NTS (08 R0x0 B Bhoidinyettiyljamino) 3-gaspirols Slupdee-o: |

etyl)-2-pyrrolmkthaeddrbonitril e: The expect ed product is obtained
according to the procedure described in Exanple 1, with the replacenent of
(2S)-1-(chl oroacetyl)-2-pyrrolidinecarbonitrile with (2S,4S)-1-(chloro-

1;:1?@: &egFfb\ahetqk 'ogfaﬁﬁ-@%&%in rtb & ArBcedufPddSeribedbin

o-1-

(hydr oxymet hyl J- 3- oxaspi rol 5. 5] undee-9 yl ] am no)

acetyl) - 2-thy ncﬁhcmham@&ér(@&) Li(¢hlptoacatyl)Rnywrodidmet abenitrild heithe X plebloeaicgiybduct

is obtain
repl acene
(2S, 4R) - |
El enent al

10

15

it {753}

ed accor di the procedure described in Exanple 1, with the
yr’iﬁ’?% g?elf’((ghl oroacetyl )-2-pyrrolidinecarbonitrile with

-(chloro- 5 acetyl)-4-fluoro-2-pyrrolidinecarbonitrile in Step G

m croanal vsi s : %C % H %N

% C
Calculated  65.77
Found 65.75

%N
9.02
8.85

EXAMPLE 32 : (4R)-3-({|9-(Hydroxymethyl)-3-oxaspiro[5.5]undec-9-yljamino}-
acetyl)-1,3-thiazolidine-4-carbonitrile :

The expected product is obtained according to the procedure described in Example 1, with

the replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (4R)-3-(chloro-

acetyl)-1,3-thiazolidine-4-carbonitrile in Step G.

% C % H
Calculated  57.76 7.70
Found 57.44 7.88

% N %S
11.89 9.07
11.51 8.02

EXAMPLE 33 : (25,4S)-4-Hydroxy-1-({[9-(hydroxymethyl)-3-oxaspiro[5.5]undec-9-

yllamino}acetyl)-2-pyrrolidinecarbonitrile:

The expected product is obtained according to the procedure described in Example 1, with

the replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (2S,4S)-1-(chloro-

acetyl)-4-hydroxy-2-pyrrolidinecarbonitrile in Step G.



Cal cul ated 50.67 6.13 8.77 Found 5047 605 8.47 EXAMPLE 35 :
[9-((2-[(3S)-3-Fluoropyrrolidinyll-2-oxoethyl)am no)-3-oxaspiro- [5.51
undee-9-yl | nethanol : The expected product is obtained according to the
procedure described in Exanple 1, with 10 the repl acenent of

(2S)-1-(chl oroacetyl)-2-pyrrolidinecarbonitrile with (3S)-1-(chloro-
acetyl)-3-fluoropyrrolidine in Step G -BSAMPLE 36 :
(9-1[2-Ox0-2-(3,3,4,4-tetrafluoro-1 -pyrrolidiuyl)ethyll am no)- 3-

oxaspi r o 5E§]m1iﬁg-3%-:xb%,mﬁ)hﬁpm()_‘ro-lg@[@-@@e&ﬁmﬁmwspﬁogta]aha@dp-
according To the procedure described In anple 1, with 15 the repl acenent
of (2S)-1-(chl or oacet yiljandnp}acetylr-2tppeodidinecarhoniwilofnifuarogedihtgroacet yl ) -
3,3,4,4-tetrafluoropyrrolidine in Step G Elenental mcroanalvsis : % C %H
% N Calculated 53.40 6.85 7.33 Found 53.83 6.67 7.18 -37- EXAMPLE37 :
(29) -1 - Q THe &dprete@yrodating lopsmiddacterdml 10 @ke groy¢dur@desdfdedi@ernampl 1, with
pyrrolidinecarbonitrile : The expected product is obtained according to the

procedur e esemagseyni of E8aripickloroacglybr-pymelidiegsarhoaiglet wigh (25,4R)-1-(chloro-
3- i -9-one | i th d obtai ned i 5
S op Bt Tk AR A B G ST 1S et byl ) Spi 0 14. 51

dec-S-3,11 am no) acetyl)-2- pyrrolidinecarbonitrile : The expected product
i s obtai neéjl acco;di‘ ng tq the procedure of Exanple 1, with the

Liemenlal microanacysis .
% C % H %N
Calculated  50.67 6.13 8.77
Found 50.47 6.05 8.47

EXAMPLE 35 : [9-({2-[(3S)-3-Fluoropyrrolidinyl]-2-oxoethyl}amino)-3-oxaspiro-
[5.5]undec~9-yljmethanol :

The expected product is obtained according to the procedure described in Example 1, with
10 the replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (3S)-1-(chloro-
acetyl)-3-fluoropyrrolidine in Step G.

EXAMPLE 36 : (9-{[2-Ox0-2-(3,3,4,4-tetrafluoro-1-pyrrolidinyl)ethyl}amino}-3-

oxaspiro[5.5jundec-9-yl)methanol:

The expected product is obtained according to the procedure described in Example 1, with
15 the replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with 1-(chloroacetyl)-
3,3,4,4-tetrafluoropyrrolidine in Step G.

% C % H %N
Calculated 53.40 6.85 7.33
Found 53.83 6.67 7.18



repl acenent of tetrahydro-2H pyran-4-carboxal dehyde with

cycl opent anecar boxal dehyde in Step A 10 EXAMPLE 39

:(2S)-1-11(2, 2- D oxo-2-thiaspiro[ 3. 5] non-7-yl ) am nol acetyl | - 2-
pyrrolidinecarbonitrile The expected product is obtained according to the
procedure described in Steps Ato D of Exanple 2, with the replacenent of
cycl ohexanecar boxal dehyde with 3-thi etage- 15 carboxal dchyde 1, 1 -di oxide
in Step A EXAMPLE 40:

ﬁﬁg’? L EXRRPIOE 370L lefg[e%(%ﬁ(ﬁ%&&mﬂmﬁm{i.sl%-onw.m&.hmorpgc-etmabom trile
- 5] undec- 3-yl am no) pr yardidijecaripyritrdei: di necarbonitrile p A: (2S) piro[5
The expected product is obtained according to the procedure described in
Step G of 20 Exanple 1, starting fromthe conpound obtained in Step C of
Exanpl e 2 "ﬁ{‘éciexfy&@d rodact i§ Bb@IHRAORIr@RY td 1-R¥Ediatd dHse@saarih Bxhaihid 1,8vith 38-
to B: (2S)-1-[3-(Spiro[5.5]undec-3 yl am no) propanoyl J-2 ' )
pyrrol i di nberepbeamentidf&-oxagpireléhilundechn-Shee axijer Cotitphsdgamonrd opeiaedad by
convertin tthg ﬁgggougqlobtained in the above Step 5 into a salt using
hydr ochl or1'® 88 ¢*¥MBSS ‘spectrometry : [M+ H + = 318. EXAWPLE 41
(2S)-1-((2RS) - 2-{19- (Hydr oxynet hyl ) - 3- oxaspi r o[ 5. 5] undec-9-yl ] -

am no} pr opanoyl -Z-Eyrrolidinecarbonitrile trifluoroacetate 10 The expected
product i mﬁﬁ&ia&%%)rb(ﬂg(ﬂadfmwmwtm@-&deﬁ?aﬂml@nﬂacmﬂ)n21 he

pyrrolidinecarbonitrile :

The expected product is obtained according to the procedure of Example 1, with the
replacement of tetrahydro-2H-pyran-4-carboxaldehyde with cyclopentanecarboxaldehyde
in Step A.

10
EXAMPLE 39 : (25)-1-{[(2,2-Dioxo-2-thiaspiro[3.5]non-7-yl)amino]acetyl}-2-

pyrrolidinecarbonitrile :
The expected product is obtained according to the procedure described in Steps A to D of
Example 2, with the replacement of cyclohexanecarboxaldehyde with 3-thietane-

15  carboxaldehyde 1,1-dioxide in Step A.

EXAMPLE 40 : (2S5)-1-[3-(Spiro[5.5]undec-3-ylamino)propanoyl]-2-pyrrolidine-

carbonitrile hydrochloride :

Step A : (25)-1-[3-(Spiro[5.5]undec-3-ylaminojpropanoyl]-2-pyrrolidinecarbonitrile

The expected product is obtained according to the procedure described in Step G of
20  Example 1, starting from the compound obtained in Step C of Example 2 and (2S)-1-(3-
chloropropionyl)-2-pyrrolidinecarbonitrile.



repl acenent of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with
(2S)-1-[(2RS) - 2- bronopropanoyl ]-2-pyrrolidinecarbonitrile in Step G 15
Mass spectronetry : [M+ H + = 350. EXAMPLE 42 :

(2R) - 1- ({[ 9- (Hydr oxynet hyl ) - 3- oxaspi ro[ 5. 5] undec- 9-yl ] am no} -
acetyl)-2-pyrrolidinecarbonitrile : 20 The expected product is obtained
according to the procedure of Exanple 138with the replacenent of
(2S)-1-(chl oroacetyl)-2-pyrrolidinecarbonitrile with (2R)-1-(chl oroacetyl)-
2-pyrrolidin onibej b e2laq,; | 56 ] na LS dinec

Cal cul ated 64 b8. 7(:%5)I 1}2?35§$”|§;£%%§EO§ 8. %Jp fg'].”%{loQ ?S%yrz%?dl\l/rﬁef@l@n%\l ,
(2RS) - 4, 4- Di f | uor o- IfALBloftlzdr oxynet byl ) - 3- oxaspi ro[ 5. 5] undee-9 ylj am no)
acetyl)-2-pyrrolidinecarbonitrile The expected product is obtained
according to the procedure of Exanple 1, with the replacenent of

(29)-1-( Chf}%@c?@@t&d/ bloddc i lobRlinedi H}e&ﬁbg@iﬂ?tﬂﬁé EnYduind bR ih-the bSieBtep
acetyl)-4,4-difluoro-2-pyrrolidinecarbonitrile in Step G El enental

m cr oaral vsiosa saltwsOgdaydroriric@gideul at ed 58.21 7.33 11.31 Found 57.46 7.41
10. 94 EXAMPLE 44:

(2R) -4, 4-Di nuoro-1-(1[ 9- (bydroxynet hyl ) - 3- oxaspi ro[ 5. 5] undee-9- yll am no)

EXAMPLE 41 : (25)-1-((2RS)-2-{[9-(Hydroxymethyl)-3-oxaspiro[5.5]undec-9-yl}-

amino}propanoyl)-2-pyrrolidinecarbonitrile trifluoroacetate
10
The expected product is obtained according to the procedure of Example 1, with the
replacement of (2S)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (2S)-1-[(2RS)-2-
bromopropanoyl}-2-pyrrolidinecarbonitrile in Step G.

15 Mass spectrometry : [M + H]+ = 350.

EXAMPLE 42 : (2R)-1-({[9-(Hydroxymethyl)-3-oxaspiro[5.5jundec-9-yljJamino}-

acetyl)-2-pyrrolidinecarbonitrile :

20  The expected product is obtained according to the procedure of Example 1, with the
replacement of (25)-1-(chloroacetyl)-2-pyrrolidinecarbonitrile with (2R)-1-(chloroacetyl)-
2-pyrrolidinecarbonitrile in Step G.

% C % H %N
Calculated 64.45 8.71 12.53
Found 64.04 8.75 12.21



chromat ography of the racem c conpound of Exanple 43. Akh~inp it: 128 C
PHARVACOLOG CAL STUDY OF THE COVPOUNDS OF THE | NVENTI ON  EXAMPLE 45:

I nhi bition of dipeptidyl-peptidase IV in pig kidney 15 Preparation of the
menbrane fraction of pig kidney Pig kidney tissue (large white pig, 2 to 3
nont hs' ol d) was honogenised (5 g of tissue in 15 m of Tris buffer (I
14nmN4, pH 7.8-8)) and then centrifuged-a89v-150000 x g for 30 mn, at 4'C
The peIIet was taken up in 15 m of buffer and re-centrifuged at 150000 x g
for m t I I od in
15 m ot HAMPLE s PR DR U BRI L SlaspRpsiohaeyn 11
anbi ent tenperature. Afllaarincjenetyl)f2+gutrotidinesarbbddoid® x g for 30 mn. at
4' C, the supernatant was dial ysed (MACO 12-14000) against 114mM Tris pH
7.8-8, and then divided into aliquots at -80'C. -40- Measurenent of

di pepti dvl T}{%eé’iﬂegﬁaeprb&{lc(t PR btaedaddoYdihy -to THE pedreiivat étCEﬁé?rhpl\él 1,ywitB the
measured by cl eavage of a chronopgenic substrate, glycyl-prol

p- ni t r oanitepldeeniadt y-oPr 629NAfchlagbadehd)- Zapyrrphdinmdooamle( pWﬁht KZ\;%) 1(¢hdgro- t he

latter _is e absor.banc 405 ! The activity is measured in
the absencd&® ?@‘%gﬁgFOWB'RWF gwﬁmggeﬁggnb “RG0 of the inhibitors, using
10 ~LI of the pig kidney preparation (0.81 mJ, 11U =1 ~Lnol of pNA
product/mn. at 37C). Incubation is started by adding the substrate (250
~tl), di ss@?ﬂlé’daimlq???r@)ﬂaffer (1 14n1\/p pH 7.8-8, over a period of 60 mn.
at 37C. For the products dissolved g,i-di nethyl sulgphexide, the final
concentration of the latter did not fO exceed O. 37@6 The results were
expressed as a percentagerhmhheicoﬁSQéI and3the VC80 values (effective
dose for 50% i nhibition of the contr acti det er mi ned usi ng
non-1inear anal ysis betweer " dnd 168@6 ZﬂkPadm2&?§n1version 4.01 for
W ndows). Each neasurenent was carried out i n quadruplicate and each | C50

determ nati on was
EXAMPLE 44 : (2R)-4,4-Difluoro-1-({[9-(hydroxymethyl)-3-oxaspiro[5.5]Jundec-9-

yllamino}acetyl)-2-pyrrolidinecarbonitrile

10 The expected product is obtained by separation by preparative chiral HPLC

chromatography of the racemic compound of Example 43.

PHARMACOLOGICAL STUDY OF THE COMPOUNDS OF THE INVENTION

EXAMPLE 45 : Inhibition of dipeptidyl-peptidase IV in pig kidney

15 Preparation of the membrane fraction of pig kidney

Pig kidney tissue (large white pig, 2 to 3 months' old) was homogenised (5 g of tissue in
15 ml of Tris buffer (114mM, pH 7.8-8)) and then centrifuged at 150000 x g for 30 min. at
4°C. The pellet was taken up in 15 ml of buffer and re-centrifuged at 150000 x g for
30 min. at 4°C. With stirring, the resulting pellet was dissolved in 15 ml of buffer with

20  60mM n-octyl-B-glucopyranoside for 30 min. at ambient temperature. After centrifugation
at 150000 x g for 30 min. at 4°C, the supernatant was dialysed (MWCO 12-14000) against
114mM Tris pH 7.8-8, and then divided into aliquots at -80°C.



carried out froml to 5 tinmes. 15 The results obtained (geonetric nmean of
the 1C50s) for the conpounds representing the invention are conpiled in
the foll owi ng Table: Conpound IC50 DPP IV (nM Exanple 1 76.1 Exanple 5
68.5 Exanple 6 27.2 Exanple 8 23.0 Exanple 17 43.6 Exanple 18 3.5
Example 20 73.1 Exanple 23 27.0 Exanple 28 171 Exanple 29 31.6 Exanple
30 20.5 -41- The above results show t hat40t-he conpounds of the invention are
potent inhibitors of DPP W EXAMPLE 46: Pharnmaceutical conposition
Formul ati on for the preparation of 1000 tablets each containing a dose of
10 ng 5 conmpound of Exanple I ............... 7
.......... Measurement of dipeptidyl peptidase IV (DPR IV) activity.:, . . . ... ........ccvvunun. ..

109 hf(h%re%)é L0 Xcltivcl:tg'\llils umle(a%ssuer"ed by cleavage of a chromogenic substrate, glycyl-prolyl-

---------- 1U =.1 pmol of pNA. product/min. at.37°C)..Incubatiod @0st@ted by adding the substrate
(250 pl), dissolved in Tris buffer (114mM) pH 7.8-8, over a period of 60 min. at 37°C. For
the products dissolved in dimethyl sulphoxide, the final concentration of the latter did not

10 exceed 0.37%. The results were expressed as a percentage of the control, and the ICsq
values (effective dose for 50% inhibition of the control activity) were determined using
non-linear analysis between 0 and 100%, (GraphPad Prism version 4.01 for Windows).
Each measurement was carried out in quadruplicate and each ICs;, determination was
carried out from 1 to 5 times.

15
The results obtained (geometric mean of the ICsos) for the compounds representing the

invention are compiled in the following Table:

Compound 1C5o DPP 1V (nM)
Example 1 76.1
Example 5 68.5
Example 6 27.2
Example 8 23.0
Example 17 43.6
Example 18 3.5
Example 20 73.1
Example 23 27.0
Example 28 171
Example 29 31.6
Example 30 20.5




magnesi um st ear ate

......................................................... 3 g -42- CLAI M5
1. Compound of formula (I) : X, ImM nd4dinl Q( nz R ~ (ml (1) NR2 Ak N
z/ X3 R3 wherein 5 X, represents an atom or group sel ected from CR4aR
b, 0, S(Ophe ahsleNRRults VIR ithat B8 RhoTARy oML hvBRYorP@rd f6lhi Gibifdks of
different, each represent a hydrogen atomor a l|linear or branched

Cl - Coal ky|DBP dVip, or R4a and Rob together form with the carbon atom
carrying them a C3-Crcyc]oal kyl group, 10 gi represents zero, | or 2, and
R5 represents a hydrogen atomor a |inear or branched Cil-C6al kyl group
optional | yYEXAWPBL E{46!:GthaPihaceltycll eémpBsifis, ™M represents zero or an
integer of Trom1 to 4 inclusive, N2 represents an integer of froml to 4
inclusive, 15 nl and n2, which may be identical or different, each
represent an integer of froml to 3 inclusive,

Formulation for the preparation of 1000 tablets each containing a dose of 10 mg

5 compound of EXample 1 .cooooiiiiiiiiiiiiiiei et 10g
hydroXypropyl CEIIULOSE ....ccccuuviiiiiiiiiiieete et s e e e sra e b 2g
WRHEAL STATCH ... et e e ertbe e e taeeerae e enee s 10g
JACTOSE ..t eeeeeeet ettt et e et e et e e st e et et e be e e s e et eeeare e e tb e e e ebaea e et enbaeenrreenneean 100 g
TNAZGNESIUI SEEATALE. ......eiutiieiiiitieie ettt e e te st e rte et e e s et e sabe e seeseeanaesmse e et ennaens 3g

1O 8J0 ittt e et abe e e te e e tre e bbesraearaesraereaeneesteeeane 3g



R1 represents a hydrogen atomor a group selected from carboxy, |inear or
branched C1-C6al koxycarbonyl, carbanoyl optionally substituted by 1 or 2
| i near or branched Cl1-C6al kyl groups, and linear or branched Cl-C6al kyl
optionally substituted by a 20 hydroxy group or by an am no group
optionally substituted by 1 or 2 linear or branched Ci1-C6al kyl groups, R2
represents a hydrogen atomor a |linear-é2-branched CrC6al kyl group, -43 4
Ak represents a linear or branched Cl-C4al kyl enc chain optionally
substituted by one or nore hal ogen a¢tpggms" p represents zero, | or 2, O
R3 represents a hydrogen atomor a cyano group, 5 * X2 and X3, which may be
identical or different, each represent either a S(O ~2 group, wherein g2
represents zero, | or 2, or a CR62R6b group, wherein R6. and R15b, which
may be identical or different, each represent a hydrogen atom or a hal ogen
atom or HE. CorPbiRBeMbEm@alifydr ogen at om and R6b represents a hydroxy
group, its isoners, where they exist, and its addition salts with a
pharmaceutically acceptable acid. to 2. Conpound of formula (1) according
to claim1, wherein X r resgnts an oxygen atom or a -CH2- 90UP 3.
Conpound of formula (1) according to claim1 or 2, wherein m and M2 each
represent | or 2. 15 4. Qo g of formula (1) according to any one of
clains | to 3, wherein ni angd n?2 each gepresent | or 2 and are identical.
X1 ).1 5. Conpound of formnul@®y; &ccor inqjgg\clain1lwnmherein (r-r)-l

N

represents a
P NR;— Ak f&
> X3
R3

wherein :

5 ¢ X represents an atom or group selected from CR4 R4, O, S(O)q1 and NRs,

wherein Ry, and R4, which may be identical or different, each represent a hydrogen
atom or a linear or branched C;-Csalkyl group,
or R4, and Ry, together form, with the carbon atom carrying them, a Cs-Cscycloalkyl
group,

10 q: represents zero, 1 or 2,
and R; represents a hydrogen atom or a linear or branched C;-Csalkyl group optionally
substituted by a hydroxy group,

+ m, represents zero or an integer of from 1 to 4 inclusive,

* m; represents an integer of from 1 to 4 inclusive,

15+ mn; and ny, which may be identical or different, each represent an integer of from 1 to 3
inclusive,

+ R, represents a hydrogen atom or a group selected from carboxy, linear or branched
C,-Cesalkoxycarbonyl, carbamoyl optionally substituted by 1 or 2 linear or branched
C;-Cesalkyl groups, and linear or branched C;-Cgalkyl optionally substituted by a

20 hydroxy group or by an amino group optionally substituted by 1 or 2 linear or branched
C,-Cealkyl groups,

* Ry represents a hydrogen atom or a linear or branched C;-Csalkyl group,



1.2 1 group selected fromOQc <1 000< and 00< 6. Conmpound of forrmula (1)
according to any one of clains | to 5 wherein R2 represents a hydrogen
atom -44- 7. COMPOUDd of formula (1) according to any one of clainms | to
6, wherein AK represents a -CH2- group 8. Conpound of fornula (1)
according to any one of clainms | to 7, wherein p represents 1. 5 9.
Compound of formula (1) according to any3ene of clains | to 8 wherein R3
represents a cyano group. 10. Conpound of formula (1) according to any one

of clainms Jd fife hRRERARN LS, alb bR HRAT A1 WBstitdidd bGFoRBerHNd
of formula (Ei\?rg%rg%@gsirgﬁé t%ggnyﬁine@c}f@gl :a}t)i%rrs CI tc())Beiigr,1 V\yﬁgrg}tn XB% ,

represent s amoOR6hdRegengt@ng. 15 12. Conpound of forrmula (1) according to
claims 9, 10 and 11t in i%h the configuration of the carbon carrying the
R3 group i's ?éﬁpresfﬁ.szﬁnongé)ﬁ d of fornula (1) according to claim?9, wherein

X2 or X3 repr ¢sen@ adyPogén adnPsia &Rdo bhgipconfi gurati on of the carbon
carrying the gﬁﬁroup isy@% . 20 14.@%0Cg§§urﬁ)d of fornmula (1) according to

claim 5 wti cPiziagg%»t adichampy bmidensicalolr dieregt. cednisprasery:either 2 §fO)e2 grqupy
9- (hydroxy ne%vplgrle?n_ c%_rgﬁ(r%ésé?ﬁsr z%rtg,sl' 05r 2], 4p 9 %?(63{_6?,/ lgllou%%ﬂcgr)ein%fgmi i{;b? which may
be identical or different, each represent a hydrogen atom or a halogen atom, or Rg,

represents a hydrogen atom and Rep, represents a hydroxy group,
its isomers, where they exist, and its addition salts with a pharmaceutically acceptable acid.

10 2. Compound of formula (I) according to claim 1, wherein X; represents an oxygen atom

or a —-CH»— group.

3. Compound of formula (I) according to claim 1 or 2, wherein m; and m; each represent
1 or2.
15
4. Compound of formula (I) according to any one of claims 1 to 3, wherein n; and n, each

represent 1 or 2 and are identical.

Xl———( )ml

5. Compound of formula (I) according to claim 1, wherein (bmz () represents a

( ;lll

group selected from 0C><:><, O<:>< OC>0< ,

6. Compound of formula (I) according to any one of claims 1 to 5, wherein R, represents a

hydrogen atom.



pyrrolidinecarbonitrile, and its addition salts with a pharmaceutically

acceptable 25 acid; - (25)- | -Q[3 -(hydroxynethyl)spiro [5.5 Jundec-3
-yl Jarnino | acetyl)-2-pyrrolidine- carbonitrile, and its addition salts
wi th a pharmaceutically acceptable acid; - (25)- 1 -((

[ 2- (hydroxynmethyl )spiro [3.4] oct-2-yl] amno |acetyl)-2-pyrrolidine-
carbonitrile, and its addition salts w-t4d-a pharmaceutically acceptable
acid; 30 -

(4R) - 3-[ (s C%ﬁo@d%ﬂ%ﬁmﬁa%baé&&ﬁ?x@%taﬂ% bnd oBclalha? @ b AvRGeif- Lardestehtsi | e,

and its addition salts wth a pharraceutically acceptable acid; -45-

2- ((2-[(2S) -2-CHangoypr ol i di nyl ] -2-oxoethyl | aTni no)spiro[ 3. 3] hept ane- 2-
carboxam de, and its addition salts with a pharnaceutically acceptable

acid; (29)- 1 -Q[(2-(2-hydroxym ethyl)-7-oxaspiro [3.5]non-2-yl ]am no)
acetyl) - 2- 8 pgémpbiri JTEHERAKL () béddr@ing 8hyi drne F@hithk 0o $akhd&einiptdp@sents 1.

phar maceutically acceptable 5 acid; (2 S,4 S)-4-fluoro- 1 -(1 f9-(hydroxyn1
ethyl )-8 -oxaspiro [ 5.5 Jundec-9-yll am no) -

acetyl)-2-py |.i.din b - 4B i < 1 i.somer
ooty il e A TBRAR '(%a%&%{)?%ﬂ%%i#&é@gu i%%ﬁ‘?;ﬁééck%?rsﬁﬁz‘? raeé%?ﬂég
(2S) -4, 4-di féyads gedup( 1[ 9- (hydr oxynet hyl ) - 3- oxaspi r o[ 5. 5] undec-9-yl ] aTni no
10 acetyl)-2-pyrrolidinecarbonitffle, and its addition salts with a
pharmaceutically acceptable acid; and (4R -3 -(([9-(hydroxynethyl)-3

-oxaspiro {@.- éoﬂlg&gﬂcdfgibl}ﬁluha ?lgiﬁg&rding@@ﬁlw dne ofloladms 1 to 9, wherein X, represents

t hi azoli di ne-4-carbonitrile, its-addi'tion salts with a pharnmaceutically

accept #bl e acd GReRo gr6up.Process for the synthesis of conpounds of formula
(1) according to claim1l starting froma conpound of formula (11)

11. Compound of formula (I) according to any one of claims 1 to 10, wherein X3

represents a CRg.Rep group.

15 12. Compound of formula (I) according to claims 9, 10 and 11, in which the configuration

of the carbon carrying the R3 group is (S).

13. Compound of formula (I) according to claim 9, wherein X, or X3 represents a S(O)q2
group and the configuration of the carbon carrying the R3 group is (R).
20
14. Compound of formula (I) according to claim 1 which is selected from the following
compounds :
- (2S)-1-({[9-(hydroxymethyl)-3-oxaspiro[5.5 Jundec-9-yl]Jamino } acetyl)-2-
pyrrolidinecarbonitrile, and its addition salts with a pharmaceutically acceptable
25 acid;
- (25)-1-({[3-(hydroxymethyl)spiro[5.5Jundec-3-ylJamino} acetyl)-2-pyrrolidine-
carbonitrile, and its addition salts with a pharmaceutically acceptable acid;
- (25)-1-({[2-(hydroxymethyl)spiro[3.4]oct-2-yl]amino } acetyl)-2-pyrrolidine-
carbonitrile, and its addition salts with a pharmaceutically acceptable acid;
30 - (4R)-3-[(spiro[5.5]undec-3-ylamino)acetyl]-1,3-thiazolidine-4-carbonitrile, and its

addition salts with a pharmaceutically acceptable acid;



(n) X~( 24 0 wherein X1, ML, M2, n, and n2 are as defined in claim1,

which is converted to a conmpound of fornula (111) .2 R X[~ NE2 wherein
Xj,M, M, rij, n2 and R, are as defined in claiml1l, which is reacted with

a conmpound of formula (1V) -46- 0 Y-AK Nx 1 2 (fV) X3 R 3 wherein Ak~

p, R3, X2 and X3 are as defined in claiml and Y] represents a |eaving
group, to yield conmpounds of fornula (l-&p,- a particular case of the
conpounds of fornmula (1) wherein R2 represents a hydrogen atom xq( ),

| (1la)

10

15

20

M N-AK N o9 1 (dbY.2-@yandiByrrolidinyl]-2-oxoethyl } amino)spiro[3.3Theptane-2-

carboxamide, and its addition salts with a pharmaceutically acceptable acid;

- (29)-1-({[(2-(2-hydroxymethyl)-7-oxaspiro[3.5]non-2-yl]amino } acetyl)-2-
pyrrolidinecarbonitrile, and its addition salts with a pharmaceutically acceptable
acid;

- (25,4S)-4-fluoro-1-({[9-(hydroxymethyl)-3-oxaspiro[ 5.5 Jundec-9-yl]amino } -
acetyl)-2-pyrrolidinecarbonitrile, its (2S,4R) isomer, its (2R, 4R) isomer and
addition salts thereof with a pharmaceutically acceptable acid;

- (25)-4,4-difluoro-1-({[9-(hydroxymethyl)-3-oxaspiro[5.5jundec-9-yl Jamino} -
acetyl)-2-pyrrolidinecarbonitrile, and its addition salts with a pharmaceutically
acceptable acid;

- and (4R)-3-({[9-(hydroxymethyl)-3-oxaspiro[5.5Jundec-9-yl]amino } acetyl)-1,3-
thiazolidine-4-carbonitrile, and its addition salts with a pharmaceutically

acceptable acid.

15. Process for the synthesis of compounds of formula (I) according to claim 1 starting

from a compound of formula (II) :

X;——G Jm

(O € a1 y

( )nZ
O

wherein X;, m;, my, n; and n; are as defined in claim 1,

which is converted to a compound of formula (IIT) :
Xl__—( )ml

( 7\n12 € )nl (IH)

( )n2 R1
NH

2

wherein X;, m;, m,, n;, n, and R, are as defined in claim 1,

which is reacted with a compound of formula (IV) :



3 wherein X1, m, n2, nj, n2, R, Ak, p, R3, X2 and X3 are as defined in
claim1, which, when it is desired to obtain conpounds of fornula (1)
wherein R2 is other than a hydrogen atom is reacted with a conmpound of
formula (V) 10 Y2 R 2 (V) wherein Y2 represents a |eaving group and R 2
represents a linear or branched Cl -C6- al kyl group, to yield conpounds of
formula (1b), a particular case of the-d6apounds of formula (1) wherein R2
represents a |linear or branched CI -C6al kyl group )-1 X~0 ~2 -R1I '~
"("~ (1b) NW--AK Nx / 2 X3 3 -479 wherein XI, M, M, nj, n2, R, Ak, p,

R3, X2 and Xj are as defined in clajm!l d R2 is as defined ,
her ei nbef ore, which conpounds of f ( §) and Q;b), whi ch constitute
the totality of the conmpound¥i 5%bf for Ia/fl), Are purified according to
a conventional purification technique, xoptionally separated into their

optical isonmers according to a convenﬁ'onal separation technique and, if
desired, are converted into addition salts with a pharmaceutically

acceptabl e aCiv&%erein Ak, p, Rj, X; and X; are as defined in claim 1 and Y, represents a leaving

group,

to yield compounds of formula (Ia), a particular case of the compounds of formula (I)

5 wherein R; represents a hydrogen atom :
Xl_—é )ml
( >n12 ( )nl
0]
Oz R, /H\ /9\)“{ (Ia)
N—Ak N X,
H /

wherein X, m;, my, ny, 0y, Ry, Ak, p, R3, X; and X; are as defined in claim 1,

which, when it is desired to obtain compounds of formula (I) wherein R is other than
a hydrogen atom, is reacted with a compound of formula (V) :
10 Y,-R" V)
wherein Y represents a leaving group and R'; represents a linear or branched C;-C-

alkyl group,

to yield compounds of formula (Ib), a particular case of the compounds of formula (I)
wherein R; represents a linear or branched C;-Cgalkyl group :

Xl__( )ml
(

A
g
2
=

Y
Jm2

O R, ///L[\\\ PN (Tb)

15 }



16. Pharmaceutical conposition conprising as active ingredient a conpound
according to 10 any one of clains | to 14 in conbination with one or nore
pharmaceutically acceptable, inert, non-toxic carriers. 17. Use of a
conmpound according to any one of clainms 1 to 14 for the manufacture of

medi canments for use as dipeptidyl-peptidase IV inhibitors. 18. Use of a
conpound according to any one of clains4T-to 14 for the manufacture of 15
medi canents for use in the treatnment of glucose intol erance and of

di sorders —assgef K¢ lwltn@ Y RETY, Wkag k2., b3d ke & ddinc@ipeuif 1388/ Ai ng
to any one of clainms | to 14 for the manufacture of nedicaments for use in

t he treat ment isofs defiped Hereigdbefoet, es. 20

which compounds of formula (Ia) and (Ib), which constitute the totality of the compounds
5  of formula (I),

are purified according to a conventional purification technique, are optionally separated

into their optical isomers according to a conventional separation technique and, if desired,

are converted into addition salts with a pharmaceutically acceptable acid.

16. Pharmaceutical composition comprising as active ingredient a compound according to
10 any one of claims 1 to 14 in combination with one or more pharmaceutically

acceptable, inert, non-toxic carriers.

17. Use of a compound according to any one of claims 1 to 14 for the manufacture of

medicaments for use as dipeptidyl-peptidase IV inhibitors.

18. Use of a compound according to any one of claims 1 to 14 for the manufacture of
15 medicaments for use in the treatment of glucose intolerance and of disorders

associated with hyperglycaemia.

19. Use of a compound according to any one of claims 1 to 14 for the manufacture of
medicaments for use in the treatment of type II diabetes.

20



