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Di peptidyl peptidase-IV (DPP-1V) is a serine protease which cl eaves
N-terminal dipeptides froma peptide chain containing, preferably, a
proline residue in the penultimate position. Although the biological role
of DPP-1V in mammalian systens has not been conpletely established, it is
believed to play an inportant role in neuropeptide netabolism T-cell
activation, attachment of cancer cells to the endotheliumand the entry of
HV into |ynphoid cells. N-SUBSTTEUTERZoGYANQPYBROLIMNESat i ng

gl ucagon-1li ke peptide-1 (GP-1). Mre particularly, DPP-1V cleaves the
am no-termnal His-Ala dipeptide of GLP-1, generating a G.P-1 receptor

ant agoni st, and thereby shortens the physiol ogical response to GP-1. Since
the half-1ifgsdr DPP-1V cleavage is nuch shorter than the half-life for
removal of GEP"'l from

The present invention relates to N-substituted 2-cyanopyrrolidines. More particularly,
it provides novel N-glycyl-2-cyanopyrrolidine derivatives.

Background

Dipeptidyl peptidase-IV (DPP-IV) is a serine protease which cleaves N-terminal
dipeptides from a peptide chain containing, preferably, a proline residue in the penﬁltimate
position. Although the biological role of DPP-IV in mammalian systems has not been
completely established, it is believed to play an important role in neuropeptide metabolism,
T-cell activation, attachment of cancer cells to the endothelium and the entry of HIV into
lymphoid cells. DPP-IV is responsible for inactivating glucagon-like peptide-1 (GLP-1).
Moré particularly, DPP-IV cleaves the amino-terminal His-Ala dipeptide of GLP-1, generating
a GLP-1 receptor antagonist, and thereby shortens the physiological response to GLP-1. Since
the half-life for DPP-IV cleavage is much shorter than the half-life for removal of GLP-1 from
cn'culatlon, a significant increase in GLP-1 bloactmty (5- to 10-fold) is anticipated from
DPP-IV inhibition. Since GLP-1isa major stimulator of pancreatic insulin secretion and has
direct beneficial effects on glucose disposal, DPP-IV inhibition appears to represent an

" attractive approach for treating non-insulin-dependent diabetes mellitus (NIDDM).

Although a number of DPP-IV inhibitors have been described, all have limitations
relating to potency, stability or toxicity. Accordingly, a great need exists for novel DPP-IV
inhibitors which are useful in treating conditions mediated by DPP-IV inhibition and which do
not suffer from the above-mentioned limitations.
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di sposal, DPP-1V inhibition appears to represent an attractive approach
for treati ngv@esil9¥8sul i n- dependent di abetes mel litus (N DDWCTEPITA6LZS _
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Detailed description
The invention concerns N-(N’-substituted glycyl)-2-cyanopyrrolidines, hereinafter

briefly named "the compounds of the invention"; more particularly, it concerns compounds

of formula I:
H\ 0 \\CN
N\)J\ 3y 1

wherein R is:
a) R;R;:N(CH;)y- wherein
R, is a pyridinyl or pyrimidinyl moiety optionatly mono- or independently
disubstituted with (C,4)alkyl, (Ci.s)alkoxy, halogen, trifluoromethyl,
cyano or nitro; or phenyl optionally mono- or independently disubstituted
with (C;.4)alkyl, (C;.¢)alkoxy or halogen;
Ry, is hydrogen or (C,.¢)alkyl; and
mis2or3;
b) (Cs1)cycloalkyl optionally monosubstituted in the 1-position with (C;.3)hydroxyalkyl;
¢) Rz(CH;),~ wherein either .

R; is phenyl optionally mono- or independently di- or independently trisubstituted
with (C).¢)alkyl, (C,.4)alkoxy, halogen or phenylthio optionally monosubstituted
in the phenyl ring with hydroxymethyl; or is (C;.s)alkyl; a [3.1.1Jbicyclic
carbocyclic moiety optionaily mono- or phurisubstituted with (C;.g)alkyl;



[err] . wherein Ris:;a) Rerr]Rerr]N(CHerr])[err] wherein

Rlerr] is a pyridinyl or pyrimdinyl noiety optionally nono- or

i ndependent |y dlsubstltuted W th (C[err])al kyl ,
(err])al koxy, halogen, trifluoronethyl, ano or
nitro; or pHE@YsN%¥R ional |y mono- or independent!y dlsubstl'E‘EH”E"c?

with (CJerr])alkyl, (Cerr])al koxy or halogen Rerr] is
hydr ogen or (C[err])al kyl ; and -3- mis 2 or 3; b)

(Clerr])cycloal kyl optionally nonosubstituted | n the 1-
(Cerr])hydroxyal kyl ; 2pypdinykormaplthylspeiety ophenallymaner of i ?%@mgygs“bs“md

Rl err] is phenyl opti ~ £ QQW I
trisubstituted méd“ ’t(ﬁ 4?% err )%@g&f Wcz%teg?ﬂr& Snlal koxy, pﬁgﬁ oéen

or Ehﬁnél thio oEt : omdb Ilyoﬂmnnsubst i tuted in the phenyl ring

W t ydr oxynet hyl ; or._i.s err | kyl: a.[,3.1.1]Di ' .

carbocyclic noiety Jgt'ﬁm&&/%h%}g %3“%@#%&4‘3@@“%%“{%%&%‘% kyl ;
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a pyridinyl or naphtMi§Rokdi ety optionally nmono- or i ndependent I y

608t 1 11 .yl A b it
Rlerr] is phenoxy optionally rmno- or mdampmﬂydnub';utubéwhtht((:tai)ﬂbd, with
(Clerr])alkyl, (Cerrjoalkoxy ofjhalogen. and
e) R4(CHy),~ wherein R4 is 2-oxopyrrolidinyl or (C;4)alkoxy and
pis2to4; .

f) isopropyl optionally monosubstituted in 1-position with (C;.)hydroxyalkyl;

g) Rs wherein Rs is: indanyl; a pyrrolidiny! or piperidinyl moiety optionally substituted with
benzyl; a [2.2.1]- or [3.1.1]bicyclic carbocyclic moiety optionally mono- or
plurisubstituted with (C,.s)alkyl; adamantyl; or (C,.s)alkyl optionally mono- or
independently plurisubstituted with hydroxy, hydroxymethyl or phenyl optionally mono-
or independently disubstituted with (C;.4)alkyl, (C,4)alkoxy or halogen;

in free form or in acid addition salt form.

The compounds of formula I can exist in free form or in acid addition salt form. Salt
forms may be recovered from the free form in known manner and vice-versa. Acid addition
salts may e.g. be those of pharmaceutically acceptable organic or inorganic acids. - Although
the preferred acid addition salts are the hydrochlorides, salts of methanesulfonic, sulfuric,
phosphoric, citric, lactic and acetic acid may also be utilized. '

The compounds of the invention may exist in the form of optically active isomers or
diastereoisomers and can be sepérated and recovered by conventional techniques, such as
chromatography.

"Alkyl" and "alkoxy" are either straight or branched chain, of which examples of the
latter are isopropyl and tert-butyl.

R preferably is a), b) or €) as defined above. R, preferably is a pyridinyl or pyrimidinyl
moiety optionally substituted as defined above. R;, preferably is hydrogen. R; preferably is
phenyl optionally substituted as defined above. R; preferably is unsubstituted phenyl.



nis 2,or 3, d) (Rerrl)[err]CHCH err])[err] wherein each Rerr]
I ndependently is phenyl optionally nono- or
i ndependent |y disubstituted with (C[err}])alkyl ,

(derr])al koxy or hal ogen; e) R[err](CH[err])[err] wherein R err
2- oxopyrrol iMORYI9% ([ err])al koxy and Rl[ 'b“?% 2 to

4; f) isopropyl optionally nonosubstituted |n l-position with
(err])hydroxyal kyl; g) R err] wherein R[ |s i ndanyl ; a pyrrolldlnyl
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plurisubsti t%ﬁ%‘g‘agﬁf&glﬂsrﬂ )rApréiétablyid 2 '0R D eépecid 2( o féfetabl is2lor apt i onal I'y

nono- or pendently piurisubstituted with hydroxy, hydroxynet hyl
or phenyl optespacially $. mono- or independently di substltut ed with

(derr])al kyl, (Cer.nl)al koxy, ar hal |on
salt form Pe""d&%g H’ggd'%g% %ﬁrafb{yegg%s%é%u;& ?Regbs?orm or
in acid addi tgreferablylih 5iposidon. Pyrimidihghpreferably ibpyringidinv2syle dt ;frefembmeuﬁsubmniteﬂ m
i n known manner and vice-versa. Acid addition salts n be,, tho of
phar maceut i c Arimengsubstimied; W@PBHMG‘R?F‘“PHOW a&é‘?‘ﬁ m}leﬁfstfg ﬁ’éde

preferred aci | a?&éeﬁ ﬁ;llh ¥§1’e& , salts of

met hanesul forﬁg' ﬁﬂﬂhu#lfaﬂﬁc sphori c, tric, act ic and acetic aci d may
al so be utili zed When it is subsﬁhmmpmymm&r@lymmnammthQMbsnque
form of optlc actlve e C e ,S ated
and. T ecover cd Ry IGHRYHEEHR ot or AV I BRBER plRlinefin g7 o i

"Al kyl" and 51{,&;_@% es@écﬁalgllhhqfosﬁbﬁal ght or branched chaln of WhICh
exanples of the latter are isopropyl and tert-but B“eferably

is a), b) or e) as(CdB)W erabliseyciopeptykar c¥Hp l{?’xy’s When it is gnbgjifutes,
pyri mi di nyl lpmbg er ﬁ(m%yef e¥'5ﬁﬂ'?‘d (eﬁ.,)ﬁﬁ&eyr}ﬁ&eﬁbg\asof R&ez &drbon

preferably | gen 'y i's eny optional Iy substituted
as defined abawvs, xmmcla]ly e reéthoxyb | (F2-d)alkoxyprefe ofB ¢ateon atoms, it especially is -

isopropoxy. Halogen is fluorine, chlorine, bromine or 1odme, preferably fluorine, chlorine or
bromine, especially chlorine. (C,.s)alkyl preferably is of 1 to 6, preferably 1to4or3to 5,
especially of 2 or 3 carbon atoms, or methyl. (C;.4) alkyl preferably is methy] or ethyl,
especially methyl. (C,.3)hydroxyalkyl preferably is hydroxymethyl. |

A [3.1.1]bicyclic carbocyclic moiety optionally substituted as defined above preferably
is bicyclof3.1.1}hept-2-yl optionally disubstituted in 6-position with methyl, or
b1cyclo[3 1.1}hept-3-yl optionally trisubstituted with one methyl in 2-position and two methyl
groups in 6-position. A [2.2.1]bicyclic carbocyclic moiety optionally substituted as defined
above preferably is bicyclo[2.2.1]hept-2-yl.

Naphthyl preferably is 1-naphthyl. Cyclohexene preferably is cyclohex-l-en-l-y]
Adamantyl preferably is 1- or 2-adamantyl.

" A pyrrolidinyl or piperidinyl moiety optionally substituted as defined above preferably is

pjrrdlidin-3-yl or piperidin-4-yl. When it is substituted it preferably is N-substituted.

(e}
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Rlerr] preferably is alkoxy as defined above. Rlerr] preferably is
optionally substituted al kyl as defined above. m prefer abll}/ is 2. n
preferably WO especially 2. p preferably is 2 or 3 F¥CTAEFSUMNMIZ -y 3.
Pyridinyl preferably is pyridin-2-yl; it preferably i's unsubstituted or
nmonosubstituted, preferably in 5-position.-3Pyrinidinyl preferably is
pyrimdin-2-yl. It preferably is unsubstituted  or nonosubstituted,

preferably in 4- pddrefewed sonp pEgompeunds of thecinyention if the 'FQSPP‘}S‘WWffﬁW‘ﬂ%d

pyrim dinyl specially chlorine.
When it is S%E?%&gg;tc% éﬁ‘;i/&?dsgrg &Hr&gg?y |§s nonosubstituted; it preferably

i s substitut eRy/NH(CHpawheein Rp lsqiyﬂdmbl gpnoiﬂlb'nnmm- onndepndwﬂy distbistituted with

preferably is substltuted in 2- 05|t|on eci

4-posi ti on. (Clerr]) cydpls ﬁé b?yyn?gf@%ﬁgm%ﬁl%t?ﬁ

cycl ohexyl . V\hen it is substi tutpgg,mdj,“ preferably is substituted wth
hydroxynethyl . (Cerr])al koxy preéfer ably is of 1 or 2 carbon atomns, it
especially is (ﬁm) @mqummpstmtedwams;nmgv@f (G wdrosyalkylons, i t

especially is uorine, chlorine, bromne or

i odi ne, pref er%‘b@%l o7 he %MOZ( ’o(J’r brom ne, especially chlorine.
(derr])al kyk Ry;whaemysasdeﬁhedzhomﬁ preferably 1 to 4 or 3 to 5,
especially of of 3 carbon atons, rrethyl. (Cerr]) alkyl preferably is
met hyl or et'I‘Fyﬁ"=c OH8 OB agt FP°"PC[ err]) hydroxyal kyl preferably is
hydr oxymet hyl . A[3.1. 1] bi cyclic carbocyclic noiety optionally
substituted as defined above preferably is bicyclo[3.1.1] hept - 2-yl
optionally di subsMﬁmP@ cempeytiids phihe jpventionsarnthose eompounds of formula I wherein -

bi cycl o] 3. 1. wi:qubstituted with one nethyl in
o[ 3. 1. Hoglq ¥hulf’(ﬁtlbgw&e\6yi igubstit! et hyl

2-position an roups®in b-position. AJ[2. 2.1]bicyclic
car bocyclic nrdl.éNﬂ(@Hi)t-Oﬂmh'émRs'ubpymdmylmbmso:dnddpaminﬂy dibubstitupadosit llbdgen, s

bi cycl o[ 2. 2. 1] hept - 2-yl . refer, abI y is 1-naphthyl.
- i OO, pfen

Cycl ohexene preferably is cyclo ano or WG mnt yl preferably is 1-

or 2-adanmant yl¢ )cycloalky]nﬁnasﬁbmhkdwy-boﬁﬁmmnﬁ(c,ejh%xmmty optii onal'ly

substituted as 21 ned ~above preferably is pyrrolidin-3-yl or
pi peri di n- 4- yIRe'(@h- wherpia Rs{is 93 defined abave; 951 of er abl y is N-substituted.

- Rs’ wherein Ry’ is a [2.2.1}- or [3.1.1]bicyclic carbocyclic moiety optionally mono- or
plurisubstituted with (C,.g)alkyl; or adamantyl;

in free form or in acid addition salt form. -

Even more preferred compounds of the invention are the compounds of formula I wherein
R is R'"”’ (compounds Ic), whereby R™ is:
‘= R;"NH(CH,),- wherein R," is as defined above;
- (Cag)cycloalkyl monosubstituted in 1-position with hydroxymethy!;
- R¢'(CH;)s- wherein Ry’ is as defined above; or
- Rs" wherein Rs" is adamantyl;
in free form or in acid addition salt form.
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A preferred group of conpounds of the invéntion is the conpounds of formula
| wherein Ris R (conpounds la), whereby R is: -

Rl err]' NH( Cy@P#19998err] wherein Rlerr]' is pyridinyl opti orréqumg-“or

I ndependent |y disubstituted with hal ogen,
trifluoronmethyl, cyano or nitro; or unsubst®t ut ed

pyrimdinyl; - (Cerr])cycloal kyl optionally nonosubsti ed.in, 1 jtion
with (Cerr]) hydr &fyshdrgroup of WPPI}CEM%PY?}IP%F@WBPéﬁ ’mﬂqjk?ﬁo@'
(derr])al ko% Q. - Rlerr], wherein Rlerr] is as defined above; in free
formor in acufhaddition salt form More preferred conpounds of
t he inventi oa) RWH(CH:)R- whepnilis apyridioyhorpyrimidind meiaty optionsllyrmogie-®fipounds

I b), wh by R" is: - " NH ) i i di nvl
m)Z]o- o?r?néepenthtly (?i[glrjlra]stit W#%%WWth%&%’gﬂuMw B

trifluoromethyl, cyano or nitro; cyanoldeh@tfe:] ) cycl oal kyl nonosubstituted in
1-position with (Cerr])hydrox alciyl; - err]'(CHerr])[err] wherein
Rlerr]' is ad)dEsiexstpaiybontionglly mon i position mith (1 s)hydgoxyalkyl; 5 17 o

3.1.1] bi | i i ' j _ s
E)I uri sLblsf?/fﬁi %ﬁ%}@%%%%@%ﬁ%?%ﬂpﬂg alj.ﬁg%ﬁrl; H‘ n %nrﬁge fott).rmr%eg?ndﬂlﬂyaci d
addition salt form Ev e trisubstiguied avfithrhalogen anfShodalkoxyif t he i nvention
th la I. wh i R i . | ]
a1 e £ he COmDaui Ry BRI Rk ARGEL fueoonis T TROHRE i bt
(err])cycl oal kyl nmonosubstituted i nhilogéiﬁdrgCQﬂal%iyt‘ hydr oxynet hyl ; -

R[err]'(CH[err]]&err] wherein Rlerr]' is as defined above; or - Rerr]"
wher ei n R er r€) "Ra(GHz AthereityRs is a5 defined abavsi ok or in acid addition salt form

f) isopropyl optionally monosubstituted in 1-position with (C,.3)hydroxyalkyl;

in free form or in pharmaceutically acceptable acid addition salt form.

A further group of compounds of the invention is compounds Is, wherein R is R,
which is:

2) R'Ri(CHo)ms- Wherein R,* is pyridinyl optionally mono- or independently disubstituted
with chlorine, triflucromethyl, cyano or nitro; pyrimidinyl
optionally monosubstituted with chlorine or trifluoromethyl;
or phenyl;

R,,' is hydrogen or methyl; and
ms is 2 or 3; ' '
b) (Ca.i2)cycloalkyl optionally monosubstituted in 1-position with hydroxymethyl;
¢) Ro*(CHa)u Wherein either
R;’ is phenyl optionally mono- or independently di- or independently
trisubstituted with halogen, alkoxy of 1 or 2 carbon atoms or
phenylthio monosubstituted in the phenyl ring with hydroxymethyl;
(Ci¢)alkyl; 6,6-dimethylbicyclof3.1.1}hept-2-yl; pyridinyl;
naphthyl; cyclohexene; or adamantyl; and nsis 1 to 3; or
Rz'is phenoxy; and ns is 2;
d) (3,3-diphenyl)propyl;
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I p, wherein Ris Rerr], whichis: a) Rerr]NHCHerr])[err] wherein
Rlerr] is a pyridinyl or pyrimdinyl noiety optionally-nmono-_or
i ndependent | yO@B/A9B&ti t uted with hal ogen, trifl uoronethyl, PCTEPSTA6125 _
cyano or nitro; b) (C[err])cycloal kyl optionally nonosubstituted in
1-position with (err])hydroxyalkyl; c¢) Rferr](CH err])[err] wherein
Rlerr] is phenyl optionally nono- or independently di- or independently
trisubstitut el Re(CH)patherpimRe is 2-GXapyrplidinid il pr isoprgpoxy and
(R3[err])[err]CH(CH err])[err]. %elégi n each R err] independently is phenyl
optionally nonosubstituted WS 1§ < OF
Qa} _ogeg OL (¢ %px]oia?xl)dpmwy m)nloa[beﬁmieaﬁﬂfbsiﬁér{with llydM»eymﬂw'd LR err] is as

efi ned above; or , 1.sopr.opyl_ optiagpa nonpsubstituted i - posi tipon
Wi t 3 ( % er r | \BhRe ehesein R?F%: mgwlﬁ A gyrrohdmy] &PIP?PWENM?RWBQ& é’sﬁ@@&‘gm e
acid addition salt form : c i e RETRIbH of the
i nvention is conpounds Is, Wthetrmel 1,%1@5(%6[%[‘2!61?? 1&2-95\1%6366 I S: Bfoglo
Rl Srr] Rgerr} (CI;[ er [)] )[err] dm]msmmmml;pym.ml oplionallyhmpbrgr ofrono- or
i ndependent |y di substitute . . . | .
chlorine, trifluoronethyl, Wgﬂyﬁ%@mgymww%w,hy&oxymmﬂ o%ﬂerl,
optional |y napnfesfeshiok if 5t sidittonghlt formne or trifl uoronet hyl ;
or phenyl; Rlerr] is hydrogen or nethyl; and
n is 2 or 3; b) (Jerr])cycloal kyl optionally nonosubstituted in

1-position with hygg Q&fﬁﬁinhé’!)fthe invention may be prepared by a process which comprises
coupling a reactive (2-cyanopyrrolidino)carbonylmethylene compound with an appropriate
substituted amine; more particularly, for the preparation of the compounds of formula I it
comprises reacting a compound of formula II
O
| .\\\\CN

\/C\Nj I

wherein X is a reactive group,

X

with 2 compound of formula II

NH,R I
wherein R is as defined above,

and recovering the resultant compound of formula I in free form or in acid addition salt form.

X preferably is a halogen such as bromine, chlorine or iodine.

The process of the invention may be effected in conventional manner.

The compound of formula II is preferably reacted with at least 3 equivalents of a
primary amine of formula IIl. The reaction is conveniently conducted in the presence of an
inert, organic solvent, preferably a cyclic ether such as tetrahydrofuran. The temperature
preferably is of from about 0° to about 35°C, preferably between about 0° and about 25°C.

The compounds of the invention may be isolated from the reaction mixture and purified
in conventional manner, e.g. by chromatography.



c) Rerr](CHerr])[err] .,wherein either Rlerr] is
phenyl optionally nono- or independently di- or independently
trisubstituted with hal ogen, al koxy of 1 or 2 carbon atons or

phenyl t hi o nonosubstituted in the phenyl ring with hydroxyneth

(derr])al kwoesas®sdi net hyl bi cycl o[ 3. 1. 1] hept - 2-yl ;. pyri di B§TA 6125 _

napht hyl ; cycl ohexene; or adamantyl; and ns is 1 to 3; or

Rlerr] is phenoxy; and ns is 2; d) (3,3-d$pheny|)propy|; WO

98/ 1998

PCT/ EP97/ 06125  The starting materials may also be prepared in conventional mannerz . e)
Rerr](CHerr])[e wher ek, n err. S 2- oX! h.di

and hd cotmpnbgo Taala I iy £ S BERRAY ik SR oing by 385 AR
nonosubst it uk@dmen 1-position with hydroxynethyl g) R[err] mhereln Rl err]
I s: indanyl; a pyrrolidinyl or piperidinyl nDiety optionally N-substituted
wi th benzyl; bicyclo[2.2.1] hept-2-yl; 2,6,6-trinethylbicyclo-

[3.1. 1] hept-3-yl; adamagipgpy or (C[err])alkyl opt i onal Ygpyno- or

i ndependent |y di substit Tret—wi t h hydr oxy, hydroxynmeth phenyl; in free
formor -in acid addition salt form The onpounds of the invention
may be prepared byfa process hCh conpri s ling a reactive
(2-cyanopyrrolidi car bonyl net pyl ene gonpd&und \@Tt appropriate
substituted anmipe’ Mg pargjc ]i ar atioﬂ:}% t he conpounds
of formula I H-E 3)ITDI‘IS€S r conpoungd of | f orul , —> I
Et,N, DMAP (at least 2 eq.)
I\ V.

Step 1 involves the reaction of the pyrrolidine of formula IV with a slight molar excess
of a haloacetylhalide such as bromoacetylbromide or chloroacetylchloride and triethylamine
and a catalytic amount of dimethylaminopyridine (DMAP). The reaction conveniently is
conducted in the presence of an inert, organic solvent, preferably a chlorinated, aliphatic
hydrocarbon such as methylene chloride, at a temperature of from about 0°to about 25°C,
preferably at a temperature between about 0° and about 15°C.

Step 2 concerns the dehydration of the compound of formula V, prepared in Step 1,
with at least 2 equivalents of trifluoroacetic anhydride (TFAA). The dehydration preferably is
conducted in the presence of an inert, organic solvent such as tetrahydrofuran or a chlorinated,
aliphatic hydrocarbon such as methylene chloride, at a temperature of from about 0° to about
25°C, preferably at a temperature between about 0° and about 15°C.

Insofar as its preparation is not particularly described herein, a compound used as
starting material is known or may be prepared from known compounds in known manner or
analogously to known methods or analogously to methods described in the Examples.



[err] . wherein X is a,reactive group, with a conpound of formula Il
[err] wherein Ris as defined above, and recovering the resultant conpound

of formula |

in free formor in acid addition salt form X

preferably is a hal ogen such as brom ne, chlorine or iodine. The
process of tWe/Hti on may be effected in conventional neRfTEFE7T612S —
The conmpound of formula Il is preferably reacted with at |east 3

equi valents of a primary anmine of fornula #kl. The reaction is
conveniently conducted in the presence of an inert, organic sol vent,
preferably a cycl The followingExamples ilivstrate thednventiom nAll Temperaturpeare irnudegrees
preferably is of fromabout O[err] to about 35 err]C, preferably between

about 0 and

- 25[err] C The conpounds of the invention may be

i solated fromthe reaction mxture and purified in conventional manner,

e.g. by chromat ogra{)
PCT/ EP97/ 061 Example 1:

h %/ WO 98/ 19998
-[2-[(S-Chloropyridin-2-yllaminolethylaminolacetyl-2-cyano-

The starting materi alrwﬁﬁ#g% be prepared in conventional manner.
The conpounds of for e.g. be prepared by the follow ng two-step
reaction schene:

To a 500 ml flask is added 16.6 g of 2-[(5-chloropyridin-2-yl)amino]ethylamine and
100 ml of tetrahydrofuran and the mixture is cooled in an ice bath. To the cooled mixture is
added 7.0 g of (2-cyanopyrrolidino)carbonylmethy]ene-(S)-bromide dissolved in 30 mi of
tetrahydrofuran. The resultant mixture is stirred for 2 hours at 0°, the solvent is removed by
rotovaping and the mixture is partitioned between ethyl acetate and water. The product is then
extracted into the ethyl acetate layer and the aqueous layer is then washed twice with ethy]
acetate. The combined organic layers are washed successively with water and brine, dried over
sodium sulfate and concentrated to obtain the desired free base compound in crude form. The
crude form is then purified on silica gel employing a mixture of 5% methanol in methylene -'
chloride as the eluent to yield the title compound in free base form as a light brown oil.

After -dissolving the free base in 30 ml of dry tetrahydrofuran, hydrogen chloride gas
is bubbled into the solution for five seconds. The off-white precipitaté that forms is filtered,
washed with dry tetrahydrofuran and the solvent is removed by high vacuum pumping to
obtain the title compound in dihydrochloride acid addition salt form (off-white solid;
m.p. 265°-267°; NMR: see * at bottom of Table hereunder).

The starting material is obtained as follows:
a) 22.37 g of (S)-2-carbamoylpyrrolidine, 30.1 ml of triethylamine and 30.0 mg of
dimethylaminopyridine (DMAP) are dissolved in 200 ml of methylene chloride and the solution
is then added, dropwise, to an ice-cold solution of 18.8 ml of bromoacetylbromide in 192 ml
of mett;ylene chloride, over a period of 60 minutes under a calcium sulfate drying tube. The
resultant solution is stirred for 2 hours at ice-water temperature under a calcium sulfate drying
tube, then poured into 3.5 liters of ethyl acetate. The resultant precipitate is filtered, washed
with ethyl acetate, and the filtrate is concentrated to obtain (2-carbamoylpyrrolidino)-
carbonylmethylene-(S)-bromide (hard yellow taffy).



STEP 1 , , , STEP 2 [err]

Step 1 involves the reaction of the pyrrolidine of formula IV with a slight
nol ar excess of a hal oacetyl halide such as bronpacetyl brom de or

chl oroacetyl chloride and triethylam ne and a catal ytic anmount of

di net hyl ani \S@Y#1%he (DVAP). The reaction conveniently is PCHFRITRN2-in
the presence of an inert, organic solvent, preferably a chlorinated,

al i phatic hydrocarbon such as net hyl ene cht!ride, at a tenperature of from
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d of f i + i i f
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trifluoroacetic an ydration preferably is conduct ed
in the preserThe cobledsolitiar is thenrpgurei inte 60.2anitof trilfuorgaceticanhyduideover a3 riputy

chl ori nat ed, aliphati.c hydrocarbon,such a l_ord .
t enper at ure drernpd.Shy efpitapt %’ij'{"(?né%%ﬁd aP‘C'E%'[W@?e}' F%;‘J%lr"gg g‘r’%‘% P&Hgﬁ%’“ﬁfa&aﬂrymg
t enper at ur e hghdRE A has ind parifineitivech Thettiyldrie chloride and satiried hqueoasssodivm

preparation is not particularly described herein, conmpound used as
starting mat ehi¢agponats. Theprpdyet lwas@dpmﬁ'&muhxlw&?’fm YE%‘??H&E‘?]%%“"?‘W IW¥Hwn -

manner or anal : ﬂ]e&%ﬁéﬁi y to nethods

described in ?W%ﬁ%?&ﬁme%%wgﬁ ° .

PCT/ EP97/ 061 Aayers are washed successively with water and brine and then dried over sodium sulfate. The
solution is filtered and the solvent is removed by rotovaping and high vacuum pumping to

obtain (2-cyanopyrrolidino)carbonylmethylene-(S)-bromide (dark yellow solid).



., The follow,ng Exanples illustrate the invention.

- 9- Al |
terrperatures are in degrees Cel si us. Exanpl e 1:

1-[ 2-[(5- Chl oropyri di n-2-yl )am no] et hyl am no] acet yl - 2- cyano-
(S)-pyrrolidine To a 500 m flask is added 16.6

2- [ (5-chl or 3Y998/12998- 2- y| ) anmi no] et hyl anmi ne and
and the mxture is cooled in an ice bat i1
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2-[(3-chloro-5-CF;-pyridin-2-yl)amino}ethyl

2-[(4-chloropyrimidin-2-yl)amino]ethyl
2-{(3-CF5-pyridin-2-yl)amino]ethyl

2-[(3-chloropyridin-2-yl)aminolethyl
2-(2-bromo-4,5-dimethoxyphenyl)ethyl

2-[(3,5-dichloropyridin-2-yl)amino]ethyl
3-(isopropoxy)propyl

cyclopent-1-yl

2-[(4-CF;-pyrimidin-2-yl)amino]ethyl

2-(2-chlorophenyl)ethyl

2-[(5-CF;-pyridin-2-yl)amino]ethyl
(3,3-diphenyD)propyl

2-[(5-cyanopyridin-2-yl)aminoJethyl
(1-hydroxymethyl)cyclopent-1-yl
2-[(5-nitropyridin-2-yl)amino]ethyl

2-[(pyrimidin-2-yl)amino]ethyl
2-[(pyridin-2-yl)amino]ethyl

7E
9C
10
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4
5
6
7A
7B
8
9A
9B
11
12
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-17- The conpounds of the invention in free formor in
pharmaceutically acceptable acid addition salt form hereinpaf ggg#efly
named "the WR189%f the invention", in particular, the co -
formula | in free formor in pharmaceutygcal |y acceptable acid addition salt
form possess pharmacol ogi cal activity. They are therefore indicated for
use as pharmaceuti cal s. In particular, they inhibit DPP-1V. This

activity may be denonstrated enploying the Caco-2 DPP-1V assay, which
nmeasures the ability of test conpounds to inhibit DPP-1V activity from
human col oni c carcinoma cell extracts. The human col oni c carci noma cel

| ine Caco-2 can be obtained fromthe American Type Culture Collection (ATCC
HTB 37). Differentiation of the cells to induce DPP-1V expression is
acconpl i shed as descri bed by Reisher et al. in Proc.Natl.Acad. Sci.USA 90
(1993) 5757-5761. Cell extract is prepared fromcells solubilized in 10 mV
Tris-HC1, 0.15 MNaCl, 0.04 t.i.u. (trypsin inhibitor unit) aprotinin, 0.5%
non-ioni c detergent P40, pH 8.0, which is centrifuged at 35 000 g for 30
mn at 4[err]C to renove cell debris. The assay is conducted by adding 20
[err]g solubilized Caco-2 protein, diluted to a final volunme of 125 [err]l
i'n assay buffer (25 mM Tris-HCL pH 7.4, 140 nM NaCl, 10 mM KC1, 1% bovi ne
serum albumn) to mcrotiter plate wells. The reaction is initiated by
adding 25[err]l of 1 mMsubstrate (H Al anine-Proline-pNA, pNA is
p-nitroaniline). The reaction is run at roomtenperature for 10 m nutes
after which tine a 19 [err]l volume of 25% gl acial acetic acid is added to
stop the reaction. Test conpounds are typically added as 30 [err]1

additions and the assay buffer volunme is reduced to 95 [err]l. A standard
curve of free p-nitroaniline is generategd using O 500 [lerry Misoljutijons of
free pNA in assay buffer. The curve
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generated is linear and is used for interpolation of substrate
(catalytic activity i-n nnoles substrate cleaved /mn). The endp
determ ned by neasuri ng absorbance at 405 nmin a Ml ecul ar Dev
mcrotiter plate reader. The potency of the test conpounds_as

consunpti on
oint is
i ces UV Max

i nhi bi tors, WO%18%8ed as |1 C50, is cal cul ated fron18-point,Pﬁsgigﬁﬁb%onse

curves using a 4-paraneter |ogistic fuf@tyi on. In the ab
| err] values of fromabout 10 nMto about 900 nM are obtai ne
agents of the invention, e.g. 22 nMfor the agent of Exanple 3
DPP-1V inhibition may al so be denonstrated by neasuring the ef
conpounds on DPP-1V activity in human and rat plasnma enpl oyi ng

0
)

ve test,
~wWith the
The
ects of test
a nodified

version of the assay described by Kubota et al. in din.Exp.Ilnmmunol. 89
(1992) 192-197. Briefly, five [err]]l of plasma are added to 96{wel |
flat-bottommcrotiter plates (Falcon), followed by the additign
-18- of 5 [err]l of 80 MM MyC [err] in incubation buffer (25 HEPES, 140
nmv NaCl, 1 % RI A-grade BSA, pH 7.8). After a 5 min incubation & room
tenperature, the reaction is initiated by the addition of 10 [¢rr]| of
i ncubation buffer containing 0.1 nM substrate (H d ycine- Proliine- AMC;, AMC
is 7-am no-4-nethyl coumarin). The plates are covered with alumjnumfoil (or
kept in the dark) and incubated at roomtenperature for 20 mn} After the
20 mn reaction, fluorescence is neasured using a CytoFl uor 23%0
fluorimeter (Excitation 380 nm Em ssion 460 nm sensitivity sefiting 4).
Test conpounds are typically added as 2 [err]| additions and tfhe assay
buffer volume is reduced to 13 [err]1l. A fluorescence-concentrgtion curve
of free AMC is generated using 0-50 [err]M solutions of AMC i assay
buffer. The curve generated is linear and is used.-for interpolgtion of
substrate consunption (catalytic activity in nnoles substrate dl eaved/ mn).
As with the previous @SSRy, t plot egnhcy| of| t e tlest ccnﬁ?unds gds DPP-1V
i nhibitors, expressed as| | (b0,|is| cal cuj atled if rdm 8- pdi nt}, dosg-response
curves using a 4 pargreter | ool st g\féf Liog; ~ o~ -
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In the above assay, |C50 val,ues of from about 7 nMto about 2000 nM are
obt ai ned i n human pl asng, d of fromabout 3 nMto about 400 nMin rat
pl asma, e.g., for the agentf of Eﬁgﬁp’d@a& 0117 nMin human and 6 nMin rat

pl asma, respectively. : Naagl’@ﬂugﬁjghléﬂ} ! Lsgb: lnl E?egfirk:%mgmh' s H[gfr)-snlsv

t he agents oo %8m9998nvent i Ol
nmedi ated by DPP-1V. It is expected that the conpounds disclosed herein are
useful in the treatnment of non-insuli n-depe‘AZl'ent di abetes nel litus,

arthritis, obesity, and osteoporosis such as cal,cigo_ni n- 0st.eopor Qsi.s. .%he
agents of the i nvEkecosrpoundscfthe invention infies form pria poREaceyiic %Pﬂ?(ﬁﬂ?ff’é se

o i oot i p BRGNS @i it ieisd Mt SfEECOrRHe kbentied, I piudlin )
gl ucose tol e@@%%?zlmﬁ:’é‘@d;zlpﬁﬂg@ﬁfﬂb mmbé,T acfid additio fmngg
heasur e n- Dot ERATESHERE RIS Thek BF dhettfot nERas) ff td S iRkl

Mal e Sprague- Daw %&@&2_&3 {they} inhdit DEPERV) Tiidlactivity eay betertlomstraied atnplogingdhd at

= 57 %cal ories) weeks are fasted for approxi mately, 2 ho n the
day of testi Gpco-QiDPREV mewgkbmumst@amllwaﬁgwwa? fhibi} ‘Skf‘{g

[err]mol /kg of .the test coO q§| C e ! B5iE carEifbma cANier al
gl ucose bol u§°tb‘1’ty%'°&e§§nﬂ‘"s°ﬁa)°§in€£m ster e%ﬁgg m n @Fthgﬁl% tl ¢
-19- the teglacs0ERPbe6btsined o yhe AnericanType Cuttase Collection (AFEC BEB3A)-s.
Bl ood sanpl es, obtained_at various tj ints fram chrofi.c .j | in
catheters ar Oifferentiation of e &ég H’é“@? 'égg'gg °§P¥assr%+ﬁﬁ°6f’8‘8@§‘ﬂ%9€y %ﬁd\k (IR)
concent rat i Orijonarld ap i RBE NI AchYSSAUSA B0 Y1995} FrTESToNS Obll extrady bl prepated from
assayed by a double antrTbody radi ol m*runoassavaq}:1 gRI A) method using g .specific
anti-rat i nscellssobwbilizedin10mnMFris-ACH 0¥SMNaGH, D6¢ L1 fHyRsin jRhibiQEU§I) The RI A
-has a lower limt.o t ect | ! ' fbEPat 38080 T30 @mms ay
variations of?Pfoygu {)ﬂ °nnq§%°h%araffa§%egteﬁ4i BH'8I0, ot behuifl B g
at 4°C to remove cell debris. The assay is conducted by adding 20 mg solubilized Caco-2 -
protein, diluted to a final volume of 125 ml in assay buffer (25 mM Tris-HC1 pH 7.4, 140 mM
NaCl, 10 mM KCl1, 1% bovine serum é.lbumin) to microtiter plate wells. The reactionis
initiated by adding 25ml of 1 mM substrate (H-Alanine-Proline-pNA; pNA is p-nitroaniline).
The reaction is run at room temperature for 10 minutes after which time a 19 ml volume of

25% glacial acetic acid is added to stop the reaction. Test compounds are typically added as
30 ml additions and the assay buffer volume is yeduoed to 95 ml. A standard curve of free .
p-nitroaniline is generated using 0-500 mM solutions of free pNA in assay buffer. The curve
generated is linear and is used for interpolation of substrate consumption (catalytic activity in
nmoles substrate cleaved /min). The endpoint is determined by measuring absorbance at
405 nm in a Molecular Devices UV Max microtiter plate reader. The potency of the test
compounds as DPP-IV inhibitors, expressed as ICso, is calculated from 8-point, dose-response
curves using a 4-parameter logistic function.

In the above test, ICsp values of from about 10 nM to about 900 nM are obtained with
the agents of the invention, e.g. 22 nM for the agent of Example 3.

The DPP-IV inhibition may also be demonstrated by measuring the effects of test
compounds on DPP-IV activity in human and rat plasma employing a modified version of the

assay described by Kubota et al. in Clin.Exp. Immunol. 89 (1992) 192-197. Briefly, five mi
of plasma are added to 96-well flat-bottom microtiter plates (Falcon), followed by the addition
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expressed as % increase, of the mean of the control aninmals, It was
found that upon oral adm nistration TARC spunds t est ed anplified
the early insulin response which I|e} ﬁo 1 in glucose tol erance
in the insulin resistant test ani nalge j esults were obtained:
Conpound WO98/19998 | ncrease of insulin response PCT/EPITIO612S _

at 10 [err]nol/kg Ex. 1

61% Ex. 3 -18- 66 %
Ex. 5 108 % Ex. 8
144% of 5 ml of 80 mM MgClsin incabation buffer (25 mM HEPES, 140 mM NaGlo,

Th i f J ' on i
(reating cohdh Riomads B, PT T ABsth § b MeAioR s iigmriEmBEralRY e relition i

L 2iCtn or fr . ; tngiguﬁ%eﬁgyytﬂi?ddn?h,og 10:m ofintubatiombuffer bentaining 0i It mMosubstrate Gilydineon
orpl Syed. - HommebasAMG: AN s Samingh ey bRt Thepiafs amsspvere wit ARGRRy
are ef f oct | Vio/ it WIETu@linABE8) sdlook B e P i SANGThE2RAs]

enterally, , or parenterally, e.g. intravenously, preferably

or a:c ly, b?t aredetionyflubseseenee i méasured asing & CyeFhmr 233) fuprineter (BXgitation33Qmm
A b i it etk i
pr gl;n e;ggw f m&ﬁaﬁ b&f%wg%?emﬁa (Y 131, A fluppescente-congéntrition garvei of fred s
Usual |y, a sAMG s(%ggmg “s%%%ﬂ Fg@éi’l@ﬂ srﬂ? ﬁl\g‘E E@/gsg#og]‘&ﬁg t%%%a$e§g%hd is
gradual l'y i ngr aa56s Hidifbr infAfpobitioh SP4ubseé eshshfiptidn (Batlighé activity in nmoles
- substrate cleaved/min). As with the previous assay, the potency of the test compounds as -
DPP-IV inhibitors, expressed as ICs, is calculated from 8-point, dose-response curves using a
4 parameter logistic function.
In the above assay, ICsp values of from about 7 nM to about 2000 nM are obtained in
' human plasma, and of from about 3 nM to about 400 nM in rat plasma, e.g., for the agent of
Example 3, of 7 nM in human and 6 nM in rat plasma, respectively. '

In view of their ability to inhibit DPP-IV, the agents of the invention are indicated for
usé in treating conditions mediated by DPP-IV. It is expected that the compounds
disclosed herein are useful in the treatment of nen-insulin-dependent diabetes mellitus,
arthritis, obesity, and osteoporosis such as calcitonin-osteoporosis. The agents of the
invention improve early insulin response to an oral glucose challenge and, therefore, are
particularly indicated for use in treating non-insulin-dependent diabetes mellitus and
further conditions of impaired glucose tolerance (IGT).

The ability of the agents of the invention to improve carly insulin response to an oral
glucose challengé may e.g. be measured in insulin resistant rats according to the following :
method:

Male Sprague-Dawley rats that have been fed a high fat diet (saturated fat=57% .
calories) for 2-3 weeks are fasted for approximately 2 hours on the day of testing, divided
into groups of 8-10, and dosed ofally with 10 mmol/kg of the test compounds in -

/’ﬂqﬂnihﬂcellulose (CMC). An oral ghucose bolus of 1 g/kg is administered 30 min after
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WD 98/ 19998, . _

PCT/ EP97/ 06125 ' - - 20-

under treatment is determned. The {8 SHEERiHASOBEEN$age i s that inposed by
side effects and can be deternm ned by tREH_AUEEr the}host bei r}gmtreat ed.
The agents oWOUNBMHvention may be leerptmedt—wtiTone or norECT
pharmaceutically acceptable carriers and, tionally, one or nore other
conventi onal pharmaceutical adjuvants and '&gm nistered enterally, e.qg.

orally, in the formof tablets, capsules, pl ets, arenteral ly,
e.g. |ntraveﬂm}§§t9°mPW“@M‘m°dh°§tP@P?h%ﬂﬁ H’éﬁ E’SP@P‘F’Hﬁ tained at

suspensi ons.  lhe.c tﬁ%ﬁiﬁ 'frcﬂﬁ'%@ﬁ gglﬁ,g g&;sgqmpy
conventi onal neans. 8 nts o? el nvent on nmay be ?or nmul at ed
into enteral immingreacting msulin (ml)&omnwions.ahd plesmaPPPilY ractivityn tPiasmiasinpulin

anount of th t|ve subst a ffectiv ons
modi at ed by WS SR DL AL Sl rorrRbboriiak DR etk e peind
cConMposi t i oNns afi@fa finshlisn Sntibof AOAFICIHEE Resaartly (Stekeuid, MO,AUSAY, r'l'herRIAhasalower
Those agents of the invention_which are e.q. of fornula | nmay

admi ni st er ed limit ofdegptionph0:3 mEyml with jntra¢ m@m&vﬁla"f’%ﬁqf]lesg@‘%sq" Data are
preferably [%;qﬁr s (V%@h%@seﬂme%‘iﬁBPﬁxe !E) falsOt her enantioner,. e.g. in
ase

racem c form e above dosage ranges are on t he compounds of
formula | (excl ud itrwepstfnndethatiapon ofal Riministratienyeach. of the compounds Testediamplified the -

of Tor mil a1 B BENTERPOR VIt o i e i ahBR baleip o R TRRRY

accept abl e agéstlanima uwfonwiﬂgréﬁﬂmwemtmal as a pharnaceutical. It
further includes a ahacgn canposilion coppeiging ent of the

I nvention, in parti ﬁmound of fqﬁaygsgofing;g rg@},h@ed aljove, in free
formor in pharmacqutically acceptablf e acid addition salt formf together
with at |east orie phar naceutlcally 3 cept abI eatdﬁmdlkgor di | uert. I t

2 ticular, a

conmpound of forrrul e, in free 6lo%m or I n

i

pharmaceutical ly adg addi tion salt formin the predaration of a
medi canent - Ex.3 _ . 66%

Ex.5 ' - 108 %

Ex. 8 .. 144 %

Ex. 12 - 59 %

" The precise dosage of the agents of the invention to be employed for treating
coriditions mediated by DPP-IV inhibition depends upon several factors, including the host, the
nature and the severity of the condition being treated, the mode of administration and the
parthular compound employed. However, in general, conditions mediated by DPP-IV
1nh1b1t10n are effectively treated when an agent of the invention is administered enterally,

e.g. orally, or parenterally, e.g. mtravenously, preferably orally, at a daily dosage of from about
0.002 mg/kg to about 5 mg/kg, preferably of from about 0.02 mg/kg to about 2.5 mg/kg body
weight or, for most larger primates, a daily dosage of from about 0.1 mg to about 250 mg,
preferably from about 1 mg to about 100 mg. A typical oral dosage unit is from about

0.01 mg/kg to about 0.75 mg/kg, one to three times a day. Usually, a small dose is
administered initially and the dosage is gradually increased until the optimal dosage for the host

Thﬁlslliile,t,ilis [ R€ﬂ




for inhibiting DPP-1V or, treating conditions nediated by DPP-1V, by a
process conprising mxing an agent of the invention with a
pharmaceutical |y acceptable carrier or diluent. It further provides a

met hod of inhibiting DPP-1V, or of treating conditions nediated b DPP- 1V,

whi ch conpr Q%188 ni stering to a patient in need of suchBGE 5 a
therapeutically effective amount of a conpound of the invention, in
particular, of fornmula | in free formor i'?p'phar maceuti cal |y acceptabl e

acid addition salt form 98/

999
PCT/ EP97/ 061bider treatment is determined. 'l%gupper }im?t o% dosage is that imposed by side gffects and
The agents O&n@éf%%{rrﬁﬁe&bﬁial%rﬂ?elﬁﬂ%ﬁ?gw he preferred agents of the
y

i nvention, particularl hose of Exanples 1, 3, 5 and 12, preferably in
hydrochl ori de acid addition salt form especially the agent of Exanple 3,

namely 1-[2-[(5- | plh e 2- ] s . . .

et hyl am no] acet yi:-l‘%r5 %g%t%é?{hgf@ﬁkﬁar“gﬁﬂgncg@g}%f‘%@a f/’r 0T oi"‘#%?%%'h‘i% i de

aﬁi d ﬁddi ti oaic?{xhble i:afrﬂérlﬁ‘and,'fopﬁaﬁll_ B 1 some ofl friofy dtherednentibnal p?hudcm'buaﬂjudimti orm
t hey have an err] value in the Co- DPP- 1V assay of, respectively,
36, 22, 26, #pdfAdministered gpterally, ¢.g of ’mﬁﬁfw&f bty sapyules,Faplalsffe; Ofan | Cso

I for, i &loY; | bfsiéHie i :
(Bxampl o 1) POCREA el MR TP e ECIplE sttt o Mbbediot TP

(Exanpl e 8) ; enterd! 28 parcutesd comvpasitionsiay be piepared by sonventional weans. i ndi cat ed

that for the abov u . U l es 5 d 12 may be
adm ni stered to I@eﬁ%ﬁgﬁ%@g@?ﬁ&g}m@mﬁﬁﬁﬁ%?}%@%ﬁﬁmdes of’
adm;c ni strati gifanRhceaticil tanpaiiivageentdihing as anvdi of heattive subsigice atliswifettive for -
et f orm n. . _

_ treating conditions mediated by DPP-IV, such compositions in unit dosage form and such

compositions comprising a pharmaceutically acceptable carrier.

Those agents of the invention which are e.g. of formula I may be administered in
enantiomerically pure (S) form (e.g. 2 98 %, preferably 2 99 % pure) or together with the
other enantiomer, e.g. in racemic form. The above dosage ranges are based on the compounds

of formula I (excluding the amount of R enantiomer).

“The invention thus also comprises an agent of the invention, in particular, a
compound of formula I as defined above, in free form or in pharmaceutically acceptable acid
addition salt form, for use as a pharmaceutical. It further includes a pharmaceutical
_composition comprising an agent of the invention, in particular a compound of formula I as
defined above, in free form or in pharmaceutically acceptable acid addition salt form, together
'with at least one pharmaceutically acceptable carrier or diluent. It further comprises the use of
an agent of the invention, in particular, a compound of formula I as defined above, in free form
or in pharmaceutically acceptable acid addition salt form in the preparation of a medicament
for inhibiting DPP-IV or treating conditions mediated by DPP-IV, by a process comprising
_mixing an agent of the invention wiih a pharmaceutically acceptable catrier or diluent. It
| further provides a method of inhibiting DPP-IV, or of treating conditions mediated by
DPP-1IV, which comprises administering to a patient in need of such treatment a
therapeutically effective amount of a compound of the invention, in particular, of formula I in
free form or in pharmaceuﬁcally acceptable acid addition salt form.



1 A conpound of formula,l: lerr] wherein Ris: a)

Rerr]Rerr]N(CH err])[err] wherein Rlerr] is a pyridinyl
or pyrimdinyl noiety optionally nono- or independently

di substituted with (Cerr])alkyl, (Cerr])al koxy, halogen, trifluoromethyl,
cyano or ni tW@%/8heny| optional [y mono- or independent | PYERIHIIE ut ed
with (CJerr])alkyl, (Cerr])al koxy or halogez-n Rerr] is
hydr ogen or (C[err])al kyl ; and -21- mis 2 or 3; b)
(err])cycloal kyl optionally nonosubstituted in the 1l-position with
(C[err])hydroxyal kyl; c) Rerr](CHerr])[err] V\,herein either

Rierr] is phenyl %&hgé&&'dmxﬂﬁﬁléslq 5 Qﬁpﬁzwemel nis ofl ghiahetation,y
trisubstituted Jerr])al k% i‘%g ) al koxy, hal ogen
or phenyl t hi @a@tpulmy\apmfrﬁimméﬁ.tmédz pref ly in chlprideraid additionisalf | ng

W th hydrox : _
car bocgcl | CerDI ty op }ﬂotﬁgfgn %%’%mpﬁyd p ur&gﬁéﬁ&lﬁﬁh\%&f%ﬂewgﬂn] ) al kyl ;
3_ pylr3 i dinyl eﬁmylaapﬂrd]kcptyl—dmymlw(&)ﬁrmhhﬁd preferahly inodihydnobhjoridd ecit lagdition salt

| substitute

WLt errl)al kyl err ko

cycl ohexene; ?@T“ JH%?@/#“’%‘“P“&H‘ ‘{m‘}h] i"@é’g 19}’ °‘“th°@§f‘g§ r]
i s phenoxy opSPpOf\BAssay @ﬁ@pecﬁﬁely BECEE, Qﬁeslﬁﬂd’zﬂlm gl iri the ﬁﬂ)diﬁéﬁ*l(ubota assay
(Cerr])alkyl, err]z.aTkoxy or hal ogen; .and
is 2 or 3: above, an ICsp value for, respectlvely, uman and rat plasma -IV of 27 and 22 nM

(Example 1); 7 and 6 nM (Example 3); 37 and 18 nM (Example 5); 12 and 11 nM

(Example 8); and 95 and 38 nM (Example 12). It is, therefore, indicated that for the above

- uses the compounds of Examples 1, 3, §, 8 and 12 may be administered to larger mammals, for
example humans, by similar modes of administration at similar dosages than conventionally

employed with metformin.



d) (R[err])[err]CH(CH[err])[err] wherein each R err] independently is
phenyl optional |y nono- or

i ndependent |y di substitute f 1)
(err])al koxy or hal ogen fﬁlé éHE fﬂAS]@fé
i s 2- oxopyrwodsddesy! or er r 1) RERLAEEDand

to 4, f) i1sopropyl optlonally nonosubst it ut ed in 1 position with
(Clerr]) hydroxyal kyl ; 9) Rlerr] wherein-®err] i i ndanyl ; a

pyrrolidinyl or piperidinyl noiety optionally subst | t ut edclmllluul"l""rlmlmlll
benzyl ; a [2.(laibs: or [3.1.1]bicyclic carbocyclic noiety I

or . plurisubstituted with (CJerr])al kyl; adamantyl; %or (C[LerP])aI kyI
optionally nono- or i ndependent |y pl urisubstituted with hydr oxy,
hydr oxynet hyl1, gxn Nigihsubstiatedgheyl)2-cyemopyrrolidine.  or i ndependently

di substituted with (Cerr])alkyl, (Cerr])al koxy or hal ogen; in free form
or in acid addition salt form 2. A conpound according to claim1 (a

conpound 1 p) W&l&fdﬂ,ﬁwﬂ whi ch is: a) Rerr]NH(CH err])[err]
wherein Rerr] is a pyridinyl or pyrimdinyl noiety optionally nono- or

i ndependent |y di substituted wgh hal dden, trQH uor onret hyl ,

cyano or nitro; b) (C3.7)cyclwal kyI optign y nonosubstituted in
1-position wi'th (C[err])hydroxy ' err](CH[errI])[err] wherein
Rlerr] is phenyl optionally o- o indeperdently di- or independently
trisubstituted with halogen or ((err])dl koxy; d)

(Rlerr])[err]CH(CH err])[err] wherein eac err] independently is phenyl

optionally Hﬁ? gtuted with
hal ogen or (gerr al koxy; e) R[err](CH[err])[err] wherein R4 is as
defi ned above) RiRiuN(€CHzlusWpeteidy| optional |y nonosubstituted in 1-position

_ wth ((err])hydroxyal k»ﬁ; 'is a pyridinyl or pyrimidinyl moiety optionally mono- or independently
disubstituted with (Cj.¢)alkyl, (C;.)alkoxy, halogen, trifluoromethyl,
cyano or nitro; or phenyl optionally mono- or independently disubstituted
with (C;)alkyl, (Ci4)alkoxy or halogen;

Ry, is hydrogen-or.(C,.s)alkyl; and
mis2or3;
b) .(C;m)cycloalkyl optionally monosubstituted in the 1-position with (C1.3)hydroxyatkyl;
c) ‘Ro(CH;)n- wherein either
R; is phenyl optionally mono- or independently di- or independently trisubstituted
with (C-s)alkyl, (Cy.+)alkoxy, halogen or phenylthio optionally monosubstituted
in the phenyl ring with hydroxymethy}; or is (Ci-s)alkyl; a {3.1.1]bicyclic
carbocyclic moiety optionally mono- or plurisubstituted with (Cig)alkyl;
a pyridinyl or naphthyl moiety optionally mono- or independently disubstituted
with (Cy4)alkyl, (C1.4)alkoxy or halogen; cyclohexene; or adamantyl; and

_
i
N~

_e’rr](CH[err]){,&r_r! ,\alplezgei n R42
“pis

nisito3; or
R is phenoxy optionally mono- or independently disubstituted with (C.s)alkyl,
(Ci4)alkoxy or halogen; and
nis2or3; .
d) .(Ra)zCH(CHz)r wherein each R; independently is phenyl optionally mono- or
independently disubstituted with (Ci.4)alkyl,
(Ci.4)alkoxy or halogen;

i




in free formor in acid addition salt form 3. Acorrpo
claim1 (a compound Is), wher ' ich is: mml ill
Rlerr]Rerr](CHerr])[err] wh¢ B \Oj IBE i di nyl opt
i ndependent |y disubstituted |

vvlth

chlorine, trwWo®aPWRet hyl, cyano or nitro; pyrrmdinyl PCT/EP97/06125 ..
optionally nonosubstituted with chlorine or trifluoronethyl;

or phenyl ; R e?3] is hydrogen or nethyl; and
n is 2 or 3 C[err])cycl oal kyl optionally nonosubstituted in

1- posi tion wi®h ﬁ)ﬂab s 2-oxopyrrofidinyl or (Co4)alkery agler r] (CH err] ) [err]
wherein either Rl err] is phenyl optionally

nono- or independently di- oP | ng)eﬁendent |y
trisubstitutef) isopropylaiptioeaily mdxiomb,snmfed]n D-lpoﬂtmﬁwhbcclabhydmxyﬂkyl

phenyl thi o monqsubstityted.ip the ring with hydroxyne "
oy ]ty R e e i oy Bfrabiiog] frpbserbingy mojos oRORgHY: Substiated with
napht hyl ; cycl Oh%ﬁfﬁ,’aﬂa ﬂdal'é@rltﬂhcyc?ﬁmcj ilno§ é[r (l)ymono— or
Rlerr] is phenoxy; and e)

di phen
Rlerr](CH err])[ mlnqsumu mmgem#kylwggmmbwéla?h)a&whomﬂlmomopr opoxy

ﬁgﬁosubstltut ed i dcfe’bom¥Plgmu\ﬂs?tﬁéﬁ%m&%é?Wfimxymeawllgﬁsr%%&?)ﬁﬁ%&gﬁtl"l_y

Rlerr] is: |ndan;dmdepam@mwumnedmmmmnmumoﬁwrmamnalIy

N- substi tuted w th benzyl;
bi cycl o[ 2. 2. 1ipriessformn o in acid gddition saltfemn,| hi cycl o-

[3.1.1] hept-3-yl; adamantyl; or (Cerr])al kyl optionally nono- or

3. A compound according to claim 2 (a compound Ip) wherein R is RP, which is:

a) R{’NH(CH,),- wherein R," is a pyridiny! or pyrimidinyl moiety optionally mono- or
independently disubstituted with halogen, triflucromethyl,
€yano or nitro;

b) {Csa)cycloalkyl optionally monosubstituted in 1-position with (C;.3)hydroxyalkyl;

c) R."(CH;),- wherein R, is phenyl optionally mono- or independently di- or independently

trisubstituted with halogen or (C,.s)alkoxy;

d) (Rs"):CH(CH,),- wherein each Rs” independently is phenyl optionally monosubstituted with

halogen or (C,)alkoxy;

e) R4(CH,);- wherein R, is as defined above; or

f) isopropyl optionally monosubstituted in 1-position with (C,.3)hydroxyalkyl;

in free form or in acid addition salt form.

4. A compound according to claim 2 (a compound Is), wherein R is R*, which is:

a) Ry'R1,'(CHa)me wherein R,’ is pyridinyl optionally mono- or independently disubstituted
with chlorine, trifluoromethyl, cyano or nitro; pyrimidinyl
optionally monosubstituted with chlorine or trifluoromethyl;
or phenyl;

R,,’ is hydrogen or methyl; and
msis2or3;
b) (Cs.12)cycloalkyl optionally monosubstituted in 1-position with hydroxymethyl;
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i ndepelMﬂ I"I"Eu jtlmjut ed with hydroxy, hydroxymethyl or phenyl; in
free f dition salt form e 4. The conpound accordi ng

toclaim1l vvherelnR|52[(5 (VF: dy g% 'noj et hyl ,
1-[2-[(5- cyanopyrldln 2-yl ) am no]je § &@/ 2cyano-§SE-g¥rroI|d|ne
in free fornWO9/1988 in acid addijtjon. Ebk egpeci al |y

di hydrochl oride acid addition salt form 5. A conpound according to
claim1 which is of fornula | wherein Ris e¥rher -

2-[ (5-chl oropyridin-2-yl)amng]ethyl, or -

(1 hydr oxy met®yRy(Efslso phigreimeither o

2-[(5-nitropyridin- 2y|)amn 1 ofﬁr(,&ga{(@m;(m)@hg nde@ti
- 1-or 2-adanmantyl, ?l eﬁb}" nal?_ylmggld addition “salt fgérﬂr?] 4

6. A process for t he pr epar ati musuﬁmmmmmmmg or 3 catban Btoms ofhi ch
gggg(r)hrigsof formula Il [er r?henylthm monosubstituted in the phenyl ri%g with l{y%%ﬁ&ﬂyﬂ
(C1.6)alkyl; 6,6-dimethylbicyclo[3.1.1]hept-2-yl; pyridinyl;
naphthyl; cyclohexene; or adamantyl; and nsis 1 to 3; or
Ro’ is phenoxy; and nsis 2;
d) (3,3-diphenyl)propyl;
) R (CHa)p wherein Ry’ is 2-oxopyrrolidin-1-yl or isopropoxy and

ps is2or3;
f) isopropyl optionally monosubstituted in 1-position with hydroxymethyl;
g) Rs* wherein Rs* is: indanyl; a pyrrolidinyl or piperidinyl moiety optionally N-substituted
with benzyl; bicyclo[2.2.1]hept-2-yl; 2,6,6-trimethylbicyclo-
[3.1.13hept-3-yl; adamantyl; or (C,.g)alkyl optionally mono- or
independently disubstituted with hydroxy, hydroxymethyl or phenyl;
in free form or in acid addition salt form.

5. The compound according to claim 2 wherein R is 2-[(5-cyanopyridin-2-yl)aminoJethyl,
i.e. 1-[2-[(5-cyanopyridin-2-yl)amino]ethylamino]acetyl-2-cyano-(S)-pyrrolidine, in free form
or in acid addition salt form, especially in dihydrochloride acid addition salt form, or

a compound according to claim 2 which is of formula I wherein R is either

- 2-[(5-chloropyridin-2-yl)amino]ethyl, or

- (1-hydroxymethyl)cyclopent-1-yl, or

- 2-[(5-nitropyridin-2-yl)amino]ethyl, or

- 3-~(isopropoxy)propyl,

in free form or in acid addition salt form.

6. A process for the preparation of a compound according to claim 1 which comprises
coupling a reactive (2-cyanopyrrolidino)carbonyimethylene compound with an appropriate
substituted amine or, for the preparation of a compound according to claim 2, which comprises
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V\/nereln)(|$ areactlve g"n ound of formula |11
NH err] R "mm"d' mgWR Is as defined in claiml1, and
MNs

recovering the resultant ¢onpoun formor in acid addition salt

form 7. A pharnaceutical conposition conprising a compound according to
any one of d'Q to 5in free formor in pharmaceuti cal ¥GIEIEHLI e
acid addition salt form together vm th at least one pharmaceutically
acceptable carrier or diluent. . Use oR3a conmpound according to any
one of clains 1t05 in free. for i n pharmaceutically acceptable acid
addi tion sal fFEIER ﬁf ghoon of a nedi canent for inhibiting DPP-1V
or treating conditions nediated DPP- | V. 9. Use according to claim1l
for the preparation of a nedicamept for treatnment of a condition

sel ected from non-insulin-d@&ende di @b s nellitus, arﬁhri tis, obesity,
ost eoporosi s, and inpaired gl S nce (I1GT).

wherein X is a reactive group,

with a compound of formula III

_ NH,R m
wherein R is as defined in claim 2,

and recovering the resultant compound in free form or in acid addition salt form.

7. A pharmaceutical composition comprising a compound according to claim 1 in free form or
in pharmaceutically acceptable acid addition salt form, together with at least one
pharmaceutically acceptable carrier or diluent. =

8. A compound according to claim 1 in free form or in pharmaceutically acceptable acid
addition salt form, for use as a pharmaceutical.

9. Use of a compound according to claim 1 in free form or in pharmaceutically acceptable acid -
addition salt form in the preparation of a medicament for inhibiting DPP-IV or treating
conditions mediated by DPP-IV.

10. A method of inhibiting DPP-IV, or of treating a condition mediated by DPP-IV, which
comprises administering a therapeutically effective amount of a compound according to claim 1
in free form or in pharmaceutilcally acceptable acid addition salt form to a patient in need of
such treatment. '
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