GLUCAGON- LI KE PEPTI DE-1 ANALOGUE AND USE THEREOF Fiel d of the Invention

The present invention relates to glucagon-1like peptide-1 anal ogues and use

t hereof . 5 Background of the Invention Di abet es has becone the third
ranked non-infectious disease after the cardi ovascul ar and cerebrovascul ar
di seases and tunors. WHO predicts that by year 2030, the popul ati on of
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G u-3d y-Thr-Phe-Thr-Ser - Asp-Val - Ser-Ser-Tyr-Leu-GQu-dy-An-Ala-A

| a- Lysd u-Phe-I1le-A |l a-Trp-Leu-Val -Arg-A@ y-Arg- X CF3 20Formula | wherein X
is glycine or glycinam de. The present invention also provides
pharmaceutical conpositions each conprising a therapeutically effective

amount of at |east a corrpounql of Formula I and at |east one _
phar mac RN | yinslae époebinsuleax dégsndertt diddSEh elqdintes ENIDDMY pati¢rds GLE-1her
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nedi canent , har maceut Itions are used in
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sensitivity to gluco present 1 nvention provj des the use
of the egpylsdrig O%fGIP%'I’l nh‘FS&dlP%&Flesprﬂe%afr‘rﬁtlieﬁiﬁt%‘f torddflcdVemay e ereat

t r eat mefhera@euthy goteiial Qi tRhinksnpef dikbéleaelldss. | mpaired gl ucose tol erance,
type | diabetes, obesity, hypertension, syndrome X, dyslipidema, 10
cognitive disor ders at heroscl erosis, nyocardial infarction, coronary heart
di sease, cardi ovascul ar di sease, stroke i nfl ammat ory bowel syndrone,
dyspepsi a and/or gastric uBgRfSummary ofthéigveanlpioy, t he conpounds of Fornul a
| are used in preparation of medicanents for delaying or preventin

det &Y i or at i ohhopresgnpénvientieli priowides gluggganelilerpeptige-1 ahalogenspod mds thefeofor nul a |
are used in preparation of nedicanents for decreasing food intake,
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The present i nvention further provides a pethod of nodul ati'ng the flood

gl ucosecangrieres theseef, piggjugs th er%fr QHNEEHRT P @s}’%fd]f‘ﬁ foregosig.ng to the subject a

conpound of Fornmula |I. 20The present invention is described in detail bel ow
and exenplified by t egbodi ments provided bel ow Unl ess ot herw se

i ndi cated, all e*W u{aant\lyoivj( fer@ t ied’s,
reaction comﬁctio s andil o forth~oSedn the s cat | naﬁd clfainms are

"about 25nAcepf hﬂgl Mie- AHQ SBe %A /ﬂ? ly?’Ar e con ry,
nunerical paranmegers set forth in th ol1ow ng specification and attached

clainms are approxi mations that may vary dependi ng upon the standard
devjgation found in their respectiveyt&ahing nmeasurenents. The
conpounds of the present invention may contain one or nore chiral centers
and/ or wignbhe& bangddnandeltdigsgider e, may exi st as stereoi soners, such as
doubl e-bond 30 isoners (i.e., geonetric isoners), enantioners or

di ast er eomerEhe pesest verlop, alsmyroridenphaamaequtigel qompssiionhgashichmpsisioga of t he

speci f itga@hpamiclpPataflc ddoviUreatOkadth P@hpound SMFarmiGh at dnteacRRdii gHar at i on

to be “HdﬁrSt?Qg/ 1ub§r N, BRAirf §e9As€v%lﬁEel'§%§‘r a%SGdrgih&tEﬁ R Ea—Lg?uqh or

enconpass all po S bl e ebgantr oners and stereoisoners of the illustrated
conpourtiérmacepiichlygeeptabls e¥difonerical Iy pure form (e. g , geonetrically
pure enantionerically pure or diastereoneric IIy pur e) enant.i oneric

andst er eoi siolvgiFeent Hivertigne further providssdhs psey tetp@a@aﬂce Fenﬁ?setltrees can

be resdbvmdparatien dthemediopaagnt enanti onmers or stereoi soners using
separation techniques or chiral synthesis techniques well known to the

skill ed artipséferably, the pharmaceutical compositions are used in preparation of
medicaments for the treatment or prevention of type II diabetes, impaired glucose tolerance,
type I diabetes, obesity, hypertension, syndrome X, dyslipidemia, cognitive disorders,

30  atherosclerosis, myocardial infarction, coronary heart disease, cardiovascular disease,
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The conpounds of Fornmula | include, but are not limted to, optical isoners
of 5 these conpounds, racemates thereof, and other m xtures thereof. In
those situations, the single enantioners or diastereoners, i.e., optically
active forns, can be obtained by asymmetric synthesis or by resolution of
the racemates. Resolution of the racemates can be acconplished, for

exanpl e stroke, sdlavematportmiwelsyivoose sud/br dispepsiesoratomadditilears.i n t he presence of
a resol ving agent, or chromatography, using, for exanple a chiral
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accg(pt ab(l) %it%vael L8 hegeo@i As used hencef oith t he term"co:ﬁolgng?
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non- covgl.gat conpl ex thereof, a prodrug thereof, and a mixture of any of
the foregoing. As noted above, prodrugs also fall within the scope of
chem cal entptl f r.or ] 0 iV f
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becone %Wiﬁ@&ﬁHBremntP@rdﬁtﬂﬂﬁrqthWﬁ)@Wmdhﬁﬁg%t?%red to a patient, e.g., upon
met abol i ¢ processing of the prodrug. Exanples of prodrugs include, but are
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specifically intended that the invention include each and every i ndividual
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N COCH Frnoc, NCF3 It can be synthesized in the foll ow ng nethod: 1.
Preparati on of Conpound 01HC1 80 nL of thionyl chloride was added
dropwi se to 250 nL of methanol at -10 C within 2 hours. After the mxture
was warnmed to the roomtenperature and stirred for 1 hour, 40 g of

L-al ani ne was added and stirred overnight. The reaction m xture was heated
to ref| axxtuees. 4 Enanframergonldediercoiserheric moxtites gpe batesobved igtocba cempomned t o
gi ve 80 f

1137 of lonfhd e SRRAIRANE e S AR P Sy ERE dRheliss o)
FICL in nge t}[ﬂ\ﬂkﬂleﬂ%@ﬁaéf anhydr ous potassi um carbonate was added to
t he above m xture, and stirring was continued for 2 hours. The reaction
m xture was H@&tomposndspet Eﬁ@l‘ﬁ@ Isinglude dbut gire 2ohboyigd teoepéag! igmeie of oom
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m. of d ethé hour ure was then warned to 30
Cand r & f (81 fisuead tgsy ‘B‘F‘SM{é?Pn@Gu%@swéhd@&b@r B‘Hbﬁssew ¢ he
reacti anmpmtr!dlé ef Fbifrﬂmlﬁl I Exf@t)iml’va@buﬁ)taﬁtdnﬁbrﬁueﬁﬁﬂ chtfichbanitico Bf aiethréfeat

m Xt ur e. Was rre Preci pitation was renoved by

filtrat %ngﬁntéor{ldm%éﬁg%t gon%?rh n3%8ft§{3§°mﬂf)‘tm thyl acetate was conbi ned and
concentr at ed nder v a residu url jed in trol eum
ether to givé %8 Iap%‘f"@ t}fei fPﬁ'SﬁWH’ Wﬁﬁld\é\hbi’%aﬁg?fé TGl WMRSYAddUNd 05
9. 613y o6f diomatlyl sl hbxpldaemlacmﬁﬁalm_ aotepratidyfbene thérbof i déhssobedutioallynwas

added dﬁ&@}‘é\‘ﬁﬁl% fo?rn@ 0% O[hgtc'gﬂﬂoﬁxflds {e@ﬁ%};ﬁ% ﬂf%cﬂdtecgllxa?fni ?eeﬁtfcgl Véggc Lﬂ”ab?e

di chloro ane wt rred for

0.5 houfalts thereafi §01ﬁ4t%‘1 heeeofeosysial deamsitinguilisg pelvarorpls angutlathrates) dfer@dmound

03 i n ac};émesnﬂhef@@f mﬂnﬁ‘dﬂﬁ‘fal%ﬂﬂ &fmﬂ@xe%qhe&rebprpmcﬁ:ﬁgs #@rdoReandOh iR eSSt i rred
f or trlethgamne was ag P%JO Wi se to the resultant

sol uti gﬁ vﬁef‘ﬁinn °m °nffq ¢ | FHRRPYNG? Fia. &f‘hemr ehet g Pkt ure
was2onar piegmbeutibelyr acoeptablepediat theezofndAt heed Iencdfomat e was ‘addgpduhd' t he

reactio The, organic | a separ at.ed _and,.t hase was
extr act%&%%#e%aohfnlgf {hgl é’ﬁl?po}lgaré{sﬁliﬂ §ut % acWﬁ%eEtIS%‘]g'aﬁ? c?pf)gffeg wer e
washed thetehf, 1206olmate sheraofataechebase ithare &5 amqnaadyahat eorapldx thémef, soprotdiugn,

fol I owegdeRyr dhyhRg &Y@Bf NGk ORASe esiumsul fate. The solvent was
renoved %o obt aildn 1 29% Conpogr@g%4 2.5 mL of TBAF in THF solution (1

L) e e e@oﬁ?@%é@% Sl RIPOH B (P15 Ul THR 06 Crer

e m xture and
st i ¥r ecexppdle; ssteg oranaide dggvaves pf thewemppprdsed Haonulads éﬁh@é@m rprediegs’eact i on

M Xt ur én@ldessidy E@HpdiRids IBat become compounds of Formula I when administered to a
patient, €.g., upon metabolic processing of the prodrug. Examples of prodrugs include, but
are not limited to, acetate, formate, and benzoate and like derivatives of functional groups

(such as alcohol or amine groups) in the compounds of Formula 1.

30 At various places in the present specification, substituents of compounds of the
invention are disclosed in groups or in ranges. It is specifically intended that the
invention include each and every individual subcombination of the members of such
groups and ranges. For example, the term “Ci; alkyl” is specifically intended to
individually disclosed methyl, ethyl, and Cj alkyl (including n-propyl and isopropyl).

35 The structure of Formula I as shown in the present invention provides compounds



5 mnutes. Then water and ethyl acetate was added to the reaction m xture
and neutralized by sodium bi carbonate to pH 8. The organic | ayer was
separated and dried over anhydrous magnesi um sul fate. After concentration,
the resultant residue was purified by flash chromatography on silica gel to
give 9.0 g of Conpound 05. 5. Preparation of Conpound O6A 1017.6 g of
Conpoun&h@sirally ctabler lessalishseepiitde | tablhe) badeys ofiidipaptideld peptides® IV (BPPENF, and
to the %l@%ﬂd@lét% YElike ﬁ‘fﬁﬂ% RAIEGFOTorDRBRY 'thaﬁr%n}fd)%r@rlﬁel%ﬁy Q)\@;coﬁﬁﬁlé Ll?% wat er

bi carbonate. The resul'tant m xture was stirred, overni ght
and 400 pHaVEROUstIATHSIORCRSt GEB- gt ¢OMbAUS (R 8H COYINURES w@spmnéouwcamgaw c
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conc t ed. to ive.a residue was 15

Chr ot SarSi el ot soRe T SR ifikdinh S5 s p BB hes dutehe and
350 nL uﬁedetb ﬂwerdﬂe@chglacmswamedUQm bt o dorpeAdsmd haif-Efel (860 ihogrs§, dut 2

hours a concentrated to give a residue which
was pur%F?gé%ilgglgcgﬁ%hg#@?lgge?%&hy to give | O of Conpound 06A.

COO BuCOOt BuCOQx Bu Fnoc. Fnoc. Ne--. 000Bn N COOHH2N COOBn Conpound
06A0Conmpound 06A1Conpound 06A 206. Preparation of Conmpound 07 A sodi um

hydr oxi de solution (5 g/3 agddest @ i a 30 nL THF sol ution
containing 2 g of Compoun rog of p-toluenesulfonyl
chl gg i de vvasF%dgte;isﬁ@VgMg ﬁ%égdn%ugagf%%ﬁﬂgg was stirred for 30 m nutes.
Then water and ethyl acetate were added to the m xture. The organic |ayers
were separ at Bigurei? sledys B f 2 @onweand baEedmple 1af ford 2. 7g of Conpound 06. A
20 nL acetonitrile solution containing 2.7g of Conpound 06 and 3. 3g of
Conpound 06AFigare hemvedBof thef dompoiod oblisamplght . Then acetonitri le was

removed by evaporation and the resultant residue was washed with petrol eum
et her and separated by filtration. The filtrate was concentrated and the

resi due was purified by col hro tp r hg to give 1.8g of compound 07.
307. Preparation of Conpou tments 2/ C catal yst was added
to g 400 nL Rt han 0 [ f ng,,0

hanelht ﬁl%:ﬁﬁdn 1% ﬁﬁ‘ﬂfe@ o rﬂEhﬂengou@ no?qmﬁ?é& Iye‘ralg g gpﬁ%‘?‘ d the

m xture was hydrqgenat ed overni e catalyst was
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Example 1

I. Synthesis of intermediates (Dimer)

25 The structure of Dimer is shown below:

COOtBu

H HN™ "COOH

_N
Fmoc H CF;

It can be synthesized in the following method:

1.  Preparation of Compound 01-HCI



126. 75, 127. 11, 140. 21, 143. 07, 55.90, 143.24, 19F NWR (DMSO d6): 70.023.
LCG-M5 nfz: 551 (MH). The synthesis route of Diner is shown as the
following: 0O H2N )-CY Conpound 01 1. Synthesis of Main Chain 1.
Swel l'i ng. 5Fnmoc-d y-Wang Resin (0.27 nmol/g, 0.2 nol) was kept in DCM for

20 mnutes and then the resin was collected by filtration. 2. Deprotection
of Fnoc. 80 mrheof dhionel ¢hdeide weas addpdedropwisa 12 @Smk oif wedtlanobat FIOPK) DIVF

(Pl PE/ D\fithld 4)hoaRd  kaRk themigreSdsUbhdft8thSrobth BnipétRsre A& rkHgorM Xt ure

was filtrat to.collected the resi.n. 10The foll ow ng. ni nhydri n-based
Kai ser &% ﬁ? ﬁ'P(%tIéglﬁ“)‘mQ\/éi‘?S @ SHred oyerpisht- f%ereafrgﬂ%mg g pvas Beated
gr anul eso reflsik fovbBowrasIdeRdwb tHe rB6M téi@perdtutd aRiSconédritkeditbrodR: §EaLHUGe (A, B

and O was_ad . ut 2 drops each, the m xture was kept at 115 C for 5
m nu es?o?ﬁ%ur%@ér%@ction was considered to be conpl eted when both the

sol ution and_the_resi n_turnéd bl ue. 153. Washing. The resin was washed by
DCM and DVF &achPrepargtion eGompaund82 i trated. 4. Coupling.

113 g of benzyl bromide was added to the mixture of 40 g of compound 01+HCI in

350 mL of DMF. 150g of anhydrous potassium carbonate was added to the above mixture,

and stirring was continued for 2 hours. The reaction mixture was heated to 50°C and

10 stirred for 2 hours, cooled to the room temperature and extracted with 400 mL of ethyl
acetate and 1200 mL of water. The organic layer was washed with 150 mL of 6N HCI, the
aqueous phase was neutralized with sodium bicarbonate to pH 8 and extracted with ethyl
acetate. The organic layers were dried with anhydrous magnesium sulfate and then
concentrated to give a residue which was purified by column chromatography to give 57.6

15 g of Compound 02.

3.  Preparation of Compound 03

A solution of 57.6 g Compound 02 in 100 mL ether was added dropwise to the
mixture of 11.7g of lithium aluminum hydride in 200 mL of diethyl ether within 1 hour at
0 'C. The mixture was then warmed to 30 C and reacted for 0.5 hours. 18 g of water
20  was added dropwise to the reaction mixture within 1 hour at 0 ‘C to quench the reaction
and the mixture was then stirred for 1 hour. Precipitation was removed by filtration and
washed by ethyl acetate. All ethyl acetate was combined and concentrated under vacuum
to give a residue which was purified in petroleum ether to give 36 g crystalline Compound
03.

25 4.  Preparation of Compound 05

9.6 g of dimethyl sulfoxide in 50 mL of methylene chloride solution was added

dropwise to a solution of 7.6 g of oxalyl chloride in 150 mL of dichloromethane within 0.5

hour at -65 “C, then the mixture was stirred for 0.5 hour. To this mixture was added
dropwise over an hour 11 g of Compound 03 in a 100 mL methylene chloride solution, and

30  the solution was stirred for 1 hour. 14 g of triethylamine was added dropwise to the
resultant solution within 1 hour and stirred for 2 more hours. The reaction mixture was
warmed to the room temperature and then 50 mL water was added to the reaction mixture.

The organic layer was separated and the aqueous phase was extracted with 50 mL of
dichloromethane. The combined organic layers were washed with 100 mL saturated sodium

35  bicarbonate and brine solution, followed by drying over anhydrous magnesium sulfate.



DICis a preferred choice for the coupling reaction. It was conducted as
follows: A5 nL DVF solution containing Fnoc-Arg(Pbf)-OH (0.8 nmol, 0.52
g), HOBt (0.8 5 mml, 0.11 g) and DIC (0.8 mmol, 125 pL) was stirred for
1.5 hours. The procedure for detecting free am no-group through KT test was
t hen en*%l oyed: 30-50 granules resin was taken out and then washed wi th DCM
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30 reparation of Compound 08

0.3g of Pd(OH),/C catalyst was added to a 400 mL methanol solution containing
1.8g of Compound 07, and the mixture was hydrogenated overnight. The catalyst was

-7-



25Formula 111 1V. Ceaving and Purification 1.C eavage The peptide resin
was washed and dried by filtration. Its cleavage was perfornmed by using
ratio of 1 g of peptide-resin with 10 mM Lysates. Specifically, the peptide
resin was added to a solution of Lysates (TFA: TA: EDT: H20: phenol =
82.5:5:2.5:5:5) and stirred for 3 hours. The m xture was diluted with

i ce- coolfdigr and the methaep! watcangentpatedciogi el 82 absompryd®ed by centri f uge.
The precipitate was then washed for 4 tinmes and air dried to 5 give crude
conpound of Bor mreparation POPihércat i on Crude conpound of Formula | was
di ssol ved in 90% net hanol /water, The solution was treated with ultra sound
and then fil fAé?‘gHthrh?ggﬁﬁlpau‘@eﬁ% (?y%amnﬁaﬁm%qlaﬁpi%@ ¥HRA0mb) Pestrat e
E/as plur 'mlﬁfrrau o{a@mi@hepalr}at rie¥®@io hixomt Ggik akdy filtatd tvecoflectethd Breepipaon dndf

ormul a ana

oLV ool B LAUNETRRLER MBERLIS Rl SR Yot Bl 2L

hesj f i i i la Ll d db h
Sy, i BB DS SRR, BT (SR
ver e, NS g SR 05301 Bl I PXRLSS et 2 2GR BT S0 (e

room t eapgraddieopies@ent . B and C were 80% phenol in ethanol solution
redisti??zd py{faiﬁg, aﬁ% aﬁninhydriniethanol solution (5 g in 100 ni).

Exanpl e’8 NMRaDN&ORpe TFigrngs e, 3036 Bs.08208.88G35auBS 55.12, 5590, | CR
(I'nstitute of Cancer Research) mce, all male, were divided into three

bat thes6hp6.bd8198 Wkl P, 124i.68 1@4cM, Hasch, hae7hg1301 1 bw.21Af 4807 ag8i2ag and
overni ght, each batch was divided into two groups based on the bl ood sugar
| evel : 1¥e0/dAild7el Gr&up and the group receiving the conpound of Exanple 1

(" Conpoy ro "%. The Vehicle 25 group was treated with saline only, and
t he Cbnpggﬂ%Rdiﬁﬂ Oles t Fe¥3ed with Compound of Exanple 1 dissolved in

saline. 2. ri Batch 1: The mice were divided into two groups
based o%éﬂﬂgéﬁgblgggbﬁdgg} | evel after fasting overnight. On Day 1, they
wer e adm ni A [ in.30 saline (0.3 ng/kg) by
subcutaneough?%ﬁg%%%gﬂgégkggﬁ$gﬁ§%?§?g?ﬁgqggﬁvglStration, the mce were
gavaged with a dose of glucose (2 g/kg) and their bl ood sanples were taken
fromthe tip of the tail 30 mnutes and 60 m nutes after the glucose

adm ni stration. Their bl ood glucose | evels were neasured. On Day 4 (72
hours after test conpound adm nistration), follow ng an overni ght fast,
bot h nouse groups were gavaged with a dose of glucose (2 g/kg). Blood
sanpl es were taken 30 m nutes after the glucose adm nistration and the

bl ood gl ucose | evel was neasur ed. Batch 2: The mice were divided into
groups based on their blood sugar |evel after fasting overnight. On Day 1,
the mce were admnistered with the test conpound by 5 subcutaneous
injection at the dosage of 0.3 ng/kg. On Day 2, after fasting for 8 hours,
the mce were gavaged with a dose of glucose (2 g/kg) and their bl ood
sanpl es were taken 30 mnutes after the glucose admnistration and the

bl ood gl ucose | evel was neasured. Another glucose gavage was performed on
Day 5 (90 hours after test conpound adm nistration) follow ng an over ni ght
fast and the bl ood glucose levels 30 mnutes after 10gl ucose adm nistration
wer e measur ed. Batch 3: The mce were divided into groups based on
their bl ood sugar level after fasting overnight. On Day 1, the nmice were
adm nistered with the test conmpound by subcutaneous injection at the dosage
of 0.3 ng/kg. On Day 3, after fasting overnight, the mce were gavaged with
a dose of glucose (2 g/kg, 42 hours after the adm nistration of test 15
conpound) and their bl ood sanples were taken 30 m nutes after the glucose
adm ni stration and the bl ood glucose | evel was neasured.



Measur enent of the blood glucose | evel was conducted with Roche's

ACCU- CHEK(r) integrated bl ood glucose detection system 3.Results 20(1) 2
hours after conpound adm nistration Goup Dose ,,, , kingi'g) Blood

G ucose (nmMV) Bl ood d ucose (% versus FBG FBG 30 min 60 mn FBG 30 m n 60
mn Vehicle 2.880.48 8.732.27 7.122.93 100.0 311.9100.3 255.0111.6

Conmpound 0. 3
0 0
HZN\:)LO/ » 5\‘)1\0/ — <5:\1\5/\OH

Compound 01
b Compound 02 Comp(l“nd 03
) N N
- " CF, € " H
EN\i/kCFa : 3 [ :
Compound 06 Compound 05 Compound 04
06A
COOtBu
f COOtBu COOtBu
HN" ~COO0Bn
N\)\
A HN">COOH ~ —— |, HN” “COOH
HeN Y CFs3 Fmoc™ Y CFs
Compound 07 Compound 08 Dimer
II. Synthesis of Main Chain
1.  Swelling.
5 Fmoc-Gly-Wang Resin (0.27 mmol/g, 0.2 mol) was kept in DCM for 20 minutes

and then the resin was collected by filtration.

2.  Deprotection of Fmoc.

The above resin was added to a 10 mL solution of PIPE/DMF (PIPE/DMF=1/4) and

kept in the solution for 8-10 minutes, then the mixture was filtrated to collected the resin.

10 The following ninhydrin-based Kaiser Test (KT test) was conducted to detect free
amino-group: 30-50 granules resin was washed with DCM for 3 times. After three
reagents (A, B and C) was added about 2 drops each, the mixture was kept at 115 C for 5
minutes. The deprotection was considered to be completed when both the solution and

the resin turned blue.

15 3. Washing.



2.930.64 4.872.33 3.401.31 100.0 159.744.6 115.531.5 (2) 25 hours after
conpound adm ni stration G oup Dose (ng/kg) Blood G ucose (nV) Bl ood d ucose
(% versus FBG FBG O min 30 min FBGO mn 30 mn Vehicle 3.030.65

7.230.69 10.731.83 100.0 247.350.7
The resin was washed by DCM and DMF each for 6 times and then filtrated.

4. Coupling.
DIC is a preferred choice for the coupling reaction. It was conducted as follows:
A 5 mL DMF solution containing Fmoc-Arg(Pbf)-OH (0.8 mmol, 0.52 g), HOBt (0.8
5 mmol, 0.11 g) and DIC (0.8 mmol, 125 ulL) was stirred for 1.5 hours. The procedure for
detecting free amino-group through KT test was then employed: 30-50 granules resin was
taken out and then washed with DCM for 3 times. After three reagents (A, B and C) was
added about 2 drops, the mixture was kept at 115 C for 5 minutes. The reaction was
considered to be completed when both the solution and resin turned to light yellow or
10 colorless. The reaction was uncompleted when the solution or resin was still light blue,
and the detection procedure was repeated for additional 3 hours. Uronium type coupling
reagent (amino acid/HATU/HOAUDIEA = 1/0.95-0.98/1/2) was employed when the

reaction was still uncompleted after the three hours.

5. Capping
15 When a peptide of up to 20 amino acids in total and KT tests revealed the presence
of unreacted amino functions after recoupling, it was necessary to cap these to avoid the
formation of deletion sequences. Capping was realized through a short treatment (15
minutes at the room temperature) of the resin with a solution of acetic anhydride and DIEA

(1:3 in molar ratio) in the resin: reagent ratio of 1:5, followed by filtration to dry.

20 6. Washing
The resin was washed with DCM, followed by DMF and this washing step was

repeated 5 times and dried by filtration.

7.  Steps 2-6 were repeated to complete the synthesis of the main chain.

8.  As for the side chain on the Lys(12) of a peptide, the selective deprotection

25 (i.e., a protecting group in one molecule can be removed of selectively without affecting
other protecting groups ) was needed. Fmoc-Lys (Dde)-OH could be chosen because it

was needed to use amino protecting group that could not be removed by PIPE. The
coupling method using diisopropylcarbodiimide carbodiimide (DIC method), as described

above under Example 1.4, was followed.

30 9. A peptide of Formula II was obtained after the main chain with Thr(25) on the
C-terminal was cleaved. Its molecular weight was confirmed by MS (cal. 2905.18, found
2904.74), as shown Figure 1.

-10-



373.0119.5 Conpound 0.3 2.920.50 4.250.30 7.121.14 100.0 149.225.8
250.659.3 (3) 42 hours after conpound adm ni stration G oup Dose (ng/kgQ)
Bl ood 3 ucose (nmM\V) FBG PBG O min 30 min Vehicle 3.0810.63 9.1811.68

O

\ Dde protecting group
O
Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-GIn-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Arg-Gly-
Arg-Gly-OH

Formula II

10. A compound of this invention has an amino acid at position 29 from the

C-terminal in the main chain (Dimer, with its structure shown above). Its amino group

5  was protected by Fmoc and its carboxyl group was protected by OtBu. It was obtained by
coupling, with di-isopropyl carbodiimide as the coupling reagent. Specifically, Dimer
(0.55 g, 1.0 mmol, 5 equiv of resin), HOBt (0.14 g, 1 mmol), and di-isopropyl carbodiimide
(DIC) (160 pL, 1 mmol) in 5 mL DMF were added to the resin and the reaction was

continued at the room temperature for 3 hours to couple Dimer to the main chain.

10 11. Coupling of the last C-terminal amino acid (His) was completed by coupling
of Boc-His (Trt)-OH and using diisopropyl carbodiimide (DIC) as the coupling agent or a

uronium type coupling reagent.

I11. Synthesis of Side Chain and Connecting to Main Chain

1.  The side chain, as shown in Formula III, is a compound of this invention. It

15  has the sequence of octadecanedioic acid-y-Glu-AEEA-AEEA, wherein C OOH is linked

to the main peptide chain shown in Formula II. The protecting Dde group (i.e., 1-(4,

4-dimethyl-2,6-dioxocyclohexylidene) ethyl) on Lys(12) of the main peptide chain of

Formula IT was removed by 2% hydrazine. The side chain was coupled to the Lys by the

same procedure as described above under IL1.2-6. The synthesis of the side chain shown in

20 Formula III was completed by coupling Fmoc-AEEA-OH and Fmoc-Glu-OtBu and

uronium type coupling reagents used to link the y-carboxyl group of Glu to the amino

group of AEEA, followed by the final coupling of 1,18-octadecanedioic acid with one
carboxyl group protected by tBu.

(0] (0]
OH
| LN o) 0 .
Hooc/\(c s | [Glu \/\O/\/ N/\/ \/\0/\c OOH]
octadecanedioic acid y-Glu AEEA AEEA
25 Formula III

IV. Cleaving and Purification

1.  Cleavage

The peptide resin was washed and dried by filtration. Its cleavage was performed

-11-



4.1710.94 9.8712.53 Conpound 0.3 2.9210.35 7.5710. 38 3.6710.80 5.5311. 27
G oup Dose (ng/kg) Blood 3 ucose (c)/0 versus FBG FBG PBG O mn 30 mn
Vehicle 100.0 308.4185.0 138.0135.6 323.1185.2 Conpound 0.3 100.0

by using ratio of 1 g of peptide-resin with 10 ml Lysates. Specifically, the peptide resin
was added to a solution of Lysates (TFA:TA:EDT:H,O:phenol = 82.5:5:2.5:5:5) and stirred
for 3 hours. The mixture was diluted with ice-cooled 500 mL of ether and the precipitate
was collected by centrifuge. The precipitate was then washed for 4 times and air dried to

5  give crude compound of Formula I.

2.  Purification
Crude compound of Formula I was dissolved in 90% methanol/water. The
solution was treated with ultra sound and then filtered through a 0.45 um ultrafiltration
membrane. The filtrate was purified by preparative chromatography to give pure
10 compound of Formula I. The MS analysis showed the correct molecular weight (cal.
4152.1, found 4152.5), as shown in Figure 2.

Example 2
The synthesis of the main peptide chain of Formula IT was conducted by the use of
Rink Amide Resin instead of Fmoc-Gly-Wang Resin. The other conditions were the same

15  asdescribed in Example 1.

Unless otherwise specified, the temperature referred to in Example 1 and Example 2
was the room temperature. Reagents A, B and C were 80% phenol in ethanol solution,

redistilled pyridine, and a ninhydrin/ethanol solution (5 g in 100 mL).

Example 3 — Oral Glucose Tolerance Test (OGTT)

20 1. Groups

90 ICR (Institute of Cancer Research) mice, all male, were divided into three
batches by body weight, with each batch having 30 mice. After fasting and overnight,
each batch was divided into two groups based on the blood sugar level: the Vehicle group
and the group receiving the compound of Example 1 (“Compound group™). The Vehicle

25  group was treated with saline only, and the Compound group was treated with Compound

of Example 1 dissolved in saline.

2. Experiments

Bateh 1: The mice were divided into two groups based on their blood sugar level

after fasting overnight. On Day 1, they were administered with saline or the Compound in

30  saline (0.3 mg/kg) by subcutaneous injection. 2 hours after the administration, the mice
were gavaged with a dose of glucose (2 g/kg) and their blood samples were taken from the

tip of the tail 30 minutes and 60 minutes after the glucose administration. Their blood
glucose levels were measured. On Day 4 (72 hours after test compound administration),

following an overnight fast, both mouse groups were gavaged with a dose of glucose (2

-12-



262.0126.4 125.9122.0 193.2153.3 PBG Postprandi al bl ood gl ucose neasured

before fasting. (4) 72 hours after conpound adm nistration G oup Dose

ng/ kg) Bl ood d ucose (nV) FBG PBG O min 30 mn Vehicle 2.8810.48

8.4710.88 4.7811.26 9.6011. 44 Conpound 0.3 2.9310.64 7.3310.52 3.1710.63
g/kg). Blood samples were taken 30 minutes after the glucose administration and the

blood glucose level was measured.

Batch 2: The mice were divided into groups based on their blood sugar level after

fasting overnight. On Day 1, the mice were administered with the test compound by

5  subcutaneous injection at the dosage of 0.3 mg/kg. On Day 2, after fasting for 8 hours,
the mice were gavaged with a dose of glucose (2 g/kg) and their blood samples were taken

30 minutes after the glucose administration and the blood glucose level was measured.
Another glucose gavage was performed on Day 5 (90 hours after test compound
administration) following an overnight fast and the blood glucose levels 30 minutes after

10 glucose administration were measured.

Batch 3: The mice were divided into groups based on their blood sugar level after
fasting overnight. On Day 1, the mice were administered with the test compound by
subcutaneous injection at the dosage of 0.3 mg/kg. On Day 3, after fasting overnight, the
mice were gavaged with a dose of glucose (2 g/kg, 42 hours after the administration of test

15 compound) and their blood samples were taken 30 minutes after the glucose administration

and the blood glucose level was measured.

Measurement of the blood glucose level was conducted with Roche’s
ACCU-CHEK® integrated blood glucose detection system.

3. Results
20 (1) 2 hours after compound administration
Dose Blood Glucose (mM) Blood Glucose (% versus FBG)
Group
(mg/kg) | ppG 30min | 60min | FBG | 30 min 60 min
Vehicle 2.88+0.48 | 8.73£2.27 | 7.1242.93 | 100.0 | 311.9+£100.3 {255.0+111.6
Compound 0.3 2.93£0.64 | 4.87£2.33 | 3.40+1.31 | 100.0 | 159.7+44.6 | 115.5£31.5

(2) 25 hours after compound administration

Blood Glucose (mM) Blood Glucose (% versus FBG)
Group |Dose (mg/kg)
FBG 0 min 30 min FBG 0 min 30 min
Vehicle 3.034£0.65 | 7.23+0.69 | 10.73£1.83 | 100.0 [247.3+£50.7| 373.0+£119.5
Compound 03 2.92+0.50 | 4.25+0.30 | 7.12+1.14 | 100.0 |149.2+25.8| 250.6+59.3

(3) 42 hours after compound administration
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6.8212. 71 G oup Dose ng/ kg) Blood ducose (% versus FBG FBG PBG 0 m n 30
mn Vehicle 100.0 299.0147.6 168.4146.6 341.7179.5 Conpound 0.3 100.0
258.6151. 3 111.0129.8 234.0191.2 (5) 90 hours after conpound

adm ni strati on G oup Dose

Dose Blood Glucose (mM)
Group
(mg/kg) FBG PBG 0 min 30 min
Vehicle 3.08+0.63 9.18+1.68 4.17+0.94 9.87+2.53
Compound 0.3 2.9240.35 7.57+0.38 3.67+0.80 5.53+1.27
Dose Blood Glucose (% versus FBG)
Group
(mg/ke) FBG PBG 0 min 30 min
Vehicle 100.0 308.4+85.0 138.0+£35.6 323.1+85.2
Compound 0.3 100.0 262.04+26.4 125.94£22.0 193.2+£53.3
PBG: Postprandial blood glucose measured before fasting.
(4) 72 hours after compound administration
Dose Blood Glucose (mM)
Group
mg/kg) FBG PBG 0 min 30 min
Vehicle 2.88+0.48 8.47+0.88 4.78+1.26 9.60+1.44
Compound 0.3 2.93+0.64 7.33+£0.52 3.17+0.63 6.82+2.71
Dose Blood Glucose (% versus FBG)
Group
mg/kg) FBG PBG 0 min 30 min
Vehicle 100.0 299.0+47.6 168.4+46.6 341.7+£79.5
Compound 0.3 100.0 258.6+51.3 111.0+£29.8 234.0+£91.2
(5) 90 hours after compound administration
Dose Blood Glucose (mM)
Group
(mg/kg) FBG PBG 0 min 30 min
Vehicle 3.03+0.65 9.15£1.04 3.10+0.09 13.43+1.53
Compound 0.3 2.92+0.50 7.80+0.46 3.55+0.47 8.78+0.88
Dose Blood Glucose (% versus FBG)
Group
(mg/kg) FBG PBG 0 min 30 min
Vehicle 100.0 315.5+79.1 105.5+£19.2 462.3+£120.2
Compound 0.3 100.0 276.6+65.5 123.7+19.8 307.8+54.8

The data above indicate that the test compound has significant ability to reduce the

blood glucose level and was able to do so for 90 hours after its administration.

Further, the compounds of this invention have a plasma half-life of over 30 hours,
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(my/ kg) Bl ood d ucose (mMV) FBG PBG O mn 30 mn Vehicle 3.0310.65
9.1511.04 3.1010.09 13.4311.53 Conpound 0.3 2.9210.50 7.800.46 3.5510. 47
8. 7810. 88 Group Dose (ng/kg) Blood ducose (')/0 versus FBG FBG

while the plasma half-life of GLP-1 is 1~2 minutes.

It is understood that the embodiments described above are merely illustrative
examples of this invention and do not constitute the scope of this invention which is
defined by the accompanying claims. Various modifications or changes to the invention

5 made by a person skilled in the art, without departing from the essence of this invention,

are all to be included within the scope of this invention.



PBG O min 30 min Vehicle 100.0 315.5179.1 105.5119.2 462.31120. 2 Conpound
0.3 100.0 276.6165.5 123.7119.8 307.8154.8 b5The data above indicate that
the test conpound has significant ability to reduce the bl ood gl ucose | evel
and was able to do so for 90 hours after its adm nistration. Further, the
conmpounds of this invention have a plasma half-life of over 30 hours,

whil e the pl aHARASSCLAIMER IS p-1 is 1-2 ninutes. It is understood
that the enbodi nents descri bed above are nerely illustrative exanpl es of

t hi s i ndentA @mpodd dOForatulebnstitute the scope of this invention which is
defined by the acconpanying clains. Various nodifications or changes to the

i nvention Smade by a p rsqm{skllled in the aoq\éji;zout departing fronltge

essence of this ve areval | in wn;h\\épﬁ

i nvention. I AINED \\/ﬁ47bju?ﬁkﬁf Q\)KN{O)#\\fﬂ
H-His “y /'\/Glu Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-

Glu-Phe-lle-Ala-Trp-Leu-Val-Arg-Gly-Arg-X
CF,

Formula I

5 or a pharmaceutically acceptable salt thereof, a solvate thereof, a chelate thereof, a

non-covalent complex thereof, a prodrug thereof, or a mixtures of any of the foregoing;
wherein X is glycine or glycinamide,

2. A pharmaceutical composition comprising a therapeutically effective amount of at least

one compound of claim 1 and at least one pharmaceutically acceptable excipient.
10 3. Use of the pharmaceutical composition of claim 2 for preparation of a medicament.

4. The use of the pharmaceutical composition of claim 3 for preparation of a medicament
for the treatment of type II diabetes, impaired glucose tolerance, type I diabetes, obesity,
hypertension, syndrome X, dyslipidemia, cognitive disorders, atherosclerosis, myocardial
infarction, coronary heart disease, cardiovascular discase, stroke, inflammatory bowel

15 syndrome and/or dyspepsia or stomach ulcers.

5. The use of the pharmaceutical composition of claim 3 for preparation of a medicament

for delaying and/or preventing deterioration of type II diabetes.

6. The use of the pharmaceutical composition of claim 3 for preparation of a medicament
for decreasing food intake, decreasing [-cell apoptosis, increasing PB-cell function,

20  increasing B-cell mass and/or for restoring B-cell sensitivity to glucose.

7. Use of a compound of claim 1 for preparation of a medicament for the treatment of
type II diabetes, impaired glucose tolerance, type I diabetes, obesity, hypertension,
syndrome X, dyslipidemia, cognitive disorders, atherosclerosis, myocardial infarction,
coronary heart disease, cardiovascular disease, stroke, inflammatory bowel syndrome,

25  dyspepsia and/or gastric ulcers.

8. Use of a compound of claim 1 for preparation of a medicament for delaying and/or

preventing deterioration of type II diabetes.

-16-



HOOC Z('C 0 OHO G uUNNZOWZ\)CN - His ?

A u-d y-Thr-Phe-Thr - Ser - Asp-Val - Ser-Ser-Tyr-Leu-3 u-d y-d n- Al a- Al a- Lysd u-
Phe-1 | e-Al a-Trp-Leu-Val -Arg-dy-Arg-X CF3 Fornula | 5or a pharmaceutically
acceptabl e salt thereof, a solvate thereof, a chelate thereof, a
non-coval ent conplex thereof, a prodrug thereof, or a m xtures of any of

t he for 8golag of weenaionnd of slaginyk ferepropargfigne o hamiadécament fox dsisenasing doed cal

conposi tJ £SIM p i,cal lay..af iV ) I one
compoun:l o> SRR £ eiPayidbRERD bRl ptech R, RoRARHE -l s B85t o
10 3. Ubw reftorigeglpeese vesetinitydalthebragldssi ti on of claim 2 for preparation of a
medi canent. 4. The use of the pharmaceutical conposition of claim3 for

pr epar af0.0A méthad nechodalreng tHedroddhgutasedtvebint a edbjtc pembtisidp abimisteringrpai r ed
gl ucpse. t ol er.ance, e i,abetes, obesity, hypertension, syndrone X
dys|?pité%F§W%%§§ﬁP |v3n%P§%?3é?s, at heroscl erosis, nyocardial infarction
coronary heart disease, cardiovascul ar di sease, stroke, inflanmtory bowel
15syndronme and/ or dyspepsia or stomach ulcers. 5. The use of the
pharmaceutical conposition of claim3 for preparation of a nedi canent for
del ayi ng and/ or preventing deterioration of type Il diabetes. 6. The use
of the pharnmaceutical conposition of claim3 for preparation of a

medi canment for decreasing food intake, decreasing 13-cell apoptosis,

i ncreasing 13-cell function, 20increasing 13-cell mass and/or for restoring
13-cell sensitivity to glucose. 7. Use of a conpound of claim1 for
preparation of a nedicanment for the treatnent of type Il diabetes, inpaired
gl ucose tol erance, type | diabetes, obesity, hypertension, syndrone X,
dyslipidem a, cognitive disorders, atherosclerosis, nyocardial infarction,
coronary heart disease, cardiovascul ar di sease, stroke, inflamuatory bowel
syndrone, 25dyspepsia and/or gastric ulcers. 8. Use of a conpound of claim
1 for preparation of a nmedicanent for del ayi ng and/ or preventing
deterioration of type Il diabetes. 9. Use of a conpound of claim1l for
preparation of a nedi canent for decreasing food intake, decreasing -cel
apoptosis, increasing 13-cell function, increasing 13-cell nmass and/or for
restoring glucose sensitivity to the 13-cells. 10. A method of

nodul ating the bl ood gl ucose |level in a subject conprising adm nistering 5
to the subject a conpound of claim1l.
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