WO 01140180 PCTI GB00O/ 04572 Novel Antidi abetic Agents The present invention,
relates to a series of novel conpounds that are useful for the treatnent
of type 2 wiomedies, | nmpaired gl ucose tol erance and cert 2CH/GEOSIGNST2
conditions. Background to the invention The enzyne di peptidyl peptidase IV
(EC. 3.4.14.5, herein abbreviated as DP-1V, and el sewhere al so known as
DPP-1V or DAP-1V) Is thought to be involved in the regulation of the
activities of several hornones. One such hornone is glucagon- |ike peptide
1 (GP-1), which is invol ved i Novdhantidighétict Agamtof post prandi al bl ood

gl ucose levels, and which Is converted fromits active form G.P-1(5-36),
to the inactive GP-1(7-35) by DP-IV. In cases of type 2 di abetes and

| mpai r ed gl ucTiegredeol inventiorerelatdsds & sérigp of qﬁvptmmpnmdsaiat bBeeagefutfot thesue
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drugs for theedntiaisnent of type 2 diabetes and |rrpa| red gl ucose tol erance.
For exanple, Denuth et a/. (WX»7140832) disclose the effect of

N-isol eucyl -pyrrolidine on blood glucose levels in a relevant ani nal

nodel . This c¢ ' y not be sufficiently potent to be a

vi abl e therapgut tﬂ@géﬁ?’/@ %e ggtent I nhibitors of DP-1V are disclosed by
Jenkins of a/. (W095115309) and by Vill hauer (V\O98/ 19998), but they tend

T 1oul i os. T PURS et Fesesk i fecale 5, FeshR 3 88uael ss JIM. , °75,
human t her apandtdisewbere. alsthiqowh as OPPHV @r APdWhistsoughtte de ivolvedin thgent  t hat
ot e Vo) 48 i 3 ) . OB lond R

like peptide 1 (GLP-1), which is involved in the regulation of post-prandial blood

glucose levels, and which is converted from its active form, GLP-1(5-36), to the

inactive GLP-1(7-36) by DP-1V. In cases of type 2 diabetes and impaired glucose

tolerance, where hyperglycaemia can lead to tissue damage, it would be

aﬂvantageous to potentiate the effect of endogenous GLP-1.  Accordingly,

inhibitors of DP-IV have been proposed as candidate drugs for the treatment of

type 2 diabetes and impaired glucose tolerance. For example, Demuth et al.

(WO97/40832) disclose the effect of N-isoleucyl-pyrrolidine on blood glucose levels

in a relevant animal model. This compound, however, may not be sufficiently

polent to be a viable therapeutic agent. More potent inhibitors of DP-IV are

disclosed by Jenkins ef al. (W095/15309) and by Villhauer (W028/19998), but they

tend to be unstable and to cyclize in solution. This instability would lead to

difficulties in preparing and storing material of adequate : quality for human

therapeutic use. Therefore, there remains a need for an ageﬁt that inhibits DP-IV

in vivo, but which is stable enough for commercial manufacture,



Brief.Description of the Invention W have now found a series of
derivatives that are chemcally stable, but which wundergo netabolic

acti vat i onwarardesacdm ni stration to a human subject to | PEEGRI45TR ghl y
potent inhibitors of DP-1V. In the art, such derivatives are generally
termed prodrugs. The conpounds of the present invention are useful for the
treatnent of type 2 diabetes and inpaired glucose tol erance, as well as

ot her conditions wherein the potentiation of the action of a hornone

nor mal | y i nactBriehDestripfioef the Inyeinties a t her apeutic benefit. 2 WO 01/40180
PCT/ GBOO' 04572 The conpounds according to the invention dre

1-(2' -am noacyl )-2-cyanopyrrolidine derivatives according to general

f or nmul al 1: Rév?é Pive ddﬁ_foEidzRagria% &% delidatides thhtFElI‘e B'né‘dgcarfﬁy@tdb@ butlwhichd }Nher ein
A is selecte rom gr .3.and 4, X js selecte ro i noacy

group correspdREFRY g'legé{gﬁ%am’atf%ea%é?ﬂ?'ﬁsaﬁw 18 3D, sug}r?g{;galber ?eoup R3CO,

a group RA00GsghiyTolenbinkibitars BEDFHWK Y (reth® anyduch Gérivatives arebgenytallptedned

i e oI i s A R s <o

where a is 2+4fpe b digbefesdandCinmpairdd Blucskel toletane, &s well las3othékl candiiehy COW or

RO or e, RPN boteclath ebbe o o g prdn et e B ol " 1

optional | y sulyies ttiezapehiit kmnefitr yl or



benzyl and R2 is selected fromH and (CH2) 6- CSH3N-Y, where n is 2-4 and Y
Is H F or CN, or R and R2 together are -(CH Is 3 or
4, R3is ggl“éc ed fromH C, - C, alkyl and phenyl; ‘R?@&E@{ogsg?ed from
H C - C6 alkyl, benzyl and optionally substituted phenyl; R5 and R6 are
each independently selected fromH and C, - C6 al kyl or together are
-(CH2)m, where mis 4-6; R is selected frompyridyl and optionally

substituted enyl : i ect.ed. 4 and, C - al kyl: and R9 is
el ect ed 1 rofEeeppouRRaCee i B ndrioh HeiCh aripeseyiiz carobiroliRE, coent

i nventi on r eldativadivasoaceording dovgdnecad fgoulads as defi ned above, to

phar maceutical conpositions in which at |east one active ggentgis such a -
conpound, to the ®e of ch conpdsjtions forHthe treat t certain

medi cal conditi orfs, d tp a nethof of treat/r%nt A n whigh tpR coppounds of
t he invention a NoStered to R’subj ecr’ NC. 3 WO

N1eed oO™tr
01/ 40180 PCT/ GB00/ 04p72 tailed Description of the Invention lp a first

aspect, the present @ nven®¥Non conprises a series of novel conpotlnds that
are prodrugs of therapeutically usepul inhibitgrs of DP-1V. gThe conpounds

of the presqhkreilnas célodted Bmlgrovps 2 BRCY X is2sdlechuORdth af ldniihdaByl
derivatives accordi ngpto_ general formula 1 below Rl O CN |ﬁj'3 In this :
general for mgfeyp serespanding 4a one of the paturel yping acids, aAfyagy! aroup HCA. s Re  R2
RTN, . 0% NyfrodpZ R*COOC(R%)}(R®)OCO, methoxycarbonyl, ethoxycarbonyl and

benzyloxycarbonyl; R’ is selected from H, a C, - C; alky! residue, (CH,),NHW",
(CH,),COWZ, (CH,).OW?, CH(Me)OW*, (CH,)s-C.H,-W*° and (CH,).SW®, where a is
2-5,bis 14, cis 1-2, d is 1-2, e is 1-3, W' is COW®, CO,W® or SO,WE, W? is OH,
NH,, OW® or NHW®, W is H or W8, W* is H or W®, W® is H, OH or OMe, and W¢ is
C, - Cs alkyl, optionally substituted phenyl, optionally substituted heteroaryl or
benzyl and R? is selected from H and (CH,),-CsH,N-Y, where nis 2-4 and Y is H,
F, Cl, NO, or CN, or R' and R? together are —(CH,),~ where pis 3 or 4, R* is
selected from H, C, - C, alkyl and phenyl; R* is selected from H, C, - C, alkyl,

benzyl and optionally substituted phenyl; R® and R® are each independently
selected from H and C, - C, alkyl or together are —(CH,),,—, where m is 4-6; R’ is
selected from pyridy!l and optionally substituted phenyl; R® is selected from H and
C, - C, alkyl; and R® is selected from H, C, - C, alkyl, C, - C; alkoxy and phényl.

The present invention relates to the novel compounds as defined above, to
pharmaceutical compositions in which at least one active agent is such a
compound, to the use of such compositions for the treatment of certain medical
conditions, and to a method of treatment in which the compounds of the invention
are administered to a subject in need of treatment,



2 3 4.The dashed bond (broken line) indicates the coval ent bond that |inks
the nitrogen. _atomof Ato 1. The group X is an acyl or oxycarbonyl group.
Sui t abl e gw&ﬂ%mﬁ?é: (i) amino acyl groups correspondi nd’ctrém@w-"@f t he
natural am no acids alanine (Ala), arginine (Arg), asparigine (Asn),
aspartic acid (Asp), cysteine (Cys), glutamne (Gn), glutamc acid (Qu),
glycine (dy), histidine (Hs), isoleucine (lIle), leucine (Leu), lysine
(Lys), nethiaqnine (Met), phenylal anine (Phe), proline (Pro), serine (Ser),
t hr eoni ne (Ttﬂefa,"ef’r%f‘%ibq‘fgh“(‘ [ventan osine” (Tyr) and valine (Val): 4 WO
01/ 40180 - PCT/ Gaoa04572 (ii) acyl groups R3CO, where R3 is a hydrogen
atom a C, - C6 alkyl group or a phenyl group; (iii)

acyl oxynet hy'ep 8k genech hearesgniioyestion mDOseRe) (erey daovelspmpaundaitias a

hydr ogen ato & r 3 o] group
whi ch may ftrﬁ?ﬁg%ugsé?ﬁ'g? ﬁi’&? JB w%{‘ﬂﬁ’é‘&gmgg?gﬁﬁ%ﬁﬁ&g@%nd R6 are
each i ndepend&senyingentipy greoyZraminesnyt-elangpyrolidive getiativesrasogsdiog tR5 and R6
toget her are gnaaitgmidybasg unit -(CH2)m, where mis an integer of 4-6;
and (iv) methoxycarbonyl, ethoxycarbonyl and benzyl oxycarbonyl. R is the
side-chain of a naturally occurring am no acid, or an anal ogue thereof.
More specifically, R is selected froma hydrogen atom C, - C6 al kyl

resi dues, (CH2),NHW, (CH2)bCONnt( CH2Y , CH(Me)OW (CH2)d-CGH Wb and
(CH2), SVW where a is an integer 2- Bis an integer of 1-4, c is | or
2, dis | or 2, e is an integer is CONM, CO2VWor S02Ws, W2 is
OH, NH2, OW6 or NHWS, W8 is H & is Hor W, W is H OHor Ow,
and W is C, - C6 alkyl, optionall yosubs@Nt uted phenyl, optionally
substituted -heteroaryl or benzyl. Suitable

In this general formula, A is a group selected from 2, 3 and 4.

The dashed bond (broken line) indicates the covalent bond that links the nitrogen
atomofAto 1.

The group X is an acyl or oxycarbonyl group. Suitable groups are:

(i) amino acyl groups corresponding to one of the natural amino acids alanine (Ala),
arginine (Arg), asparigine (Asn), aspartic acid (Asp), cysteine (Cys), glutamine
(Gln), glutamic acid (Glu), glycine (Gly), histidine (His), isoleucine (lle), leucine
{Leu), lysine (Lys), methionine (Met), phenylalanine {Phe), proline (Pro), serine
(Ser), threonine (Thr), tryptophan (Trp), tyrosine (Tyr) and valine (Val);



optional substituents on the heteroaryl and phenyl groups include C --C3
al kyl and al koxy groups as well as fluorine and ' atons. Up
to two sucwg'oélﬁ?}ggituents may be present. R2 is a hydrogen a or%%g% a group
-(CH2), NH- C5H3N Y, where n is an integer of 2- 4, C5H3N i$ a dival ent
pyridyl noiety, and Y is a hydrogen atom a hal ogen atom .such as a
fluorine or chlorine atom a nitro group or a cyano group. Alternatively,

R and R2 tqge - P, | I /40180
PCT/ GBOO 048@24 °9€§'°P§5y'§§f°e'c"f*§§gh gvn?gf/ aio'ﬁdggﬁt |%“n§H| ?rosu\té\(bgg%l tuted
phenyl . Sui tphbhy gmppj onal substituents i ncI ude C, - C3 al kyl groups, C, -

C3 al koxy groups, halogen atons, nitro groups, cyano groups and carboxy
groups. Up to two such substituents may be present. R8 |Is a hydrogen atom

or a G CE{nn?'aKbeyﬁfeﬁ&léneB@carBor@l be@géOO@b(M)(R&)OCO -whsre ®‘kigla group, a
C - C aI koxy group or yl . In the context of Lhe Eresent
di scl osure, hYé'IOBy'P at°f'h€|cmd§sa'§¥'|959"§m b%&‘l%°%ﬁram)’f(ﬂﬁ%‘ﬂ’ ¥roups as

wel | as cyclgalds b sGlshaRs wilief C LG Grop, arfd R*a nG"hsalré%Hch iridegdridday dret hyl,

et hyl, isopropyl, Pert-butyl, neopent [ "and cycl ohexyl groups. Al so,
"het er oaryl "hydeogem atomuesd €o- @srﬁ!kvhﬂ'@ummscw R°dogeties areym golynethylenther ed

aromatic ri ngs im%d“ﬁé#q'ﬁ'sam@ﬁ&w ree heteroatons sel ected from

ni trogen, oxyg exanpl e, heteroaryl includes pyrolyl,
pyridyl, furyl, thi enyl i m dazol yl, thi azol yl, isoxazolyl, thiadiazolyl,

DL O SN i R B BB Le, Brevent L vent on,

salts are non-toxic and otherw se
R! is the side-chain of a naturally occurring amino acid, or an analogue thereof.
More specifically, R' is selected from a hydrogen atom, C, - C; alkyl residues,
(CH.),NHW!, (CH,),COW?, (CH,).OW?, CH(Me)OW!, (CH,)~CeH,-W* and
(CH,),SW®, where a is an integer of 2-5, b is an integer of 1;4, cisfor2dis1or
2, e is an integer of 1-3, W' is COW®, CO,W® or SO,W¢, W2 is OH, NH,, OW® or
NHWSE, W2 is H or W8, W*is H or WS, We is H, OH or OMe, and W® is C, ~ C, alkyl,
optionally substituted phenyl, optionally substituted heteroaryl or benzyl. Suitable
optional substituents on the heteroaryl and phedyl groups include C, - C; alkyl and
C, - C, alkoxy groups as well as fluorine and chiorine atoms. Up to two such

substituents may be present.
R?is a hydrogen atom or a group —(CH,),NH~C;H,N-Y, where n is an integer of 2-
4, C4H,N is a divalent pyridyl moiety, and Y is a hydrogen atom, a halogen atom

such as a fluorine or chlorine atom, a nitro group or a cyano group.

Alternatively, R' and R? together may be ~(CH,),~ where pis 3 or 4.

~




pharmaceutically acceptable, they are included within the scope of the

I nvention. Exanples of such salts include, but are not limted to, the
acet ate, hQrB#M8%ri de, sul phate, phosphate and benzoaPETERPYVMSB! basic
conpounds, and the sodium potassiumand tetra-al kyl amoni um salts of
aci di ¢ conmpounds. Except when R is H, conpounds according to general
formula | have two stereogenic centres (asymmetric carbon atons), shown

bel ow as C*._,The stereochem stry hese t osi ti s preferably the
one illustrafeds Bﬁﬂ"’gaﬁ%’ Woﬂ\drﬁpﬁ?'? pubstu d‘R‘R“V&I Ig E°q"8?"l[her

st ereogeni ¢ &B&tiniehts hwdLC| D, alyl Grships, @ V6 Bitd:§ QiciBs HalddeRUYAA4572 and so

t he conpounds of the invention may exist as epiners, including

di ast er eorerriro gPPHPSs AYANOERUPE aNd Gaska GEUPS. n P (Ritweguph substiteentsmaguch opt i cal
I sonmers, areoec&gg%ngered to be within the scope of the invention. R NQ ecy
p CNIn a preflerred enbodi nent, the present invention conprises a conpound
according to general formula | in which R is other than H and R2, where
present, is H In a nore preferred enbodinent, R is C, - Cg alkyl. In
anot her preferred enbodi nent, the present invention conprises a conpound
accordi ng t oRUsahydrbgéncatombea €, + 0, aikyiglou® is H and A is selected from
groups according to general fornulae 2 and 4 with R2 being -(CH2)"

NH- C5H3N-Y. In a nore preferred enbodinment nis 2 and Yis CN. In a nost

preferred engpagdiamgdiogen hide, bit,0r Okl rodp, atdae-é ARGy ghdP rRhhig CN group
Is at the 5-position of the pyr|d|ne ring
group.

In the context of the present disclosure, "alkyl" includes straight-chain and
branched alkyl groups as well as cycloalkyl groups. For example, C, - C; alkyl
includes methyl, ethyl, isopropyl, fer-butyl, neopentyl and cyclohexy! groups.
Aiso, "heteroaryl" is intended to include monocyclic five- and six-membered
aror_natic rings that include from one to three heteroatoms selected from nitrogen,
oxygen and suiphur. For example, heteroaryl includes pyrolyl, pyridyl, furyl,
thienyl, imidazolyl, thiazolyl, isoxazolyl, thiadiazolyl, pyrimidyl and pyrazinyl.

Certain of the compounds of the present invention have acidic or basic properties
and so can exist as salts. Insofar as such salts are non-toxic and otherwise
pharmaceutically acceptable, they are included within the scope of the invention.

Examples of such salts include, but are not limited to, the acetate, hydrochloride,
sulphate, phosphate and ‘benzoate salts of basic compounds, and the sodium,

potassium and {etra-alkyl ammonium salts of acidic compounds.

Except when R' is H, compounds according to general formula 1 have two
stereogenic centres (asymmetric carbon atoms), shown below as C*. The
stereochemistry at these two positions is preferably the one Hllustrated. Certain

embodiments of R! and X allow for further stereogenic centres to be introduced,



In anot her preferred enbodi nent, the present invention conprises a compound -
according to general fornmula | in which Ais a group according to general
formula 2 W48 s an anino acyl group. In one nore pr AESEREMSIHodi nent ,

X is an amno acyl group corresponding to a basic am no acid such as

| ysine or arginine, and nost preferably arginine. In another nore

preferred enbodinent, X is an amno acyl group corresponding to glycine.

I n anot her preferred enbodi nent, the present invention conprises a conpound
accordi ng t o 3§8net dhe reompgrads) of dheyinvantion imay, egislo@p sRImeRdiNRPdNg gener al

formula 2 7 80 : I akg : S ;

RA000C( RS) ( R&%&Jﬂ%oneﬁ%é&g%%%@ﬁ%ﬂgg‘é'l” mitueeg) 0P such optical . kyl .

| n anot her nusones, @feecansiderediiabie within thesnepeddf tieGnwantiorRe i s H and the ot her

is methyl. Mst preferably, R4 and one of R5 and R6 are nethyl and the

other of RS and R8 is H. In another preferred enbodi nent, the present

i nvention conprises a conpound according to general fornmula 1 in which A

is a group according to general formula 2 and X is a nethoxycarbonyl

group. In another preferred enbodi nent R‘thement i nvention conprises a
whi

conpound according to general formul alit i h Ais a group according to

general formula 3. In .another prefejt gl nent, the present invention
conprises a conpound according to gener fodqula | in which Ais a group
according to general fornula 4. In a nofe pr rred enbodinment Re is C, -
C3 alkyl, and nost preferably it is nethyl. In another nore preferred

enbodi nent, Re is C, - C3 alkyl or C1 - C3 alkoxy, and nost preferably it

is nmethyl or methoxy. Conpounds that incorporate the features of nore than
one of these Ipaefefgrreddmbodiment, the present invention comprises a compound according

to general forinula 1 in which R' is other than H and R?, where present,isH. Ina

more preferred embodiment, R'is C, - Cg alkyl.

in another preferred embodiment, the present invention comprises a compound
according to general formula 1 in which R' is H and A is selected from groups
according to general formulae 2 and 4 with Rz being —(CH,),,NH—CSHaN—Y. ina
more preferred embodiment nis 2 and Y is CN. In a most preferred embodiment,
the NH group is at the 2-posftion and the CN group is at the 5-position of the

pyridine ring.

In another preferred embodiment, the present invention cofnprises a compound
according to general formuta 1 in which A is a group according to genersl formula 2
and X is an amino acyl group. In oné more preferred embodiment, X is an amino
acyl grdup correspondiﬁg to a basic amino acid such as lysine or arginine, and
most preferably arginine. In another more preferred embodiment, X is an amino

acyl group corresponding to glycine.

In another preferred embodiment, the present invention comprises a compound

according to general formuia 1 in which A is a group according to general formula 2




-enbodi nents are particularly preferred. A nost preferred enbodi nent of the

present in i Is a conpound selected from (2S)-1-( ([ Zerdmirniedal

"-acet oxye%@@@?bbnyl am no) - 3t, 3' - di et hyl but anoyl ) - [&%ﬂ”ﬁ%ﬁe- 2- car bo
nitrile; (25)-1-(N-(1 .

"-acet oxyet hoxycar bonyl )i sol eucyl ) pyrrolidi ne-2-carbonitrile;

(2S)-1- (N - (met hoxycar bonyl )i sol eucyl ) pyrrolidi ne-2-carbonitrile;
(2S)-1- ((N') - LH x XLHB10L RECOBERARNIE DS I Sl RCR¥RONItrile;
(25)-1 - (gl ycylisol eg@y%) Dy G #f 20 g'ﬁcs'a'gr’ﬁ{’)')ﬁ%ﬂ&?ég;é%&eﬁ%"& 8

(2S) - 1- (ar gi n@t + Selaliec y In) gnpthepd ot preferPeccembasiiment,i dne ;of RBaniRUs HamdiS 0

PCT/ GB00/ 0457 ; 4 5 8

S) -1-((2'S)- 2’9"9(%%&‘809?5‘#%% oS RaRly R, gnd 8ge 3§ Riand i 3 Y 309Ky 1 ) -
pyrrolidi ne- 2ethar fRtiahd RF&s;H.(2S) - 1- ((2' S)-2' - (1

"-acet oxyet hoxycar bonyl am no) - 2' - cycl ohexyl acetyl) -
pyrrolidine-2-carbonitrile; (25)-1-((2'S5)-2"-(1

" - acet oxyet hoxy gyt hréfarfed) ehbotimeht, tHé PRIsBit! iRRRtGH SdMprises a compound
pyrrolidine-2-carbonitrile; (29-1-(N-(1 .

" - acet oxyet hoRGeoadingta@eneral formaia 1L ip whigh Ads a aRpup peaording teipenerst formdaBoni tri | e;
(2S)-1- (Nm (1,7 PXRERb ¥ ? | ) - Nm p-t ol uenesul phonyl | ysi nyl) -
pyrrolidine- 2-al(1:€5ragsz)ni t(rﬁi f&g;é ?9& B?H

-(N-(1' -acet oxyet hoxycarbonyl )-N-(2"-(5"" -cyanopyridin-2""-yl am no) -

t hyl | i | idi - e i i - X R
& ) Y i) SR oo €mbQIRER, the pteBent ertion comprises 3 compound,

car boni tri | e; according to general formuia 1 in which A is a group according to general formuila
(29)-1-(S -tept- butyl - N - (et hyl oxycar bonyl ) cystei nyl ) pyrrolidine-2-carbonit
rile; )

in another preferred embodiment, the present invention comprises a compound
according to general formula 1 in which A is a group according to general formula
4. In a more preferred embodiment R® is C, - C, alkyl, and most preferably it is
methyl. In anhother more preferred embodiment, R® is C, - C; alkyl or C; - C,

alkoxy, and most preferably it is methyl or methoxy.

Compounds that incorporate the features of more than one of these preferred

embodiments are particularly preferred. A most preferred embodiment of the

present invention is a compound selected from:
(25)-1-((2'S)-2"-(1"-acetoxyethoxycarbonylamino)-3',3"-dimethylbutanoy!)-
pyrrolidine-2-carbonitrile;
(2S)-1-(N'-(1"-acetoxyethoxycarbonyl)isoleucyl)pyrrolidine-2-carbonitrile;
(2S)-1-(N'-(methoxycarbonyl)isoleucyl)pyrrolidine-2-carbonitrile;
(28)-1-((N")-{(4"-oxopent-2"-en-2"-yl}isoleucyl)pyrrolidine-2-carbonitrile;
(2S)-1-(glycylisoleucyl)pyrrolidine-2-carbonitrile;
(2S)-1-{arginylisoleucyl)pyrrolidine-2-carbonitrile;



(2S) - 1-(N—acety| N- benzoyl | ysinyl ) pyrrolidine-2-carbonitrile; and
(2S)-1-(N-(acet - Nm (benzyl oxycar bonynom t hi nyl ) pyrroiidi ne- 2-

carbonitri 9°’f’ﬁ onpounds according to the present invettVERI0O4HT2 he
prepared by standard techniques that are well known in the field of
organic chemstry. In many cases, a suitable starting material is an am ne
according to. general formula 5, in which R and R2 have the sane neani ng

as defined previ o I3A) /04572 The
synt hesi s of such é@? cewé@g%}&g Jbgnﬂmlgo}aéxawﬁtw % ns et at

(Woe5!15309), Vil b&rmhdme—@\mﬁmlrw%), Ashworth et at (B| oorg. Med. Chem
Left. 1996, 6(10 < 6' .and Li .etal. rch. ., Bi ochem . Bi.gphys. 1995,
323(1), 148-54). 2&3%&5 haee &%‘W°&‘¥‘ﬁ"§i’("p‘é§‘&°?‘§é°aa? 'ﬁ'éeégﬁpubl i cati ons
can be made by r opyrrdN8ineZRditohititd;i on of the nethods given therein. The
steps involved in the preparation of the conpounds of the Invention from
conpounds accordl RPN (@it hracetoxyathoxyearbenxiaavng)-6 ¢ -dimethylpettaBowdr t he group
A (1) A= N; X pyfdiine2aeonti@up- R2 Scheme | Chn* R PG N CH + RAN N
HOHOGCN 65

(2S)-1-(N'-(1"-acetoxyethoxycarbonyl)-O'-tert-butylserinyl)pyrrolidine-2-

carbonitrile;
(2S)-1-(N=-(1"-acetoxyethoxycarbonyl)}-N=-p-toluenesulphonyllysinyl)-
pyrrolidine-2-carbonitrile;
(25)-1-(N-(1-acetoxyethoxycarbonyl)-N-(2"-(5"'-cyanopyridin-2™-ylamino)-
ethyl)glycinyl)pyrrolidine-2-carbonitrile;
(2S)-1-(N'-(benzyloxycarbonyl)-O’_tert-butylthreoninyl)pyrrolidine-2-
carbonitrile;
(2S)-1-(S'-tert-butyl-N'-(ethyloxycarbonyl)cysteinyl)pyrrolidine-2-carbonitrile;
(2S)-1-(N= acetyl-N -benzoyllysinyl)pyrrolidine-2-carbonitrile; and
(25)-1-(N=-(acetyl)-N=-(benzyloxycarbonylornithinyl)pyrrolidine-2-

carbonitrile

The compounds according to the present invention can be prepared by standard
techniques that are well known in the field of organic chemistry. In many cases, a
suitable starting material is an amine according to. general formula 5, in which R'
and R? have the same meaning as defined previously.



OROR PGNN--a- ZNNNHCNHCN OChn JA O Chn* 7 Schene 1

i1l ustratesw paration of these conpounds in two st . n
represents tﬁgﬁgiﬂ%og chain of an am no acid. Dependi ng onggﬁgl’%{'m‘ﬁa acid
being used, Chn may be H (for glycine), CH3 (alanine), (CH3)2CH (valine),
(CH3)2CHCH2 10 WO 01/40180 PCT/ GB00/ 04572 (Il eucine), CH3CH2CH( CH3)

(i sol eucine), CSHSCHZ (phenyl al ani ne), HOCGI—MCHZ (tyrosine), CBHOENCH2
(tryptophan), HOOCCH2 (aspartic acid), HOOCCH2CH2 (gl utam c acid),
H2NOOCH? ( aspee aiithesis, of-syabceamrorpds | deseries ). fomsarmole (4e8KipH €4 8l CH3CH( OH)

(threonine), %%%@y%%e@md&ﬁ%ﬁ%%ﬂwmﬁm gétb )Med RN 12
(histidine), H2N( CH2 é/)sme I nine As will be

under st ood by99%8E8). f‘?ﬁﬁ f9)and | fig/. {Afeh. ﬁmb?m c,%DRBWSH B AGEDY ry,

several of thesRusdsiRt eRslichy deqinbéd m thd4B plibiRBRIns %PHQ%\aHQ%Sf nﬁmﬁe reactive
under the conditions necessary to effect the condensation of the two

fragments. THediEcatignetthe methody Eﬁﬁb@eﬁ?ﬁ‘st'r’ﬁét??ﬁ@’t"e’(‘!?‘éﬂ Wt RrRPREAoASHr opr i at e

maski Ng gr OUghe BHPBURLEVRTe Mubntiof ST ddpdudds; acf:&&m?l@ﬁ@&é?al foriuRt £Ct i ve
G oups in Organl C nt hesis", T.W Geene, WIley-Interscience, 1981. Chn*

therefor repPeRRBALE 'lerf@t‘gﬁﬁéthgigﬁémé‘hal ns but with any necessary protecting
groups. Simlarly, PG represents a protecting group for an am no function.
The 1-(2'-am noacyl)-2-cyanopyrrolidine 5 can be condensed with the
appropriately prrtected amno acid 6 to give internediate 7 using a

variety of cgywleti offs tixat amme acy¥gtdupknown in the field of peptide
chemistry. Generall g? the two conponents are

Scheme 1

Chn” R'
2
o} 0

CN
6 l 5

N R

%

:rllu

Scheme 1 illustrates the preparation of these compounds in two steps. Chn
represents the side chain of an amino acid. Depending on the amino acid being
used, Chn may be H (for glycine), CH, (alanine), (CH,),CH (valine}, (CH,),CHCH,

10



di ssolved in an appropriate solvent, which is normally an aprotic solvent
such as ' tfet hane or di nethyl fornmam de or a m xt y, qq. and
the solution'I's "cooled to OC or below. One or two equivale ts o an am ne
base such as diisopropyl ethyl am ne or dinethyl am nopyridi ne may be added
to the solution. A condensing agent is then added and the m xture is
stirred until the starting materials have been consuned, as indicated by,

for exanpl eaeaaﬁé)ytdweh diitch,) F&ﬁ’é c;nehr@mpéngr(aﬁwanaa.ﬁe;t Wlbdi ﬂa@w on is

slow, it may be advi sab eto mXxture to warmu toa I ent

terrper ature (W@sﬁ‘ébeptﬁsﬁpﬁzt(Ht‘éPtBPﬂ?Bbs'é’OO% aFpRartico 38iEh sHRYCCHYER: s i ncl ude
DCC (dicycl Q@@%Mﬁ&%@pdﬂ é.ﬁé)emgnccmz@h égm&.ﬁa&g} -HOCH,

tris(dimethylam no onj um. exaf uor ophosphat e

(bor r zotr 1 Jesen. s«@w RRBGHT| I Ho EEEIRo s HeCHeSH IRRAEPMIsphat ¢

PyBroP(r) (kg QWCH;(méiiuihé H, P (fsiieh and H mmtdmgr(a@hﬂﬁ hagw and HBTU
H i i

(O(benzot riazol -1- -t etranet hyl uroni um hexaf uorophosphat e).

11 if k: V\@e(}mdﬂﬁl‘@@ W@?@B@ﬂ'@ﬁ‘ﬁ#‘z‘m IBE%S*'?R gReptide ehemistvessretal st e 7 gi ves

the target qwéaacweichhms(donem fﬁn&t@ﬁﬁ?@ﬂﬂlﬁs &Hat a@aeemé uﬁaarrmé Sondlitighs h A

according to general romula 2 and X am ng ac Sw tably
prot ect ed prSFessaYigye f%é H‘?e‘i?"f’?&sf’%%'ﬂ" ﬂweéwgc;ra@pégtst hgﬁ"S ? conmpound

wi th X bei ngréu rrmisf be pRsiedietPwitt appiepriatedin@skintrigrodp. nCSLﬂ:ﬁlgﬁh‘upﬁraﬁb itens of
e 0
co ree. Xé)es nbezi in, for ewazmble )SProte n(r:eo Groups m%rgamc S%ntheszs" T.W. Greene,
Wiley-Interscience, 1981. Chn* therefor represents the same side chains but with

any necessary protecting groups.
Similarly, PG represents a protecting group for an amino function.

The 1-(2'-aminoacyl)-2-cyanopyrrolidine 5 can be condensed with the appropriately
protected amino acid 6 to give intermediate 7 using a variety of conditions that are
well known in the field of peptide chemistry. Generally, the two components are
dissolved in an appropriate solvent, which is normally an aprotic solvent such as
dichloromethane or dimethyiformamide or a mixture of these, and the solution is
cooled to 0°C or below. One or two equivalents of an amine base such as
diisoprobylethy!amine or dimethylaminopyridine may be added to the solution. A
condensing agent is then added and the mixture is stimed until the starting
materials have been consumed, as indicated by, for example, analytical thin layer
chromatography. If the reaction is slow, it may be advisable to allow the mixture to
warm up to ambient temperature to accelerate the process. Suitable condensing
agents include DCC (dicyclohexylcarbodiimide), BOP ((benzotriazol-1-yloxy)-
tris(dimethylamino)phosphonium hexaflucrophosphate), PyBOP® ((benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexaﬂuorophqsphate), PyBroP® (bromo-
tripyrrolidinophosphonium hexafluorophosphate) and HBTU (O-(benzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate).

11




OOR RRBA R;Nr N+or -- 3w R3j~NN-1IYHp CNI J~Wp CN 3 R1
a R3 0 Sc 4% | lustrates the preparation of these c %&gﬁ(ﬁ? The
startlngmaerla} 5 is treated with an acyl chloride or % ide in an
aprotic solvent and in the presence of an am ne base such as descri bed
above, to give the product 18. Wwen R3 = H it is not possible to use the

acyl chloride or anhydri de In this case a m xed anhydride is used. The
reagent can (boep et:nl ent ared fromformc acid and acetic

anhydri de. § ‘F‘i")’“ﬂ ‘%‘ggmﬁi@%m}w. 1% fke. 3 somgyund Pf0180
PCT/ GB0O/ 045 B2neracfoertigia 3 Rath RARCDHiNgGb! denérabfoffhidfd 2 dndRX 44 aniihdbéyt

residue).

Suitably protected proline may be used instead of 6 to give the analogous
compound with X being a prolyl residue. All the protected amino acids are items
of commerce.

@ma= N X =RCO .

‘Scheme 2

Scheme 2 fliustrates the preparation of these compounds. The starting material §
is treated with an acyl chloride or an anhydride in an aprotic solvent and in the
presence of an amine base such as described above, to give the product 18,
When R® = H it is not possible to use the acy! chioride or anhydride. In this case a
mixed anhydride is used. The reagent can conveniently be prepared from formic
acid and acetic anhydride.

e X\ "‘
(i) A= ‘}‘2 ; X = R'COOC(R5)(R6)OCO -
R

12



OON--ly ss OO0 NXZ RZOCN 4&000A 1 ~C R 8 Scheme 3 illustrates the
pr epar atio,&,o(%flm;1 se conpounds. The starting material 5 pdedobbed Wth a
p- ni trophenyl “carbonate 8 in an aprotic solvent and in t%e presence of an
am ne base such as described previously to give the product 1c. The
carbonate is prepared according to the nethod descri bed by Al exander et alL,
J. Med. Chem 31, 318, 1988. xII (iv) A= N; X = nethoxycarbonyl,

et hoxycar bonyl , benzyl oxycar bonyl ‘s R2 13 . li; WO 01/40180 PCT/ GBOO 04572
Scheme 4 O R H3C~OAN N ~ McOCOC R%j—%e Z OR s ROCOCI N R,NN----~
H3C' "ONHOGCNR2 OCN 5 BnOCOCI |

R1
H

Scheme 3 illustrates the preparation of these cb‘mpounds. The starting material §
is treated with a p-nitrophenyl érponate 8 in an aprotic solvent and in the presence
of an amine base such as described previously to give the product 1°. The
carbonate is prepared according to the method described by Alexander et al., J.
Med. Chem. 31, 318, 1988.

X\ .O‘
(VA= l}‘ ; X = methoxycarbonyl, ethoxycarbonyl, benzyloxycarbonyl .
R?

13




or ONN BnOCOONSUu R2 O CN 1n Schene 4 illustrates the preparation of
t hese conpounds. The starting material 5 is treated with a chioroformte
in an apr oW@0ié818¢ent and in the presence of an am ne REFEGBING4ST2as
descri bed previously to give the product 1. Since benzyl chioroformte
(BnOCOCl) is not very stable, it may conveniently be replaced by benzyl
1-succi ni mdyt carbonate (BnOCONSu). This and all the chiorooformates are
itens of commerce. (v) A = 14 WO 01/40180 PCT/ GBOO 04572 Schene 5 R H H.
RL H2ZN N+ 7~ ---~ Fe "IV N '"~Y Odchere® p CN 5A 1E Schene 5
illustrates the preparation of these conpounds. The starting material 5"
(i.e. a conpound according to general formula 5 wwth R2 = H) is reacted
with an al dehyde 9 in the presence of an acidic catal yst such as, for
exanpl e, p- toluenesul phonic acid. The reaction is perfornmed in a sol vent
such as cycl ohexane or toluene at an el evated tenperature such as at the
boiling point of the solvent. Water is renovgg cortinu y, either by
azeotropic distillation or with /u\

Hac\o N

N
|
MeOCOC! R o CN
¥ J P
EtOCOC N
RS N —>  HC o N/l\[(
N : L2 CN
H fo) CN R o
5

1
Bnocc%& j\ R
or N
BnOCOONSU o N
R o CN

1D

Scheme 4 illustrates the preparation of these compounds. The starting material 5
is treated with a chloroformate in an aprotic solvent and in the presence of an
amine base such as described previously to give the product 1°. Since benzyl
chioroformate (BnOCOCI) is not very stable, it may conveniently be replaced by
benzyl 1-succinimidyl carbonate (BhOCONSu). This and all the chloroformates
are items of commerce.

H

WA= 7& .

R N

14



a desiccating agent such as activated nol ecul ar sieves. The al dehydes: 9
are itens of commerce. Rs R8 (vi) A= 0ON R2 Schene 6 R~ RO ORI Rs Rl
--1Y RAN NWOUI4N8d 0 R 1: OCNR2 p ON 5 10 1F 15 | i PREGH0UER0

PCT/ GB00/ 04572 Schene 6 illustrates the preparation of these conpounds.
The starting material 5is reacted with an 1, 3-dicarbonyl conmpound 10 in
an aprotic solvent and in the presence of an am ne base, as previously
descri bed, at anbient tenperature. The dicarbonyl conpounds 10 are either
items of conmerce or may be preparedj§§¥?§édi ng to well-established
procedures. Ot her synthetic routes are, of course, possible. In general,
they differ fromthose described above in the order in which steps are

perfornmed. Two exar‘rle’as a illustrgted in Schene 7.HSchgte 7 RS HN N
N l X N
R "0
o CN 0 CN
5A 9 1€

Scheme 5 illustrates the preparation (;f these compounds. The _starting material 5*
(i.e. a compound according to general formula § with R? = H) is reacted with an
aldehyde 9 in the presence of an acidic catalyst such as, for example, p-
toluenesulphonic acid. The reaction is performed in a solvent such as
cyclohexane or toluene at an elevated temperature such as at the boiling point of
the solvent. Water is removed continuously, either by azeotropic distillation or with

a desiccating agent such as activated molecular sieves.

The aldehydes 9 are items of commerce.

9 8
0Z NF l}l"
R2
Scheme 6
R’ 2o R R R
RT N )\/l\
H o) R® ° \
o] CN R O CN

5 10 1F
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CONH2. AR~ 0 CONH2 13 AOHO 11 R HN14 NA --'Y CNOCN1
Internmediate 11 is prepared according to the nethods previously descri bed.
It can beWMHHMI8ed with prolinean de (12) accordi ng t @CIIEBINSTOdS
described In Scheme | to give the internmediate 13. This can be dehydrated
by treatnment with 16 WO 01/40180 PCT/ GB00/ 04572 trifluoroacetic anhydride
to give the target conpound. Alternatively, internediate 11 can be
condensed with. prolinenitrile (14) to give the target conpounds directly.

Conpounds ac dshemn@iltustrajestbe preparasionof these compeunds npbtsiartingpatesiad Sis esent
. ! v . : !
goneral 't or iR eh S aillubiF Bl 1ol SPRREUNERARE LD D

R N In ~ RprefeeAf ih arpinedast] ap pfetdously described, at ambient temperature.

The dicarbonyl compounds 10 are either items of commerce or may be prepared
according to well-established procedures.

Other synthetic routes are, of course, possible. In general, they differ from those
described above in the order in which steps are performed. Two examples are
illustrated in Scheme 7.

Scheme 7

! 12 '
N

o o

>
x—h
reje)

R’ yNHzr CONH,
OH
A l
o’ 1
11 R \
A
CN o CN

1

Intermediate 11 is prepared according to the methods previously described. It can
be condensed with prolineamide (12) according to the methods described In
Scheme 1 to give the intermediate 13. This can be dehydrated by treatment with



1 5. As discussed previously, Inhibitors of DP-1V are believed to be.
useful in tment of certain nedical conditions. /-);&?5 ' , the
conpounds %vp%g}ﬁaeﬁépresent i nvention are useful in the trea n@h@&g{ t hese
sanme nedical conditions. In particular, the compounds of the present

I nvention are useful in the treatnent of inpaired glucose tolerance and
type 2 di abetes. They can also be useful in the treatnment of reproductive
di sorders SuGh@odoBlicirnhliidedto Y8 thedtaRfth KGHShd. OlfRirbtvel)! RAiLEme T UT ¢ hET
use is in the treatnen gro hor mone 1 nsufficrency 'I'eading to small
stature. O hetl scapdecahdansedivith pmiinenitrile (idxte givedhe tdeast compeunds directlyscope of
the invention. For use in the treatnent of these disorders, the conpounds
of the invention will generally be included in a pharnmaceuti cal

conposi ti on deempayndslagearding 4 genpral derawia 1l ofther Bempavnds) & dhe diesenbf

adm ni strati hid Wi teat pr esent
I nventi on. Tﬁgvea g@nmﬁggﬁgﬁbyﬁédqgg%gsmloo%&ngo n%?%@ u?:l‘%aot etP dséﬂ%: F

phar maceut i cdptnyla.c dhesHmetabglitesare inhibiters obPRV.general |y known in the art,
such as bul king agents, diluents, diggpkednts, preservatives, colouring
and flavouring agents and the like.. The choice of the 17 . li. WD

01/ 40180 PCT/ GB00/ 04572 excipients will depend on the manner in which the
conposition is to be foynulated and adm nistered, The conposition may be

adm nistered by the rogtes pengral ly._ _known in t arf. r exanple, the
conposition may be forjul ajngd ZAs a gﬁﬁf&. Qgps e, r or powder for
oral adm nistration,A7as | ozg¢nge or wafer forNSub-

o]

i nfual or buccal
al m ni strati on, as
p er for nasal adm nisttation, as a

1 5

adm ni stration, as a suppositeyy for rectal orHvagi
a solution, suspension o

As discussed previously, inhibitors of DP-IV are believed to be useful in the
treatment of certain medical conditions.  Accordingly, the compounds of the
present invention are useful in the treatment of these same medical conditions. In
particular, the compounds of the present invention are useful in the treatment of
impaired glucose tolerance and type 2 diabetes. They can also be useful in the
treatment of reproductive disorders such as infertility due to polycystic ovary
syndrome. A further use is in the treatment of grov»;th hormone insufficiency
leading to small stature. Other medical conditions are also included within the

scope of the invention.

For use in the treatment of these disorders, the compounds of the invention will
generally be included in a pharmaceutical composition and formulated
appropriately for the intended route of administration. Such compositions
comprise a second aspect to the present invention. The pharmaceutical
composition may include other such pharmaceutically acceptable excipients as are
generally known in the art, such as bulking agents, diluents, dispersants,

preservatives, colouring and flavouring agents and the like. . The choice of the
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-.creamor lotion for topical admnistration, as a patch for transdernal

adm ni str% r as a solution or suspension for sub

i ntramuscu %lféqmqont ravenous injection. Injectable for%&%&&w"al ude
encapsul ated and other controll ed-release fornulations as are known in the

art to be suitable for depot admnistration. A preferred conposition is a
tablet for oral admnistration. In a third aspect, the Invention conprises

thod of wh

person i - nekiPEE Bt geBend ot el h b A Raeto E elipBifeS, 1) " °
effective armdratimmisthed:oﬁpemnrdpmlodaayrbeladmmlsﬁmd/b/ th@ haustebcgenaglly egi nen wi | |

Iy b t th
part1 oul ar RO E8 Y, EBFelarpR, WRRRB SRR b bR S BTG b om
1 ngto 500rugpswacesywprord:ayderrfouprat aﬂnﬁrmstratlbm ressa |oeenge vy waldvdorf subegoi ng

| d t | es.
Those are t nTalH " shted hdrifibsgioh, 35" 3" SEoethd of B W Cladile, . 1700 Do
t hey do not admirdsisatiom\as|a soiution, msmelpeoopowdeator hesal administltioorased her et o.
EXAMPLES S W%ﬁotﬁ:ﬂqorf%q&?ﬁnﬁig%\@gt%n %@%epra lf% tn’éﬁfu@r ?ngkrht?oq Wi t hout

further puri ures o es were'confirnmed
by 1H NVR mrmal a gelulihmcerssuspensiontfar smntanmmamtmmst;@lar by xntrawog:pect roscopy

and/or ele 4 ed=r6

(29)-1- (( 2”3]&%&( W%ﬁe’?g%’@% x"g'ééer g'a"g% an n@%‘%ﬁiiﬁ?" F?g%ﬂ

but anoyl ) py rferslaipnecaaredinpumin thelagt ty beuitetie (oK depot admmls*raﬂon
preferred composition is a tablet for oral administration. -

In a third aspect, the invention comprises a method of treatment of glucose
intolerance or type 2 diabetes wherein a person in need of such treatment is
administered a therapeutically effective amount of a compound as described
above, The dosing regimen wilt generally be decided by the treating physician,
taking into account the particular characteristics of the patient. The dose will
typically be from 1mg to 500mg once per day or up to four times per day.

The foregoing general description is further illustrated below in a number of
examples. These are intended lo demonstrate the implementation of the
invention, but they do not in any way limit the scope of what has been described
hereto.

EXAMPLES
Solvents and reagents were generally used as supplied without further purification.

The structures of all intermediates were confirmed by 'H NMR. Final products
were further characterised by mass spectroscopy and/or elemental analysis.

18



A sol ution of
(29)-1-((2 m no-3', 3' - di net hyl but anoyl ) pyrrolidin |tr|Ie
hydr ochl on“? %?.,igg ng, O. 73rrm)| prepared according to Jeﬁ mgﬁ’re'o?ggt
W95/ 15309), a-acetoxyethyl p- nltrophenyl carbonate (220ngy, O. 82mm|
prepared according to Al exander at alL, J. Med. Chem 31, 318, 1988) and
triethylamne (90ng, 0.90mmvl) in dichioronethane (25nml) was stirred at
room tenper r o_ (AN enmoved in
vacuo and tﬁéeﬁr Ié? éiﬁ/a"hﬂgizeAf‘uée‘lstﬁwe%t%ﬁ%%g{@?e \ée@m'm?’tﬁlé sol ution
was washed whwtanqyl)mrmzcsmonitnmcoe wat er and br| ne, dried (Na2SO4)
and evaporated. The residue was purified by flash chronmatography (el uant
Et OAc: Pet. Ether 60-80C, 3:7) yieldingja white solid identified as the
title conpound (170ny, 0.5gmol ‘ji/a ;- {MrH© = 340.2 'H NWR

4

(CDCI3): 8 1.02,1.03 (9H, Hxs),31.4p-1.46 (3H, , 2.03,2.05 (3H, 2xs),
2.15-2.25 (4H, m, 3.69- A
5.43 (11-1, d, J = 9.5Hz), 6. 73-%. 77”( 1
PCT/ GB00104572 Exanple 2 - (2S)-1-(N -(1'
- Acet oxyet hoxycar bonyl )i sol eucyl ) pyrrolidi ne-2- carbonitrile ON OO0 HO

: m19 ::if WD 01/40180
m &e

CN A sol ution of (28) 1- (i sol eucyl)pyrrolidine-2- carbonitrile hydr ochl ori de

(500mg, 2.04mmol ; Ear ed accordi ng _to Jenkins ? W95/ 15309) ,
a- acet oxyet hy‘h sgutlon of (2S)-1-((2'S)-2’-amino-3',3'-dimethylbutanoy )pyrrolldlne-z-ca onitrile

hydrochloride (180mg, 0.73mmol; prepared according to Jenkins et al.,
WO0985/15309), a-acetoxyethyl p-nitrophenyl carbonate (220mg, 0.82mmol;
prepared according to Alexander et al., J. Med. Chem. 31, 318, 1988) and
triethylamine (90mg, 0.90mm_bl) in dichloromethane (25ml) was stirred at room
temperature for 18 hours. After this time the solvent was removed in vacuo and
the residue was taken up in ethyl acetate (76ml). This solution was washed with
0.3M KHSO,, sat. NaHCO,, water and brine, dried (Na,SO,) and evaporated. The
residue was purified by flash chromatography (eluant EtOAc:Pet. Ether 60-80°C;
3:7) yielding a white solid identified as the title compound (170mg, 0.50rhmol,
68%).

MS:- ESI {M+H}* = 340.2

'H NMR (CDCl,): & 1.02,1.03 (9H, 2xs), 1.42-1.46 (3H, m), 2.03,2.05 (3H, 2xs),
2.15-2.25 (4H, m), 3.69-3.76 (2H, m), 4.23-4.28 (1H, m), 4.77-4.79 (1H, m), 5.43
(1H, d, J = 9.5Hz), 6.73-6.77 (1H, m) ppm

19
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‘ni trophenyl carbonate (610ng, 2.27mmvol; prepared according to Al exander et
al ., J. ! 31. 318, 1988) and triethylamne (25 2.50mmol ) in
di chi orone aoaé&?glom) was stirred at roomtenperature ?%IIWH:PQ‘”MBHI’S. Af ter
this tine the solvent was renoved in vacuo and the residue was taken up in
ethyl acetate (70m ). This solution was washed with 0.3M KHSO4, sat.
NaHCO3, water and brine, dried (Na2SO4) and evaporated. The residue was

urified by f h t A I , h 60- 80C, 3:7)

5 i el di ng aycg%( %ﬁﬁee’%s{"%?‘F'(Rig@e%?%?%‘geah@g’%?ﬁé%?ﬁg&cgga{6ﬁﬁwe(ﬁ80rrg,

1. 42nmol, 70%rboktrile ESI (MtHy+ = 340.0 ' H NMR (CDCI 3): S 0.86-0.89 (6H,
m, 0.92-0.97 (1H, n), 1.41-1.45 (3H, ), 150- 1.80 (2H, m), 2.02 (3H, d, J
=5.2Hz), 2.14 -2.27 (4H, 1), 3.60-3.75| (2H, m), 4.23- 4.26 (1H t, J =
7.6Hz), 4.77 (1H, d, J = 2.3Hz), 5.30- (1H, ), 6.73-6.77 (1H m ppm

20 WD 01/40180 PCT/ GBOO/ 04%72 amf) e Y-
(2S)-1-(N - (Met hoxycar bonylfli sofeucyl ) pyLrol
A sol ution of (2S)-1-(isokeutgl) r otNdi ng~< rbonitrile hydrochloride

(300mg, 1.22mvol; prepared according o JRnkin t a/., W95/15309),

met hyl chloroformate (125ng, 1.3mmol) and™triethyl am ne (150ng, 1.50mmmol)
in dichloronmethane (40nml) was stirréd at roomtenperature for 18 hours.
After this tinme the solvent was renoved in vacuo and the residue was taken
up in ethyl acetate (70m ). This solution was washed with 0.3M KHSO4i sat.
NaHCO3, wat eA selntibnbiof 2$)-GfisolsicyliNpstidie-2anacboeitrile dwdrbetdoridé h{500mag, due was

purified by 5!035\“10!; prepared according to Jenkins ef al.,, WO95/15309), a-acetoxyethyl p-
" nitropheny! carbonate (610mg, 2.27mmol; prepared according to Alexander et al.,

‘J. Med. Chem. 31, 318, 1988) and triethylamine (250mg, 2.50mmol} in

dichioromethane (40ml) was stirred at room temperature for 18 hours. After this

-2-carbonitrile N o 0 CN

time the solvent was removed in vacuo and the residue was taken up in ethyl
acetate {70mi). This solution was washed with 0.3M KHSO,, sat. NaHCO,, water
and brine, dried (Na,SO,) and evaporated. The residue was purified by flash
chromatography (eluant EtOAc:Pet. Ether 60-80°C; 3:7) yielding a colourless oil
identified as the titte compound (480mg, 1.42mmol, 70%).

MS:- £SI {M+H}* = 340.0

*H NMR (CDCL,): 5 0.86-0.89 {6H, m), 0.92-0.97 (1H, m), 1.41-1.45 (3H, m), 150-
1.80 (2H, m), 2.02 (3H, d, J =5.2Hz), 2.14 -2.27 (4H, m), 3.60-3.75 (2H, m), 4.23-
4.26 (1H, t, J = 7.6Hz), 4.77 (1H, d, J = 2,3Hz), 5.30-5.50 (1H, m), 6.73-6.77 (1H,
m) ppm

20



chromat ography (Et OAc: Pet. Ether 60-80C, 4:6) yielding a colourless oif

identified__as the title conmpound (310ng, 1.16mmol, 95% . M5:.- ESI (MtH)+ =

268.2 ' H NWOW4803): | 0.85-0.95 (6H, ), 1.10-1.25 (1HECHfBOOP4E 1 77
(2H, n), 2.11- 2.26 (4H, m), 3.62 (3H s), 3.66-3.79 (2H, m, 4.21 (1 H, t,
J = 9.2Hz), 4.74-4.78 (1 H m, 530 (1 H d, J =09.1 Hz) ppm 21 WO

01/ 40180 PCT/ GBOO) 04572 Exanple 4 -

(2S)-1-((N)gld: -O%0 B WG| ATV I Sk Lidines2-. carbonitrile
O .~%N CN E%L}'lf"?oél ?t)%&(l)f(ﬁ' 3‘%}‘1'%’%’4.’@&'%3%@%?‘;@?“ Farbanle o e
hydrochl ori de (150ng, O.61mml; prepared according to Jenkins et at.,
W95115309), 2, 4-pentanedi one (68ng, 0.68mmol) and triethylamne (75ng,

0. 75mmol ) in dichloronethane (25n) was stirred at roomtenperature for 18
hours. After this time the sol vant r ved in vacuo and the residue
was taken up in ethyl acetate (fOnil)} Thils ol ution was washed with 0.3M
KHSO4, sat. NaHCO3, water awrd D rj N (Na2SO4) and evaporated. The
resi due was purified by flashochr§hato raph (el uant Et QAc: Pet. Ether
60-80C, 7:3) yielding a colourless oilQiden Nried as the title conpound
(85my, 0.29mmol, 47% . Ms:- ESI {MrH)+ = 292.3 "H NWR (CDCI 3): 8 0.87-0.98
(84, m, 1.19-1.25 (1H, m, 1.61-1.69 (2H m, 1.84 (3H, s), 1.98 (3H, s),

2.15-2.25 (4K sditionSof* & s} 12fbolelbnpaidme-2%amioRittiid Hydroioride (300mg,
' 1.22mmol, prepared according to Jenkins et al, WO95/15308), methyl
chloroformate (125mg, 1.3mmol) and triethylamine (150mg, 1.50mmol) in

dichloromethane (40ml) was stired at room temperature for 18 hours. After this
time the solvent was removed in vacuo and the residue was taken up in ethyl
acetate (70ml). This solution was washed with 0.3M KHSO,, sat. NaHCO,, water
and brine, dried (Na,SO,) and evaporated. The residue was purified by flash
chromatography (EtOAc:Pet. Ether 60-80°C; 4:6) yielding a colourless oil identified
as the title compound (310mg, 1.16mmol, 95%).

MS:- ESI {M+H}" = 268.2 _ _

*H NMR (CDCL,): 5 0.85-0.95 (6H, m), 1.10-1.25 (1H, m), 1.54-1.77 (2H, m), 2.11-
2.26 (4H, m), 3.62 (3H, s), 3.66-3.79 (2H, m), 4.21 (1H, t, J = 9.2Hz), 4.74-4.78
(1H, m), 5.30 (1H, d, J = 9.1Hz) ppm.
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3.95-3.98 (1 H m, 4.75-4.79 (1 H m, 4.98 (1 H s), 11.09 (1 H d, J =
8.1 Hz) ppm Example 5 - (2S)-1-(d ycylisol eucyl)pyrrolidine-2-carbonitrile
O H2N N ) ™P4401800 N 22 WO 01/40180 PCTI GBOO 04572  ( FCTIGBO0/4572
(2S)-1-(lsol eucyi)pyrrolidine-2-carbonitrile To a solution of

Boc-i sol euci ne hem hydrate (0.96g, 4mmol) and PyBOP(r) (2.34g, 4.5mmol) in
di chl oronet hane (25m ) was added DI PEA (1.74nl, 10mmmol). To that solution
was added solid (S)-pyrrolidine-2-carbonitrile hydrochloride (0.60g,

4.5mol ) f ol | B%A8PI& ¢ -42 HEUNHbr Oxapent? -en-Prv)isdenaylpwmelidine-2-The reacti on

m xture was Siirkéiifild Or 2h. The sol vent was renoved by rotary evaporation,
and the residue was taken up in ethyl acetate. The resulting solution was
washed with 0.3M sodium bisulfate (2x), saturated sodi um bi carbonate (2x),
wat er and saturated sodium chloride. {The organic phase was dried with

anhydrous sodium sul fate and t@e sql veny wa noved by rotary
evaporation. The residue was di fsolMed ip a Nni ure of TFA (95% and water
er S e ed under reduced pressure,
re
nd

(599 . After 1 h nost of TFA a
and the residue was triturated with etther, ting in the formation of a

r
precipitate. The precipitate was coll ect edPa ried in vacuo to give the
trifluoroacetate salt of the title product as a white solid; yield 0.58g
(1.8muol, 45%. (b) (2S)-1-(dycylisoleucyl)pyrrolidine-2-carbonitrile To a
solution of Boc-glycine (0.21g, 1.2mmol) and PyBOP(r) (0.62g, 1.2mmol) in

A solution of (2S)-1-(iscleucyl)pyrrolidine-2-carbonitrile hydrochioride (150mg,

0.61mmol; prepared according to Jenkins ef al,, WO95/15309), 2,4-pentanedione
{68mg, 0.68mmol) and triethylamine (76mg, 0.75mmol) in dichloromethane (25ml)
was stirred at room temperature for 18 hours. After this time the solvent was
removed /n vacuo and the residue was taken up in ethyl acetate (7O0ml). This
solution was washed with 0.3M KHSO,, sat. NaHCO,, water and brine, dried
(Na,SO,) and evaporated. The residue was purified by flash chromatography
(eluant EtOAc:Pet. Ether 60-80°C; 7:3) yielding a colourless oil identified as the title
compound (85mg, 0.29mmol, 47%).

MS:- ESI {M+H}* =292.3

'H NMR (CDCl,): & 0.87-0.98 (6H, m), 1.19-1.25 (1H, m), 1.61-1.69 (2H, m), 1.84
(3H, s), 1.98 (3H, s), 2.15-2.25 (4H, m), 3.49-3.54 (1H, m), 3.62-3.69 (1H, m),
3.95-3.98 (1H, m), 4.75-4.79 (1H, m), 4.98 (1H, s), 11.08 (1H, d, J = 8.1Hz) ppm

Example 5 - (25}-1(Glycylisoleucyl)pyrrolidine-2-carbonitrile

AR
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di chl oronet hane (3nl) was added DI PEA. (5221, 3nmol). To that sol ution was
added t he QB%F@ of Exanple 5a (0.28g, 0.9mmuvl) foll Owepcf%n per

portion of (1571, 0.9mmol). The reaction mxture was stirred

overni ght. The solvent was renoved by rotary evaporation and the residue
was taken up in ethyl acetate. The resulting solution was washed with 0.3M
sodi um bi sul fate (2x), saturated sodium bicarbonate (2x), water and
saturated sodium chloride. The organic phase was dried with anhydrous

sodi um sul f at d, the solvent was ryenpved. by rotary evaporation. The
resi due was d?e)éggx’?/'i'ﬁqeﬂcﬂy%'ﬁ'\éﬁ@' % a%gtliﬁ% and water (5% and the

mi )(;turg was SlToidscm_ii_iﬁﬁ\ceBB@:-ghteucihbﬁémigidré'tE/éo.asm mgyanm.mbmgunder
reduced pressure. The.residu subj ec icatio

rever se- phas é‘%gmwmd&"&f%elﬁﬂ\ﬁe@@?m#v‘)aﬁF%%géﬁ'gﬁg?ﬁ%" ﬁ?mmﬂé %P &t product
as a white pesmesi waelstided 7dolidy ($)NEDlidindR-tarborfrile\\BydHdéiaitig 0 (0.60g,

PCT/ GB0O/ 045%

le 6, - . .

(25)-1- (Argi iy W’E@?%‘EW‘?Wr"‘P8§hFHP?[B9'29fc31PE&1@PF'r"I dmgdo Thepedn o on NHZ
O Zo aI )sol ut irgﬂuﬁfw@ﬁn%géﬂ\&ﬁé%sélﬂelﬁ%s r%m&ﬁawy)roaggwar&aﬁ{ﬁ. h?d 0. 629, )
1. 2nmo i n _di chj.or onet hane ] s added DLPEA (5 i1, 3mmopl). To that
sol ution was he,fFgdye WﬁéE%FBHE&leTP}%’ a%%fﬁpl e£3s t@.gfgléj‘,“’rﬂ‘.}’%‘rﬂ’ﬂf?‘?dw | owed by
anot her por t ioceMm sddiurPbistifaté (2x), Satliratddl sodmI bicarddmate (RQ¢watenand saturdtéd Was
stirred overnight. The salvent .was renpye rotary evaporation, and the
resi due was tsg%gw cm?nﬁﬁ gpﬁyrgaglggﬁaﬁeewas Jneg ww aqﬁyﬁol}é soglu suﬁlate and o

the solvent was removed by rotary evaporation. The residue was dissolved in a

mixture of TFA (95%) and water (6%). After 1 h most of TFA and water was

removed under reduced pressure, and the residue was triturated with ether,

resulting in the formation of a precipitate. The precipitate was collected and dried in

vacuo to give the trifluoroacetate sait of the title product as a white solid; yield

0.58g (1.8mmol, 45%).

(b) (2S)-1-(Glycylisoleucyl)pyrrolidine-2-carbonitrile

To a solution of Boc-glycine (0.21g, 1.2mmol) and PyBOP® (0.62g, 1.2mmol) in
dichloromethane (3ml) was added DIPEA (522ul, 3mmol). To that solution was
added the product of Example 5a (0.28g, 0.9mmol) followed by another portion of
DIPEA (157ul, 0.9mmol). The reaction mixture was stirred overnight. The solvent
was removed by rotary evaporation and the residue was taken up in ethyl acetate.

The resulting solution was washed with 0.3M sodium bisulfate (2x), saturated
sodium bicarbonate (2x), water and saturated sodium chloride. The organic phase
was dried with anhydrous sodium sulfate and the solvent was removed by rotary
evaporation. The residue was dissolved in a mixture of TFA (856%) and water (5%)
and the mixture was stirred overnight. Most of TFA and water was removed under
reduced pressure. The residue was subjected to purification by reverse-phase
HPLC to give the trifluoroacetate salt of the final product as a white powder; yield
171 mg (50%).
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The resulting solution was washed with 0.3M sodi um bi sul fate (2x),
sat ur at ed W &i g@\s&)l carbonate (2x), water and saturated sodi um chloride.
The organic g’ Lt was dried with anhydrous sodi um sul f aPETGRIPUH2 sol vent
was renoved by rotary evaporation. The residue was dissolved in a mxture
of TFA (95% and water (5% and the m xture was stirred overnight. Mst of
TFA and water was renpved under reduced pressure and the residue was
triturated with ether. e gt hereal |ayer was decant. of f, and the
resi due was snﬁaﬂ'tp?"eé't(%gbh&lrﬁ'f‘@ %W%’?%%%’e"—%ﬁ%@gge HPLC to give the
trifluoroacetate salt of the final product ag a white powder; yield 83ng
(199 . Exanple 7 -
(2S)-1-((2'S)-2" - (Acet oxynet
but anoyl ) pyrrol | di ne-2-carbo
01/ 40180 PCT/ GBOQO 04572 |_f\
(29)-1-((2'S)-2'-am no-3",23 - diHret hyl butanoym)py roligli ne-2-carbonitrile
hydrochl ori de (150ng, 0.61mmol; preparediHyccordi Gg t oCenki ns et at,
W95/ 15309), acet oxynet hyl p-nitrophenyl carbonate (168ng, 0.66nmol ;
prepared according to Al exander et a/., J. Med. Chem 31, 318, 1988) and
triethylamne (70ng, O0.70mmol) in dichioronmethane (25nl). was stirred at
room tenperature for 18 hours. After this time the solvent was renoved in
vacuo and t helozsiuior ofBec-ArgiMin-Qhp(0i58get. Bpinob ard PYBORE W2, 1.Zlimsl)sol ut i on
s g@;gg?ag“ega dicklordMetane (ami s addBibirta W358 6. Db Bkt slidofi a2 2504)
added the product of Example 5a (0.28g, 0.9mmol) followed by another portion of

DIPEA {157pul, 0.9mmol). The reaction mixture was stirred ovemight. The solvent

ycar bonyl aghV di et hyl -

trile OQ A NN’

was removed by rotary evaporation, and the residue was taken up in ethyl acetate.

The resulting solution was washed with 0.3M sodium bisulfate (2x), saturated
sodium bicarbonate (2x), water and saturated sodium chioride. The organic phase
was dried with anhydrous sodium sulfate and the solvent was removed by rotary
evaporation. The residue was dissolved in a mixture of TFA (895%) and water (5%)
and the mixture was stirred overnight. Most of TFA and water was removed under
reduced pressure and the residue was triturated with ether. The sthereal layer
was decanted off, and the residue was subjected to purification by reverse-phase
HPLC to give the trifiuoroacetate salt of the final product as a white powder; yield
83mg (19%).

Example 7 - (28)-1-((2'S)-2'-(Acetoxymethoxycarbonylamino}-3',3'-dimethyl-
butanoyl)pyrrolidine-2-carbonitrile

PUShde



residue was purified by flash chromatography (eluant Et OAc: Pet. Ether

60- 8(C, 4@01)4'ﬁl’dl ng a white solid |dent|f|ed as the title conmpound
(188ny, O. " 95% . Ms:- ESI {M+H) = 326.1 'H NVR (PE¥(GB0V04s21 03 (9H,
s), 2.09 (3H, s), 2.16-2.24 (4H, m, 3.72377(2H m, 4.25 (1 H d, J =
9.6Hz), 4.77-4.80 (1 H m, 5.68 (1 H d), 5.68 (2H, s) ppm Exanple 8 -
(29)-1-((2'S)-2"-(1"-Acet oxyet hoxycar bonyl am no) - 2' -

cycl ohexyl acmdu)new (zis'%m(&@s)& afnh%dﬁn%‘%y”&m% &@Lz@a@oﬁ.&}{ ution of

(25)-1-((2'S) - -'cycl ohexyl acety Earbonittil e
trifluor oacethﬁ‘#fé‘:f("lfﬁbnﬁwQH‘QZBHw%mmObr eenpeed acewdiog nty tdenBiemkemsalet al,

W95/ 15309) , m@g)m@yyetabétbxﬁsémyif%ﬂ%BwényPaémf,ﬁ%{fQ 3@%52‘9%38) and.

prepared according t | exander at aL

tri et hyl ani n@rePgreshgcconding terdviexander et call, ok e Hetem. (35318, \1988)sand r ed at

room t enper atistiiidniifie ('ﬂ(ﬁnd"(wfdinméﬁ hedlcﬂl&bﬁxeﬁ\hﬁ@ (358 @?& ‘éﬁ%d ‘éﬁﬁq orfoved in
vacuo and the resi due was taken u% n ethyl acetate I's solution

was washed wigmpPeiatyie frjifiours 5 After Yiis tge the/salyentovasaemaprshinoms e and\a HCOB,
wat er anA br iHeresidié adls ¢4eR SpM empda@wpo-@ Telis sbifiok Rk Washedpgith Purified

whi te sol i d BAHRABBE g4, NEHEDS efarant i i (NFsSon) =05 SvapRiec. S vy Vs -
ESI {MtH) + =refifue vdsHbuiedi byCMEdh3dhrorBatbgraphyl(elibn BidAcRet. HthéOsolsa?g; (3H, m),
1.67-1.77 (7H’6) r}?e1dmg a2wh|te solid identified as the title compound (188mg, 0.58mmol,
95%).
MS:- ESI {(M+H}" = 326.1
'H NMR (CDCly): & 1.03 (9H, s), 2.09 (3H, s), 2.16-2.24 (4H, m), 3.72-3.77 (2H, m),
425 (1H,d, J =.9.6Hz), 4.77-4.80 (1H, m), 5.68 (1H, d), 5.68 (2H, s) ppm

Example 8 - (25)-1-{(2'S)-2'-(1"-Acetoxyethoxycarbonylamino)-2'-
cyclohexylacetyl)pyrrolidine-2-carbonitrile

IO

O CN

A solution of (25)-1-((2'S)-2"-amino-2"-cyclohexylacetyl)pyrrolidine-2-carbonitrile
trifluoroacetate (100mg, 0.28mmol; prepared according to Jenkins et al.,
WO095/15309), a—acetdxyethyl p-nitrophenyl carbonate (76mg, 0.29mmol; prepared
according to Alexander et al., J. Med. Chem. 31, 318, 1988) and triethylamine
(35mg, 0.35mmol) in dichloromethane (25ml) was stirred at room temperature for
18 hours. After this time the solvent was removed in vacuo and the residue was
taken up in ethyl acetate (7Oml). This solution was washed with 0.3M KHSQ,, sat.
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.(3H, d, J=7.8Hz), 2.11-2.26 (4H, m, 3.65-3..73 (2H, m,
4.76 (1 H d, J=4.2Hz), 5.36-5.41 (1 H m, 6.73-6.77 (1
9 - (2S)-1WQor48Is02' - (1' - Aeet oxyet hoxyear bonyl ani no) - 4' P‘ﬁ‘”‘}'ﬂ’P
pent anoyl } pyrrolidi ne-2-carbon itrile o N ~OONH O CN A sol utlon of
(25)-1-((2'S)-2' -am no-4', 4' - di net hyl pentanoyl ) pyrrolidine-2- carbonitrile
trifluoroacetate (100rrg 0. 30mmol ; prepared according to Jenkins et a/.,

W95/ 15309) , t th h I b ;

pr epar ed a)ccoﬁﬁﬁﬁ(éa'?‘é bl @'iéahg"éerr‘] Id@%‘?@)“‘.‘eﬁgéﬁ aq\%lre%'%g%%‘%ﬁi( 8@? rﬁ%&&%%l& and
triet h%/I am ne tp(:ﬁﬁ@eﬂ'g;y ﬂasm&métbgraphyc(élohit@tm%taﬁher(mfy 4B)yiektinga ed at
room tenpera

vacuo and th& 'rtee§‘?"8d?n€%? atséliee%ﬁf 'FB'%fr’%l}" t(mg'ace&“}%l i?é: o) V\?Ffll ;ersn(;?lﬁfl 1)2
\Qﬁz \gl\ellzgg?a\t/\nem ESI3M-HISQ86.25at . NaH]SZOB wat er and bri ne, dri ed (Na2sO4)
Et OAc: Pet . SI@NLE%(CQ’S%?S Gw% "E‘F nfgfd;"a%:{# ﬁ‘ihﬂ i |d§n§ﬁ)' 5 age!t Egnt
EICgCIe cgméogng @BH, A0, a}&)(ﬁ?m% (434 miY) 3.65-3/83 (ZI-EBi),{MI-?L-J}Zigm 85476 H NVR

2.03 (3H d Z@%#ﬁfzézi'ﬁl%%%gkﬂgﬁfeig—é% 12'&_{“‘%%@ (1 H 1m§32 gz$4 r]r?78 (1
275(),67;314i452 (1 H m, 4.75-4.77 (1 H m, 524-5.29 (1 H m,

00 1 L A A S R s

pyrrolidine- 2-peataboyl}ﬁylrnolhdmg-z-carbon|tr|le

4. 16 4.22 (1H, m,
mExarrpIe

JUS Ve

A solution of (25)-1-((2'S)-2'-amino-4',4'-dimethylpentanoyl)pyrrolidine-2-
carbonitrile trifluoroacetate (100mg, 0.30mmol; prepared according to Jenkins et
al., WO95/15308), a-acetoxyethyl p-nitrophenyl carbonate (87mg, 0.33mmoi;
prepared according to Alexander et al., J. Med. Chem. 31, 318, 1988) and
triethylamine (40mg, 0.40mmol) in dichloromethane (25mi) was stirred at room
temperature for 18 hours. After this time the solvent was removed in vacuo and
the residue was taken up in ethyl acetate (70ml). This solution was washed with
0.3M KHSO,, sat. NaHCO,, water and brine, dried {Na,SO,) and evaporated. The
residue was purified by flash chromatography (eluant EtOAc:Pet. Ether 60-80°C;
4:6) yielding a white solid identified as the title compound (32mg, 0.09mmol, 31%).
MS:- ESI {M+H}" = 354.2

"H NMR (CDCL,): & 0.97, 0.98 (SH, 2xs), 1.41-1.43 (3H, m), 1.44-1.62 (2H, m),
2.03 (3H ,d, J=2.3Hz), 2.16-2.21 (4H, m), 3.61-3.63 (1H, m), 3.74-3.78 (1H, m),
4.45-4,52 (1H, m), 4.75-4.77 {1H, m), 5.24-5.28 (1H, m), 6.73-6.78 (1H, m) ppm




O~~N AOONHORGOCN A solution of (25)-1-(0O -tert

butyl se( ny\ivbﬁi/ﬁﬁﬂ' i di ne-2-carbonitrile hydrochloride Q?% mml
prepared according to Jenkins et al., WO95/15309), a- acet oxy

p- ni trophenyl carbonate (32ny, 0.12mvl; prepared according to Al exander
et al., J. Med. Chem 31, 318, 1988) and triethylamne (20ng, 0.20mmol) in
di chi oronet hane (25ml) was stirred at roomtenperature for 18 hours. After

this tine th t 5 4. JO e res Mas taken up in
cthyl  acet ar XTIREE - ARFLICTRUREab Ry Ry of 1 EBLGNBNEE, 2
NaHCOB, wat epyraolitline-2rearbanitriied (Na2SO4) and evaporated. The residue was
purified by flash chronmat ography (eluant Et OAc: Pet. Ether 60-80C, 4:6)

yielding a white solid identified as ft title conpound (14ng, 0.038mmol,
3599. Ms:- ESI {M+H + = 370.1 HNI\/R( 13): 6 1.11-1.15 (9H, m,
1.41-1.45 (3H, m, 204(3Hcpl _ A~2.15 (2H, n), 3.43-3.62
(5H, m, 3.90-4.00 (1 H m, Eif 73 (1 H d J=5.2Hz),
5.45-5.72 (1 H m, 6.76-6. W8 41/ 40180 PCT/ GBQO/ 04572
Example 11 - (2S)-1-(Na-(1 '-Acetoxyeth y bon -N6-p to luen esulp
honyl | ysi nyl ) pyrrolidine-2-carbonitrile 0 O | ~ O'J*~ .ON

A solution of (2S)-1-(O'-tert-butylserinyl)pyrrolidine-2-carbonitrile hydrochloride
(30mg, 0.11mmol; prepared according to Jenkins et al, WQ95/15309),
a-acetoxyethyl p-nitrophenyl carbonate (32mg, 0.12mmol; prepared according to
Alexander et al, J. Med. Chem. 31, 318, 1988) and triethylamine (20mg,
0.20mmol) in dichloromethane (25ml) was stirred at room temperature for 18
hours. After this time the solvent was removed in vacuo and the residue was
taken up in ethyl acetate (70ml). This solution was washed with 0.3M KHSO,, sat.
NaHCOQ,, water and brine, dried (Na,SO,) and evaporated. The residue was
purified by flash chromatography (eluant EtOAc:Pet. Ether 60-80°C; 4:6) yielding a
white solid identified as the title compound (14mg, 0.038mmol, 35%).

MS:- ESI {M+H}* = 370.1 '

'‘H NMR (CDCL): 8 1.11-1.15 (8H, m), 1.41-1.45 (3H, m), 2.04 (3H, d, J = 4.9Hz),
2.10-2.15 (2H, m), 3.43’-3.62 (5H, m), 3.90-4.00 (1H, m), 4.50-4.65 (1H, m), 4.73
(1H, d, J = 5.2Hz), 5.45-5.72 (1H, m), 6.76-6.79 (1H, m) ppm
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ACO ~N-H O CN A solution of (2S)-1-(N

p-tol uenes | ysi nyl)pyrrolidine-2-carbonitrile trj etate
(100ng, O. dpn@%ﬁ%prepared according to Jenkins of al., P%@%@%@OQ),

a- acet oxyet hyl p-nitrophenyl carbonate (61 ng, 0.23mvl; prepared
according to Al exander et af., J. Med. Chem 31, 318, 1988) and
triethylamne (30ng, 0.30nmmol) .in dichloronethane (25ml) was stirred at
room t enper at _ 15t ROKE S0 aRLd CF | I.nes e sol vent was renoved In
vacuo and theéi{ag“ |’%Jtij1e ségbﬂ!&a eﬁcé%ﬁye&ﬁﬁyﬁ?ﬁbog@%}la?e (70mL). This solution
was washed witoluefeNphaa3lysing)pyrrolidineicarbonitritr and brine, dried (Na2SO4)
and evaporated. The residue was pubified by flash chronmat ography (el uant
Et OAc: Pet. Ether 60-80C, 7:3) yieldfjng a white solid identified as the
title conpound (51 ng, 0.1 Ome 8% . Ms:.- ESI (MtH)+ = 509.0 'H NWR
(CDC13): S 1.41-1.48 (6H, m, (2H, m, 2.05 (3H, d, J = 18.3Hz),
2.12-2.28 (5H, m, 2.41 (3H, .93 (214, m, 3.63-3.64 (21-1, m,
4.38-4.42 (IH m, 4.72-4.73 . 74-4.79, 5.10-5.20 (1H, 2xm,
5.54-5.62 (1H, m, 6.74-6.79 (1 H m, (2H, d, J = 7.7Hz), 7.71 (2H,

d, J = 8.4Hz) ppm 29 WD 01/4@180 RCT/ B anple 12 -

(2S)-1-(N-(1' - Acet oxyet hoxycgf bonyl ) - - cyanopyri di n-

2"' -yl am no) et hyl ) gl yci nyl )p¥yr | tprre- N{rile O AOLOAN(9 OCN NH
IN;1 5 5 CN

A solution of (28)-1-(N°-p-toluenesulphonyliysinyl)pyrrolidine-2-carbonitrile
trifluoroacetate (100mg, 0.20mmol; prepared according to Jenkins ef al.,
WO85/15309), a~acetoxyethyl p-nitrophenyl carbonate (61mg, 0.23mmol; prepared
according to Alexander ef al., J. Med. Chem. 31, 318, 1988} and triethylamine
{30mg, 0.30mmol) in dichloromethane (25ml) was stirred at room temperature for
18 hours. After this time the solvent was removed /n vacuo and the residue was
taken up in ethyl acetate (70ml). This solution was washed with 0.3M KHSO,, sat.
NaHCO,, water and brine, dried (Na,SO,) and evaporated. The residue was
puriﬁed by flash chromatography (eluant EtOAc:Pet. Ether 60-80°C; 7:3} yielding a
white solid identified as the title compound (51mg, 0.10mmol, 49%).

MS:- ES| {M+H}* = 500.0

'H NMR (CDCl,): 5 1.41-1.48 (6H, m), 1.51-1.69 (2H, m), 2.05 (3H, d, J = 18.3Hz),
2.12-2.28 (5H, m), 2.41 (3H, s), 2.86-2.93 (2H, m), 3.63-3.64 (2H, m), 4.38-4.42
(1H, m), 4.72-4.73 (1H, m), 4.74-4.79, 5.10-5.20 (1H, 2xm), 5.54-6.62 (1H, m),
6.74-6.79 (1H, m), 7.29-(2H, d, J = 7.7Hz), 7.71 (2H, d, J = 8.4Hz) ppm
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NC A sol ution of

1-([2-[(5-&@; I di n-2-yl)am no) et hyl j am no] acetyl) - 2- 0-(9S) - ‘
pyrrolidine |§{¥é| fl uoroacetate) (100ngy, 0. 19mmol ; prep%@gmg ﬁ%?di ng to
Vill hauer et a/., W98/19998), a-acetoxyethyl p-nitrophenyl carbonate

(56ng, 0.21mmmol; prepared according to Al exander et alL, J. Med. Chem 31.
318, 1988) and triethylamne (50ng, 0.50mmol) in dichioronethane (25m)

was stirred ro -t Fo @t Wkl Tl | et he sol vent
was renoved iaEtr{aU‘é’@et%z éﬁjé?'qf‘ﬂé‘%@?ﬁ%&%@%@é@r‘%ﬁfi'ﬁ E{Y%g{)bﬁe' ate. (70m).
Thi s sol ut i or2"wplamiv)étbyl)gly cinyl)pyrfitineaarbenitrile NaHCO3, wat er and bri ne,
dried (Na2SO4) and evaporated. The residue was i fied by flash

chromat ography (el uant Et OAc:Pet. 2Eth 60-80C, [ 1) yielding a white
solid identified as the titl com%gun 130y, W0 |, 16%9. Ms: - ESI
{MrtH}© = 429.2 '"H NWR (CDCIQ): Q 1. 2[-1.82 , , 1.40-1.46 (1H,
m,1.99-2.05 (4H, m, 2.17- 2.31 (4H, m %3 (6H, m, 4.40-4.50 (1H,
m, 4.77 (1H, d, J = 5.9Hz), 6.45- 6.49°(1 H m, 6.68-6.77 (1 H m,
7.44-7.48 (1 H nm, 832 (1 H s),ppm WO 01/ 40180 PCTI GB00/ 04572
Example 13 - (2S)-94N - (Benzyl o N yl)-0 _terf-)iu' hrithreoninyl)-
pyrrolidine-2-carbonitrile O 0|KN O NHH O CN A solution of

(2S)-1-(O -Pert-butylt hreonié\% ol i di ne- 2- carboni trHe hydrochl ori de
(35ngy, 0.12mmmol: prepared a rding to Jenkins of a/., WO95115309), benzyl

A solution of 1-([2-[(5-cyanopyridin-2-yl)Jamino]ethyljamino]acetyl)-2-cyano-(S)-
pyrrolidine bis(triflucroacetate) (100mg, 0.19mmol; prepared according to Villhauer
ét al., WO98/19998), a-acetoxyethyl p-nitropheny! carbonate (56mg, 0.21mmol;
prepéred according to Alexander et al., J. Med. Chem. 31, 318, 1988) and
triethylamine (50mg, 0.50mmol) in ;Jichloromethane (25ml) was stirred at room

temperature for 18 hours. After this time the solvent was removed in vacuo and
the residue was taken up in ethyl acetate (7Oml). This solution was washed with
© 0.3M KHSO,, sat. NaHCO,, water and brine, dried (Na,SO,) and evaporated. The
residue was purified by flash chromatography (eluant EtOAc:Pet. Ether 60-80°C;
9:1) yielding a white solid identified as the title compound (13mg, 0.03mmol, 16%).
MS:- ESI {M+H}" = 429.2
'H NMR (CDClLy): & 1.21-1.32 (3H, m), 1.40-1.46 (1H, m),1.89-2.05 (4H, m), 2.17-
2.31 (4H, m), 3.50-3.63 (6H, m), 4.40-4.50 (1H, m), 4.77 (1H, d, J = 5.9Hz), 6.45-
6.49 (1H, m), 6.68-6.77 (1H, m), 7.44-7.48 (1H, m), 8.32 (1H, s) ppm
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chloroformate (32ng, 0.13mml) and triethylam ne (24ng, 0.24mmol)

di chi oronet hane (25m ) was stirred at roomtenperature ey
this tinmwohw4d® vent was renoved in vacuo and the res?%%ﬂ@/és t

ethyl acetate (7om ). This solution was washed wi th 0. 3M KHS04,
NaHCO3 , water and brine, dried (Na2SO4) and evaporated. The res
purified by flash chromatography (eluant: chloroform nethanol;

yielding a white solid identified as the tit 7nmgy, 0. 12nmol ,
100% . MB: - Eﬂmpwm}—ﬂzsrkﬂ*ﬂf(ﬁemq'%m?'% y&%@%@ﬂ( 3H n), 1.18

(9H, s),

8. 15Hz)

2-carbonitrile Y S O/JOANN H O

4 30-4 402'( ggg%bﬁén?é-ﬁ%aﬁﬁﬁ% 55-3.70 (1 H rn), 3.85-4.00 (2H,

(2S)-1-(S -tert Butyl-N -(ethyl oxycar W) cystei nyl ) pyrrolidine-

butyl cystei nyl)pyrrolidine-2-carbonitr

0. 27mol ;

al ., 95/ 15309),

in

rs. After
aken up in
sat.
i due was
98: 2)

m,

.80 (1 H m, 507 (2H, s), 575 (1H d J =
7.20-7.45 (5H, m) ppm 30 WD 01/ 40180 PCT/ GB00104572 Exanple 14 -

A solution of (2S5)-1-(S -tent
e trifluoroacetate (1000nyg,
prepared according to Jenki@s e

et hyl chl orof ormate (35nmg, 0.32mmol) afid tr ethNIa ne (50nmg, 0.50mmol) in

et hyl

A solution of (28)-1-(O’-tert-butylthreoninyl)pyrrolidine—2-carbonitrile hydrochloride
(35mg, 0.12mmol; prepared according to Jenkins ef al., WO95/15309), benz}(l
chloroformate  (32mg, 0.13mmol) and triethylamine (24mg, 0.24mmol) in
dichloromethane (25ml) was stirred at room temperature for 18 hours. After this
time the solvent was removed in vacuo and the residue was taken up in ethyl
acetate (70ml). This solution was washed with 0.3M KHSO,, sat. NaHCO,, water
and brine, dried (Na,SO,) and evaporated. The residue was purified by flash
chromatography (eluant. chloroform: methanol: 98:2) vyielding a white solid
identified as the titie compound {(47mg, 0.12mmol, 100%).

MS:- ES| {M+H}" = 388.3

*H NMR (CDClLy): & 1.10-1.30 (3H, m), 1.18 (9H, s), 2.00-2.45 (4H, m), 3.55-3.70
(1H, m), 3.85-4.00 (2H, m), 4.30-4.40 (1H, m), 4.70-4.80 (1 H, m), 5.07 (2H, s},
5.75 (1H, d, J = 8.15Hz2), 7.20-7.45 {5H, m) ppm
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di chl oronet hane (25nl) was s ga~g m enfature for 18 hours. After
this tinme the solvent was ed In vatuo iAand t resi due was taken up in



acetate (70ml). This solution was washed with 0.3M KHSO4i sat. NaHCGOB,
wat er  andwBlol/MRse dri ed (Na2SO4) and evaporated. The residue was purified
by flash chromatography (eluant EtOAc:Pet. Ether 60-80ECTEBIN4AST2| ding a
white solid identified as the title conpound (30ng, 0.092mml, 35% . MS: -
ESI {MrH}+ = 328.1 1H NWR (CDC13): 8 1.18 (3H, t, J =7 Hz), 1.30 (9H, s),
2.17-2.24 (4H, br m, 2.82- 2.85 (2H, m, 3.70-3.82 (2H, br n), 4.05-4.09
(2H, M, 4. 48xdmad 141 A0S -tért- N -5.44 (1L H m ppm
31 WO 01/ 40180 P'?:T(%B 5%4 5l éxﬂéﬂrr&*Zfﬂi‘éa’fﬁa'ﬂp"y')é"#&“;""V"°{'3"“°'

(2S) - 1. ( Na- AEEEonRElepenaoyl | ysi nyl ) pyrt bl f di ne-2-carbonitrile O )LNH a
NY NHO CN A solution of (2S5)-1-(N
acetyllysinyl)pyrrolidine-2-carbonitrile trifluoroacetate (100ny,
0.22mmol ; prepared according to Jenk et at., WO95/15309), benzoyl
chloride (343ng, 0.24mmol) and tri e%m’ ne (45ng, 0.45mmol) in

di chl oronet hane (25nl) was stirred atSgoomtenperature for 18 hours. After
this tine the solvent was renoved {n vdcua And\the residue was taken up in
ethyl acetate (70m ). This sqgluti wagled/w th 0. 3M KHSO4, sat.
NaHCC3, water and brine, dri"ed @Na2 d eYaporated. The residue was
purified by flash chromatography (el'dant Achl ogpf orm net hanol ; 97: 3)
yielding a white solid identified as thetitle conpound (83ng, 0.22mmol,
100% . Ms:- ESI {M+Hr = 387.6

A solution of (28)-1-(Sf_-tert—butylcysteinyl)pyrrolidine-2-carbonitrile trifluoroacetate
(1000mg, 0.27mmol; prepared according to Jenkins et al, WO95/15309),
ethylchloroformate (35mg, 0.32mmol) and triethylamine (50mg, 0.50mmol) in
dichloromethane (25ml) was stirred at room temperature for 18 hours. After this
time the solvent was removed in vacuo and the residue was taken up in ethyl
acetate (70mi). This solution was washed with 0.3M KHSO,, sat. NaHCO,, water
and brine, dried (NaQSOJ and evaporated. The residue was purified by flash
chromatography (eluant EtOAc:Pet. Ether 66-80°C; 8:'2) vielding a white solid
identified as the title compound (30mg, 0.092mmol, 35%).

MS:- ESI {M+H}* = 328.1 _

'H NMR (CDCL): & 1.18 (3H, t, J = 7 Hz), 1.30 (9H, s), 2.17-2.24 (4H, br m), 2.82-
2.85 (2H, m), 3.70-3.82 (2H, br m), 4.05-4.09 (2H, m), 4.48-4.53 (1H, m), 4.74-4.77
(1H, m), 5.41-5.44 (1H, m) ppm. |
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"H NMR-(CDCI3): 8 1.56-1.78 (4H, br m), 1.94 (3H, s), 2.12-2-20 (4H, br m,
3.21- 3.23 3.59-3.72 (2H, m), 4.65-4.69 (2H, m 5 .07 (2H s),
5.18-5. 21 (%.'ﬂm 0 6.69-6.72 (1H, ). 7.24-7.34 (5H ) POHFBYMYIY 01140180
PCT/ GBOO 04572 Exanple 16 -

(2S)-1-(Na- (Acetyl)-Nm (benzyl oxycar bonyi)ornithinyl)-
pyrrolidine-2-carbonitrile H yN O )NLyN H OCN A solution of (25)-1-(N

(benzyl oxycar onyl ) orni f.ai oyl rrolidi ne-2-carbonitrile trifluoroacetate
(100ny, O. 23m%a?'?"niﬁL%a@gh%%%&r'%"%z é’ﬁﬁ‘f‘ﬁi’yg{&‘é‘f‘??"’wg'{l%3o9) ,
acetyl chloride (20ng, 0.26mmol) and triethylam ne (50ng, O0.50mmol) in
di chl oronet hane (25ml) was stirred,at roomtenperature for 18 hours. After
this time the solvent was renovedjf n vacuo and the residue was taken up in
ethyl acetate (70nml). This sol uti was washed with 0.3M KHSO4, sat.
NaHCO3, water and brine, dried (Na2 ) and evaporated. The residue was
purified by flash chronmat ography (elyant chloroform nethanol; 97:3)
yielding a white solid identified as™he title conpound (49ng, 0.13mmol,
5599. Ms:- ESI {M+H}'' = 371.2 is '"HNWR (CDCI3): 5 1.30-1.65 (4H, m,
1.75-1.95 (2H, m, 1.90 (3H, s), 2.%p- 0 ( 3.10-3.30 (2H, m,

: 0-6

. 4B~ ,
3.65-3:90 (2H, m), 4.70-4.90 (2H, M}l 5. .NO 1H,
N
O CN

A solution of (2S)-1-(N=-acetyllysinyl)pyrrolidine-2-carbonitrile trifluoroacetate
(100mg, 0.22mmol; prepared according to Jenkins et al., WO95/15309), benzoyl
chioride (343mg, 0.24mmol} and triethylamine (45mg, 0.45mmol) in
dichloromethane (25ml) was stirred at room temperature for 18 hours. After this
time the solvent was removed /n vacto and the residue was taken up in ethyl
acetate (70ml). This solfution was washed with 0.3M KHSO,, sat. NaHCO,, water
and brine, dried (Na,S0,) and evaporated. The residue was purified by flash
chromatography (eluant chloroform: methanol; 97:3) yielding a white sofid identified
as the title compound {83mg, 0.22mmol, 100%).

MS:- ESI {M+H)* = 387.6 .

tH NMR (CDC,): & 1.56-1.78 (4H, br m), 1.94 (3H, s), 2.12-2.20 (4H, br m), 3.21-
3.23 (2H, m), 3.59-3.72 (2H, m), 4.65-4.69 (2H, m), 5.07 (2H, s), 5.18-5.21 (1H,
m), 6.69-6.72 (1H, m), 7.24-7.34 (5H, m) ppm
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m, 7.30-7.50 (4H, nm, 7.70-7.80 (2H, mM ppm33 _I: - - . .
---------- wWOovlAadsy -~ ------ - ----- WO 01/40180 PCT/ GB00/ 04572 Exanple 17 -
In vitro inhibitory activity vs. DP-1V The conpounds of HH&BIpR45T2Z s
exanpl es were assayed as inhibitors of DP-1V according to the nethod
described in Ashworth et a/. (Bioorg. Med. Chem Lett. 1996, 6(10),
1163-66). No significant inhibitory activity was detected up to 10M
indicating t R (98- Aol ' . 1000 tines |ess
potent. than HHaPlesE SR Aeebl N BURIParBE SRR Lea. Hence ¢
can be assurB¥rrelifipe-2-£atbanitrile vo activity seen is due to bioconversion into
the parent inhibitors. Exanple 18 - In vivo activity in glucose tol erance
nodel The activity of the conmpounds was investigated in male Zucker Fatty
Rats between 10 and 20 weeks, of age. The animals were fasted overni ght and
then adm nistered with t st conmpopnd (10nmg/ kg) as a solution by oral
gavage. One hour |ater hbyw &bl m le (200}1) is taken fromthe tail
0

vein to establish a baseline (t = cose level, then the animals are
gi ven glucose (lglkg as a 40% wlv tion) orally. Further bl ood
sanples are taken at t = 10, 20, 30, 60 an nutes, 4 ucose is
determ ned by an enzymatic assay. Typi e given In the Table
bel ow. Conpound Bl ood gl ucose (nygldl ¥y, = 4 t=0 t=10 t=20 t=30
t=60 t=120 vehicle 95.1 151.6 164.3 158 2 : .4 122.4 7.36 8.12
10.7 7.8 7.0 Exanple2 80.24.2 122.27.8 117.8*04.45.6 117.6 111.3

A solution of (25)-1-(N=-(benzyloxycarbonyl)ornithinyl)pyrrolidine-2-carbonitrile
trifluoroacetate (100mg, 0.23mmol; prepared according to Jenkins et al.,
WO85/15309), acetyl chloride (20mg, 0.26mmol) and triethylamine (50mg,
0.50mmol) in dichloromethane (25ml) was stired at room temperature for 18
hours.  After this time the solvent was removed in vacuo and the residue was
taken up in ethyl acetate (70ml). This solution was washed with 0.3M KHSO,, sat.
NaHCO,, water and brine, dried (Na,SO,) and evaporated. The residue was
purified by flash chromatography (eluant chloroform: methanol; 97:3) yielding a
white solid identified as the title compound (49mg, 0.13mmol, 55%).

MS:- ESI {M+H)* = 371.2

'H NMR (CDCl,): § 1.30-1.65 (4H, m), 1.75-1.95 (2H, m), 1.90 (3H, s), 2.10-2.40
(4H, m), 3.10-3.30 (2H, m), 3.65-3.90 (2H, m), 4.70-4.90 (2H, m), 5.90-6.00 (1H,
m), 7.30-7.50 (4H, m), 7.70-7.80 (2H, m) ppm
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4.8 6.7 12.1 Exanple 3 86.4 3.4 175.1 3.8 148.5 136.7 120.6 101.9
23.2 16.9 8‘% 4@1 Exanple 5 80.5 1.4 141.3 134.2 129.2 8.2 114.6 121.2
14.5 10. 3 8 ™OYH488Rf erence 91.45.2 125.88.9 110.0 110. 9RCH/GEIYST2 08, 7
21.5 7.5 8.9 34 WO 01140190 PCT/ GB00O/ 04572 The reference conpound in the
above experinents was the conpound of Exanple 11 of W95/15309. This is

t he parent conpound from which the prodrugs of Exanples 2 - 6 of the

resent disclqsure, a erived. |t is.clear_fromthe above results that the
Br odrugs are gé’?g'@tl?{i/“g"g[wfédnﬂw'#dya Vgléfr"ér%'é‘gm a after the glucose

chal l enge, but that they are not always as effective as the reference
conpound at eatl | Oi : .S | a I e, . rodr ugs
thg}[:) are conv?mgcghpﬁﬁﬂﬁg%%g é’fe;wﬁ) ekﬁgp\q%saﬁvgér%&a&?aagﬁ@&%féegﬂpfﬂgﬁaf earlg
ti me points arsecadingdaitie méthod descebeti hoxshwedtabbb/i (Biaom \Meds iCbemotett. he
circulatin r I e I t n S given
at the samg go@gé'tg%bor?’gnsgjs%ﬁgﬂoﬁﬁﬁﬁﬁhkﬁ&éféﬁﬁ H}ggg%tgﬁggpgéao{sbél\%@hagl enge.
The resul ts arisdigtingthabibk pwdrug€ofthe imwehtiBh arecht tpastcios@times idss gotenttah SE, n =
4 t=0t=10 t= =30. =00 t.=120, . hicle 8 4. 27. 2

1ob 0 (11o. 5 b S rohEhneh frey YEUAEL j‘?@%&é?r%?"&% fisd et %

111. 3 91. 9 99.aBy inlvvcCaclvifyeeBisaiud G Mod@neerdion Btolibe Paréet inhiliitors.
Example 18 - In vivo activity in glucose tolerance model

The activity of the compounds was investigated in maile Zucker Fatty Rats between
10 and 20 weeks of age. The animals were fasted overnight and then
administered with the test compound (10mg/kg) as a solution by oral gavage. One
hour later hour a blood sample (200pl) is taken from the tail vein to establish a
baseline (t = 0) glucose level, then the animals are given glucose (1g/kg as a 40%
wiivol solution} orally. Further blood samples are taken at t = 10, 20, 30, 60 and
120 minutes. Glucose is determined by an enzymafic assay. Typical resuits are

given in the Table below.

Compound Blood glucose (mgfdl); mean £+ SE, n=4
t=0 t=10 t=20 t=30 t=860 t=120
vehicle 95.1 % 1516 164.3 ¢ 163.2+7.8 | 1534+ 1224 %
7.36 8.12 10.7 7.8 7.0
Example2 |80.214.2 | 1222478 {117.8% 104.4+56 |117.6+ 1113 ¢
4.8 6.7 12.1
Example 3 |864+3.4 11751138 [1485¢ 136.7 £ 1206 1019
23.2 16.9 8.3 4.5
Example5 180.5+14 | 14131 1342+ 120.2+£82 [1146+ 121,21
14.5 10.3 8.1 5.8
Reference (914152 {1268%89 [ 110.0% 1109£44 [1122¢ 108.7 +
21.5 . 7.5 8.9
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The AUC (area under the concentration-time curve) is greatly reduced,
show ng th?,b ’E‘EE prodrug enabl es significant anti hyperglycaem c activity
to be mai ntaine ? 12 hours. The above results ill ustR?CGEGBIOAI2 t he
conpounds of the pr esent i nvention exhibit antihyperglycaemc activity
after oral admnistration in a relevant ani mal nodel of glucose

I ntol erance. Hence it is to be expected that they would be effective in the
treatment ofq ng_ t et es.
Fur  hor mor o, T4 erercB eAinplthth 1 hEue BeBHARRE MAF e SRbaPd e AR v er ¢ e
to active DPLN of WQR5/5889.5 This i the parent domipbam framdvhidhathet pregrugoni d be used
mthetreatm fr A for which such inhibitors
have been propode 2asélt° ?’%ﬁ‘i“f"i“%’%’%?ﬁ”%kg 01/ 40180 PCTI GB00104572
Exanpl e 19 - Pharmaceutical Fornulations 19A - 50ng Tabl ets Tabl et s

cont ai ni ng. SO o S HRTRANE heBits EKABleCorbaRhE o6 SHELGY di'QUldr"

foll ow ng: Conpound
Hydr oxypr opy'TYEE'IngGF%'é after QMP%%WBFQWIMHM}I ther awlrmt wayd . 438

Magnesi um stetaiecastnd Jefelehbd B6ifipobR@ aPBarfyAinfd pél {;}Q Zggu;r E%ﬂg?%hldao S are

bl ended and then pressed to give 2000 tabl ets contalnlng

50my of t he TBRPET AT R5pArgS, !@elwnwdd%hpbmtmfhemlm 2,Te and 5
were forml absksatpaytintd poits tafe 4 RSDR6f théPeed for metabolic conversion of the

circulating prodrug.

In a separate experiment the test compound was given at the same dose (10mg/kg)
but 12 hours before the oral glucose challenge. The results are given below.

Compound Blood glucose (mg/di); mean + SE, n = 4
t=0 t=10 t=20 t=30 t=60 t=120 AUC
vehicle 842+ |145.5% |1343% |1272+ 122.9 1122 % 4556 &

3.7 6.6 8.0 10.1 8.7 8.6 458
Example1 [83.7% |113.5% |1113+ 9191 99.3+ 1169+ 2430 %
3.8 10.8 9.9 11.8 . 10.0 14.4 591 .

The AUC (area under the concentration-time curve) is greatly reduced, showing that
the prodrug enables signiﬁggnt antihyperglycaemic activity to be maintained for 12
hours.

The above results illustrate that the compounds of the present invention exhibit
antihyperglycaemic activity after oral administration in a relevant animal mode! of
glucose intolerance. Hence it is to be expected that they would be effective in the
treatment of human impaired glucose tolerance and type 2 diabetes. Furthermore,
the in vivo results confirm that the prodrugs are converted to active DP-1V inhibitors
in the circulation, and that they could be used in the treatment of all the other
pathologies for which such inhibitors have been proposed as therapeutic agents.
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tablets in the sane manner. The conpounds of Exanples 4 and 6 to 16 were
simlarly f I d separately into tablets containing 100 of the
respective %%@Eﬁds. 19B. 100ma Suppository Supposi tori@%ﬁ%ﬁ’%i ng
100nmg of the conpound of Exanple 2 are prepared from the follow ng: 36 WO
01/ 40180 PCT/ GB00/ 04572 Conpound of Exanple 2 154.5g Corn Starch 210. Oy
Colloidal silica 2.5g Povidone 30 49.0g Magnesium stearate 23.0g Adipic
acid 57.0g Sodium bi carbonate 43. g Sodium | auryl sulphate 5.0y Lactose
456. Qg Total 1000.0g The materials are blended and then pressed to give
supposi t or i esExdmgig 19 e dhlirmaventicil Fomauldidhisy of conpound of Exanple 2. The
conpounds of Exanples 1, 3 to 5 and 6 to 16 were fornulated into
respective suppositories in the same nanner. 37 WD 01/40180 PCT/ GBUD/ 04572
CLAIMS 1. A cteppdiond) Fabists ding to the general fornula 1, or a
pharmaceutically acceptable salt thereof,

Tablets containing 50mg of the compound of Example 1 are prepared from the

following:
Compound of Example 154.5¢g
Corn Starch 53.5¢
Hydroxypropylcellulose 13.5¢
Carboxymethyicellulose calcium 11.0g
Magnesium stearate 2.0g
Lactose 165.5g

Total 400.0g

The materials are blended and then pressed to give 2000 tablets of 200mg, each
containing 50mg of the compound of Example 1.

The compounds of Exampies 2, 3 and 5 were formulated separately into respective
tablets in the same manner. The compounds of Examples 4 and 6 to 16 were
similarly formulated separately into tablets containing 100mg of the respective
compounds.

198 - 100mg Suppository

Suppositories containing 100mg of the compound of Example 2 are prepared from
the following:
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R AJyNOCN wherein: X,'" HRO R Ais R RTI’N or KON R R is

sel ected fw@ymhbigs - Ce al kyl (including branched al kyl and cycl oal kyl),
(CH2), NHW, (CH2) bCOW2, (CH2).OVY, CH(Me)OW (CH2), - COHURGT/GR04572

(CH. .),SVWB, where ais 2-5 bis 1-4, cis 1-2, d is 1-2, eis 1-3, Wis
CON CO2W or SO2W'N2 is CH, NH2, OWor NHW W is Hor W, W is H or
W, W is H OHor Ow, and W is C, - CB al kyl, benzyl, optionally
substituted phenyl or optionally substituted heteroaryl where the optional
substituents are up to two groups selected fromC, - C3 alkyl, C - C3

al koxy, F and CiComigdundsoftExample(2°H2) " NH- CSI-BN|545 erenis 2-4 and Yis
selectedfromH,Cl,:riS NO2 and CN, together are -(CH2)P ,
where p is 3 or 4? |s sel ect ed from 38 5%950341444. margins 1111111 ]
111111 111)1 | KColloiddisiiéal111 !4 9 WO 01/ 40180 2f&gT/ GB00/ 04572 (i)

L- al pha-am no a s selected fromAl a, Arg, Asn, Asp, Cs, Gn, du,
Ay, Hs, Ile, E%L'd&[cgbo Met, Phe, Pro, Ser, ‘@rﬂ% Trp, Tyr and Val, (ii)
groups R3CO V\hMaenmlmsteafat(: - C6 al kyl (I 23logdi ng branched al kyl and

Adipic acid ) 57.0g

Sodium bicarbonate 43.0g

Sodium lauryl sulphate 5.0g

Lactose 456.0g
Total -1000.0g

The materials are blended and then pressed to give suppositories of 1g. each
containing 100mg of compound of Example 2. The compounds of Examples 1, 3 to
5 and 6 to 16 were formulated into respective suppositories in the same manner.
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cycloal kyl), or phenyl, (iii) groups R4000C(R5) (R6) OCO where R4 is H C,
Ce al kyl (i ngbbliedg branched al kyl and cycl oal kyl), ben jonal ly
Yruhobly

substituted phenyl where the substituents are up to two ected
fromC, - C3 alkyl, C, - C3 alkoxy, F and C, and R5 and R6 are

i ndependently Hor C, - C6 alkyl, or R5 and R6 together are -(CH2) m where
mis an integer of 4-6, and (iv) nethoxycarbonyl, ethoxycarbonyl and

benzyl oxycar bogydm@r oups; R7 is selected frompyridyl and optionally
substituted phenyl, where the substituents are up to two groups sel ected
fromCl - C3 alkyl, C, - C3 alkoxy, F, d, N2, CN and CO2H, R6 is H or C

- @ alkyl; angd B&&rﬁ%%&d%ccérdﬁ@t@hgﬁéneré?F&f’rﬂmﬁ 1ﬁ5r ac?magrg%ug#g?xy' 2. A

conpound accordin m | Wwherein R 1s other R isH 3. A
conpound accoraticefable salt theraof wherein R is C, - C. alkyl. 4. A conpound
according to Claim1l wherein R.is H Ais a group according to - general
formulae 2 or 4, and R2 is -(CH2)" NH Co5H3N-Y. 5. A conpound according to

Claim4 wherein nis 2 and Y is C\WR' 39 A1111i 111211121121121115111 INL
WO 01/40180 PCT/ GBODY 04572 6. A chnmpognd pcc&&g,to Claim5 wherein the NH
an

suhi ituent is at the 2-positiom~a cyano broup is at the 5-position
of the pyridyl ring. 7. A conpound agcor gto daiml wherein Ais a
group according to general formula @ is an am no acyl group. 8. A
conmpound according to Claim?7 wherein the amino acyl group is a lysyl or
argi ni nyl group.

wherein:
H

x R-s " 8
g .
) N , -
A I1s Az ’ R7/'%1,\]/ or o )\)\N P :
,‘Qz

R' is selected from H, C, - C, alkyl (including branched alkyl and cycloalkyl),
(CH,),NHW!, (CH,),COW?, (CH,),OW®, CH(Me)OW!, (CH,),~C,H W and
(CH,),SW®, where ais 2-5, bis 1-4,cis 1-2, dis 1-2, e is 1-3, W' is COWS,
CO,WE or SO,W°, WA is OH, NH,, OW® or NHW®, WA is H or We, W* is H or W8, W°
is H, OH or OMe, and W® is C, - C, alkyl, benzyl, optionally substituted pheny! or
optionally substituted heteroaryl where the optional substituents are up to two
groups selected from C, - C, alkyl, C, - C, alkoxy, F and C; |

R?is H ar —(CH,),NH~C,H;N-Y, where n is 2-4 and Y is selected from H, F, Cl,
NO; and CN, or

R* and R? together are —(CH,),—, where p is 3 or 4;

X is selected from

38 specs\d 1444 margins
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9. A corrpound accordi ng to A aim8 wherein the amno acyl group is an .

ar gi ni nyl 10. A conmpound according to Caim?7 wherein the am no
acyl group |s a gPyci nyl group. 11. A conpound accor di nBCT/GB@W/easm |
wherein Ais a group according to general fornula 2 and X is

R4000C( RS) (RO) OCO. 12. A conpound according to Claim1l wherein R4 is C, -
CQ al kyl. 13. A conpound according to O aim 1l wherein one of R$ and R6 is

H and the otjer g ﬁgrag.y,{oacﬂﬂﬂgrﬁﬁs%g,gagﬂe o?ﬁg%gl'&lﬁéﬁ? Ey wherein R4

is methyl, one of R Y"conpound
accordi ng to O ai @ly1HiEhs: bewh Las,iMetPhe: chasacabr.d'er'yrtamdgmneral formula 2
and X i s nethoxycarbonyl. 16. A conpound according to Claiml wherein Ais
a group according to general formula 3. 40 11111111 1111[11111111111111111
WO 01140130 fitp| cg@em’@mwherp R*is Hobpobarikyh GociudifiortgarichedChlayliamd  wher ei n A
IS a group accor dg g,aﬁ(%) gggﬁg formula 4. 18. A conpound according to
Claim 17 wherein - aI kyl. 19. A conpound according to Caim18
wherein Ris nethyl. 20. A conmpound according to Claim17 wherein RO is C,

ro YL P CL arofiek RedERRIGBocH, MMPRUBY, SCE, didignkRyfd 2L T 20 wher el n

RO is methyl or nethox n‘gound according°to selected from
(29)-1-((2'S)-2' f(fimheaéllsv'@)a?ev dealyh charey!\or aptionally-sebstitutedipheayiny | but anoyl ) -

where the substituents are up to two groups selegted from C, - C; alkyl, C,
- C, alkoxy, F and Cl, and R® and R® are independently H or C, ~ Cs alkyl,
or R® and R® together are —(CH,),,— where m is an integer of 4-6, and

(iv)  methoxycarbonyl, ethoxycarbonyl and benzyloxy¢arbonyl groups;

R’ is selected from pyridyl and optionally substituted phény!, where the substituents

are up to two groups selected from C, - C, alkyl, C, - C, alkoxy, F, CI, NO,, CN

and CO,H; : .

R®is H or C, - C, alkyl; and

R®is H, C, - C, alkyl, phenyl or C, - C, alkoxy.

2. A compound according to Claim 1 wherein R' is othe_l.'-th'an Hand R?%is H.

3. A compound according to Claim 2 wherein R' is C, ~ C; alkyl.

4. A compound according to Claim 1 wherein R' is H, A is a group according to
general formulae 2 or 4, and R? is —(CH,),NH-CgH,N-Y.

5. A compound according to Claim 4 wherein nis 2 and Y is CN.
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pyrroltdine-2-carbonitrile; (2S)-1-(N -(!

"-acet oxyet hoxycar bonyl )i sol eucyl ) pyrrolidine-2-carbonitrile;
(28)-1-(N'-0”%&%@¥?carbonyl)isoleucyl)pyrrolidine-2-carbdﬁﬂﬂﬂﬁﬂ@¢”2(2
S)-1-((N )-(4"-oxopent-2"-en-2"-yl)isol eucyl ) pyrrolidine-2-carbonitrile;
(2S)-1-(glycylisol eucyl)pyrrolidine-2-carbonitrile;

(2S)-1-(arginylisol eucyl)pyrrolidine-2-carbonitrile;

(29)-1-((2'"9)-2'~(aceto ; rbanyl am no):3" .3. -d]. but.anoyl ) -
pyrrolidine- 2_% a@%%pﬁ%upfj{ %%%'F‘%_%%tﬁ% i tﬂg }li!ssubéltueg{ ,QEaE tlp\g &-pogtﬁon

" - acet oxyet hoxandandcyanb group is)at He- Spasitioh ekine agritylring-
pyrrolidine-2-carbonitrile; (25)-1-((2'S)-2'-(1

"-acet oxyet hoxycar bonyl am no) -4', 4' - di net hyl pent anoyl ) -

pyrrol i di ne- 2-taAmompound ascordihg)te Tl 1- Yiereia deis axgretith ecopudingotorgehgral - t ent

butyl serinyl) b gl hes 2- pLrile;

(2S)-1-(Na-( 1%%@4%%%{%%&%3{’%%&%#@% p- t ol uenesul phonyl | ysi nyl) -
pyrrolidine-2-carbonitrile; 111111111121121212 1111 11 1111 41 CL N $ WO
01/ 40180 PCT/ - 1 : : .

dt dxyet hoxycar '%ﬁ%@z%%mé-té%%%&?lﬁe [ (ﬁ-ﬂ}e' aqwg;f:gﬁ)(!rgcrﬁqp '%tahl{/slys ‘g’]rl yci nyl)
pyrrolidi ne-2-arginbygraupi | e; (2S)-1- (N -(benzyl oxycarbonyl)-O _tert

but yl t hreoni nyl ) pyrrolidine-2- carbonitrile; (2S)-1-(S -tell

butyl -N - (et hyl oxycarbonyl)cysteinyl)pyrrolidine-2-carbonitrile,

(2S) - 1- ( No- ace?-yh coppayadH EWF%I%@P AAIM Syvheasin Ge aeinp_asyl gFRiRilg an arginingnd
(29)-1-( Na-(ac&glyd_) - Nm (benzyl oxycar bonyl )om th inyl)pyrrolidine-2-

10. A con;lpound according to Claim 7 wherein the amino acyl group is a glycinyl

group.

11. A compound according to Claim 1 wherein A is a group according to general
formula 2 and X is R*COOC(R%)(R®OCO.

12. A compound according to Claim 11 wherein R*is C, - C, alkyl.

13. A compound according to Claim 11 wherein one of R¥ and R®is H and the other

is methyl.

14. A compound according to Claim 11 wherein R* is methyl, one of R and R%is H
and the other is methyl.

15. A compound according to Claim 1 wherein A is a group according to general
formula 2 and X is methoxycarbonyl.

16. A compound according to Claim 1 wherein A is a group according to general
formula 3.

R R
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carbonitrile. 23. At |east one conmpound sel ected from optical isoners .of =

corrpoundsw(g&c;ﬁi]sgi ng to any preceding claim 24. At Ieﬁ%gaﬁ%gw@%rmound

sel ected from pharmaceutically acceptable salts of co @or di ng to
any preceding claim 25. A pharmaceutical conposition containing agent

sel ected from conpounds according to any preceding Claim 26. A
conposition according to Cl aim 25, which conposition is for the treatnent

of i npai r ed7glAupapeubdacbaingdo Claith Y herkitA abe§resp actérdindy toRehersl of

treat ment of in})a‘Lred gl ucose tol erance or type 2 diabetes which conprises
the adm ni stP@%h to a person in need of such treatnent of a
therapeutically effective amunt of conpound(s) according to any of C ains

1-24. 28. e, use. | [ - a-g1edi ¢ t for the treatnent of

I mpai r ed gﬁggé\scé’"{ptgp'@%%gredmgﬁgﬁfg% 12“&?&5‘2‘?&, '6§g§]%brrpound or conpounds

according to any of Clainms | to 24. 111111)111111 1liil1 11111 11111N 42
19. A compound according to Claim 18 wherein R® is methyl.

20. A compound according to Claim 17 wherein R*is C, - C, alkyl or C1 - C3

alkoxy.
21. A compound according to Claim 20 wherein R® is methyl or methoxy.
22. A compound according to Claim 1 selected from

(2S)-1-((2'S)-2'-(1"-acetoxyethoxycarbonylamino)-3',3-dimethylbutanoyl)-
pyrrolidine-2-carbonitrile;

(2S)-1-(N'-(1"-acetoxyethoxycarbonyl)isoleucyl)pyrrolidine-2-carbonitrile;
(25)-1-(N'-(methoxycarbonyl)isoleucyl)pyrrolidine-2-carbonitrile;
(2S)-1-((N")-(4"-oxopent-2"-en-2"-yl)isoleucyl)pyrrolidine-2-carbonitrile;
(2S)-1-(glycylisaleucyl)pyrrolidine-2-carbonitrile;
(2S)-1-(arginylisoleucyl)pyrrolidine-2-carbonitrile;
(2S)-1-((2'S)-2'-(acetoxymethoxycarbonylamino)-3',3'-dimethylbutanoyi)-
pynolidine-z-cafbonitﬁie;
(25)-1-((2'S)-2'-(1"-acetoxyethoxycarbonylamino)-2'-cyclohexylacetyl)-
pyrrolidine-2-carbonitrile;
(2S)-1-((2'S)-2'-(1"-acetoxyethoxycarbonylamino)-4',4"-dimethylpentanoyl)-
pyrrolidine-2-carbonitrile;
(25)-1-(N'-(1"-acetoxyethoxycarbonyl)-O'-fert-butylserinyl)pyrrolidine-2-
carbonitrile;
(2S)-1-(N=-(1'-acetoxyethoxycarbonyi)-N°-p-toluenesulphonyllysiny!)-
pyrrolidine-2-carbonitrile;
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(2S)-1-(N-(1 '-adéiékyethoxycarbonyl)-N—( "-(5"-cyanopyridin-2"-ylamino)-
ethyl)glycinyl)pyrrolidine-2-carbonitrile;
(2S)-1-(N'-(benzyloxycarbonyl)-O'_tert-butylthreoninyl)pyrrolidine-2-
carbonitrile;
{2S)-1-(S'-tert-butyl-N'-(ethyloxycarbonyl)cysteinyl)pyrrolidine-2-carbonitrile;
{2S)-1-(N»-acetyl-N*-benzoyllysinyl)pyrrolidine-2-carbonitrile; and
{(28)-1-(N°-(acetyl)-N-(benzyloxycarbony)ornithinyl)pyrrolidine-2-
carbonitrile.

23. At least one compound selected from optical isomers of compounds

according to any preceding claim.

24, At least one compound selected from pharmaceutically acceptable salts of

compounds according to any preceding claim.

25. A pharmaceutical composition containing agent selected from compounds

according to any preceding Claim.

26. A composition according to Claim 25, which composition is for the treatment of

impaired glucose tolerance or type 2 diabetes.

27. A method of treatment of impaired glucose tolerance or type 2 diabetes which
comprises the administration to a2 person in need of such freatment of a
therapeutically effective amount of compound(s) according ta any of Claims 1-24,

28. The use, in the preparation of a medicament for the treatment of impaired
glugose tolerance or type 2 diabetes, of a. compound or compounds according to

any of Claims 1 to 24.
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