28 AUGUST 2006 WO 031072556 PCT/EP02/07124 @ utam nyl based DPIV
inhibitors Field of the invention The present invention Z&UAWSL20Y t he area
of di peptidyl peptidase IV inhibition and, nore particularly, relates to
gl utam nyl pyrrolidine and glutam nyl thiazolidine, pharnaceuti cal
conpositions containing said conmpounds, and the use of said conpounds in

i nhi bitingyoeh/@eesi dyl peptidase |V and di peptidyl pepticd@sed V - |ike
enzyme activity. Background Art Dipeptidyl peptidase IV (DPIV) is a serine
prot ease which cleaves N-term nal dipeptides froma peptide chain
containing, preferably, a proline residue in the penulitimte position.

Al t hough the biological role of DPIV in mammal i an systens has not been
conpl et BlutaminyhbaserhBRIV iphibiterspe| i eved to play an inportant role in

neur opepti de -netabolism T-cell activation, attachnment of cancer cells to
the endotheliumand the entry of HV into | ynphoid cells. Likew se, it was
di scovered that DPIV is responsible for inactivating glucagon-Iike

pept i deg; - gl ucose-dependent insulinotropic peptide al so known as
gastri cfgellc‘rl%gfgr%)‘f@ﬁ%gpti de (AP). Since GLP-1 is a nmjor stinulator of

pancr ealThe pieasntlinventiorerelatasi to thecatea bdipefitidd peptisepe fV iphihltior prddrage on gl ucose

di sposal_, ..i /408 ‘ ORI L and DPI V-1i ke
enzyme. SePRORHTolded Brta RS iicidne b GtmirihRbioni, Blacbduel” BV o
t r eat i ngompuasitions gbitainiig seidcempodidsbandthe we¢ Of saigscomoDmdg in inhibing an aspect of

the present.jnvention,to . .ptaovi new_ DPLV inhiki .which are effective
e.g. in {pPBtﬁltyP‘?'deg?)sr?inﬁngrg eﬁgcgfg?pglga%vk/i nll#?%b%r@eg&gw |V and DPI V-1ike
enzymes, pharmaceutical conpositions e.g. useful in inhibiting DPIV and

DOPI V- | ike enZ}(Wand a nethod of inhibiting said enzyne activity. Another
aspect SPKHRUNHNht i on relates to a method of treatment, in particular to a

met hod Deptidye péptiabeRDRYY) islh 3bkriegsrotersd whictscleap dbieahingl dimaptidessul i n
d_epend_ent di abet es _éleré)D!\/_&] .or T 2 di.abetes a conq'.ti ns associ at ed
wi th di 8BRS FhaiconiAang Prefetiloa PLAIBREskls Mibe PPATLTAR ot hod. 28
AUGUST  288fbn. Although the biological role of DPIV in mammalian systems has not been

completely established, it is believed to play an important role in neuropeptide

metabolism, T-cell activation, attachment of cancer cells to the endothelium and the

entry of HIV into lymphoid cells. | _

Likewise, it was discovered that DPIV is responsible for inactivating glucagon-like

peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide also known as gastric-
inhibitory peptide (GIP). Since GLP-1 is a major stimulator of pancreatic insulin

secretion and has direct beneficial effects on glucose disposal, in WO 97/40832 and US
6,303,661 inhibition of DPIV and DPIV-like enzyme activity was shown to represent an
attractive approach e.g. for treating non-insulin-dependent diabetes mellitus (NIDDM).

it is an aspect of the present invention to provide new DPIV inhibitors which are

effective e.g. in treating conditions mediated by inhibition of DPIV and DPIV-like

enzymes, pharmaceutical compositions e.g. useful in inhibiting DPIV and DPiV-like

enzymes and a method of inhibiting said enzyme activity.

Another aspect of the invention relates to a method of treatment, in particular to a

method for the treatment of diabetes mellitus, especially non-inéulin dependent diabetes
(NIDDM) or Type 2 diabetes and conditions associated with diabetes mellitus and to
compositions for use in such method.



WO 03/ 072556 PCT1EPO2/07124 2 Dipeptidyl peptidase IV (DPI \Qﬂ

post-proline (to a | esser extent post-al anine, post- seri8fd STp?@?ﬁt gl yci ne)
cl eaving serine protease found in various tissues of the body including

ki dney, liver, and intestine. It is known that DPIV inhibitors may be useful
for the treatnent of inpaired glucose tolerance and diabetes nellitus

(I'nt er nat i woado7E ent Application, Publication Nunberperph 29261431, Pederson
RA et al, Diabetes. 1998 Aug; 47(8):1253-8 and Pauly RP et at, Metabolism
1999 Mar; 48(3):385-9). In particulagy W 99/61431 discloses DPIV inhibitors
conprising an am no acid residue and a thiazolidine or pyrrolidine group,
and salts thereof, E}Jec ially L-threo-isoleucyl thiazolidine,

L-al | o- iDirsipieké peptidase ﬁquy)déapESt'R’ﬂF‘éétol%'8?5@06’%"%9@?’@}9“'6‘? PesSt-
L-al to- 'éf@% Et—él%u%@iebﬁh@@ende p%té&relfélmothwﬂiouem@g@slo@ma%od@nd salts

t her eof er exa for | ow nol ecul ar wei ght di peptidyl peptidase |V
i nhi bi tmo;bidmgél@@é,riwgr apdirtesiBe.t et r ahydr oi soqui nol i n- 3- car boxani de

deri vat 'ubggnwtﬁ%mgfuy/g@q @f}&@msmewm&% ﬁgaltr@mer,@( i ikl ofaess

N-(N -su ute cyanopyrro nes, st 1 tut ec? gl ycyl) -
t hi azol itelerasss and-dizhebest mellitue dnigmatigna) Pateog»%pwasaﬂoazmtihdatmé\lurrﬁwr onyl

i nhi bit I lx- r e epti dyl

et | dadiOoERLHEY FoBBSOR I at i BieoBES LB Fuba e PRy ARRRIRP TN 0%, U
6, 124, 3@y; Mdtﬁoﬁsrﬂmeﬁ)ﬂlar, 4‘%(3)9958)1.48pamcuw3m19%2m divibesDPN279, DE 198 34
591, V\D. 40832 DE 196 16 4 2 7. WD 99/ 38501,
VO 99/ 4dBHbitor "@Qf'ﬁ%gﬁfm"wﬁ%?’ﬁ %%%“\% e ‘g”éﬁWﬁ;@%ﬁ? WO

0{_,1/ 81304;alté/@|@d>7 Eﬁd@&llﬁhdhl‘éﬁ)lébwueﬂﬂﬁ&ohdlhe L-d/ledsdieungisthiatolidinecl are herein
i\ncorpo refer nce | ntift cancer ni the. inhjbitors,

t hei r amspf%ﬁv' RWEPlie E@"& ARSI Q%’M‘f‘gﬁé‘é | EP02107124
3 Sumr&éysmérebne |nvent| on The present invention provides a conpound of the

formula:_ \\ -N~
Further examples for low molecular weight dipeptidy! peptidase IV inhibitors are agents

such as tetrahydroisoquinolin-3-carboxamide derivatives, N-substituted 2-cyanopyroles
and —pyrrolidines, N-(N'-substituted glycyl}-2-cyanopyrrolidines, N-(substituted glycyl)-
thiazolidines, N-(substituted glycyt)-4-cyanothiazolidines, boronyl inhibitors and
cyclopropyl-fused pyrrolidines. Inhibitors of dipeptidyl peptidase IV are described in US
6,011,155; US 6,107,317; US 6,110,949; US 6,124,305; US 6,172,081; WO 99/61431,
WO 99/67278, WO 99/67279, DE 198 34 591, WO 97/40832, DE 196 16 486 C 2, WO
98/19998, WO 00/07617, WO 99/38501, WO 99/46272, WO 99/38501, WO 01/68603,
WO 01/40180, WO 01/81337, WO 01/81304, WO 01/55105 and WO 02/02560, the
teachings of which are herein incorporated by reference in their entirety concerning the
inhibitors, their production and their use. ’



H2N-CH HZM /CH2 [/ -CH2 wherein X = CH2 or S or a pharnmaceutically
acceptabl e salt thereof. Such conpounds and their corres33ediURJ 2006
pharmaceutically acceptable acid addition salt forns, are useful in
treating conditions nediated by DPIV or DPIV-Iike enzynes, such as
arthritis, obesity, imune and autoi mmune di sorders, allograft

t ranspl antv%img s556 Cancer, neuronal disorders and derrpélr/E iRegses. In a nore
preferred enbodi nent, the conpounds of the present invention i|nprove

gl ucose tol erance by | owering el evatsed bl ood gl ucose levels in response to
an oral glucose challenge and, therefore, are useful in treating

non-insul i n-dependent diabetes nellitus. Brief description of the draw ngs
Fur t her Sunslearytoftics ingertfort he present invention may be had by reference to

ser um aftpapreseal iaien spRdea oo of BB BRI, Gt 100 oy kg brw

glutam nyl pyrrolidine; Figure 2 shows the plasma DPIV activity in Wstar
rat serumafter oral and intra-vasal admnistration of 100 ng/ kg b. w.

gl utam nyl thiazolidine; 28 AUGUST\2006 3/ 072556 PCT/ EP02/ 07124 4
Figure 3 shows the dose dependent I'puwerj/mg of} bl ood gl ucose levels in

di abetic Zucker rats follow ng or admyni styyation of 5 ng/kg, 15 ng/kg, 50
?:a m\&ee’ﬁ{)

mg/ kg b.w. glutam nyl pyrroljgingiand pl , respectively; Figure 4 shows

t he dose dependent | owering of bl ogd gl ucose levels in diabetic Zucker rats
following oral admnistratigg of 5 kxg/kg, 15 ng/kg, 50 nmg/kg b.w gl utam nyl
t hi azol i dine and pl acebo, resyectiwely; Figure 5 shows the chem cal
structure of pyroglutam nyl thg H,di ne, the degradation product, found
dfter oral administration of /ﬁl utamnyl thiazolidine to Wstar rats; and

0

wherein X = CH, or S or a pharmaceutically acceptable salt thereof.

Such compounds and their corresponding pharmaceutically acceptable acid addition
salt forms, are useful in treating conditions mediated by DPIV or DPIV-like enzymes,
such as arthritis, obesity, immune and autoimmune disorders, allograft transplantation,
cancer, neuronal disorders and dermal diseases.
In a more preferred embodiment, the compounds of the present invention improve
glucose tolerance by lowering elevated blood glucose levels in response to an oral
glucose challenge and, therefore, are useful in treating non-insulin-dependent diabetes
( mellitus. '

Brief description of the drawings

Further understanding of the present invention may be had by reference to the figures
wherein:

Figure 1 shows the plasma DPIV activity in Wistar rat serum after oral and intra-vasal

administration of 100 mg/kg b.w. glutaminyl pyrrolidine;

Figure 2 shows the plasma DPIV activity in Wistar rat serum after oral and intra-vasal
administration of 100 mg/kg b.w. glutaminyl thiazolidine;



Figure 6 shows the chromatogramof a rat plasma extract obtained after oral
adnministration of glutanminyl thiazolidine to fatty Zucke}d AYIWST 2P peak at
2.95 min represents glutam nyl thiazolidine and the peak at 6.57 mn
represents pyroglutam nyl thiazolidine. Detail ed description of the

I nvention The present invention relates to the area of dipeptidyl peptidase
IV (DPIV) inhi.phi.tion and, nore particularly, relates_to gl utam nyl

pyrrolidi n%ﬁ@hg‘sut am nyl thiazolidine, pharmaceuti BGIE 8%%5‘9 tions

cont ai ni ng said conpounds, and the use of said conpounds in inhibiting DPIV
and DPIV-1ike enzyne activity. The pfesent invention provides new DPlIV

I nhibitors, which are effective e.g. in treating conditions nediated by

DPIV i nh#i?.iuréis%now@hﬁrdmseupér@aht |6WeTng f blood§luosd. levstssih diabktic Zudkbr bi ti ng DPIV
and DPIV-Ti ke enzyne agt.i vi_tx ﬁgd &ngﬁ’t hog o@ i n/*ui biting DPILV and DPIV-1ike
enzyme a’@isifqlwg%ﬂ'@dﬁv@%t@rﬁ'f’ Ph EWiOolP PPk P89k9 8 "¥f the formla:

\ =N\ rrolidih Sd ESbY0 febectifdly;, CH2 1 28 AUGUST 2006 WO 03/ 072556
PCT/ EP02/°07124 5 ‘and especially a conpound of the formula (I) CN H2N-Q

HZN 7 Hagurk 4/showéthe(dose deperdiemawdrng @¥blos@blLdos2aer inlisetatickeher eof .
rats following oral administration of 5 mg/kg, 15 mg/kg, 50 mg/kg b.w. glutaminyl
thiazolidine and placebo, respectively;

Figure 5 shows the chemical structure of pyroglutaminyl thiazolidine, the degradation
product, found after oral administration of glutaminyl thiazolidine to Wistar rats; and

Figure 6 shows the chromatogram of a rat plasma extract obtained after oral
administration of glutaminyl thiazolidine to fatty Zucker rats. The peak at 2.95 min
represents glutaminyl thiazolidine and the peak at 6.57 min represents pyroglutaminyi
thiazolidine.

Detailed description of the invention
The present invention relates to the area of dipeptidyl peptidase 1V (DPIV) inhibition
and, more particularly, relates to glutaminyl pyrrolidine and glutaminyl thiazolidine,
pharmaceutical compositions containing said compounds, and the use of said
compounds in inhibiting DPIV and DPIV-like enzyme activity.
The present invention provides new DPIV inhibitors, which are effective e.g. in treating

( conditions mediated by DPIV inhibition, pharmaceutical compositions e.g. useful in

| inhibiting DPIV and DPIV-like enzyme activity and a method of inhibiting DPIV and

DPIV-like enzyme activity.

The present invention provides a compound of the formula:



A further preferred conpound of the present invention is the conpound of
formula I'l: \ -N\ \-s H2ZNNCQ H2ZN\ ¢ H2 CCH2 0 (I |)28 AWGEST 2006
pharmaceutically acceptable salt thereof. The conmpounds of the present

i nvention can be converted into acid addition salts, especially
pharmaceutically acceptable acid addition salts. The pharmaceutically
accept abl eygaddroggnerally takes a formin which an arp'gqg PRbds basic side
chain is protonated with an inorganic or organic acid. E@presentative
organic or inorganic acids includeghydrochloric, hydrobromc, perchloric,
sulfuric, nitric, phosphoric, acetic, propionic, glycolic, lactic,
succinic, maleic, fumaric, malic, tartaric, citric, benzoic, 28 AUGUST 2006
WO 03/ 072556 PCTI EPO2/ 07124 6 nmandelic, nethanesul fonic,

apht nap e GReP A o pERF BRI O U0 oheBnasul fam ¢, salicylic,

saccharinic or trifluoroacetic acid. Al pharmaceutically acceptable acid
addition salt forms of the conpoynds of the present invention are intended

to be enbraced by the scope of thi i nvgntt™gn. In view of the close

rel ati onshi p between the free conpogadsyand tlhe conpounds in the form of
their salts, whenever a conpound i refexredlJto in this context, a
corresponding salt is also iyN-erded, provided such is possible or
appropriate under the circunstancel, The present invention further includes
within its scope prodrugs of,Nthe coigppunds of this invention. In general,
such prodrugs will be functi oyal d94ivatives of the conpounds which are

readily convertible in vivo irnte—due desired therapeutically active
c(orrpound. Thus, in these cagﬂs, t he met hods of treatnent of the present
invention, the term o}

("
or a pharmaceutically acceptable salt thereof.

A further preferred compound of the present invention is the compound of formuia i

H,;N——CH
HoN \CH
2 2
/
( C"'_‘CH2

(1
or a pharmaceutically acceptable salt thereof.

The compounds of the present invention can be converted into acid addition salts,
especially pharmaceutically acceptable acid addition salts. The pharmaceutically
acceptable salt generally takes a form in which an amino acids basic side chain is
protonated with an inorganic or organic acid. Representative organic or inorganic acids
include hydrochloric, hydrobromic, perchloric, sulfuric, nitric, phosphoric, acetic,

propionic, glycolic, lactic, succinic, maleic, fumaric, malic, tartaric, citric, benzoic,



“adm ni stering” shall. enconpass the treatnent of the various disorders
described with prodrug versions of one or nore of the ZBAURBTMpounds,

but which converts to the above specified conmpound in vivo after

adm nistration to the subject. Conventional procedures for the selection
and preparation of suitable prodrug derivatives are described, for exanple,
in "Designyghsékaegrugs”, ed. H Bundgaard, Elsevier, pl98pnards the patent
applications DE 198 28113, DE 198 28 114, WD 99/67228 and WO 99/67279 whi ch
are fully incorporated herein by reference. Wiere the conpounds according to
this invention have at |east one chiral center, they mnmay accordingly exist
as enantioners. Were the conpounds possess tvvo or nore chiral centers,

t hey maynarddid, mﬂmhesuIfemc,d"tyda:styeihmdfoe@n’eﬂermenﬂésulforyc,taxa'@eP@mdlér%t ood t hat

all such i

d t h f
oL S ek BRBER R R SRR B OETAARAE BB 2°0P°, o1
corrpﬁundﬁﬂtﬂmafeﬁda‘std Al phamtay:euticatlysiceeplatﬂesadleddlearesaltridamdlémet o be :c ncl uded
t he presen ion di.tion 0 orm
!sgl vat eECOWPP‘FP‘{Ré’?é‘F Aresegt '"h%'?%?%es'}te ded t8g’ﬁﬁ8ﬁr%ﬁeg§h?%e #ven anand such

sol vat esnwhntoral so i ntended to be enconpassed w thin the scope of this
i nvention. 28 AUGUST 2006 WD 03/072556 PCT/ EP02/07124 7 The conpounds,
including their salts, can also be obtained in the formof their hydrates,

or i ncl yaientditie ctdsb\relaﬁ@shﬁpedtvteeh trtehﬁaercompysemdaﬂ dnldztﬁé tampouAds inrtblé cat ed
above, the conpounds of the rese (5‘?9&1' on and eC| ally the conpounds
of formfP@sOflth%’rﬁ?"FIWheé‘ﬁY)e’ 'Fé @lff’frﬁ Ngindccept abl e

aci d addjitiOfsSittehddd rprmmears@cw.s et:w.ble or éﬁbt’bdﬁbfe‘ UhdleRE Viraunektddicby/ - | i ke
etnzyrre activity. The ability of the conpounds of the present invention, and

their correspondl ng pharmaceutically acceptable acid addition salt fornms to

| nhi b t\)[PP es@RfintdRtidn fuﬂhéﬁﬁclg@é&%ﬂﬁt iR&kbpe ;Sr}édrﬁlﬁy ofife @@rﬁ@cﬂ.ﬁﬁé@f ed enpl oyi ng

t he DPI tIVIty assa eterm nati on values in vitro and in
hurman plthisinyentigs. h@eerabéuctr progas il e fwctle?ﬁtdsﬂvaw qkthe cOMPOYNes t he

compoundgnigfack '?@adw @oﬁﬁeﬁ.breweﬁa tntmtnweésre@&ﬁ&éﬁeuﬂemy 2elive c%htﬂ:baﬁﬂ nyl

t hi azolidine as | utam nyl

pyrrol i dihue, in these cases the methods of treatment of the present |nvent|on the term
“administering” shall .encompass the treatment of the various disorders described with
prodrug versions of one or more of the claimed compounds, but which converts to the
above specified compound in vivo after administration to the subject. Conventional
procedures for the selection and preparation of suitable prodrug derivatives are
described, for example, in “Design of Prodrugs”, ed. H. Bundgaard, Elsevier, 1985 and
the patent applications DE 198 28 113, DE 198 28 114, WO 99/67228 and WO

( 99/67279 which are fully incorporated herein by reference.

Where the compounds according to this invention have at least one chiral center, they
may accordingly exist as enantiomers. Where the compounds possess two or more
chiral centers, they may additionally exist as diastereomers. It is to be understood that
all such isomers and mixtures thereof are encompassed within the scope of the present
invention. Furthermore, some of the crystalline forms of the compounds may exist as
polymorphs and as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water (i.e. hydrates) or
common organic solvents, and such solvates are also intended to be encompassed

within the scope of this invention.



as K; = 1.30*10"6 M 8.49*10-8 M agai nst porcine kidney DPIV. The Ki-val ues
of the conpounds of the present invention were deterni r&8&UCESTMN:t ani nyl
thiazolidine as Ki = 4.03*10"7 M 2.19*10'10 M after 5 mn 5.13*10-7 M
1.26*10"B M after 22 hours pre- incubation, and for glutam nyl pyrrolidine
as K; =1.30*10"6 M 4,89*10-8 Mafter 5 mn and 1.36*10-6 M 3,21 *10-8 M
after 22 hwoosorpse- i ncubation in human pl asnma. The abidrigbdsgis t he conpounds
of the present invention, and their corresponding pharmaceutically
acceptable acid addition salt formsso inhibit DPIV in vivo may be
denonstrated by oral or intravasal admnistration to Wstar rats, as
described in exanple 9. The conpounds of the present invention inhibit DPIV
acti vi t yhe comparadafincydingibeinsalisr ean alseobe ehtaingdis #he famiohihstr hydraleh to W st ar

rats. Dg’} ik{clbéq &F\grss%ﬂfep%rhsg%r .r?@wsiﬁﬂz F manmal i an organs and tissues e.g.

the intestina rush-bor tschm . et al., "In situ" - neasurenents
of protein contents in the brush border region along rat jejunal villi and
their correlations with four enzyne activities. H stochem stry 1981, 72
(3), 46hsgicategheore. te eqmponpds @%hﬁéﬁé@@W@@@,ﬂ andregpecialiydhe i , endot hel i a,

of i br ' : d tin
i pept | Soinasiinds GBIy (arf Sha BeircoffodPaRify pAiAmagellcal el "D e
Hi st opaatidadditidrosdt; forndo aeise@bB-rtd)itingRIPVand SR - lika erzyale ativityr anes of

certai nTﬁé’Elﬁiﬂ?‘éB@?ichﬁgél{ﬂ@s ofthd: rgs%nﬁ %én%?lg%ellr\nég{rggﬂq%ﬁ% 56 PCTI EP02/ 07124

a Fallopran and “vesi cul ar “gl'an nal cytopl asm of
e. g., Vvebamateuticallyl axnepteatpe atie laddition sattdomnTs toinhiit ORI land DFV Bilikenner ' s gl and

Hartel S. et al. ] ti ' M . Co [
Gt 1 rmuFCHTE SOt S Barberlrae SRRV Rgtat BEW s AT Soc ocner stry” 1983:
89 (2): détedmifidtion of éeriGuaiaes evitar anans humagplasraadia des¢ribed dty exasnpescdt anpul | a,
et | dagies; Thedsyates PUB? ErrtetraeoDPg At eote weP R RRE 0™ androl .
1986, 9glufhiinyt&haoldine b@K.fummeéwgs.1ﬂm-’wlaaetﬂr@rutérﬁmmfyat)ndmepept i dyl
pepti dase are 8{1i%§ent (Kreo%el a E. et al., Denonstration of two nol ecul ar

fornms ofs Kgi Hé WM 845t 100 M againstiparainsrkidney Bt nTheeKevgluepief tieol .
Bohemns ;005 hd8 3 thé%n{s&)\f inve‘ﬂiﬁgﬁ W6k deldifined ?&@L}fﬁnginyl ngo(ﬁgiln@rasw¥ ght form of
DPIV is ex%r essed o e surrace of

4.03*107 M +2.19*10"° M after 5 min 5.13*107 M + 1.26*10® M after 22 hours pre-

incubation, and for glutaminyl pyrrolidine as K; = 1.30*10° M + 4,89*10 M after 5 min

and 1.36*10°° M + 3,21*10® M after 22 hours pre-incubation in human plasma.

The ability of the compounds of the present invention, and their corresponding
pharmaceutically acceptable acid addition salt forms to inhibit DPIV in vivo may be
demonstrated by oral or intravasal administration to Wistar rats, as described in
example 9. The compounds of the present invention inhibit DPIV activity in vivo after

both, oral and intravasal administration to Wistar rats.

DPIV is present in a wide variety of mammalian organs and tissues e.g. the intestinal
brush-border (Gutschmidt S. et al., “In situ” - measurements of protein contents in the
brush border region along rat jejunal villi and their correlations with four enzyme.
activities. Histochemistry 1981, 72 (3), 467-79), exocrine epithelia, hepatocytes, renal
tubuli, endothelia, myofibroblasts (Feller A.C. et al., A monoclonal antibody detecting
dipeptidylpeptidase IV in human tissue. Virchows Arch. A. Pathol. Anat. Histopathol.
19886; 409 (2):263-73), nerve cells, lateral membranes of certain surface epithelia, e.g.



activated T cells (Duke-Cohan J.S. at al., Serum high nol ecul ar wei ght

di peptidyl peptidase IV (CD26) is simlar to a novel ants geGUSPEIDsL

rel eased fromactivated T cells. J. Immunol. 1996, 156 (5): 1714-21). The
conmpounds of the present invention, and their correspondi ng pharmaceutically
acceptable acid addition salt forns are able to inhibit DPIV in vivo. In one

enbodi nmeny, %{}Z {?Qe present invention, all nolecular chf/ﬁigﬁzl 7{]29m)l ogues and
epi t opes 01p I2 fromall nmammalian tissues and organs WS of t hose,

whi ch are undi scovered yet, are intended to be enbraced by the scope of
this invention. Anong the rare grodb of proline-specific proteases, DPIV was
originally believed to be the only nenbrane-bound enzyme specific for

prol i ngafigpidrabd erehs arrmteencmasgldnu: ual‘neﬂdl\Qnala:pmptasm&lf mgnwssmtﬁlalt he pol ypepti de
chain. However, otheyr nol ecu §ven tructH Ilﬁy no F& ogous with the
DPI vV b@tandeaitheliymcaid i SPSAYE ?@SQE pRersdang;( S é‘f?p denti fi ed

recent Ip)é tidaek YOPPE ireRT ¥igans. o@m;ﬁhs@mummemms‘mmnmyfaad,acmm e.g.

fibrobl ast actlvatlon proteln ﬁg’tiség qp tldase [V 0 | pepti dyl

ami nopdftqchamisty, Higopheatisvn 98K 8 @éﬂg 1 b FERROUCHYERI9aRS, §i% S % et i dase,

qui esceply; o@ﬁ‘ﬁé ariaré?ﬁmns s@hmpbésqa&eanddh@eﬁcmﬁuhs (Aefidl dagemhb! , attractin and
dlpetld|' dase |V rel ated protein (DPP ), and are descrlbedlnthe

revi ewp@fttli%lqwqwd)&é%'d&S%P iprvipeseegepductiveIorgans Bnd sperelans- Bkt i dase 1v- i ke

nol ecul I QEHPLS) [ ochi m ca et
Bi ophy 3o 2B %%8“§5§ngﬁhma-%zmhﬁ;@b IR K ot S O bt
em

PCT] EP@EP@B§Q@I’@TG$BN {Hiepelop a4l ensiptiensof iwe mejesklapBEms Ph WO 01/ 19866, WD
021 04641l o340 A AARAP I, PMRIR Hoh 8RG8 cmay novel humar

di pept nopept i dase structural and functi onal
simi | ar4186196)s Tme spRMhightolectaoeialformeefDRMis exprassest en We(sarage ofwD 02104610

prov! deRnFPEBLIROWH. Ehan 8 ALF, (ﬁk‘r‘u%ﬂ. Fhotecle thelonP@BAydgee V-1 ke enzyme
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correct | E%és%sf ggggfasi?g 5)d1‘7s,§62s,§s including, but not limted to, tunors

and peri nervous system di sorders including pain and

The compounds of the present invention, and their corresponding pharmaceutically
acceptable acid addition salt forms are able to inhibit DP{V in vivo. in one embodiment
of the present invention, all molecular forms, homologues and epitopes of DPIV from all
mammalian tissues and organs, also of those, which are undiscovered yet, are intended
to be embraced by the scope of this invention.

( Among the rare group of proline-specific proteases, DPIV was originally believed to be
the only membrane-bound enzyme specific for proline as the penultimate residue at the
amino-terminus of the polypeptide chain. However, other molecules, even structurally
non-homologous with the DPIV but bearing corresponding enzyme activity, have been
identified recently. DPIV-like enzymes, which are identified so far, are e.g. fibroblast
activation protein o, dipeptidyl peptidase IV B, dipeptidyl aminopeptidase-like protein, N-
acetylated a-linked acidic dipeptidase, quiescent cell proline dipeptidase, dipeptidyl
peptidase lI, attractin and dipeptidyl peptidase IV related protein (DPP 8), and are
described in the review article by Sedo & Malik (Sedo & Malik, Dipeptidyl peptidase IV-
like molecules: homologous proteins or homologous activities? Biochimica et
Biophysica Acta 2001, 36506: 1-10).



neur odegener ative disorders. The dipeptidyl peptidase I'V-1ike enzyme of WO
02/ 04610 is well known in the art. In the Gene Bank dat¥ AJHIST20Mi s enzyne
is registered as KIAA1492 (registration in February 2001, submtted on
April 04, 2000, AB040925). WD 02/ 34900 di scl oses a di peptidyl peptidase 9
(DPP9) with significant honology with the am no acid sequences of DPlIV and
DPP8. WO di scl oses three DPIV-1ike enzyrre DPRP2 and
DPRP3. Seglu%/eo%%%%gnal ysis reveal ed, that DPRPl is ecr']rﬁgizoﬁmgo DPP8, as

di scl osed in WD 01/ 19866, t hat DPRP@ is identical to DPP9 and that DPRP3 is
i dentical to KIAA1492 as disclosed Tn WO 02/04610. I.n another preferred
enbodi nent of the present invention, all nolecular fornms, honologues and
epi t opeturtaér PRIVtlike eazyowesare disolgsddin WO DHéQWzWQO%Iﬁ‘ﬂ@WiV\&Q fromall

manmal i | A idy pdi scovered yet, are
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-val ues of the conpounds of the present vent on a%al nst Rorcine
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t hi azolidine. Al conpounds inhibit OI‘CI ne di pe peptidase Il. In

anot heraf@@BBﬂT%@Pd@ﬁnﬁrﬂ@eﬂP%gﬁpmﬂ H?rﬁdﬂ’f'u‘ji"'ﬂ ounds of the present

i nvent i QuyrodaRéheratfi rd s%eder@amera pétgmmqunk@ah AT QD babkecci d addi tion
sal t forﬁyril]nrso gg& b ! : gjg?tgj}/ 6' PCT/ E]P02/ 7124 10 have only |ow, if

no i nhH%WFM'iDMU[‘ ﬂiﬁ @’if "&3‘&@%\3 Bepk dipibeseiftis RBAYIMSIE (BUISI8re4 @S pr ol i ne

SpeC'f'r@Aﬁwr(Fehstéaoﬂmm 2007 ﬁmmdeonmprm mogbumm)m t hi azol i di ne
and gl utam nyl “pyrrolidine no i nhi bition of peptid é ptldasel and
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were determ ne | ut am n ne and as I1C 50 =
3. 4* 10- @mymes, CPRI0L DPAR2 @Hm%ﬁﬁ%ﬁeqwm analyﬁlwevealed that DPRP1 is

identical to DPP8, as disclosed in WO 01/198686, that DPRP2 is identical to DPP9 and
that DPRP3 is identical to KIAA1492 as disclosed in WO 02/04610.

In another preferred embodiment of the present invention, all molecular forms,
homologues and epitopes of proteins comprising DPIV-like enzyme activity, from all
mammalian tissues and organs, also of those, which are undiscovered yet, are intended
to be embraced by the scope of this invention.

The ability of the compounds of the present invention, and their corresponding
phamaceutically acceptable acid addition salt forms to inhibit DPIV-like enzymes may
be demonstrated employing an enzyme activity assay for determination of the Ki-values
in vitro as described in example 6. The K-values of the compounds of the present
invention against porcine dipeptidy! peptidase Il were determined as K, = 8.52*10° M +
6.33*10°° M for glutaminyl pyrrolidine and K; = 1.07*10° M + 3.81*107 M for glutaminyl
thiazolidine. All compbunds inhibit porcine dipeptidyl peptidase II.

In another embodiment of the present invention, the compounds of the present

invention, and their corresponding pharmaceutically acceptable acid addition salt forms



In view of their ability to inhibit DPIV and DPIV - |ike enzyne activity,
the conpounds of the present invention, especially the 2Z®APGUSTIZ2006f
formulas | and |1, and their correspondi ng pharnaceutically acceptabl e acid
addition salt fornms, are useful in treating conditions nmediated by said
enzyne activities. Thus, the conpounds disclosed herein are useful in the
treatnent_of conditions such as non-insulin-dependegEﬂg#SBﬁ&ps mel | itus,
arthriti§y06%%§?iy, i mmune and aut oi mrune di sorders, “all ograft
transplantation, cancer, neuronal disorders |like nultiple sclerosis and
dermal diseases. In a nore preferrgg enbodi nent of this invention, the
conpounds of the present invention and their correspondi ng pharmaceutically

acceptabl e acid addition salt forps, i ov I e .tolerance by |owering
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measured in diabetic Zucker rats. The nethod is described in exanples 10
and 11.comparedieiRPM. Jhe &€ sovpluss agaifgy/meefidase were determiged s Kna 5"Wy/ kg b. w.

gl ut amgny ' 1 di I 117 -4 3 b RS iigine@ dose
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| mprovenent of glucose tolerance in diabetic Zucker rats. The conpounds of
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In a more preferred embodiment of this invention, the compounds of the present

invention and their corresponding pharmaceutically acceptable acid addition salt forms,

improve glucose tolerance by lowering elevated blood glucose levels in response to an

oral glucose challenge and, therefore, are useful in treating non-insulin-dependent

diabetes mellitus. The ability of the compounds of the present invention, and their
( corresponding pharmaceutically acceptable acid addition salt forms, to improve glucose

tolerance in response to an oral glucose challenge, may be measured in diabetic Zucker

rats. The method is described in examples 10 and 11. Oral administration of 5 mg/kg

b.w., 15 mg/kg and 50 mg/kg b.w. glutaminyl thiazolidine or glutaminyl pyrrolidine

resuited in a dose dependent lowering of elevated blood giucose levels and thereby in

an improvement of glucose tolerance in diabetic Zucker rats.

The compounds of the present invention are, according to example 5, stable in human
plasma. Surprisingly, and as a further preferred embodiment of the present invention,
the compounds of the present invention, and their corresponding pharmaceutically
acceptable acid addition salt forms, may be degraded in vivo following administration to
a mammal. The ability of the compounds of the present invention, and their



The present invention therefore provides a nethod of treating a condition
medi ated by nodulation of the DPIV or DPIV - |ike enzynes aocusriogei n a
subj ect in need thereof which conprises adm nistering any of the conpounds
of the present invention or pharnmaceutical conpositions thereof in a
gquantity and dosing reginen therapeutically effective to treat the
condition g@;zgskonal |y, the present invention includes the use of the

conpounds Ot A& pr esent i nvention, and their corresHIARIHEhar maceut i cal |y

acceptable acid addition salt forns, for the preparation of a nmedi canent for
the prevention or treatment of a déndition nedi ated by modul ation of the
DPIV activity in a subject. The conpound nay be adm nistered to a patient

by any c@ﬁé@b@naih@Pﬁdrmraewti@a@faccéwam@iaéia BadificWsaltifovesU & bieghided it imited to,
i ntravenous, oral, subcutaneous, intranmuscular, intradernal and parenteral.
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pharmaceutical |y acceptable acid addition salt fornms, in pharnmaceutical
conposite Vistar ratshie thesfespedive pweglutaginy tiagoliéneei n, refers to an ani mal,
preferably a mammal, nost preferably a human, who has been the object of
treatnent, observation or experinent. The term"therapeutically effective

amount '"Thepressatdnveatien hereferansovidear regiendaf treptingca eandlition megiatasthyor _
phar maGgi -6} oﬁH@Bb,\F bebpgl |ﬁ<bte§zé}n‘ib6aéﬁbi§)iﬁ%'s% octOh nBEMinciRAlniERSPONSe in a
ti ssue system aninmal or human, I ng sought by a researcher, veterinarian,
medi calcomguggsadministeringsanycf thei compayndstof tie presentigeantighloevi ati on of t he

synpto i i s0r j F 2006 WO
051 b7 258am et e wefthE Mo it Rl e B hen for By 00 1S
i nt endeffettive éntreatreesconditipn. ddiditibnaligntpe peiserg invehtiorciheludesdhe osgpafdimels i n t he
t herapeutically effective anpunts, as well gs a r oduc whi ch results,
ai v ect IgmBacdsty Peafesrnt raBe e eoleronhe REMe e AN ompounds. - To
pr epar eactdptahbdhacidradditicni salt formsnfoothie prepasatiof of Himedicamenttfordhe one or nore
conpounds of the present inyentian specj al.l nds. of. the fornul as |
or 11, Pgnians et B eqnaling msAgtesbyad Bipd o BE DB a8 ' adai i on
sal t f gubjsct. Hse ddrgpodnd mag be administered to a patient by any conventional route of

administration, including, but not limited to, intravenous, oral, subcutaneous,

intramuscular, intradermal and parenteral.

In an further embodiment, the present invention provides formulations for the
compounds of the present invention, and their corresponding pharmaceutically

acceptable acid addition salt forms, in pharmaceutical compositions.

The term “subject” as used herein, refers to an animal, preferably a mammal, most
preferably a human, who has been the object of treatment, observation or experiment.

The term “therapeutically effective amount” as used herein, means that amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a
tissue system, animal or human, being sought by a researcher, veterinarian, medical
doctor or other clinician, which includes alleviation of the symptoms of the disease or
disorder being treated.



ingredient, are intimately adm xed with a pharnmaceutical carrier according
to conventional pharmaceutical conpoundi ng techni ques, which carrier may
take a wide variety of forms depending of the form of pré&bAPal$bitbesired
for adm nistration, e.g., oral or parenteral such as intramuscular. In
preparing the conpositions in oral dosage form any of the usual
pharmaceutical nedia may be enployed. Thus, for liquid oral preparations,
such as f®pofaeasapl e, suspensions, elixirs and squt@QQ%mn%%%iable carriers
and additives nmay advantageously include water, glycols, oils, alcohols,
flavoring agents, preservatives, g®loring agents and the like; for solid
oral preparations such as, for exanple, powders, capsules, gelcaps and

tablets, suitable carriers and additives include starches, sugars,
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phar maohidhi results cdinectiyeordnditeetye frompablinations @étierciaimed egRUBdray be sugar
coated or enteric coated by standard techni ques. For parenterals, the
carrier will usually conprise sterile water, through other ingredients, for
exanpl &o freparetepbsesacsutidal campisitivmspf $1$ impentionyonsror mase cyARMSBAEY at i on, may be
i ncl ude I nj ect. i L. which case
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agents, preservatives, coloring agents and the like; for solid oral preparations such as,
for example, powders, capsules, gelcaps and tablets, suitable carriers and additives
include starches, sugars, diluents, granulating agents, lubricants, binders, disintegrating
agents and the like. Because of their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are employed. If desired, tablets may be sugar coated or enteric
coated by standard techniques. For parenterals, the carrier will usually comprise sterile
water, through other ingredients, for example, for purposes such as aiding solubility or

for preservation, may be included.

Injectable suspensions may also be prepared, in which case appropriate liquid carriers,
suspending agents and the like may be employed. The pharmaceutical compositions
herein will contain, per dosage unit, e.g., tablet, capsule, powder, injection, teaspoonfu!
and the like, an amount of the active ingredient necessary to deliver an effective dose
as described above. The pharmaceutical compositions herein will contain, per dosage
unit, e.g., tablet, capsule, powder, injection, suppository, teaspoonful and the like, of
from about 0.01 mg to about 1000 mg (preferably about 5 to about 500 mg) and may be
given at a dosage of from about 0.1 to about 300-mg/kg bodyweight per day (preferably



dosi ng may be enployed. Typically the dosage will be regul ated by the
physi ci an based on the characteristics of the patient, ?8AUGESTmo6adi tion
and the therapeutic effect desired. Preferably these conpositions are in
unit dosage fornms fromsuch as tablets, pills, capsules, powders, granules,
sterile parenteral solutions or suspensions, netered aerosol or liquid
sprays, d%qé ggpoul es, autoinjector devices or suppQSighafigs; for oral
parenteral’, 1 nt ranasal sublingual or rectal adm nistration, or for

adni ni strati on by i nhal ation or ingufflation. Alternatlvely, t he

conposi tion nmay be presented in a form suitable for once-weekly or
once-nonthly adm ni stration; for exanple, an insoluble salt of the active
conpountito Sundkapertdag). (ﬂaedme. hosdever, may be varieddepeadingupAndbe de a depot
preparatiaon fo [ cyl f i d conpositions
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e.g. vabased oh thef aaracteristidsi ofl ther petiemtphik/aer @ndiﬁmnmdsthmﬂmapwomﬂémi ng a
homgen&ﬂrﬁ%m xture of a conmpound of the present invention, or a

phar mac ally acceptable salt thereof. Wen referring to these
prefornul ati on corrpositions as honogeneous, it is meant that the active

ingredient is jdeall l.spersed enI thr t onposi tion so that
t he conB@iqr?t?'bWeﬁea‘ﬁo%@sft'Q HRRYN E'{'J‘g @gns é?] Pa‘ﬁﬂ??segmﬁ'ct i ve dosage
forms sggiuRs, godabie! Graniks, |st=érnw‘¢3ar@m@ﬁLdo&monsTdsrlsasp@isldﬂs metefedn ul at i on
conposi tion may then be subdivided intq e forng o t he type
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about 5 ér@ntei&b%ﬁanE@ sffﬁlufgﬁaltdifﬁecﬁéﬂadmndtr@ﬂdrﬁdtﬁﬁbdrﬂi‘ms’trbﬁnﬂ%yesent i nvention.
The tab ?ets or he novel conposijtion can be advantla eously coated
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dosage and an outer osage onponent , [atter being in the formof an

envel opef the agtive n@mpwwesuchméhq mazmtﬁwsmy@e@eap%mgpwessispot
PCT/ EPO&.’eBZr%% fbfintramuscular injection. For preparing solid compositions such as tablets,

the principal active ingredient is ideally mixed with a pharmaceutical carrier, e.g.
conventional tableting ingredients such as corn starch, lactose, sucrose, sorbitol, talc,
stearic acid, magnesium stearate, dicalcium phosphate or gums, and other
pharmaceutical diluents, e.g. water, to form a solid preformulation composition
containing a homogeneous mixture of a compound of the present invention, or a
bharmaceuﬁcally acceptable salt thereof. When referring to these preformulation
compositions as homogeneous, it is meant that the active ingredient is ideally dispersed
evenly throughout the composition so that the composition may be readily subdivided
into equally effective dosage forms such as tablets, pills and capsules. This solid
preformulation composition may then be subdivided into unit dosage forms of the type
described above containing from about 0.1-to about 1000 mg, preferably from about 5 to
about 500 mg of the active ingredient of the present invention.

The tablets or pills of the novel composition can be advantégeously coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action. For
example, the tablet or pill can comprise an inner dosage and an outer dosage
component, the latter being in the form of an envelope over the former. The two



conponents can be separated by an enteric |ayer which serves to resist
disintegration in the stomach and permts the inner coR®abCHSTR@6pass
intact into the duodenumor to be delayed in release. A variety of
materials can be used for such enteric layers or coatings, such materials

i ncludi ng a nunber of polyneric acids with such materials as shellac, cetyl

al cohol Wos%%:g%ﬁ“l ose acetate. The liquid fornms in M’mﬂyﬁﬁ novel
conpositions of the present invention nay be advantageousty incorporated

for adm nistration orally or by i n1j4ect i on include aqueous sol utions,
suitably flavoured syrups, aqueous or oil suspensions, and flavoured

emul sions with edible oils such as cottonseed oil, sesane oil, coconut oil
Or peagyipodkhts cambe yeparatedbyehn wnterc [ayed whichiskaves fheesishdigintegration vehi cl es.

Sui t ab) e di sper,sing or.suspendin agents_f.or U j.ons include
synt helpithe %Iﬂ'gaﬂh"? Rgm %ﬁlrg\?&ﬁor&oneﬁﬁgagscsdﬁﬁaﬁtﬁﬁtggﬁ%?lg)?iggtﬁrg?ﬁfgt e, dextran,
sodi unpe asIBEINRIdaEe Geldridyosfenaterzlshosh belused fos such @uériclayeys @yr r ol i done or
gelatin. Wiere the process: ar at.i.on, o;%%he corgounds accordi ng

h f h .
tot hecqqu%?\tsPWatﬁi'q}%mF'i“a'gg tad‘?’rH‘b%’i ‘jtp%g‘gﬂ‘f ALV PUB GRS Fese i sonmers may

be sepsHepbé& delpyalcohornainiellfiosd adegtdIni ques such as preparative chromatography.
The conpounds ‘nay be prepared in racemc form or individual enantioners
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2006

Where the processes for the preparation of the compounds according to the invention

give rise to a mixture of sterecisomers, these isomers may be separated by
conventional techniques such as preparative chromatography. The compounds may be
prepared in racemic form, or individual enantiomers may be prepared either by
enantiospecific synthesis or by resolution. The compounds may, for example, be

{ resolved into their components enantiomers by standard techniques, such as the
formation of diastereomeric pairs by salt formation with an optically active acid, such as
(-)-di-p-toluoyl-d-tartaric acid and/or (+)-di-p-toluoyl-I-tartaric acid followed by fractional
crystallization and regeneration of the free base. The compounds may also resolved by
formation of diastereomeric esters or amides, followed by chromatographic separation
and removal of the chiral auxiliary. Alternatively, the compounds may be resolved using
a chiral HPLC column.

During any of the processes for preparation of the compounds of the present invention,
it may be necessary and/or desirable to protect sensitive or reactive groups on any of
the molecules concerned. This may be achieved by means of conventional protecting
groups, such as those described in Protective Groups in Organic Chemistry, ed. J.F.W.




WO 03/ 072556 PCT/ EP02/ 07124 15 MOQOm e, Plenum Press, 1973; and T.W G eene
& PP.GM Wits, Protective Goups in Oganic Synthesis, Zoiucv¥Tmgs& Sons,
1991, fully incorporated herein by reference. The protecting groups my be
removed at a conveni ent subsequent stage using methods known fromthe art.
The nethod of treating conditions nodul ated by di peptidyl peptidase IV and
DPI'V - 1i¥k6gs@gymes described in the present inventjQp.fmy,al so be carried
out using a pharmaceutical conposition conprising oné or nore of the
conpounds as defined herein and a, fharnaceutlcally acceptabl e carrier. The
pharmaceutical conposition may contain between about 0.01 ng and 1000 ny,
preferably about 5 to about 500 , of the compounds, and may be

const i MeOee,iRlanunaPess, 3073 :andTal| Ereepe & M6 Mol utsoProtestive Groups it i on sel ect ed.

Carrier e i ncl udi ng,
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sweet effhe pr,otqmtmaggnoups may be raipaved aaaldom/@alenm&seqwnthet usings suitable for

or al adwtogiggtrat Hﬁfn?{BUde solid forms, such as pills, tablets, caplets,

capsul fown ¥ I mredi ate rel ease, tined rel ease and sustai ned
rel ease fornulations), granules, and powders, and liquid forms, such as
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i'ntranasal, formvi a i cal EE of sui tfawge intr % %hl cl or via
t r ansd&PTMAD §Meﬁ“|@39‘ét 1’\%?[‘ OROMIRsefeIRBY Abgt tr"cﬂ H%tr%lo §Q9I°I in that art.
To be trodBpoShd, 8Ad hﬁybb%orﬁéﬁfdt’@dlﬁto%fn@?&ﬁ'ﬁunﬁble figttieabde Sfystem the dosage
adm nistration wll, of course be continuous rather than intermttent

t hr ougREmNIStrAtoNRAletRd. P@meﬁ%lnc wipnecgsranydiperd pRAmmageyticalpxglpients. pe
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preferably, tor oral administration in formof a tablet or capsule, the
active swgq}gners preservatives, dyes, and coatings. Compositions suitable for oral

administration include solid forms, such as pills, tablets, caplets, capsules (each
including immediate release, timed release and sustained release formulations),
granules, and powders, and liquid forms, such as solutions, syrups, elixirs, emulsions,
and suspensions. Forms useful for parenteral administration include sterile solutions,

emulsions and suspensions.

( Advantageously, compounds of the present invention may be administered in a single
daily dose, or the total daily dosage may be administered in divided doses of two, three
or four times daily. Furthermore, compounds for the present invention can be
administered in intranasal form via topical use of suitable intranasal vehicles, or via
transdermal skin patches well known to those of ordinary skill in that art. To be
administered in the form of transdermal delivery system, the dosage administration will,
of course, be continuous rather than intermittent throughout the dosage regimen and
dosage strength will need to be accordingly modified to obtain the desired therapeutic
effects.

More preferably, for oral administration in the form of a tablet or capsule, the active drug

component can be combined with an oral, non-toxic pharmaceutically acceptable inert



conponent can be conbined wth an oral, non-toxic pharmaceutically
acceptabl e inert 28 AUGUST 2006 WO 03/072556 PCT/ EPO2/ O281A4GUSY 200&r 1 i er
such as ethanol, glycerol, water and the |ike. Moreover, when desired or
necessary, suitable binders; lubricants, disintegrating agents and col oring
agents can also be incorporated into the m xture. Suitable binders include,
wi t hout | {ygigsghdsen, starch, gelatin, natural sugars,§Heh3s,0! ucose or

bet al actose, corn sweeteners, natural and synthetic guns such as acaci a,
tragacanth or sodi um ol eate, sodiunrstearate, mnagnhesium stearate, sodium
benzoate, sodium acetate, sodiumchloride and the like. D sintegrators
include, without limtation, starch, nethyl cellul ose, agar, bentonite,

xant harcagtensmlncastdﬂaanlol Glycershwater and thefike. iMoreover, sien Alssieediaf f | avor ed
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2 AR SearBiocl Lo e ol eI son BB s BeVRS ety of
phosphcmsmﬂedmtorsw\clhdaszvnthbmlllaﬁt‘ammbtar&t mathyl cetiilose, agapbagmiitet i dyl chol i nes
usi ng rocesses described in the art. Conpounds of the present

i nvent iXGANARPUR A k80up| ed with soluble polyners as targetable drug
arriers. Such polyners can include pol yvinyl pyrrolidone, pyran copol yner,

pol yhydr oxypr.opyl met hacr yl am dephenol ol yhydr oxyet ar arri de- phenol,
or pol yk éleH‘QP'dé‘?%@ﬁ%l%@P%l"P %’ﬁE%’Idi"B Qﬁg gaggrmn/ﬂ %si due.
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pol ycyanoacryl ates and cross-I|inked or anphipathic bl ock
intravenous administration is desired.

The compound of the present invention can also be administered in the form of
liposome delivery systems, such as small unilamellar vesicles, large unilameliar
vesicles, and muitilamellar vesicles. Liposomes can be formed from a variety of
phospholipids, such as cholesterol, stearylamine or phosphatidyicholines using

processes well described in the art.

Compounds of the present invention may also be coupled with soluble polymers as
targetable drug carriers. Such polymers can include polyvinylpyrrofidone, pyran
copolymer, polyhydroxypropylmethacrylamidephenol, polyhydroxyethylaspartamide-
phenol, or polyethyl eneoxidepolyllysine substituted with palmitoyl residue. Furthermore,
the compounds of the present invention may be coupled to a class of biodegradable
polymers useful in achieving controlled release of a drug, for example, polyactic acid,
polyepsilon caprolactone, polyhydroxy butyeric acid, polyorthoesters, polyacetals,
polydihydropyrans, polycyanoacrylates and cross-linked or amphipathic block
Copolymers of hydrogels.



copol ynmers of hydrogels. 28 AUGUST 2006 WO 03/072556 PCT/ EP02/07124 17
Conmpounds of this invention nmay be adm nistered in any oéskﬁﬁU%ﬂé% 0i ng
conpositions and according to dosage regi mens establishéd

whenever treatnent of the addressed disorders is required. The dally dosage
of the products may be varied over a wide range fromO0.01 to 1.000 ng per
adult human per day. For oral adm nistration, the conpositions are

pr ef er ablwo 039735% ded in the form of tablets contai nicaggeddnfisa 0. 05, 0.1,

0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 150, 200, 250, 500 and
1000 mlligrans of the active ingredient for the synptomatic adjustnent of
the dosage to the patient to be treated. An effective anobunt of the drug is

or di naj.i | S o about 300
ot kg PmEie R Grip tnath (529 89 Bpilfrafl o REBIRMho R et a0, °1° s dbou
50 ng/ hgj a@brdb@d&dmﬁg@hbglp\ens dstgblisfduein drongrowhelevertyedtmentafithei st ered on a
regi men r day. Optinmal dosages to be adm nistered nmay be
readi | Qd‘ﬁgﬁs&j merggrsdf,rqqyggi skiiled in the art, and will vary with the

particul ar compound used, the node of adm ni strati on, the strength of the
pr epar n bloaV|Iab|I t.he node of admn taf hQh, and the

advancih%ﬁ?r thepr 8‘6¥fgﬁyfe’ ﬁevﬁ"ﬁdé’aﬁwﬁﬁ rangs foé‘?éﬁiéo Lgﬁgt ed with the
parti chigder ammthumh peetiag For eat &hinibtration,dhe gorppdsitiont argsrefevablyght , di et and
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neal t he conmpounds or 03|t|on of present invention an be taken 1
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into taken 1n separ at e orm as descri bed above. Wen
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t aken mf@mféoqwlghttpﬁéd%ﬁfﬁﬁﬂﬁﬂg the rang Al 149 btk SHMEdent i nventi on
can  bgs fqak GRight perdaf! Tre oM pBUA®RSmEY bXdiMnidte RN AfdgRherf dfRits i ”9 a neal .

times per day.

Optimal dosages to be administered may be readily determined by those skilled in the
art, and will vary with the particular compound used, the mode of administration, the
strength of the preparation, bioavailability due to the mode of administration, and the
advancement of disease condition. In addition, factors associated with the particular
patient being treated, including patient age, weight, diet and time of administration,
should generally be considered in adjusting dosages. '

The compounds or compositions of the present invention may be taken before a meal,

while taking 2 meal or after a meal.

When taken before a meal the compounds or composition of the present invention an
be taken 1 hour, preferably 30 or even 15 or 5 minutes before eating.

When taken while eating, the compounds or compositions of the present invention can
be mixed into the meal or taken in a separate dosage form as described above.

When taken after a meal, the compounds or compositions of the present invention can
be taken 5, 15 or 30 minutes or even 1 hour after finishing a meal.
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Synthesis of glutam nyl pyrrolidine free base Acyl ati on28 AUGUST 2006

N- Benzyl - oxycar bonyl gl utam ne (2.02 g, 7.21 nmol) was dissolved in 35 m THE
and brought to -15C. Into that m xture CAIBE (isobutyl chl oroform ate)
(0.937 M, 7.21 mmol) and 4-nethyl norpholine (0.795 m, 7.21 nmml) where

added andywhhgorseb ution was stirred for 15 mn The B,%T }?194 of the m xed
anhydride was checked by TLC (eluent: CHC 3/ MeOH: ? ,& ter warmng to

-10C pyrrolidine (0.596 m, 7.21 mypl) was added. The m xture was brought
to roomtenperature and stirred overnight. Wrkup: The sedi nent forned was
filtered off and the sol vent was evaporated. The resulting oil was taken up
in ethgExampleste (20 m ) and washed with a saturated sol ution of

sodi unhydr ogensul fate foll owed by a saturated solution of sodi unbi carbonat e,
water and brine. The organic | ayer was separated, dried and evaporated. The
r esul t iBxgmpierfo Suathesimef giiankgipyfrokdineufréecfasby TLC (el uent: CHCl 3/ MeOH: 9/ 1)
Yield: 1.18 g, waxy solid C eavage: 1.18 g of the resulting solid
Z-protected conmpound was dissolved in 40 mMl absolute ethanol. Into the

sol uti dwryletion: 20 ng Pd on charcoal (10% FLUKA) was added and the suspension

was sh n_under hydr.ogen no. ere for 3h.. The Q f the
reacti ﬁsﬁ%p%ﬁ?’%?ﬁ”‘a@'"ﬂ@b? & ﬁgﬂ{“.m"&-‘f&lsé’?ﬁéﬁ’&‘iﬁ 'nﬁq‘pfﬁ$%ér) conpl eti on of
the r e&asighbio -t BYC. Wats that mixeed CABE (isobutifchidrsfortriate) (0232 miYr.21 d: 99% The
purity was checke neans,of TLC. .n-buta oIe/Aeg-i/ er /et hyl acet at e:
1/1/ 1] I?mO'h?"diﬁmeﬂTy%%hqﬂa%F&fgﬁﬂL"g? 2f et gde %%’t&‘% SO hecked by NMR
anal ysiwas sBfed¥dESmi BitSformation of the mixed anhydride was checked by TLG

(eluent: CHCI3/MeQH: 9/1). After warming to —10°C pyrrolidine (0.596 ml, 7.21 mmol)

was added. The mixture was brought to room temperature and stirred overnight.

Workup:

The sediment formed was filtered off and the solvent was evaporated. The resulting oil
was taken up in ethylacetate (20 ml) and washed with a saturated solution of
sodiumhydrogensulfate followed by a saturated solution of sodiumbicarbonate, water
and brine. The organic layer was separated, dried and evaporated. The resulting
broduct was checked for purity by TLC (eluent: CHCly/MeOH: 9/1)

Yield: 1.18 g, waxy solid

( Cleavage:
1.18 g of the resulting solid Z-protected compound was dissolved in 40 ml absolute
ethanol. Into the solution ca. 20 mg Pd on charcoal (10%, FLUKA) was added and the
suspension was shaken under a hydrogen athmosphere for 3h. The progress of the
reaction was monitored by TLC (eluent: CHCla/MeQOH: 9/1). After completion of the
reaction the was removed to provide the free base.
Yield: 99%
The purity was checked by means of TLC: n-butanole/AcOH/water/ethylacetate: 1/1/1/1,
R¢=0.4.
The identity of the reaction product was checked by NMR analysis.



WO 03/ 072556 PCT/ EPO2/ 07124 19 Exanple 2: Synthesis of b?gl ut am ny!

t hi azol i di ne hydrochl oride Acylation: N-t-Butyl-oxycar rﬂn(iﬂst]"tzﬁi’ﬁ ne (2.0
g, 8.12 mml) was dissolved in 5nl THE and brought to -15C. Into that

m xture CAl BE (isobutylchloroformate) (1,06 m, 8.12 nmol) and

4- et hyl nor pholine (0.895 m, 8.12 mml) where added and the sol uti on was
stirred fwoodd2sss n The formati on of the m xed anhydricdgpyasinghecked by TLC
(eluent: CHCI 3/ MeOH: 9/1). After warming to -10C anot her equi val ent

4- et hyl norpholine (0.895 nml, 8.13g9mol) and thiazol | di nehydrochl ori de
(1.02 g, 8.12 mmol ) was added. The m xture was brought to roomtenperature
and stirred overnight. Wrkup: The sedinent fornmed was filtered off and the
sol vent was evaporated. The resulting oil was taken up in chloroform (20

M) angumpeed Syhthdsigorghitamnlbiazaitine ihptrodhlorideodi umhydr ogensul fat e fol | owed
by a saturated solution of sodiunbicarbonate, water and brine. The organic
| ayer was separated, dried and evaporated. The resulting product was
checkedycl |gfon0ur| ty by TLC (eluent: CHCI 31MeOH: 9/1) Yield: 1.64 g, solid

d eavag\‘E 640 of the resulti n? sol i d Bog- prot ect ed cor%ound was
di ssol WEGBYtH- %Y%TPH”YHQW’B'BP&ZOG@ 2 mmg) agifissplved BPM THRWEui val ent's) and

left O’Brdggﬁt toW?@ﬁﬁS[r%?ﬁ\l)@jretdA@BE G%Ulymﬂlordﬁﬁmﬁgﬂﬂﬁrrﬁl% By mhdp (el uent:

CHCI 3/ Me After conpletion of reaction the solvent” was renoved

and t hangd ésmﬁthvlrn'grpbplmw@@% Akl 2mmoh) V%‘étet%ﬁ‘éﬂ andie sllipbras ed again. After

th tt trit ted t
e o L T o B O B e, T 265 g he

t heck
pur ity Ghiﬁ!a/Mh@Uk%/dl) Weﬂmrmlr?gﬁg;%d%anqmey%gﬁsalgm 4rraetbylmerphglineduct was checked
by NVR @888 ¥F 8512 ol it Rlaz6fhy AR ($228, B892 hnfdipd & aiidd.

The mixture was brought to room temperature and stirred overnight.

Workup:

The sediment formed was filtered off and the solvent was evaporated. The resuiting oil
was taken up in chloroform (20 ml) and washed with a saturated solution of
sodiumhydrogensulfate followed by a saturated solution of sodiumbicarbonate, water
and brine. The organic layer was separated, dried and evaporated. The resulting
product was checked for purity by TLC (eluent: CHCl3/MeOH: 9/1)

Yield: 1.64 g, solid

Cleavage:

640 mg of the resulting solid Boc-protected compound was dissolved in 3.1 mi ice cold
HCl in dioxane (12.98 M, 20 equivalents) and left on ice. The progress of the reaction
was monitored by TLC (eluent: CHCla/MeOH: 9/1). After éompletion of the reaction the
solvent was removed and the resulting oil was taken up in methanole and evaporated
again. After that the resulting oil was dried over phosphorous-V-oxide and triturated two
times with diethylether. The purity was checked by HPLC.

Yield: 0.265¢g

The purity was checked by HPLC.

The identity of the reaction product was checked by NMR analysis.



20 Exanple 3: Synthesis ofglutam nyl pyrrollidine hydrochl oride Acylation:
N-t-Butyl - oxycarbonyl glutamne (3.0 g, 12.18 mmol) was diSAWVERWH 7nl THE
and brought to -15C. Into that m xture CA] BE (isobutylchlorofomiate) (1,6
m, 12.18 mml) and 4-nethyl norpholine (1.3 m, 12.18 mvl) where added and
the solution was stirred for 15 mn The formation of the m xed anhydri de
was checkwd oby2s66C (el uent: CHCI 3/ MeOH: 9/ 1). Afterpitaipidioddst 0 - 10C 1

equi val ent of pyrrolidine (1.0 m, 12.18 mol) was added. The m xture was
brought to roomtenperature and stihpred overni ght. Wrkup: The sedi nent
formed was filtered off and the sol vent was evaporated. The resulting oil
was taken up in chlaorofaorm ( ) and washed wth a saturated sol ution of

sodi untfxam e3n§M’Pff7&'l'~‘é°‘fQ£‘I’tP’6W¥€PYHQ”Q("%QY‘(!{P%WWGSOI ution of sodi unbi carbonat e,
water and brine. The organic | ayer was separated, dried and evaporated. The

resulting product was checked for purity by TLC (eI uent: CHC 3/ MeOH 9/1)
Yi el d: AgYigtionisolid O eavage: 2.7g of the resulting solid was dissolved in

13.0 ni nd left on ice.
The pr oot BRyEE Earbby d RafingX80%, 126 Aol dies Bk Kol T B a5/ hecnt

0/1)| AraushttoortBIGintothabmixire Chie Orabvoichiraomisint ( 1@@1 HABVEPIaNd t he
resul ting, %%thmﬁspthg Wi 2. ‘fﬁ QUeré eﬂ\éﬂg oA UAL Rtirrdf ter that the
was drie phosp e an

resultlng Ol over Oor ous- v- oxi triturated two tines
wi t h difert tpymietTiheformeatien of the gixedgnhydside wes cheoked by he@ keleerty HPLC. The

i denti o Exampl e 4:
K, - det %Q%M%Pg é@g%ﬂkpwﬁ"y% tﬂgﬁzﬁ&@\?ﬁéﬁ% M{F%g{@rdl i | ne and
gl ut anminyibl) whs addsidi Themixtute pepbiodgit to pmpt ﬁed\@staturvaﬂd stirredaveinight ki dney with a
specific activity against glycylprolyl-4 28 AUGUST 2006 WD 03/ 072556
PCT/ EP0O2/ 07124
Workup:

The sediment formed was filtered off and the solvent was evaporated. The resulting oil
was taken up in chloroform (20 ml) and washed with a saturated solution of
sodiumhydrogensulfate followed by a saturated solution of sodiumbicarbonate, water
and brine. The organic layer was separated, dried and evaporated. The resulting
product'was checked for purity by TLC (eluent: CHCl3/MeOH: 9/1)

Yield: 2.7 g solid

Cleavage:
2.7¢ of the resulting solid was dissolved in 13.0 ml ice cold HCI in dioxane (12.98 M, 20 |
( equivalents) and left on ice. The progress of the reaction was monitored by TLC (eluent:
| CHCl3/MeOH: 9/1). After completion of the reaction the solvent was removed and the
resulting oil was taken up in methanole and evaporatéd again. After that the resulting oil
was dried over phosphorous-V-oxide and triturated two times with diethylether.
Yield: 980 mg
The purity was checked by HPLC.
The identity of the reaction product was checked by NMR analysis.

Example 4: Ki-determination
For K; determination of glutaminyl pyrrolidine and glutaminyl thiazolidine, dipeptidyl
peptidase IV from porcine kidney with a specific activity against glycylprolyl-4-



21 nitroaniline of 37.5 Ung and an enzyne concentration of 1.41 ng/m in
the stock solution was used. Assay m xture: 100 pi gl ut asawguspyRoeosol i di ne
or glutam nyl thiazolidine in a concentration range of 1*10" 5 M1*10*7 M
(glutam nyl pyrrolidine) and 1*10"s M-1*10-8 M (gl utam nyl thiazolidine)
respectively were adm xed with 50 pi glycylprolyi-4-nitroaniline in

di fferentwoggmgg@trati ons (0.4 "M 0.2 "M 0.1 nM G,Qn oM -and 100 pl HEPES
(40 mM pH7.6; ion strength = 0.125). The assay m xture was pre-incubated

at 30 Cfor 30 mn After pre-incubation, 20 pl DPIV (1:600 diluted) were
added and neasurenent of yellow color developnent due to 4-nitroaniline

rel ease was perforned at 30C and X = 405 nmfor 10 mn using a plate reader
( HTS700iraahitires of 4351 Wi Bidenenzyme consentration ohdié] megniiaihg)stockThe Krval ues were
cal cul j aphit 4.0.15 (Erithacus Software, Ltd, UK) based on a
conpet %%ﬁg%ﬁ%%gl on of DPIV by glutam nyl pyrrolidine or glutam nyl
thiazolidine. They were determned for glutamnyl thiazolidine as K, =
3.12*10.7 M 5.11*10"70 Mand for glutam nyl pyrrolidine as K, =1.30*10-6 M
8. 49* 1%s§?\¥_\4lnix@@rrpl e 5. K -determnation in human plasma Hunman pl asnma

cont ai ns termnal Xaa-Pro releasing activity. 70 pl glutam nyl pyrrolidine

or gl utgi, {JtaFn 'ﬁ&ﬁéoi-eﬂwsré;m AhyCRRSARINed b @BndepiABnhngk 5r¥8j0" 5 M -1 *10-7
M (gl utamn p rollél ne) ng 1°*10-0 M- 1.*10"5 Mﬂ I"ut am nyl
t hi azol M+ wEp” l\/?/(g&miﬂvlmrgﬁdiv@b andy it Mo+ $i10AMEglupiminyl thiazolidine)
| ycyl ~ - kb i i i atiagns (0.4 nM 0.2 mM
0. 1 e eltelufers BaRRe W o) Il ey by R R AREANS (  mixt ure vas
pr e- i nogbeantations (B MBAfG2 mil, B 1midnd,08 mMand <100 uESRRES i(4%mi, piAT Ber
re-in i on . _ I ° I of yell ow
(F:)ol or evg{eh t'rﬂrén{?%ﬁ'eT%%%%tﬁgﬁlﬁﬁﬁgn%g%gsagggag?cgérﬂfrﬁﬁ?fg%r at S%C and )
= 405 rpme-inoubation, @0l DFIh (] :G00pilated) wera ddded aMOSTEB0ramant of yaipw celdr Bi osyst ens,

Vi ter Sdte‘\"/‘ggpmé%? Eilr}g poya-hitrc%gni ine e§gse2v9936pe ormé)as ét%?)?é‘gr?d E QQOE%%Z{OP¥ 8‘ 24 22

min using a plate reader (HTS7000 plus, Applied Biosystems, Weiterstadt, Germany).

The K-values were calculated using Graphit 4.0.15 (Erithacus Software, Ltd, UK) based
on a competitive inhibition of DPIV by glutaminy! pyrrolidine or glutaminyl thiazolidine.
They were determined for glutaminyl thiazolidine as K; = 3.12*107 M + 5.11*10""°M and
for glutaminyl pyrrolidine as K; = 1.30*10% M + 8.49*10° M,

Example 5: Ki-determination in human plasma

Human plasma contains N-terminal Xaa-Pro releasing activity.

70 pl glutaminyl pyrrolidine or glutaminyl thiazolidine in an concentration range of 1*10°
*M - 1*107 M (glutaminy! pyrrolidine) and 1*10° M — 1*10 M (glutaminy! thiazolidine)
respectively were admixed with 50 pl glycylprolyl—4-hitroaniline in different
concentrations (0.4 mM, 0.2 mM, 0.1 mM, 0,05 mM) and 100 pl HEPES (40 mM,
pH7.6). The assay mixture was pre-incubated at 30 °C for 5 min and 22 hours
respectively. After pre-incubation, 50 ul human plasma were added and measurement
of yellow color development due to 4-nitroaniline release was performed at 30°C and A
=405 nm for 10 min using a plate reader (HTS7000 plus, Applied Biosystems,
Weiterstadt, Germany).



The Kl-val ues were cal cul ated using Gaphit 4.0.15 (Erithacus Software, Ltd,
UK) based on a conpetitive inhibition of DPIV by gl utam2gnuGusreaisi di ne or
glutam nyl thiazolidine. They were determ ned for glutam nyl thiazolidine
as K=4.03*10-' M 2.19*10-10 M after 5 min 5.13*10-' M 1.26*10"6 M after
22 hours pre-incubation, and for glutamnyl pyrrolidine as Ki = 1.30*10-6 M
4,89%10" §yhhabisey 5 mn and 1.36*10.6 M 3,21 *10-8 g({%éer 22 hours

pre-i ncubati on. Exanpl e 6: Inhibition of DPIV--1ike® - di peptidyl
peptidase Il DP it (3.4.14.2) rel eases N-term nal di peptides from

ol i gopeptides if the N-term nus is™ not protonated (McDonald, J.K , Ellis,
S. &Reilly, T.J., 1966, J. Biol. Chem, 241, 1494- 1501). Pro and Ala in

P, - posiThe m;wameewpreadamunaeld using Gm@hitﬂ)tﬂé (Erithyms Softwiave, fLtd, IUK) basesicr i bed as

DPI V-1ike acti ti . The. enzynme used was
our i 11 Bl Foghitfls EnindsheiRl oydlafhABssigee i dRamRheg BB o e o

gl ut amrﬁwwéréuatéﬂhméu fmeglunarmnylmmmméaéx,w osmgéw#2;u9ﬂ1@“°m4 M- 5*10'8 M
were adm xed with puffer_ solution (40 nmM HEPES, pH7.6, 0.015%
A I\Mﬁg@aMaﬂyw%aﬁW@mnu@emm@rslatqmmxsn (5 ™) and
20 pl d 4pef r Hhapy escence
measur gﬁ@ﬁg:ﬂ%ﬁ’ﬁ. ] ?or%nekghgt@;tc anfciér;’;ex a{ggoaﬁoﬁ_dﬂ %%E eﬂl n = 465 nm
for ZSaﬁtﬂrQZmlsiJnsgxe}mpMHtlen reader (HTS7000pl us, Applied Bi osystens,
Weiterstadt, Germany). The Krval ues were cal cul ated using Graphit 4.0.15
(Erithacus Software, Ltd., UK) and were determned as Ki = 8.52*10-5 M
6.33*10-6 M for glutamn pyrrolidine and K; 1.07*10.5 M 3.81*10,' M
flor gl Gxampleng! Inkibitiery of D VHé(e eE%@ﬁﬁSl-edlﬁePﬂQ}’/@gsﬂdééaﬂtl ng enzymes @ utani nyl
pyrrolidine | utam nyl thiazolidine were tested for their cross reacting
pot encﬁpddéﬁn@tgmlpiﬂ@sif‘f\ggﬁlrmpebilﬁﬂwﬂw from pligepentides If hehtarminusds and prol i dase.
28A 72R5 | R, 7 3 ly paptidase | (DP
, UG#&&%% d(\%g%ﬁ&lg }ﬁé?hggl n % SJ&%@%&%F%&%%%@ pr ot ease whi ch
cI eav e $5Q).fPrdiape Atai iol €s-pbsition are preferred resndues The enzyme activity is

described as DPIV-like activity, but DP I} has an acidic pH-optimum. The enzyme used

was purified from porcine kidney.

Assay:

100 pl glutaminyl pyrrolidine or glutaminyl thiazolidine in an concentration range of 1*10°
*M - 5*10"° M were admixed with 100 ul ul buffer solution (40 mM HEPES, pH7.6,
0.015% Brij, 1 mM DTT), 50 pl lysylalanylaminomethylcoumarine solution (5 mM}) and

( 20 pl porcine DP |l (250fold diluted in buffer solution). Fluorescence measurement was
performed at 30°C and Aexatation = 380 NM, Aemission =465 nm for 25 min using a plate
reader (HTS7000plus, Applied Biosystems, Weiterstadt, Germany).
The K-values were calculated using Graphit 4.0.1'5 (Erithacus Software, Ltd., UK) and
were determined as K| = 8.52*10°° M £ 6.33*10® M for glutaminy! pyrrolidine and K =
1.07*10° M + 3.81*107 M for glutaminy! thiazolidine.

Example 7: Cross reacting enzymes

Glutaminyl pyrrolidine or glutaminyl thiazolidine were tested for their cross reacting
potency against dipeptidyl peptidase I, prolyl oligopeptidase and prolidase.



the NNterm nus of their substrates (Gutman, H R & Fruton, J.S., 1948, J.
Biol., Chem, 174, 851-858) . It is classified as a cystAWeUSKWease. The
enzyme used was purchased from Q agen (Q agen GhbH, Hilden, Germany). In
order to get a fully active enzyne, the enzynme was diluted 1 000fold in MES
buffer pH5,6 (40 MM MES, 4 nM DTT, 4 nMKC, 2 nmM EDTA, 0.015%Brij) and
pre- incuwebed2dsor 30 mn at 30C. Assay: 50 pl gl utmaigyoryrrolidi ne or
glutam nyl thiazolidine in a concentration range of 1 *10 5 M-1 *10,7 M
were adm xed with 110 pl buffer-enzynme-m xture. The assay m xture was
pre-incubated at 30 C for 15 mn After pre-incubation, 100 pl

hi sti dyl.seryl (3-nit roanl line  (2*10'5M were added and neasurenent of

yel | owDipgptdyl gaptide s ], eatheRsi € nitroaniline .rel ease was performed at

30C and 7 Gau. = 380 nm Xon1 55; = 465 a plate
r eader RH—h‘EPB@'GPiW frds aNﬁB?Q"&!I Cﬂtﬂg‘?g’t"?ﬁﬁe WWET?}‘ P%P%‘Esa%{ﬂep&?#é?ra) The IC
50-val uﬁéw@mu@ak Qiéir%b@é’lratb%l (thnanaplm 18 Prufdn15:S( BD48, VaBies Cheimt,war e, Lt d.

UK) . i nhi bition of the enzgme activity by gI utam nyl pyrrolidi ne or
gl ut am1r?94 851t4ﬁ8é12'6|3|"&ﬂ3ﬁ'§e@@%313¥ﬁ§‘ﬂ@? %3P ol i gopepti dase (POP) Prolyl
ollgop ti dase 3.4.2 is a serine t e t ease, whi ch cl eaves
of f |eﬂé3§“9a§ HEASNUf' ?ﬁ oM Qiage 6¢'ag%éﬁ‘§5‘ Eﬁi‘ge%b ﬁﬂ“i’\)@lll?er R,

Shl ank,or&‘ér’to git%sfﬁlly abtile enzyﬁ%hth@rehiyrﬁe \has &Iut‘é@rﬂmﬂfold if MBS buR¥ 1, Sci ence, 173,
827-829) trates ar ecul ar _wei ght up to 3000 Da.

The enzF&H@eﬁ &M MES, é"ﬁ'\é@ﬁ%ﬂ ﬁ%KChaﬁ'ﬁH E}W&b 991§%|aj®ﬁéﬁtpf%ase Reconbi nant

expresgiQn $orRB NG ®Fci n E. coil under standard conditions as described
el sewher e At R G " L Grt. 28 AUGUST 2006 VIO 03/ Ov2500

PCT/ EP02/ 07124 24 Assay: 100 | glutaminyl pyrrolidine or glutamn nyl

t hi azolidine in an concentration range of 1*10'

Assay:

50 i glutaminyl pyrrolidine or glutaminyl thiazolidine in a concentration range of 1*10
*M - 1*107 M were admixed with 110 pl buffer-enzyme-mixture. The assay mixture was
pre-incubated at 30 °C for 15 min After pre-incubation, 100 i histidylseryl-B-nitroaniline
(2+10"°M) were added and measurement of yellow color development due to p-
nitroaniline release was performed at 30°C and Aexgitation = 380 NM, Aemission = 465 nm for
10 min, using a plate reader (HTS7000 plus, Applied Biosystems, Weiterstadt,
Germany). ' |

The IC sp-values were calculated using Graphit 4.0.15 (Erithacus Software, Ltd., UK).
( No inhibition of the DP | enzyme activity by glutaminyl pyrrolidine or glutaminyl
thiazolidine was found.

Prolyl oligopeptidase (POP)

Prolyl oligopeptidase (EC 3.4.21.26) is a serine type endoprotease which cleaves off
peptides at the N-terminal part of the Xaa-Pro bond (Walter, R., Shlank, H., Glass, J.D.,
Schwartz,).L. & Kerenyi, T.D., 1971, Science, 173, 827-829). Substrates are peptides
with a molecular weight up to 3000 Da.

The enzyme used was a recombinant human prolyl oligopeptidase. Recombinant
expression was performed in E, coli under standard conditions as described elsewhere
in the state of the art.



AM -5*10'8 M were adm xed with 100 pl pl buffer solution (40 nM HEPES,
pH7.6, 0.015%Brij, 1 mM DIT) and 20 pl POP sol ution. THAWYSEHK204¢ xt ure was
pre-incubated at 30 C for 15 min After pre-incubation, 50 pl

gl ycyl prolyl prolyl-4-nitroaniline solution (0.29 mVJ) were added and

measur enent of yellow col or devel opnent due to 4- nitroaniline rel ease was
perf or medy@bse3dsdés and ?r = 405 nmfor 10 m n using apphgbRheader (sunrise,
Tecan, Crailsheim Germany). The |IC 50-val ues were cal cul ated using G aphit
4.0.15 (Erithacus Software, Ltd., olK). No inhibition of POP activity by

gl utam nyl pyrrolidine or glutam nyl thiazolidine was found. Prolidase
(X-Pro dipeptidase) Prolidase (EC 3.4.13.9) was first descri bed by Bergmann
& Fruton (Bergnann, M & Fruton, JS, 1937, J. Biol. Chem 189-202).
Prolidase releases the NNterm nal amno acid from Xaa-Pro di peptides and
has aASFB¥pti num bet ween 6 and 9. Pr oI [ dase from porcine kidney (ICN

Bi omedi_ cal s, Eschwe ol ved [m) in assay buffer (20nM
NH4( cH88 60! %a"mmw%gﬁhze obg.\utga}%')ylt °'5’|"l?é? af‘g rég‘gtrglgmramg%,ofég{q ve enzyne the
sol ut '4M—MSBMGH@%ﬁﬁB@%th6Q)Orﬂ| il @?fefébﬁﬂ'bﬁmquPES pMrsgy: 450 pi

gl utam nyI é)’%/rrol i dine dvélrm am n thi azolidine in an concentration range

of 5% DRTS% i 1 mAhBFT) and @i PRkg envmhewswwurww Bre-igebatedon (20mm
NHA( OB S8%Y for 18/Fhirl Aer pr@-rm:u'b’gt%n 50 il c?ﬁ‘yaﬁﬁr‘b}}@'bl?l% ﬁiﬂ%dllfhet%ﬁxtnﬁsay m xture).

The assay m xture was pre- Incu ate mn After pre-incubation,

75 pl (PRBMM)aase addetang measseement efuehigw morﬁqmgnmﬁme toy 03/ 072556
PCT’ EP%g%&@él%@e wggfpfaﬁér}ne\éea‘i 30@9%3% ok For Aok Eﬁ@’%sp(légﬁr formed at 30C

nd X = hotoneter erno Spectronic,
nbr irelager (sukiise, Teean, Craidhaim| Gelsnam;!).e cal cuI ated using Graphit 4.0.15
(Erithacus Software, Ltd., UK). They were determned as I1C 50 > 3nM for
gl ut arfihneyC s¢-Valwesotere caleulated usisg Ceaphd 4:90.15 (Erithacus Aofiwase,d3d.10KE for gl ut ami nyl

Py ol§ S o SATR gctﬁlity B{/ aiﬁ{g?mr%}l Bﬂwlihi‘]g or glutaminy! thiazolidine was

found.

Prolidase (X-Pro dipeptidase)

Prolidase (EC 3.4.13.9) was first described by Bergmann & Fruton (Bergmann, M. &
Fruton, JS, 1937, J. Biol. Chem. 189-202). Prolidase releases the N-terminal amino acid
from Xaa-Pro dipeptides and has a pH optimum between 6 and 9.

Prolidase from porcine kidney (ICN Biomedicals, Eschwege, Germany). was solved
( (1mg/ml) in assay buffer (20mM NH4(CH3COO),, 3mM MnCl;, pH 7.6). In order to get a
fully active enzyme the solution was incubated for 60 min at room temperature.

Assay:

450 pi glutaminyl pyrrolidine or glutaminyl thiazolidine in an concentration range of 5*10°
3M - 5*107 M were admixed with 500 pl buffer solution (20mM NH4(CH3COO),, pH 7.6)
and 250 pl lle-Pro-OH (0.5mM in the assay mixture). The assay mixture was pre-
incubated at 30 °C for 5 Min After pre-incubation, 75 pl Prolidase (1:10 diluted in assay



In order to investigate the stability of glutam nyl pyrrolidine or

glutam nyl thiazolidine in human plasma, the activity o AFNSTHH| asma was
determ ned at a defined tinme. The average DPIV activity in human plasm was
determned as 43.69 Um. In the working solution, the plasma was dil uted
in 0.9% NaC to fix the DPIV activity level at 25 Um. Plasm and

gl ut am nyo gyorsssd i di ne or gl utam nyl thiazolidine i Bcfibhpniant
concentrations (5*10-5, 2.5*10"5, 1.25*10-5Min plasma) were incubated at
37C. At defined tine points sanplgs were taken using a pipette roboter
(Glson 215, Liquid handler, Glson) and transferred in a mcroliter plate
cont ai ni ng 5*10-5M gl ycyl proI yl am nonet hyl counmarine in 0.9% NaC + 015%

Brij pbuffankwere afgdedandgneasyranant wag sefamedat3Capdad 230 méarelon of
| sol eugyl 6%?:&«_%9{/)\% tén"_? pUWA‘rﬁbr@o%%eH?ogc EQHB .ag%ﬁbxz Fl uorescence

measur enen S per agal in plasm (reference standard)

usi ng ébqﬁs@rk i i )st adt
Ger mn?gé?k%ﬁ%aﬁ%ﬁgé Ife (%fY q@lﬁ)@%gr‘lg %@Pﬁ%?oﬁ%re E\t%amyl pyrrol i di ne
or gl ufbey wee deterningdas G B> R f@agleltmn thiazglidineand 8153Ct5me 3ehIYme activity

ver S““M%%Féd stoF@ﬁt& dﬁ%)gfgllgmgorrpounds no hal f-tinme could be determ ned.

The substance 1 s be stable in human plasma over 22 hours.
Exanple 9: Determ nation of DPIV inhibiting activity of gl utam nyl
pyrrolidine and glutamnyl thiazolidine after intravasal and oral

adm ni rats 28 AUGUST .2006 WO 03/072556 PCTI EP02/ 07124
26 Ang(é Ib;@h W\é’?é';"{yr ats (Shoe: Wst(Sho)) with a body wei ght ranging

ggg V‘ﬂgﬁyﬁ%ﬁ%&@ﬂﬁeéggteq egﬁsﬁg%f\ﬁ@@@agmm bfe@g@g;ﬂgle ﬁggg@gfé fle (Schonwal de,

usi ng COI’I 1tion re sing conventi onal
condi t heman plastha.dbsactivity DRI ipplrsmawes d¢teming) at@ﬂ@nqctﬁme Theurs |ight/dark

cyel e Gl o8y % Rinihash ABLAEEARLL £ B0 Sl RSNMRET ) Soest,

Ger man tum Cat heter
i nsert santianthe ptasmatwas dilntediiry0.9% NaCl to fix the DPIV activity Ievel at 25 U/ml.

Plasma and glutaminyl pyrrolidine or glutaminyl thiazolidine in different concentrations
(5*10°°, 2.5*10°%, 1.25*10°°M in plasma) were incubated at 37°C. At defined time points
samples were taken using a pipette roboter (Gilson 215, Liquid handler, Gilson) and
transferred in a microtiter plate containing 5*10"°M glycylprolylaminomethylcoumarine in
0.9% NaCl + 015% Brij per well. After 6 min the reaction was stopped by addition of
isoleucylthiazolidine (5*10°M in 0.9% NaCl solution).

( Fluorescence measurement was performed against 0.9% NaCl in plasma (reference
standard) using a plate reader (HTS7000plus, Applied Biosystems, Weiterstadt,
Germany). The half-life of the inhibitory potency of glutaminyl pyrrolidine or glutaminyl
thiazolidine was calculated by plotting the enzyme activity versus reaction time.

For both compounds, no half-time could be determined. The substance is considered to

be stable in human plasma over 22 hours.

Example 9: Determination of DPIV inhibiting activity of glutaminyl pyrrolidine and
glutaminyl thiazolidine after intravasal and oral administration to Wistar

rats



After ?one week of adaptation at the housing conditions, catheters were
inmplanted into the carotid artery of Alistair rats unde?8 4e@EsH2006
anaesthesia (i.p. injection of 0.25 m/kg b.w Rompun(r) [2 %, BayerVital,
Germany and 0.5 m/kg b.w. Ketam n 10, Atarost GibH & Co., Tw stringen,
Gernany). The animals were allowed to recover for one week. The catheters

were flusyggsihdsh heparin-saline (100 U nl) three tj dT'éﬁ week. In case
of catheter dysfunction, a second catheter was insert ?%’?%ﬂh

contra-lateral carotid artery of %m respective rat. After one week of
recovery fromsurgery, this aninmal™ was reintegrated into the study. In case
of dysfunction of the second catheter, the animl was wthdrawn fromthe
study. Admatsw ani mal was recruited and the experinents were continued in the

pl anne ] | ant ati on.
Experi ﬂj@%‘%&s% Ea‘i? Siﬁ'%% Wﬁ]s;(gﬂoﬁmthg%ﬁng?ﬂ ? ﬂ@aés&?”%%? E%C)%{dv\?edro «r,E) adm ni stered
pl acebwerfelpurdhased frome Tiebzutb¥Schshwafile ([ohédwaldergBdapaby)w. gl ut ami nyl pyrroli di ne
or 100 ng/kg b.w. glutam nyl thiazolidine via the oral and the intra-vasal
(intra-arterial) route. After overnight fasting, 100 pl sanpl es of

hepar i Abgsith econtiionsal bl ood were collected at - 30, -5, and O min The test

subst aAﬁlmawaﬁerdbmglelcagdd indxs lebiyventionkl ébnaitiossvitmeort@liddbémpetaturg  and was

Tool o, (i v (2 Tedodfa ook e tiohleh B dsTROAE SRR e case of

oral  gibw (5T SddstGermanBdmidttapnater aodifidavith HQ! wére afdwedeadwidiurh.nj ected into
the arteri aI cat heter. In the case of intra-arterial adm nistration, the

catheter was inmediately flushed with 30 pl saline and an additi onal 1 ni
of sal cagewpmsaitivehtOéablidaren@ t he feeding tube. 28 AUGUST 2006 WO
03/ 072204 J3hed %Eﬁgia%é%o@zt thé\hbt?srnga&ﬁblh&%t t&tRetefs vpéraﬁﬁaﬁhtéu mtohe t est

subst ances, arteri al | es 'Wwere taken at . .5, 10, 15, 20,
40, 60theredrotid @rtetyrof Wistan r@tseur@armnecalé@aeﬁmegp( lmmoagh%8$ mulsg unr est r ai ned

(Eppenfit FORBRRUPEHP bR VRl e EREEe nihd ol KeERRH 16, AHEELIC! 1 codt um
ci t r at &nibkf & €p., Tyjskinge0) Gérovanp). AkaraniDaEls Wese allowiedto mamnf@rmat . Eppendor f
tubes WEEKE ThE @gtEEFeWQe flushed with heparin-saline (100 1U/ml) three times per week.

In case of catheter dysfunction, a second catheter was inserted into the contra-lateral

carotid artery of the respective rat. After one week of recovery from surgery, this animal

was reintegrated into the study. In case of dysfunction of the second catheter, the

animal was withdrawn from the study. A new animal was recruited and the experiments

were continued in the planned sequence, beginning at least 7 days after catheter

implantation.

Experimental design
To rats with intact catheter function were administered placebo (1 ml saline, 0.154 mol/l)

or 100 mg/kg b.w. glutaminyl pyrrolidine or 100 mg/kg b.w. glutaminyl thiazolidine via
the oral and the intra-vasal (intra-arterial) route.

After overnight fasting, 100 ul samples of heparinised arterial blood were collected at —
30, -5, and 0 min The test substance was dissolved freshly in 1.0 ml saline (0.154 mol/l)
and was administered at O min either drally via a feeding tube (75 mm; Fine Science
Tools, Heidelberg, Germany) or via the intra-vasal route. In the case of oral
administration, an additional volume of 1 ml saline was injected into the arterial catheter.
In the case of intra-arterial administration, the catheter was immediately flushed with 30
ul saline and an additional 1 ml of saline was given orally via the feeding tube.



I medi ately (12000 rpmfor 2 mn, Hettich Zentrifuge EBA 12, Tuttlingen;
Germany): The plasnma fractions were stored on ice until 28R3IGUST20@ wer e
frozen at -20 Cuntil analysis. Al plasna sanples were |abelled with the
foll ow ng data: Code nunber Animal Nunber Dat e of sanpling Ti me of
sanpling Analytical Methods The assay m xture for determ nation of plasm

DPI 'V act i\w)g%?g&nsi sted of 80 pl reagent and 20 pl EBJ”%?‘{%Hg‘ﬁnpl e. Kinetic

measurenent of the formation of the yell ow product iline fromthe
substrate glycyl prol yl -4-nitroani Ibne was performed at 390 nmfor 1 mn at
30 C after 2 mn pre-incubation at“the sane tenperature. The DPIV activity

was expressed in mJm. Statistical nethods Statistical evaluations and

gr aphi Atersplzatiar dfqiavebo vr thh td3Rsds{anyes3 ali@ia] tloag k#taples Bofettakareat I nc. ). Al l

par anef, er I ysed.in esCriptiv nner. in | ng. mean and SD.
Resul té'%' Erﬂ\é?éﬁn@gghd@ 89 BP%i?(ﬂWI”CfBXF'ﬁ"SP @ﬁ&aﬁﬁtﬁr %ﬂ]?g S%&‘?lqgt hi azol i di ne in
a dfseumfastﬂéﬂﬁd rag/ Nltblbodl\SanV;Ses wéra cellzatedridto iﬁetoedleblsaﬁerm;mhbésact i ?/i ty after
oral a intra-vasal .. adm ni stration ee figur 1 and . e 10: Dose
os ol abprrar R ring HAhyed. coringig Wl 1A R gt o bemBRY of
gl ut anfgmy3.0\Rr plaSrhAIDPR/ ZbiviflirbEslireAtdne EpPEndod tietobdre Comthifald@/ 07124 28
Ani mal s N=30 | e Zucker rats (f,a/faz, an g,gel_ 1%\/\6_6&8 5-12 weeks), nean
body woVgiately Boaom&f&?dwnd)'?ﬂ'q}oe@ r&g?@% LRiNGerHAPTMREYR ver (Sul zfel d,
Cer manyjpe ?léérﬁz?fraéﬂi@hé WefeYstdro@n YR IuAtileBl sis OF werdFroseels-20CiUntinear |y al | fatty
Zucker rats had the ) i

analysis. All plasma samples were labelled with the following data:
( o Code number

¢ Animal Number

¢ Date of sampling

¢ Time of sampling

Analytical Methods
The assay mixture for determination of plasma DPIV activity consisted of 80 pl reagent

and 20 pi plasma sample. Kinetic measurement of the formation of the yellow product 4-
nitroaniline from the substrate glycylprolyl-4-nitroaniline was performed at 390 nm for 1
min at 30 °C after 2 min pre-incubation at the same temperature. The DPIV activity was
expressed in mU/ml.

( Statistical methods
Statistical evaluations and graphics were performed with PRISM® 3.02 (GraphPad

Software, Inc.). All parameters were analysed in a descriptive manner including mean
and SD.

Results
The compounds glutaminyl pyrrolidine and glutaminyi thiazolidine in a dose of 100

mg/kg b.w. vs. placebo inhibited plasma DPIV activity after oral and intra-vasal
administration (see figures 1 and 2)

Example 10: Dose escalation study in fatty Zucker rats after oral administration of
glutaminyl pyrrolidine



characteristics of manifest diabetes nellitus. A group of N=8 animals were
recruited for testing three escal ating doses of gl utam IBAUGHYSTH0¢ di ne vs.
pl acebo (saline). Housing Conditions Aninals were single-caged under
standardi zed conditions with controlled tenmperature (222 C) on a 12/12
hours light/dark cycle (light on at 06:00 AM. Sterile standard pelleted
chow (ssni oest, Cermany) and tap water acidif] i HCl were

al | oned Wé{tfsfo%)zlss,?um Cat het eri zation of Carotid Arteir)y /§7324Zucker rats of
24- 31 weeks (mean: 25 weeks) age, apted to the housing conditions, were
wel | prepared for the study. Cathetérs were inplanted into the carotid
artery of fatty Zucker rats under general anaesthesia (i.p. injection of
0.25 m/kg b.w. Rompun(r) [2 9%, BayerVital, Germany and 0.5 m/kg b.w.
Ket am n 10 At arost GrbH & Co., Twi stringen, Ger rrany) The ani mals wer e

al | one ek T.
hepar i % ue'ff)ff"?? W@ﬁ%)n\q??n%%e W%%%gg‘%ﬁfv(@g ﬁ&ﬂ\g& DeS| gn
Pl aceboef(olg (msos,ao o) everddpukEaset from)ClarleeRivat (Stjlzfegi;d,diﬁmany)f gl ut am nyl

rrol 5 and 50 W, ) were i DI ster t ro of N=8
Patty et geiaiy ey wds e o2 fedka ity EharaM Ader i Ghelor Tea”l n 1000
pl I DMSQi'(aEctd\tEt(‘j ngnf nﬁglféim%adétie_s Gmﬂit(tt&m}t grduﬁm&Nh?lanmwlsf wmiedec(;gteﬂ £ . f 10I n1t I
sal ine were e ! uots, e cont ai ni . 0 utamn
Dyt o1 18541 e eecattn dgsen ot b pyrcigne 8 B DR indhe ot _subst ance.
dose dependent aliquots were diluted in saline. After overnight fasting,

pl acebo or te substance were adm nistered to the fatty Zucker rats via

f eedi (15°G 75 Fi S Tool Hei del b , CGe
el Lo B WENATE Eih TR SO ool
(40 % s@bys *bn a%Z/%d?sThg?\%@rk YR (3h{bh 96:06EM) E@@a{eos@rﬂérdzg B. Braun

Mel sungen, Mel sungen, Germany) was adm ni stered at Omn via a second

f eedi ngPallated chow tro0® @P@%idGQ@??@N)a%nqt%Wﬁtehéc'@'ﬁ?q wireHbwerealiowas\ | ect ed at - 30
| - 134 libitum.

Catheterization of Carotid Artery
Fatty Zucker rats of 24-31 weeks (mean: 25 weeks) age, adapted to the housing

conditions, were well prepared for the study.

Catheters were implanted into the carotid artery of fatty Zucker rats under general
anaesthesia (i.p. injection of 0.25 mi/kg b.w. Rompun® [2 %), BayerVital, Germany and
0.5 mi/kg b.w. Ketamin 10, Atarost GmbH & Co., Twistringen, Germany). The animals
were allowed to recover for one week. The catheters were flushed with heparin-saline
(100 1U/ml) three times per week.

Experimental Design
Placebo (1 ml saline, 0.154 mol/l) or escalating doses of glutaminyl pyrrolidine (5, 15

and 50 mg/kg b.w.) were administered to groups of N=8 fatty Zucker rats. 375 mg of
glutaminyl pyrrolidine were dissolved in 1000 pl DMSO (E. Merck, Darmstadt; Germany
[Dimethyl sulfoxide p.a.]).10 mi saline were added and 1 ml aliquots, each containing
34.09 mg of glutaminyl pyrrolidine, were stored at —20 °C. For preparation of the test
substance, dose dependent aliquots were diluted in saline.

After overnight fasting, placebo or test substance were administered to the fatty Zucker
rats via feeding tube orally (15 G, 76 mm; Fine Science Tools, Heidelberg, Germany) at
~10 min An oral glucose tolerance test (OGTT) with 2 g/kg b.w. glucose (40 % solution,
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oxi dase Ry@eREMEE (Super G G ucose analyzer; Dr. Mychgpofgahat ebau, Freital,
Germany). Statistical nmethods Statistical evaluations and graphics were

performed with PRISMr) 3.02 (G apifad Software, Inc.). Al paraneters were
anal ysed in a descriptive manner including nean and SD. Effect of
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fi guren@asurgpﬁgﬁﬂal e 11 Dose escal ation study in fatty Zucker rats after oral
adm ni stration of utam nyl thiazolidine 28 AUGUST 2006 WD 031072556
PUlEZGﬂPWQQQmBIGSWﬂfﬁ'ﬁ%ﬁ"ﬁdm‘—t@@eﬁﬁ Mr rats.(fa/fa), nean age 11 weeks
(5-12 weg%% body wei ght 350 g (150-400 g), were purchased from
Charl es ver ?@ul zfeld, Germany).

¢ Animal Number

( o Date of sampling

¢ Time of sampling

Analytical Methods
Glucose levels were measured using the glucose oxidase procedure (Super G Glucose

analyzer; Dr. Muller Geratebau, Freital, Germany).

Stétistical methods
Statistical evaluations and graphics were performed with PRISM® 3.02 (GraphPad

Software, Inc.). All parameters were analysed in a descriptive manner including mean
and SD.

Effect of Medication on Glucose Tolerance
( The placebo treated diabetic Zucker rats showed a strongly elevated blood glucose

excursion indicating glucose intolerance of manifest diabetes mellitus. Administration of
5 mg/kg b.w. glutaminyl pyrrolidine resulted in a limited improvement of glucose
tolerance in diabetic Zucker rats. Significant lowering of elevated blood glucose levels
and improvement of glucose tolerance was achieved after administration of 15 mg/kg
and 50 mg/kg b.w. glutaminyl pyrrolidine (see figure 3).

Example 11: Dose escalation study in fatty Zucker rats after oral administration of
glutaminyl thiazolidine



After delivery they were kept for >12 weeks until nearly all fatty Zucker
rats had the characteristics of nmanifest diabetes nelli28u80GUSTR000p of N=8
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HCO were allowed ad libitum Cathgperization of Carotid Artery Fatty Zucker
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conditions, were well prepared for the study. Catheters were inplanted into
the carAamimalsartery of fatty Zucker rats under general anaesthesia (i.p.
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di ssolved in 1000 pl saline. After overnight fasting, placebo or test
substance was adm nistered to the fatty Zucker rats via feeding tube orally
(15 G FHdusmgiContitisnsSci ence Tool s, Hei del berg, Germany) at -10 min An oral

gl ucoserifnhle wercindieedged Qaddn standakliziddoRditidns Withgbbiesiied témferdfuol ution, B.

Braun Ml s en, |.sungen many). was 1, i ed a in via a second
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20 pl glass capillaries, 28 AUGJST 2006 WD 03/072556 PCT/ EP02/07124 31

whi ch \/@r'@'t‘ﬂ'[‘-aced in standard tubes filled with 1 m solution for bl ood
gl ucose

Catheterization of Carotid Artery
Fatty Zucker rats of 24-31 weeks (mean: 25 weeks) age, adapted to the housing

conditions, were well prepared for the study.

Catheters were implanted into the carotid artery of fatty Zucker rats under general
anaesthesia (i.p. injection of 0.25 mi/kg b.w. Rompun® [2 %], BayerVital, Germany and
0.5 ml/kg b.w. Ketamin 10, Atarost GmbH & Co., Twistringen, Germany). The animals
were allowed to recover for one week. The catheters were flushed with heparin-saline
(100 1U/m) three times per week.

Experimental Design
Placebo (1 mi saline, 0.154 mol/l) or escalating doses of glutaminyl thiazolidine (5, 15

and 50 mg/kg b.w.) were administered to groups of N=8 fatty Zucker rats. The
respective amounts of glutaminyl thiazolidine were dissolved in 1000 pl saline.

After overnight fasting, placebo or test substance was administered to the fatty Zucker
rats via feeding tube orally (15 G, 75 mm; Fine Science Tools, Heidelberg, Germany) at
~10 min An oral glucose tolerance test (OGTT) with 2 g/kg b.w. glucose (40 % solution,
B. Braun Melsungen, Melsungen, Germany) was administered at 0 min via a second
feeding tube. Venous blood samples from the tail veins were collected at —30 min, -15
min, +0 min and at 5, 10, 15, 20, 30, 40, 60, 90 and 120 min into 20 yl glass capillaries,



measurenent. All blood sanples were labelled wwth the foll ow ng data: Code
nunber  Ani mal Nunber Date of sanpling Ti me of sanpl 23WUGKSERL0P6 i cal

Met hods  ucose | evel s were nmeasured using the glucose oxidase procedure
(Super G @ ucose analyzer; Dr. MillerGeratebau, Freital, Germany).
Statistical nethods Statistical evaluations and graphics were perfornmed with
PRI SMr) 3.02 %gkaphPad Software, Inc.). Al paraneters were analysed in a
descri ptiV8%E%er including mean and SD. Effect of CNMERA*HR4 on on” G ucose
Tol erance The pl acebo treated diabetic Zucker rats showed a strongly

el evat ed bl ood gl ucose excursion ?hdicating gl ucose intol erance of manifest
di abetes nellitus. Adm nistration of 5 ng/kg b.w., 15 ng/kg and 50 ng/ kg

b. w gl WhtRiweyd plabddR elandardeubiesdiled with 1 mi solatpador Wiemegetose | oweri ng of
el evat ed bl ood gl ucose | evels and i nprovenent of glucose tolerance in

di abet MeasyeWERt rats (see figure 4). Exanple 12: In vivo inactivation of

gl ut amanloot BampIes wdieNabalbl With BieXolicwiny diitgt ration to Wstar rats
Ani mal s/ Experinmental design d utam nyl thiazolidine was adm nistered to

W st ar or &0leduBDPYy as described in exanple 9. Analytical methods 28 AUGUST

2006 O Q3L A i2pa@, PCT/ EP02107124 32 After application of placebo or
gl utam nﬁ%ﬁi azoglrdi ne, arterial blood sanples were taken at 2.5, 5, 7.5,

10, 15» Zmate dftgsan®lOngand 120 nmin fromthe carotid catheter of the conscious
o Time of sampling

( Analytical Methods
Glucose levels were measured using the glucose oxidase procedure (Super G Glucose

analyzer; Dr. Miller Geratebau, Freital, Germany).

Statistical methods
Statistical evaluations and graphics were performed with PRISM® 3.02 (GraphPad

Software, Inc.). All parameters were analysed in a descriptive manner including mean
and SD.

Effect of Medication on Glucose Tolerance
The placebo treated diabetic Zucker rats showed a strongly elevated blood glucose

excursion indicating glucose intolerance of manifest diabetes mellitus. Administration of
5 mg/kg b.w., 15 mg/kg and 50 mg/kg b.w glutaminyl thiazolidine resulted in a dose

( dependent lowering of elevated blood glucose levels and improvement of glucose
tolerance in diabetic Zucker rats (see figure 4).

Example 12: In vivo inactivation of glutaminyl thiazolidine after oral administration to
Wistar rats

Animals/Experimental design
Glutaminy] thiazolidine was administered to Wistar rats orally as described in example

9.

Analytical methods



unrestrained rats to determne the formation of degradation products of
glutam nyl thiazolidine. For analysis, sinple solid phaggaggusfedosOn
procedure on C18 cartridges was used to isolate the conpounds of interest
fromthe plasma. The extracts were anal ysed using reversed-phase liquid
chromat ography on Li chrospher 60 RP Sel ect B colum hyphenated with tandem
mass spectrorretr operating in the APCI positive node. An internal standard
net hod wa¥Of¥&g %or quantification. Results After oPGHEPAHMIHI stration of
glutam nyl thiazolidine to Wstar rats, a degradation of the conpound was
found. Using LC/ MS, the degradati or2pr oduct coul d be defined as
pyroglutam nyl thiazolidine. See figures 5 and 6. 28 AUGUST 2006 33 CLAI M5
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Results
After oral administration of glutaminyl thiazolidine to Wistar rats, a degradation of the

compound was found. Using LC/MS, the degradation product could be defined as
pyroglutaminyl thiazolidine. See figures 5 and 6.



neuronal disorders or dernal diseases.
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CLAIMS
1. Glutaminy! thiazolidine hydrochloride.

2. A pharmaceutical composition comprising a pharmaccutically acccptable
carrier and /or diluent and a compound according to claim 1.

3. Use of a compound or pharmaceutical composition according to claim 1 or 2

10  for the preparation of a medicament for inhibiting dipeptidyl peptidase IV or
dipeptidy! peptidase TV-like enzyme activity for the prcvention or treatment of
diseases or conditions related to dipeptidyl peptidasc IV or dipeptidyl peptidase I'V-
like enzymes. :

15 4. The usc according to claim 3 for lowering elevated blood glucosc lcvels in
mammals resulting from food intake.

5. The use according to claim 3 for the prevention or treatment of non-insulin-
dependent diabetes mellitus.

20 :
6. The use according to claim 3 for the prevention or treatment of arthritis,
obesity, immunc and autoimmune disorders, allograft transplantation, cancer,
neuronal disordcrs or dermal diseases.





