PYRROLI DI NE DERI VATI VES RELATEDAPPLI CATI ON Thi s
application clains priority to U S. Provisiona
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the content of which is hereby incorporated by
reference in its entirety. BACKGROUND Di pepti dyl
peptidase |V (DPP-1V), a nenber of the prolyl

pepti dase fam 5\1C P e es at the
penul timte péi?;ﬁlgélﬁ;li‘lz 1 |||[1¥;% et |||$I of the
proteins. It contributes to rapid degradation of

gl ucagon-1i ke pept MQJAHEQ@PLI(;ATH)@M hor none

produced. b testi.nal end response
o7 ood ThhgseiGt Hefs sFSRRD L% preose abfichEESh

SecH1a133®17, afrleld at Match &t 2% 3gihe caser depkiod @nkrebpsul i n

rel.ease fr t he pancrea Zander M et al. Lancet
g e N VA B
inhibiting DPP-1V resulted in enhanced insulin

secretion, reduced pl aBBAGKHIROQUN® | evel s, and i nproved

pancr eat e eders A. t al
R T R A T o
Di afamilgscldaaésecc20Aipepttdes 8GBe ﬁﬁ)nmamﬁsitﬁ{n ifrrohli th¢ 4r0ins

are therefore potenti al dru es fo
A N R R R e LY

I nhidptidedr gGMeI B a gat iRRhb prd)dillaecbw i@testinaf erdoatii-ek in
peptidase VIII (DPP-VII1), another nenber of the

pr I3RS ¥ i | y, “and that inhibition of

DPRsMbIt lin fu$ ahibad 1|u&1g§h der&boh 86d SimBat& gluaogeﬁa%bﬁdéman d
thronbocytopenla etes, 2005, 54: 2988-29

Thugsulipmpeaye friam the paveisas @andey b of 4l a2 389: Lé

cangoslaf 85 beP §loGhakd Ynhﬁﬁ%?gelé‘lsp IV bdshifedQh efanddahhdlif ory
activity agai nst DPP-VII SUWARY This invention is

basecreten, aedsmdpﬂasmargglcolseslc\mm itpetvedpgreoatic pell
function (Pederson R.A., et al. Diabetes 1998, 47: 1253-1258; and Ahren B, et
al. Diabetes Care 2002, 25: 869-875). DPP-IV inhibitors are therefore
potential drug candidates for Type II diabetes.

Recent studies indicate that DPP-IV inhibitors were potential inhibitors
of dipeptidyl peptidase VIII (DPP-VIII), another member of the prolyl
peptidase family, and that inhibition of DPP-VIII resulted in side effects, e.g.,
toxicity and thrombocytopenia (Diabetes, 2005, 54: 2988-2994). Thus, DPP-
IV inhibitors, as Type II diabetes drug candidates, preferably possess little or
no inhibitory activity against DPP-VIIL

SUMMARY
This invention is based on a surprising discovery that a group of
pyrrolidine compounds inhibit DPP-IV.
One aspect of this invention relates to pyrrolidine compounds of

formula (I) shown below:



pyrrolidine conpounds inhibit DPP-1V One aspect of
this invention relates to pyrrolidine conpounds of

wo ek 3g 1) shown bel ow. | wherein each of Rl, PERUSHRBY/035111
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R4, R5, and R6, independently, is H halo, nitro,
cyano, am no, hydroxy, alkyl, hal oal kyl, al koxy,
aryl oxy, aral kyl, cyclyl, heterocyclyl, aryl, or

heteroaryl; R7 is alrkkyl or heteroaryl, and R8 is H or
al kyl; or R7 and RS, gekher RMR*h 1 he nitrogen atom
to which they are atta fo nkGzsmenber ed
monocyclic or bicycli

at Urat %;\I unsaturated ring
optionally substitut e@valoc h hal o, , NO2, -OR,
al kyl, aryl, heteroaryl hal o IkyI hydr oxyal kyl ,
al koxyal kyl, -C(OR, - SR (O R, - S(O2R, - NR
' R"wher@ @o@lafR K%(Ko") R3 B gnd- Iéo@lm)pehdenﬂmas Hf(h})l@'h,ltro
and R

o g Wy Y Sy o g B 7

ancheferodynigte pamde httbiparyl; R’ @ alldyl o2het@bart, alﬁhlkig iXH @& ala,

Forden Gy R el with e e s fed BBt dorm

ngI d p\é\o ﬁ@mfoaaa h‘foﬁ&cyﬁﬁ(: ?ribld\)lbtlc gatigjteat or ﬂrllsﬁﬁllraled r@gch of
an eac an i.s al ky cy
rretWP?ﬁ%’é Rt g %%a 6 N&: @R gyl F@Wlal?Féer%Vg’f s

al kpalloal kST hh@x Ay, ta%%hgn -‘@((bjR t BR tws(br)mg@oogkom to
whi ch.they are. at't ached,

momdE/R F i OoPRpi PONRR - Q&KQ?%{ M%@)Ens%{?\&r(‘éﬁ% Pl ng

opt JRan@) NK 18U bsdhi ot &d aWHtRh ﬁ@é&nd% g H, aﬁz}aﬂ or aryl;
al kyl , aryl, heteroarY [ oal kyl ydr oxyal kyl,
al keoslyaf mynd n. igtepyently. §F@, ,1, 2,9¢ &)amd X is J[RA) ipRhich Rl R |

C(I@,)a%l’o gg.O)NR R', -OC(OR, -NRCOR', -NRC(O OR
", or -R’”C(a)NR"R" ' ; each of R, R, and R" ,
i ndependénchmppounds effornula(lkphy fugtherdrayé onckor aryé efsthof
t he 0 i d 2 d
follbkgﬁlg ?Et%ﬂ{rés &quEﬂhgﬁ %{]1?{ 3 t g gh %P %{dq{ %)f—l éacﬁnof‘ﬁ
t h| ad R iickilky (s g pinpiéyl); daactycbe rapd ﬁﬁmIH{ rapdl R and R8 is alkyl,

t hlzlgfmgﬁg,et?g 1tggyerrln% ) en J[O'n’ll ts? (‘}Yhﬁcél Ot ey ar? attach%i ;garm a
3-10 membered monocychc or blcychc saturated or unsaturated ring
optionally substituted with halo, CN, NO,, -OR, alkyl, aryl, heteroaryl,
haloalkyl, hydroxyalkyl, alkoxyalkyl, -C(O)R, -SR, -S(O)R, -S(O),R ,
-NRR’, -C(O)OR’, -C(O)NR'R’, -OC(O)R’, -NR C(O)R’, -NR C(O)OR, or
-R'C(O)NR'R ; each of R, R, and R, independently, being H, alkyl, or aryl.
Examples of the just-mentioned ring include, but are not limited to, substituted
or unsubstituted pyrrolidinyl, thiazolidinyl, piperidinyl, morpholinyl,
thiomorpholinyl, piperizinyl, 1,2,3,6-tetrahydropyridinyl, isoindolinyl, and 7-
azabicyclo[2.2.1heptan-7-yl.

Another aspect of this invention relates to pyrrolidine compounds of

formula (IT) shown below:

(R?)
Wi~ R> R®
N X N
K( \n/ R3 R4 no 7



azabi cycl o[ 2.2. |]heptan-7-yl. Another aspect of this
invention relates to pyrrolidine conpounds of fornula

w@ bdoy/1sh2awn below. W( -/ R 2)mR5 , RR6 /- \PYI/UN009035111
VOVII wherein RLis Hor CN each of R2, R3, R4, R5,
and R6, independently, is H £ halo, nitro, cyano,
am no, hydroxy, alkyl, hal oal kyl, hydroxyal kyl,
al koxyal kyl , al koxy, aryl oxy, 1aral kyI cycl yl,
heterocyclyl ar tergaryl ; R7 is H alk I

hyd‘V]é?X%)&ka}ﬁlHO’b@ aqakle)szillgﬁei%y@ R, a@d% inglepepdendly, g
5; }ﬁlld ﬁltIQ) C);Iano %Enn?o Wdr@ meﬁahaloehﬁa h)@tOX?Qlky(:I ' n V\'h| ch

each dent |

al Iqlllﬁoxy@lkylaitlwxy, ot ko cysyl @ptewwm hejerodry:

SRR B, N P IdS

f urd;Wéis CRIRS, NRe Copr $on evhh ebdheof R fand Rovindegerfdentiyu isds.:

Wi,s n s 1 of
o SR on R Rt 'S, IRy P B R

anthR&ndR Hindaprad®7lyj is Hakkyl, of &ylg. met hyl ),

hydr oxy dro or alkox

ARG o T T A

10 confobomiag faturéshnsis IGWR‘h;tRldmCN5XIQCHI(NH2])2ﬁLi§ 11dachDf 6 17

18 an?i a9 , independently, is H or alkyl; each of R® and R® is H; and R’ is alkyl
(e.g., methyl), hydroxyalkyl (e.g., hydroxymethyl), or alkoxyalkyl (e.g.,
methoxymethyl).

Shown below are exemplary compounds of this invention:
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The term"al kyl" herein refers to a straight or

branched hydrocarbon, containing 1-10 carbon atons.
weEx@aples of al kyl groups include, but are notPCT/HB1002035111

to, nethyl, ethyl, Mpropyl, /-propyl, "-butyl,

/-butyl, and /-butyl. The term "al koxy" refers to an

-Oal kyl. The term "al koxyal kyl" refers to an al kyl

group substituted with one or nore al koxy groups§;§re

k

term "hal oal kyl" referg 4o an al kyl roup substi ed
Wi th e or nore haldgéﬁaups The t " hydr oxyal
r

refers N an akkyl g Stib tltuted with gne or
hydro§if§m . The t aﬁfﬁ@" " ref sOt ora\ 6-car
nonoc N -carb ' I C, ricy

aronatleirbngcﬁysten1Whe iONeach rifg aragNhave 1 H 04 CN
substituents. Exanples of aryl groups include, but are
not limted to, phenyl, maphthyl, and Hhthracenyl The
term"aryloxy" refers to an -C>ary| The term

"aralkyl" refers to an al kyl group substituted wth an
aryl fﬁg The term"gcyclyl" referd:aﬁL@ sat ur at’e

and par I l'y unsaturathd cyclri c hydrbcapbor grou F
having 3 to 12fcarbons~&xap es o&Aggoly rou 0
|nclug#;&@utﬁ;£e not 0, C , NN
cyclo cIopentyIH ctRpent eny, fcyghohexyH, o CN
cyclohex , Glycl oheptyl, and cycl ooctyl. The term
"heteroary7" refers to ansar omat i ¢ 5- 8 1Benber ed 20

nmonocyclic, 8-12 nmenbered bicyclic, or 11-14 nenbered

tricyg c ring system.havi ng one o re heteroa

(sucEﬁE& N, or §) npl es of h Baryl grou

i nch . feAd |n1dazoly1 %e zonI
pyr{ ni di ny| i enyl, qu'nol |ndoJ £;>
t hi azol yN tern1"hgﬁ B IkyI" o an aH

gr ogpasu stotuned\mﬁjla. tewoarthgrouﬁ Ne tqtﬁi o CN
"heterocyelyl" refers to g nonaromatic 238 nenbered 24
nmonocyclic, 8-12 nmenbered bicyclic, or 11-14 nenbered
tricyclic ring system having one or nore heteroatons

(suizégﬁ O N, or S). Exanples of heterocyclyl groups

i nclude;Npat are not limted to, piperazinyl,
pyr r@t | di ,
N
TFA o CN
25

The term “alkyl” herein refers to a straight or branched hydrocarbon,
containing 1-10 carbon atoms. Examples of alkyl groups include, but are not
5 limited to, methyl, ethyl, #-propyl, i-propyl, n-butyl, i-butyl, and #-butyl. The
term “alkoxy” refers to an -O-alkyl. The term “alkoxyalkyl” refers to an alkyl
group substituted with one or more alkoxy groups. The term “haloalkyl”
refers to an alkyl group substituted with one or more halo groups. The term
“hydroxyalkyl]” refers to an alkyl group substituted with one or more hydroxy

10 groups.
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di oxanyl, norpholinyl, and tetrahydrofuranyl. Al kyl,
cyclyl, heterocyclyl, aryl, heteroaryl, aralkyl,

i nclude both substituted and unsubstituted noieties.
Exanpl es of substituents include, but are not limted
to, halo, hydroxyl, am no, cyano, nitro, nercapto,

al koxyc@h@%ﬁ"‘arﬁ@eﬂ:@s to%%t&%n,m@b&@n@&@l&%ﬂ bicyclic,
alk%hgarbonyl car bam do, carbanyl,” car boxyl,

t hi Gogashoadncych peypanatiog SysQmidieas ersh riag R havg kiedy| |
al kéﬁBMituen%' lﬁXLuﬁfﬂXs 0@5’%' grougﬂn%fugé‘rbﬁ][ are ﬁyﬂln}[lkeﬂd t? phenyl,

het er ocycl yl, al k

al kigpbyl, araira}lrhraqq@xleffbamn @yl@kyfrefeaw@ ahe@@f}dc'yfbtr tgfm
T AR Er SHARLIG LM W BB EPOARYELPolng ment | oned

hereinis elther ute or unsu ed, but

cannot kg fused, it tbf@rmmfur@g@%%ya&a ! yRARALATREL ©

ring. The pyrrolidine conpounds ove
i ndlyldd@alfohlegnouphmmmizwdtmcadvlong/ Exowmplst abtyslys glouss and

pr OQ&H&S but aﬁ‘e & ﬁ)llm oggcgbl}l %}/}(ﬁ%u gle%glopgntylor med

ween’a positi v
py rcryolopchtemgb omjdwmzil Q)@lcglexenahmnmmml aancyaquetght | vel y
char ged .count e oacet at.e e,
o mogat a1 R ReaT 86 b BURIFSS A bRl S
compmmaﬂmbee@bmydﬁr@ﬂxMMamﬁMmﬁﬂnn@kﬁ@nﬁ@gmwﬁd&ahgom¢th

R I P O S R s e

C ONMREUMAS, ridRly figPNinAldXoB], rb@ﬁh@rd@fmyll I@yriﬂlﬂahlaylethmw and
Thus, they_can oc ur

one oQr NnNore as ers. «

as ‘if“é‘%?é‘ﬁi’lcmﬁ‘?l)‘({ mrfgfiﬂazglwh& t“éﬁ‘aﬁ?‘?@ﬁ’@}@l TS 1O ARy

di @Bﬁfﬁﬁﬂﬁ‘lﬁt@dwﬁh@%t@{o@%ﬁ?fohﬁ m xtures, and cis- or
trans- isonmeric forns such isoneric forns are

cont enplTe &am “rpferopyalylorafels e roBRi9BIRYS-Sdessrhcrded
aboygndeficPE 1¥5RMAbER bR & PAR-thnbeARIGRE P ﬁhg/

anot her” aspect of this invention relates to a
of Sypiinthaying gnOpPaeryhgiproptomn &ueh axfdis ). tE?@mples of

pyrﬁe?ér&cgfhlgﬁ%r&g&gf? 4 usbutA& ﬂo‘E‘H Ré& 'Jo g&&m@ﬁ epaf'r%hﬁl 19' ts

in redu cose eve |nsu
sech@@m@nmoqhemcmmpdum@&wbéﬁﬁMYh |nvent|on can be also

used to Atlfqﬁ,aéyclyl, heterocyclyl, aryl, heteroaryl, aralkyl, heteroaralkyl,

alkoxy, and aryloxy mentioned herein include both substituted and
unsubstituted moieties. Examples of substituents include, but are not limited
to, halo, hydroxyl, amino, cyano, nitro, mercapto, alkoxycarbonyl, amido,
carboxy, alkanesulfonyl, alkylcarbonyl, carbamido, carbamyl, carboxyl,
thioureido, thiocyanato, sulfonamido, alkyl, alkenyl, alkynyl, alkyloxy, aryl,
heteroaryl, cyclyl, heterocyclyl, in which alkyl, alkenyl, alkynyl, alkyloxy,
aryl, heteroaryl cyclyl, and heterocyclyl may further substituted.

The monocyclic ring mentioned herein is either substituted or
unsubstituted, but cannot be fused with another aromatic or non-aromatic ring.

The pyrrolidine compounds described above include their
pharmaceutically acceptable salts and prodrugs, if applicable. Such a salt can

be formed between a positively charged ionic group in a pyrrolidine

5



Type |1 diabetes. Thus, this invention further covers
a nethod of treating Type |l diabetes by adm nistering

w0 2009/181289 ect in need of the treatnent an eff eR€T/U82009/035111
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anmount of one or nore of the pyrrolidine conpounds.
Also within the scope of this invention is a
phar maceuti cal conposition containing one or nore of

theco@?@ﬂﬁd‘(@%s%ﬁlhjﬁﬁﬂmﬁ)éﬁ& phigdtingy E%é@léﬂﬁjrﬁerloﬂs(e‘?f” as

use of the con]éosnlonfor treatne Type |
di dF8raeacsite)f bikewipsettively cherged i Wé’ﬁlgé%\‘lﬁéw PYERlidinge

J ustonfeid @REDarbb SR ERIA alsd REMAShRAE a%Bsﬂ@é'l}}y c}iaﬁged

enbodi nents of the invention are set forth in
detepuptedoni@se sP@rinopptaspitmt mlmmrm@gb@u@w Tee nerolidine

f eav{ H@%&nds%@ﬁ%él 2%l ﬂoq%gl bcﬂ%‘g ahfSnd JURRLT ON

e apparent fromt escription and the
cl aisymmeDETAItLEDT DESGRY E4R c@m'ﬁh Gmplmcnmktuehsrmnglfo mpounds

of etngrlléonlleir]% ?nréﬁw? %xs%rg écfé/ Qﬁa@f ﬁ gcf‘ ngxurj'%§ ﬁ&j Cc'ls W‘?l !

kn esi zi ng
t hetsas-cionmaigrfoisnsa ridl smbiombmem: iBnimesonlerﬁ)lhed ow. Schene

1 WB W = ami D Sch I | trat t h t
rout o o EERBBONIC BPORBE A o SR PR R ol ¢
( A)DPBIA Abcprdivighy tedhdy aﬁﬁtﬂ‘tﬁ’ tidCin€lentioh ré’lﬁ&)tb& rﬂ\ﬂtﬁdﬂl of

e
o 8 Oy DR SR g Shat g RuBink Sane A i 4 E0gs

f ol ihgweEdn bY DERPY 048R inQBtuctblPsDMhERe RIGIHE d(Bhancedi ch
has a free am no group. The amde is then couE)I ed with

py riplip gegresiop e P‘Bnﬁ%lflﬁ% s gwentioagar basleuyiad fopyeat
N pl‘}%ta eicdifsdted: @msnﬂﬁlseiﬁ\l’e@ltl&ﬂurtﬂés}(i:op&g 5 aiethea eﬁtréa@)lg %ﬁﬂ%
em

Ehea Sgsekglmmlgagm%ggglggﬁ? i g ¢ of 1.:1_;9_ (i;re:gglent Jn eﬁfgal_ve
Ch %ou%p&?one 3Pmor P dhe: pyrrolidine compounds.

Also within the scope of this invention is a pharmaceutical
composition containing one or more of the above-described pyrrolidine
compounds, as well as use of the composition for treatment of Type II diabetes
and for manufacture of a medicament for the just-mentioned treatment.

The details of many embodiments of the invention are set forth in the
detailed description and the claims below. Other features, objects, and
advantages of the invention will be apparent from the detailed description and

the claims.

DETAILED DESCRIPTION
The pyrrolidine compounds of this invention can be synthesized by
methods well known in the art. Exemplary methods for synthesizing these

compounds are shown in Schemes 1-3 below.



and Bioorg. Med. Chem 2004, 12, 6053. Schene 2 EDC 3

H or
wae@oempounds of forrmula (I1).

starting conmpound i s am no-

acid (K),

rFCH3 NSchenme 2 illustrates a synthetic route to

In this schene, theCT/US2009/035111
substituted dicarboxylic

i n which an am no group and one of two
carboxy groups are protected. Conpound (K)

is coupled

with an Rpige; to gi ve conpound L, which is hydrolyzed

to afford acid (M. Acid (M

L- prol i nam de t

is coupled with

(N) is

5
dehydr at&d fol%&wgé/%yHrg

ve comportret, {-d)... Co ﬁgﬁé
reval

of the ati no-Protecting

group to give the desired product (O . Soke ¢@npounds

use

well known in the art. See,

i the above synthesis can be prepared by nethods

e.g., Bioorg. d. Chem

2004, 12, 6053. The above schenes are provijded o

for illustrative purposes.

woul d be able to synthesize all the Byr'r

A skilled perso

THE

L D~¢ art
STilarnal b

conmpounds of this invention via a route shown i the

schenes with or without nodifications.

Synthetic

chem stry transfornmati ons and protecting group

nmet hodol ogi es (protection and deprotection) useful
synt hesi zi ng applicable pyrrolidine co

in
nds far

known in the art and include, for exaip €, N hos N
described in R Larock, Conprehensive Organi ¢

Transf or mati ons,
and P.G M Wits,

VCH Publ i shers (1989);
Protective G oups in Organic

T.W G eene

Synt hesisghend! Hillgétrates hARAhMIC! 1Bite &NEbnpRGSds (oF @ Mila (b.

Fi eser and M Fi eser,

i eser and

Fi eser 's Reagents

f orStaytiga ARterigy(n) ke roteriadr-sning yeidnlf rashsvithiaggag (Wand
5 L. iﬁ%%@s‘éﬁce O?Q'couﬂ'l:'lﬂg ¥£éne Q%‘?{']\@—(ﬁ&in@ﬁ@&ﬁﬂﬁ@r&p‘}b—l@' gani ¢

ethylcarbodiimide (EDC), followed by deprotection, to provide amide (B),

which has a free amino group. The amide is then coupled with pyrrolidine (C)

to form the desired compound (D). N-protected B-amino acid (A) and

pyrrolidine (C) can be prepared by known methods. See, e.g., J. Med. Chem.

10

2006, 49, 373; J. Med. Chem. 1988, 31, 92; J. Med. Chem. 2002, 45, 2362.;

and Bioorg. Med. Chem. 2004, 12, 6053.

Scheme 2
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Synt hesis, John WIley and Sons (1995) and subsequent
editions thereof. Pyrrolidine conpounds thus obtained

w@2a009be128ur t her purified by col utm chromat ogr apdiypsivngéssi111
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performance |iquid chromatography, or crystallization.
This invention covers a nethod for inhibiting DPP-1V
by contacting it with an effective anount of one or

nore of gcﬂﬁnmrllﬁlmdtéélar@?ntﬁarm@ae%ﬁcﬁ%ﬁﬁds@@orﬁhg\(ﬁ)r
This invention al so covers a neth for treating &/cp

| 1 Hisapemesthp ytasidgicameeuad isrgnipersuepssiyisd dicerbopylises
t heg &@fichan &fid £&biyYHda0P Hf‘&vo%farbgg)gglgﬁpwé roREteline

pyrrolidine conpounds describ ove. The term
"t reampavgd (Kt eoupladovitippl anded fogivesemaeridri. sthictis on of

t hel}}ﬂ)’(ﬁﬁ%h kRS &&@H\qr ‘5?31& gMﬁsscg xtmth W‘b@olﬁﬁﬁnd&@e I

di abetes, a synptom o etes, ‘'or a

pr eglves@aogiotndiN)t @mmpdun'ﬂwé is| dehwﬂrab@f@gwew\bx temiola@ of the
pur e ure h |ter,

P eri] @? p§960f %rb%‘p {% V5 tﬁ%?‘/ee “e‘gér%d‘%"% Q‘B b Sl g‘ﬁ“@é‘ﬁ*sd%,

t hets;yalrmttbmbo@e sﬁnltl&s@ cmbapq&retdlhynnetho@lm wefl ﬂce@wri inghe art.

r ers u the pyrrolidine
SU‘T’I‘%I &ﬁ?r@h c?j’éfﬁlu?(i@d%ggéonfer t he desired
ef fect onhd dbevesmbgnﬁ@tare Iﬁwlem énifefod itsindts e papyses aa
rec |zed those din the a de di ng on
v S ot Sefohe 85 B et e ne
pomhﬁds Yof Bis i6@nUsAgR aWbilt s1RMEA tHeRENARE Whith ©r w1th0ut
treatnments such as use of other active ﬁents

pr deeditetiope YPbstGEMiRRBdOFRIP NG PELHPS group

| NVigRhdRIbgid (SORERsH dntl QB BRVIAYGuRAE iPSynRiSnOhpidfble
pyrrolidi ne conpounds descri be above can be

adniviiosfiae eemprapdyirekrgwnyin theyag ang inchyle gfior grampieethasq v,
t opic@led in l@fLa?&%CéJ;rhp’reheﬁkﬁe b RaFEMWelidls, ves used

herein refers to subcut aneous, | nt r acut aneous,
i ntR@héﬁM@&)ﬂ Wafiesng pad P.G. it Waitsr Proastivg Gmups in

Intg Wb isis, SMEL ARMANWIRand SPAS @EIHT NG M.
i nt r%%]eca}f Sllsht r a{i esi onalile?’ agr %St(r ac 9ﬁal’]l a SerI al'r]ljdeCt i on,
as Fiedet, Fafseram»yl Feset’aBbagenmfargirgenit é)@zWrwzq,uIehn Wikyend | e
i nj n nsi on
S5k 009, SRIPIRLLLN £, e, 8,801 LT, I YOI
S OI &/eﬂz%szs,sloﬂﬁhWaiSy andsSonsI £ 1965) and sﬂhsaquent editions thereof.
Pyrrolidine compounds thus obtained can be further purified by
column chromatography, high performance liquid chromatography, or

crystallization.

This invention covers a method for inhibiting DPP-IV by contacting it
with an effective amount of one or more of the pyrrolidine compounds
described above. This invention also covers a method for treating Type 11
diabetes by administering to a subject in need thereof an effective amount of
one or more of the pyrrolidine compounds described above. The term
“treating” refers to application or administration of the pyrrolidine compound
to a subject, who has Type II diabetes, a symptom of Type II diabetes, or a
predisposition toward Type 11 diabetes, with the purpose to cure, heal,

alleviate, relieve, alter, remedy, ameliorate, improve, or affect the disease, the
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but anedi ol . Anong the acceptabl e vehicles and sol vents
that can be enployed are mannitol and water. In

sol vent or suspendi ng nmedium (e.g., synthetic nono- or
di gl ycerides). Fatty acids, such as oleic acid and its
gl yceride derivatives, are useful in the preparation

of JyRipemt %P{h‘é%red%oﬁtﬁ(% RAL YR VR RALIRC Rt Gahd ymoum
acc tpabl e oils, such as olive oil or castor oil

cheamrsplidige f»‘mwn% ahighisenuited de eanfer dhesdesied offepicge
0' | the Qly P’eg{ %@eoﬁ{}e SRRSO RSreE2RiAl 5Lkl 1I?‘thE Qﬂg

chai n al cohol diluent or “di spersant,” carboxynet h
c el depensisie, ongputs ohadnzipiseitioperxsipingt srgeherd thoppwibility of

”JB%E%/ \Vﬁﬁ?&hé%‘{ %ﬁpﬁ‘é‘&émﬁéh?&u@ﬁ as Né’%%f‘éthélf c Snt®f
ot her s ar enu yi ng agents or bi oavai Ity
enhancerl® mtwtlcehthatreatmommnmlhqd ofi gecprésanttimentem af act ure

ropceyti cal | | e I [ 0ot her
d oscgomgo i ﬁ'avm ong %rs %S%eo? Bh;%zja%f)lsécﬁ %dmpoul%’é C%SCI‘I%? above
f oraam Ibaadmmlsteﬁedanqnmdlm omllf, oasakby aéctaalgl,rmpmaibrr @athuocallg.an

be oral | cept abl e do i ncl u

oo el iRl SRR AR RS B BulsE, Bt inerns,

di S1ﬂ&:[®h@ﬂ$mtr&ﬁﬁkcﬁl@f tﬁtﬂaﬁ)ﬂtl@ulad ﬁltrh:he:rlﬁlaﬁﬁragffno{ualbl ets,
sed carrijer actlose and cor

conmpnl
ot AR TAGUHL o SR e G TR o any

st ealtall€infidid téhsRqué.y pi cal I y added. For oral
adm nistration in a capsule form useful diluents
i ncl ude /4 Hertlp deciphls COPPEYLURA bs £ SPIBHON QRNBIRCRYATEB s

SUSRANSEO PreREraBTcEHANS diticht AA0IBtSTuelk 80k Qldloh¥n 18he
active |ngred|ent can besuspended or dissolved in an

oi | §ptanrdiek Apeisitheerrceittatie @rlﬂﬂl@.afl%%gen@rth@ Gaplrrmmgycd
agefM prandifol H&EI A& n &cﬁi‘ido%' ﬁxeﬁ"éﬁ?%ﬁ%ﬁ%nﬂ&daﬁy %bfdged LI

col oring agents can added. A nasal aer osol
| nr@asoa»tenmt Sty mp@nméag b@ﬂwﬂ@@an@dﬂ ét&b@ﬁ@ql@ﬁ)g Kagy

%81% as/t L a&@ QM‘[ g[]yéenﬁe rfvat?xfes pa?@ﬁsgﬁl@ ﬁluthé cal

fOI‘mJ at1on. %:‘OI‘ exarrp , Such a COfT'pOSI tron can be
pr epepaeadion st mjesblgs,iap arcinatussd phavmaceatipslly pigegtable ozy|

al C%hl?]as SiveQ llg)? astor I01t1 %Q]%e%laﬁ th tgller)l}! ?éllg;gx%/ﬁhmﬁ%ﬁwélg oinéj.n

ance ’bioava orocar boris,
an dl'ese ait Mrtlosmbn,sluspenmomg:am alsadcaipain §ilang chage atcshol

diluent or dispersant, carboxymethyl cellulose, or similar dispersing agents.
Other commonly used surfactants such as Tweens or Spans or other similar
emulsifying agents or bioavailability enhancers which are commonly used in
the manufacture of pharmaceutically acceptable solid, liquid, or other dosage
forms can also be used for the purpose of formulation.

A composition for oral administration can be any orally acceptable
dosage form including capsules, tablets, emulsions and aqueous suspensions,
dispersions, and solutions. In the case of tablets, commonly used carriers
include lactose and corn starch. Lubricating agents, such as magnesium
stearate, are also typically added. For oral administration in a capsule form,
useful diluents include lactose and dried corn starch. When aqueous

suspensions or emulsions are administered orally, the active ingredient can be
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known in the art. A conposition having an active
pyrrolidine conpounds can al so be adm nistered in the

carrier in the pharmaceutical conposition nust be
"acceptable” in the sense that it is conpatible with
the active ingredient of the conposition (and

Pr efusicalddor dx8RaR i aRbilg hialE tdnaiftal Willeer@fdify ¥R or

i ngredient) and not deleterious to the subject to be
t r eatReadinpagengy Thispiscds g¢rta IWegichige fpapting. eberlyme

ut i Jok €A% JAR@ maceuti cal excipients for delivery of
an active pyrrolidine compound. Exanpl es of other

car ri er A nasellagipeol oo inhalatder cogiplopitgincanybe decpaigd geresdingho
t ' :
S et@é@\}@esl\gal Wﬁﬁ ithésa‘f’tddf gﬂﬁrln@&rugéal g#hltfuﬁaiﬁgn _ la&%x%igl:e,

Yel o i ne conpoun I'S invention
carsublea pgaebsiion e lgr preoypeital @ solwiidrhin anlotehanploiadednggl
drug. in tr .ng, I [1..di ahet es. Ex | es of

ot s B R SR ERRSe i BB R o RIRG Bfprflpce o,

I nshibdvailabday,dtvagogbens( sul @hdry $dutelisnger dvpgilsing lapéntkes) |

an Jnsul.ip sensitizer. (thiazolidi nedi ongs a

o1 gt s e 3 3 blaP iy R 8 bR PRI RS cppounds can
pyr 1@l bedidmgnigap tuhe formfof tupipssiforivieiot icofal Riatinidteation.
prelimnarily screened by an in vitro assay for one or
hore of R EHTCHBRBATE ISP GRS BoTymUSt B aep gl In
DPRhé Yens CGOBMOH B6iSpdt bRt willoik® Asve afoge din@bf BEEdnvidkities 1N
the prelimnary screening can further be screened for
t helPhd Referable (Arahie phstihiVdngide agfve inggrdipampret a test

CONRAYHHuS BNhAAIF 1 B 18 kesled. CORMLrIUrEBI Ui Bzifh: agefts BRUSE
nodel ) having type Il diabetes and its therapeutic

ef fuiizad @mbarmesitiselcaaipients fgalskivrronf anetiveayigiotidine an
APRIARLLRE E-ARBROET SRALERRINAME BliSkLI RO FigUt € can

al so be determ ned. The specific exanples below are to
be sty earaty. eatlnboby spdinm daurd silfase, aphB&koYellow # 10.

[imtati . [ . ; ' e i

wty what $5einé AGuloRAR AR inflndoR AR LU Bl

bel widvawthchditbateralredin|ticatehg Ty pe Wedighetes.c Bxamkasd doheteshe

descr i pt. i rej Utilize the. nr t LRy ' 0

e A R B S L e

her@ineghtigddse rae s ulimsmsipor éthedolaynadehey) erldguanidet dranr
a-glucosidase inhibitor.

The pyrrolidine compounds of this invention can be preliminarily
screened by an in vitro assay for one or more of their desired activities, e.g.,
inhibiting DPP-IV. Compounds that demonstrate high activities in the
preliminary screening can further be screened for their efficacy by in vivo
assays. For example, a test compound can administered to an animal (e.g., a
mouse model) having type II diabetes and its therapeutic effects are then
accessed. Based on the results, an appropriate dosage range and
administration route can also be determined.

The specific examples below are to be construed as merely illustrative,
and not limitative of the remainder of the disclosure in any way whatsoever.
Without further elaboration, it is belicved that one skilled in the art can, based
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entirety. Exanple 1: Synthesis of

(2S,45)-1-12-(1,1-di nmethyl -3-o0x0-3-pyrrolidin-I-ylprop
wQ k@aitnaye acetyl]-4-fluoro-pyrrolidine-2-car bPei/U8300%035111

(conmpound 1) (1) Preparation of 3-am no-3-nethyl -

1-pyrrolidin- 1-yl-butan- 1-one, trifluoroacetic acid

To a m xture of

3- (4iehd dé%b&ti@?é}i %@Irehpamhz@ @Eé&ﬁés‘e& lﬁ%&lhyﬁ RUL IR Coxgt. dAll
(0.87 g, 4 g yrroli 0. 28 4 mmol )

, and
1 r@fdhedaabb@aﬁ%% qlﬁeé gria aﬁfylmr%hyenqomtedw%rﬁ&r@ce o thr
&& in CH2A 2 (10 nmL) was added Net hyl - -(3
-d|nethylan1nopropy|)carbod||n1de hydrochlorlde ( EDC,
0 77 g, 4 mol). The reaction mxture was stirred at

0
- SISl OISl A2 ARSI L1 BB A (4
b|qmbm@mame)#2@1ﬁLﬂWHQpﬁnwmhqubam&mmﬂq@@mmnmdII20 m.)

3nd<egf>rlere1aerat on of gLa)mmoT 9 %1 Ly éoy%r]ofl(ﬁ%{ e—yéga% dﬁ%ar at ed,

nagne3|un1su r
conci@intmateecdadider reduced pressure to yleld a crude

Vi scous The 0i | S _pur f

Uhr oomt dorupRg T e s Sy B PO S el b R o)
10 toI (giSZ% NrBaxd), pymtlelmeeolzggj hembl, 43 lghydagyberﬁoﬂn@xdless

Ol ove .a | tri u etic

o iy O R a S E PR BTG el s s o

10 @my- Mq@dﬁ@dm}ﬂmlha{sre@ucarbwﬁme hﬁdr&fhﬂ&fdd BeCamNg43

- met hy] - pyrrolidin- él-butan- -

tr |11ﬂmaaf Sa%wt@naﬂerf&re(vi%@ rrgfl atgsrbaeabf@mawtuﬁ fertBhas a

col (ﬁfu'te%&ﬁth%ﬂho%@ &Lwaasld Wb divitht slaﬁlrarﬂ@aqqucsdu@ @od’erh hout
further purification Prepar ati on of

15 1. [bzca(rbOIlatf (CQmfr ORyN ague@%ﬁl@lwﬁl;dK?‘bmﬁaawéﬂne (20 r)nL)

1- y’l"l{%ro(?@a)ﬁkcqg)]fe? Qhs separated, dried over magnesium sulfate, ﬁltered and
acetyl|=4-fluoro-pyrrolidine-2-carbonitrilé (Conpound

1) cpoceatratel paded rosla¢adiniesprrefo deld gicrigde Sispas mll The crude

(1 Ol_oéé’%\%g’é'ﬂu hﬁ(%%}?‘?yshl <Ry hﬁ(bgr%ﬁsﬁéﬁlﬁﬁggﬂ hdougfuppcet i c acid

: I'n an 5 ) s added
potasiclhexanas)io piat &-B@-156tegted dammol .03 g)Ak aeplogessorled at

20 FOOM t e%p?ohﬁ}oﬂ ?the%[)ovje amine in trifluoroacetic acid (TFA, 2 mL) was
stirred at room temperature for 10 min and concentrated in vacuo to afford 3-
amino-3-methyl-1-pyrrolidin-1-yl-butan-1-one trifluoroacetic acid (1.08 g,
95% overall yield) as a colorless oil which was used in the next step without
further purification.

25 (2) Preparation of (25,45)-1-[2-(1,1-dimethyl-3-0x0-3-pyrrolidin-1-yl-
propylamino)-acetyl]-4-fluoro-pyrrolidine-2-carbonitrile (Compound 1)

To a stirred solution of 3-amino-3-methyl-1-pyrrolidin-1-yl-butan-1-
one trifluoroacetic acid (0.28 g, 1 mmol) in anhydrous THF (5 mL) was added
potassium carbonate (0.55 g, 4 mmol). After stirred at room temperature for 1

30 h, the mixture was filtered through a Celite pad, and rinsed with ethyl acetate
(5 mL). To the above filtrate was added (2S,4S)-1-(2-bromoacetyl)-4-
fluoropyrrolidine-2-carbonitrile (0.12 g, 0.5 mmol) and the reaction mixture

was stirred at room temperature under nitrogen for 12 h. Most of solvent was

11



h, the m xture was filtered through a Celite pad, and
rinsed with ethyl acetate (5 nL). To the above

wWo pdovna2ey was added (2S, 4S)-1-(2-bronpacet yl ) - BET/US2009/035111
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fluoropyrrolidine-2-carbonitrile (0.12 g, 0.5 nmol)
and the reaction mxture was stirred at room
tenperature under nitrogen for 12 h. Mst of sol vent

Wa SRR RIced ﬁféml%%@ HRTSHIR vl PartifEndd®sivide Was
partitioned between CH2CI 2 (20 nmL) and H20 (5 nL). The

aquedid: Cydp spdE-® (7 ke r Thoadreays &y ek asHudnr extraced
") witl 68, E9 ('f@' hgd I‘BE Gaﬁﬂnﬁed &}gﬁﬁélawg GedldigdoQyer

magnesi um sul f at’e, [tered, "and concentrated under
r edn@ﬁélémmég@m é‘lltp@d yané lcencanteatesdmder redusad prgssure [T hiisld

+ 1o Bob e BRP b sk LR QURBI gk, (381

( 0.4® 1§% C?H%H)’@éh@lz gragdicel) &) gimscanwind k(GBI ¢ d4%IdeRNR

; (2/1 m xture of trans/cis am' de
rotyeﬁ)raS%V@]%A_%l b3 =9.0 Hz, 1/3H), 5.49 (t, J = 3.3

Hz, 1/ 3m NMR4ODCﬂ3, 30 MH3, ®: (221, mikhGEHDE trdis/BR afnide J =

> SobFit 53y 30 13t 3935y T 3. $a8RE
EE)HZQ/S@Q {82 (L1 =3.35191/6), 511F2|3t|)1{/ 2382 (61 39559
D 3%§{-Iz 34, 4‘6% g@%( 21%{%; 48 1359 ( 61322,)979 (R ‘(9’1@ Hon 2
cal pekn), bep (G 6HRDRNA CR 1)), 2%@4;1; %Zi i(r&@é?@ver&%ﬁec?sn{gﬂ&w

347, 2 (MtNa) . Exar%lte 2: %

(282,-3@’)1--?8 7?I(mi4 h‘%gfﬁyp B- mor phol i n-4-yl - 3- oxopr opy
| ani no) & ylnlz Gicdd! fépc%HQs‘FNa ol i3y @ﬁ’fgu&:ﬁB@SJ@ther
(conpound % Compound 2 was prepared In a simlar

manter ™ Nat described in Exanple 1. 1H NMR (CDd 3,
300 MHz, d) : (2/'1 mxture of trans/cis am de
rotorrers) 50 (t, J =3.3 Hz, 1/3H), 5.42 (t, = 3.3

Hz , Exaipid) 2: ES'HQ@SIQ df (25.49- 9[23(1I—!zdlff!|?ﬂ@/l-l)3 m®p13721n(4ty1 330&0-

> ey Ao B S St B
si ngl et GampBual) waLpiF@urdd in aj;lrmlar manner to that described in
Example 1.

"H NMR (CDCls, 300 MHz, 8): (2/1 mixture of trans/cis amide
rotomers) 5.50 (t, /=3.3 Hz, 1/3H), 5.42 (t, /J=3.3 Hz, 1/6H), 5.38 (d, /=9.0
Hz, 1/3H), 5.32 (t,/=3.3 Hz, 1/3H), 5.23 (t, /= 3.3 Hz, 1/6H), 4.94 (d, /=
9.0 Hz, 2/3H), 4.12 - 3.35 (m, 12H, overlapped singlet at 3.41), 2.70 (t, J =
15.6 Hz, 1/3H), 2.65 (t, J=15.6 Hz, 2/3H), 2.50-2.18 (m, 3H), 1.20 (s, 6H);

MS (ES") m/z caled. for C1¢HpsFN4Os : 340.39; found: 341.2 (M+H),
363.2 (M+Na).

Example 3: Synthesis of 3-[2-((2§,4S)-2-cyano-4-fluoro-pyrrolidin-1-yl)-2-
oxo-ethylamino]-3-methyl-N-pyridin-3-yl-butyramide (compound 3)
Compound 3 was prepared in a similar manner to that described in

Example 1.
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15.6 Hz, 1/3H), 2.65 (t, J = 15.6 Hz, 2/3H), 2.50-2.18

(m 3H), 1.20 (s, 6H); M5 (ES+) mz calcd. for
wW@e@p2sEBM O3 @ 340. 39; found: 341.2 (M+H), 363PQr/US2009/035111

(MrNa) . Exanple 3: Synthesis of

3-[2-((2S, 45) - 2-cyano-4-fluoro-pyrrolidin-I-yl)-2-

oxo- et hyl am no] - 3- net hyl - N- pyri di n- 3-yl - but yram de

(conmpoung NWREBRRURSH MHWEs: BFERALSEof tfan@cR lafhdear
manner totha?gdescrlbe m% e0 1I1—l| RII\/I%(EDCI

300otgrgers) 4y 12 (frg A1+ kthﬂr(@rSoi/“H? &r@/ﬁ @3 GilHle 828 (d, J
gogﬂﬁf?%ﬁz) 11&_&18:@ (8b1”4~°(m %ﬁ”’ﬂ)% 171210(111 ﬁg)’)ss 5%%33@&66 -
(m 3/8H) 5.4% (R6=3. 37H2]1/8(H~h 5. M-gt J=53 83z p/8HY 52991, 9 +3 Hz,

3/8 J

Vo PR 11 Serh. B (B33 13 PRYL g7 6 e
9 32}523 48(clike, J 4. 13@ Hzd2H) 2799, 3 =H5,3 H4, 4MH), B79T, /= 3. 61

2, 32 Fg)r—ﬁ 691 ?%?nt gH,jov%rEfa'f%e(gE Hg%l@ﬁt iajs??zéi)gbqu =
2 3(93(1{m1z4{s mpnapped’z singlet at 2.45, 2.44), 1.26
, 3 4

Do rRe S By 5% coR et a0 TS e 3248"2{@’@3&)

10 Exaamlze(WNa,‘,aynt hesis of (2S,4S)-4-fluoro-I-{2-[3-(
(R) - 3-hydroxypyrrolidin-

[ -yl)-1,1-dinmethyl-3-o0xo-propyl am no] -acetyl }-pyrrolid
i neE)&mM bswﬂesls bﬁ(zso,@muﬂum 14)2-BoRWBIEL doxhas

prepared |n simlar manner to that descrl bed in

Ex dyiolidip: 1 -vm ety -oxp-prapydanuing J-acghy l-pyreafligingi2x ¢ ur e
of Jaf@ﬂﬁflﬁl(&n@%g(ﬁ@r otoners) 5.50 (t, J = 3 3 Hz,
1/3H), 5. 3.3 Hz, 1/6H), 5.38 9.0

5 Hz, 1/ 3|.C50mp9u13124 res prgparedgng sppilar mpipy to @atﬁsqr{bedgl =
33E;!'alﬁllelf6|'|) 4.94 (d, J = 9.0 Hz, 2/3H), 4.47 - 4.21
, 3.99 - 3.22 (m 8H), 284(brs OH), 2.69 (t,
J = 15 SHRPMRICBE)s, 300, hiz(Q); (201 mixuse of trns/cinpdide, 2. 50

Zrotomed)s. 5810, 7 =3- Pz, 1/3H), 5.40 (t, J = 3.3 Hz, 1/6H), 5.38 (d, J = 9.0
Hz, 1/3H), 5.32 (t,/=3.3 Hz, 1/3H), 5.23 (t, /= 3.3 Hz, 1/6H), 4.94 (d, /=

20 9.0 Hz, 2/3H), 4.47 - 4.21 (m, 1H), 3.99 — 3.22 (m, 8H), 2.84 (brs, OH), 2.69
(t, /=153 Hz, 1/3H), 2.61 (t, /= 15.3 Hz, 2/3H), 2.50 — 2.15 (m, 3H), 2.04-
1.89 (m, 2H), 1.21 (s, 3H), 1.18 (s, 3H);

MS (ES") m/z caled. for C16HasFN4Os: 340.39; found: 341.2 (M+H),
363.2 (M+Na).

25 Example 5: Synthesis of (25,45)-4-fluoro-1-(2-(2-methyl-4-(4-
(methylsulfonyl)piperazin-1-yl)-4-oxobutan-2-ylamino)acetyl)pyrrolidine-2-
carbonitrile (compound 5)

Compound 5 was prepared in a similar manner to that described in
Example 1.

30
Example 6: Synthesis of (25,45)-4-fluoro-1-(2-(4-((R)-3-fluoropyrrolidin-1-
y1)-2-methyl-4-oxobutan-2-ylamino)acetyl)pyrrolidine-2-carbonitrile
(compound 6)

13



1.89 (m 2H), 1.21 (s, 3H), 1.18 (s, 3H); M5 (ESt) mz
calcd. for G 6H25FNAQC3: 340.39; found: 341.2 (M+H)

wW@e®9I211284Na) . Exanple 5: Synthesis of PCT/US2009/035111
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(2S,4S)-4-fluoro- 1-(2-(2-nmethyl-4-(4-
(et hyl sul fonyl ) pi perazin-I-yl)-4-oxobutan-2-yl am no) a
cetyl)pyrrolidine-2- carbonitrile (conpound 5)

Conmpouna gampbasl m@méﬁa@ed in a@m%lamﬂaﬁ‘ﬂier RRRE esdrBed At
described in Exanple 1. Exanple 6: Synthesis of (2S,

4sﬂb@nmkubro- 1-(2- (4 (( )-3 -fluoropyrrolidin- 1-
yl)-2- WHMR%cmpmmH% %o@m ﬁ&l@@@ﬁ%@/@%ﬁl@da di ne- 2

-carbonitrile (conmpound npound 6 was prepared in a
si nfotoareryranner to t hat descrlbed in Exanple 1. 1H NMR

/
goctf%é%nogg 1302 {l,%z /3 J541((5(11 %ﬁ&%/%{_ﬁ% 3g{ %’(FH% Js%ﬁ)
I—Iz,5.2_5’®|:t) 3618, (/BH)JSB(a JF%HZSI/BH),A%(QBI:(?&P& ~ 30
Hz, } Jd =9 3.
o /R0 ; 3B By leurgediblfer gt 46D 33 AB0y ot =
at BIGIG) 9/4B), 3785, 3/420, 168 (14H) 15.@ HROU/41), 2Bh 4tly = 13. 6"&&

12 3D 205n o, St e Sl a2 sT aafis Bt D T

at 2. 51)MS ES#m(zscalcdHor CMBLFESD)S il 2. 56;8bedl: 402 (M+H),

C ZQ@IFNéggﬁp 417.50; found: 418.2 (M+H), 440.1
( le 7. Synthesis of

3 [ 2-((25r, "5)-2- cyano 4-fluoro-pyrrolidin-1-yl)-2-

oxo ethYIan1no] 3- net N- (5-net hyl -t hi azgl - 2- yI - but
AT R B G AT AR R TR R
SI g do@thyIBRASIC3 - tn@thl DRL (5 e ihed1-b B BudMh@e deompound

7)

Compound 7 was prepared in a similar manner to that described in
Example 1.

'"H NMR (CDCl;, 300 MHz, 8): (3/1 mixture of trans/cis amide
rotomers) 6.48 (s, 1H), 5.53 (t, J=3.3 Hz, 3/8H), 5.45 (t, /= 3.3 Hz, 1/8H),
5.36 (t,J=3.3 Hz, 3/8H), 5.32 (t, /= 3.3 Hz, 1/8H), 4.89 (d, /= 9.0 Hz,
3/4H), 4.87 (d, J=9.0 Hz, 1/4H), 4.12 - 3.63 (m, 2H), 3.52 — 3.39 (m, 2H),
2.75 (t, J=15.6 Hz, 1/4H), 2.70 (t, /= 15.6 Hz, 3/4H), 2.60 - 2.26 (m, 6H,
overlapped doublet at 2.51, J= 2.4 Hz and a singlet at 2.31), 1.25 (s, 3H), 1.22
(s, 3H);

MS (ES") m/z calcd. for C16H2,FN5O, S: 367.44; found: 368.1 (M+H),
390.1 (M+Na).

Example 8: Synthesis of 3-[2-((2§,4S)-2-cyano-4-fluoro-pyrrolidin-1-yl)-2-
oxo-ethylamino]-N-(6-methoxy-pyridin-3-yl)-3-methyl-butyramide
(compound 8)

Compound 8 was prepared in a similar manner to that described in

Example 1.
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1H NVR (CDC 3, 300 MHz, d) (3/1 m xture of

trans/cis am de rotoners) 6.48 (s, IH), 553 (t, J =
WQ@2®9mir1238/ 8H), 5.45 (t, J = 3.3 Hz, 1/8H), 5.B6r/{82009035111

= 3.3 Hz, 3/8H), 5.32 (t, J = 3.3 Hz, 1/8H), 4.89 (d,

J =9.0 Hz, 3/4H), 4.87 (d, J = 9.0 Hz, 1/4H), 4.12 -

3.63 (m 2H), 352-339(m2|—|) 275(tJ:156
Hz, 1/ 4""9%NMR?@D@%; 36b MH%56) 3H2m1x§{réu)']l)trang/cﬁgmidez 26

(m 6H, overl let a . and a
si rf@tOéterSatIO 26 §3I§ 3/411)25) Le(brsg H)4H) ﬁ 2?2 9(%6 (ns Hiﬁ) ™S (&g

( ?\mﬂ)b 3, §@h‘id}}?f Qo &, 9%@%@% 543@7J 4§6 ffzow@pb 538, 1
3- [b= 628, J/@;{; 6 B 46 [ PABHID. ,5;29 or r@mHz,-lgﬁf;) 98
by, t t hyl -
5 O T SO, Bl TP D UL ST S . e
SI nivedappadminget dt .80 hat45 de Bleg, iV beld. 2 Iz, Eﬂan?p'l%(t VA=1H. NWR

oto Fﬁ %9%0%%5(3%% 3/4??%6&” %%yé‘gﬁoverﬁnﬁ%ﬂ)smg@@fg

22644( m42} H)26 (¥, 3916, 1(2Hd(s, 3H)" 9.0, 3.0 Hz, , 6.70 (d,
- 5.6 W e gy el g el g ugwi@%ét

400)1=(NBH‘&)HZ 1/ 8H), 498 (d, J 90HZ 3/ 4H) ,

480(d J = 9.0 Hz, 1/4H), 4.13 - 3.55(m 5H,
over |l apped singlet at 3.89), 3.45 (g like, J = 16.2

Hz, Exdiiple 2. Swﬂ(eﬁls of](ZS 43}5132#2(3 é.ﬁfﬂﬁy-aro 2- ﬁ?}ﬂrldﬁﬂ 1-y15 =l-
153Hz 3/ 4H) , - 2.23 (m over

n%jméfﬁlyla% 0%0 ar&pylgmk{lgj acetylp - ﬂ(ugro @H)Ohdlj}e-ézpa](b@mtr@;ﬂ) VB
(E%gmmu;ldggl cd. for G 8H24FN5OB8 : 377.41; found:

378. M+H) , 400. 1 (M+Na Exanpl e 9: Synthesis of
15 (25r, Compound9was prepare in a similar manner to that described in

5r)E}lan{p?e{3 (3, 6-di hydro-2Hpyridin-I-yl)-I,1dinmethyl -

3- oxo- propyl am no] -acetyl }-4-f| uor o- pg/r rolidine-2-carb
onitril eH(N;MRch@D . 800 MHz, &): (2/1 mixture of trans/cis amide

rotomers) 5.89-5.77 (m, 1H), 5.69-5.60 (m, 1H), 5.49 (t, /= 3.3 Hz, 1/3H),
5.46 (d, J=9.3 Hz, 1/3H), 5.40 (t, J=3.3 Hz, 1/6H), 5.31 (t,/=3.3 Hz,

20 1/3H), 5.22 (t, /= 3.3 Hz, 1/6H), 4.92 (d, /= 9.3 Hz, 2/3H), 4.02-3.39 (m,
8H), 2.67 (t, J=15.3 Hz, 1/3H), 2.61 (t, J=15.3 Hz, 2/3H), 2.48 - 2.12 (m,
5H), 1.19 (s, 3H), 1.18 (s, 3H);

MS (ES") m/z caled. for C17HasFN4O; : 336.40; found: 337.2 (M+H),
359.2 (M+Na).

25
Example 10: Synthesis of (25,45)-1-[2-(1,1-dimethyl-3-0x0-3-thiazolidin-3-
yl-propylamino)-acetyl]-4-fluoro-pyrrolidine-2-carbonitrile (compound 10)

Compound 10 was prepared in a similar manner to that described in
Example 1.

30 "H NMR (CDCl, 300 MHz, 8): (2/1 mixture of trans/cis amide
rotomers) 5.52 (t, /=3.3 Hz, 1/3H), 5.43 (t, /J=3.3 Hz, 1/6H), 5.36 (t, J=3.3
Hz, 1/3H), 5.33 (d, /=9.0 Hz, 1/3H), 5.25 (t, /J=3.3 Hz, 1/6H), 4.96 (d, J =
9.0 Hz, 2/3H), 4.57 (s, 1H), 4.51 (s, 1H), 4.02 - 3.04 (m, 6H, overlapped

15



Compound 9 was prepared in a simlar manner to that
described in Exanple 1. 1H NMR (CDC 3, 300 MHz, d)

W@ 20y1m23¢ ure of trans/cis am de rotoners) 5. 8BcBUF209/035111
(m IH, 5.69-5.60 (m IH, 5.49 (t, J = 3.3 Hz,
1/3H), 5.46 (d, J = 9.3 Hz, 1/3H), 5.40 (t, J = 3.3
Hz, 1/6H), 5.31 (t, J = 3.3 Hz, 1/3H), 5.22 (t, J =

3. 3 a 9 - 4 3r39
Liddet éléﬁjg%z 1(4(‘[?—6@ thH%_go%(?a 621131}%01}1) 2@29}

(15 15.047, 15§ 564@ B 1563293 2.2 241(%§H¢ gverlam;edz

&at B 2.5 1(BSE)epyl z cal cd for C|7H25FN402 ,
336zt%afound 37 % np/llf

359. nPI e 10 :
Synt hesﬂ\és 6$S )l’l'l/Z calcd I'C15H23FN4OZS 342 43 ound 343 (M+H)
5 (2%&%@4}% (I | - di met hyl - 3- oxo- 3-t hi azol i di n- 3-

propyl am no) acetyl]-4-fluoro-pyrrolidine-2-carboni
trile (conmpound 10) Conpound 10 was prepared in a

(il ' | -
{ ook BOGS b {195 O5P L el BT Rkt G

lr_I(Z)tmg[)eygm)in@édigty(]ﬁ-ﬂlﬂo\]rg'-gﬁtrc’ﬂldﬂm - ddrBd-lﬁtnldE(cdlﬁpc(uhd 10) = 3 3
670 o oty s fyrare e Sfa il mgf%as(cgeedfla 5

10 = 9Enidrs 1.2/ 3H), 4.57 (s, |H), 4.51 (s, IH) 402-

3.04 (m,

2 5" e M RGB! 1 heute T Haps S yde 2
15. Btoniers) $/43k), 7 =3. Bf~ (1V3H)JS 5 4bJ 6 otHzHz 21//33ﬂ) 5. 352(t5J1— 33

2 2 i3tk gupr Lapped 2, SIpgl ot AL.2 Al Fatl L 23
(s ¥ ;

342 485 £94nd003435 I Mt HD.7365-15 6B ExGyTRLe- 11:

Synt hesi s
15 ( 251r5 Bz 2H) 250 + 2120 dmndit yrdgipedungetst péd) dich-11-44 pro

pyl(mﬁy)l 1896 %tﬂél] 4-fl uoro-pyrrolidine-2-carbonitrile
(conpound 11) Conpound 11 was prepared in a simlar

nmanner S {Bfad méesstedi ford 1 7HrFE@mE38.42; found: 339.2 (M+H),
361.2 (M+Na).

20 Example 12: Synthesis of 4-{3-[2-((2S5,4S)-2-cyano-4-fluoro-pyrrolidin-1-yl)-
2-oxo-ethylamino]-3-methyl-butyryl}-piperazine-1-carboxylic acid ethyl ester
(compound 12)

Compound 12 was prepared in a similar manner to that described in
Example 1.

25 '"H NMR (CDCl;, 300 MHz, 8): (2/1 mixture of trans/cis amide
rotomers) 5.51 (t, /=3.3 Hz, 1/3H), 5.42 (t, J=3.3 Hz, 1/6H), 5.36 (d, /=9.0
Hz, 1/3H), 5.34 (t, /=3.3 Hz, 1/3H), 5.25 (t, /= 3.3 Hz, 1/6H), 4.96 (d, /=
9.0 Hz, 2/3H), 4.16 (q, /= 6.9 Hz, 2H), 4.19 - 3.38 (m, 12H), 2.72 (t, /= 15.3
Hz, 1/3H), 2.65 (t, J=15.3 Hz, 2/3H), 2.53 — 2.22 (m, 3H, overlapped 2

30 singlet at 2.46, 2.43), 1.27 (t, J= 6.9 Hz, 3H), 1.22 (s, 6H).

MS (ES") m/z caled. for C19H30FNsO4: 411.47; found: 412.2 (M+H),
434.2 (M+Na).
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1IH NMR (CDO 3, 300 WMHz, d) : (2/1 m xture of
trans/cis am de rotoners) 5.48 (t, J = 3.3 Hz, 1/3H),

wWG209/1(d39J = 9.3 Hz, 1/3H), 5.39 (t, J = 3.3 PZI/US2009/035111

10

15

20

25

1/6H), 5.30 (t, J = 3.3 Hz, 1/3H), 5.22 (t, J = 3.3
Hz, 1/6H), 4.93 (d, J = 9.3 Hz, 2/3H), 4.00 - 3.35 (m
8H),267(t,J:156Hz 1/3H), 2.60 (t, J = 15.6

A Hz, Bxdpld 13 %;yﬁ&esls e 20- (gm 45§J2Lc gﬂcﬁﬂﬂﬁ%%@r@hcﬂﬁ]lgﬂg

4 (m (s
cal ®d: eﬂ%qmeo H‘é?ﬂlﬂl@zwl 3s%hYA@utYf9@yﬁ@(coel391@ 18M+H) |
361. 2 ( MNa)undF AR fephfediin §¥1ﬂ¥1ﬁ1’3§1h1§169f0 that described in
4-{3-[2-(( S4S>2 cyano-4-fluoro-pyrrolidin-1-yl)-
2- de@mplhly| ani no] - 3- net hyl - but yryl } - pi per azi ne | - car bo

xylic aGH%ﬁk'ﬁ&bCﬁS%@Mh‘Z @H’lﬁlxﬁg fggbs'ﬁg@l Ani 2 Was

prepared in a simT r to t
ExanwlnerSﬂ 92 i, NIV .2 BRA/513), 7300d, NHZ7,.2 HY. 1/5H26.51 (n XFGr3e

e

Hz , HA1314}), 55013(4 (£ 9.0Hz 1BH3, 442, (d1/ 3B, HAS 455),(420 -J4.87

96 3 1
S ki Y A9 2 O 9678 2959
I(-Iz , 4/3 3 Biua - 2|165m( 3H), J.9¥ 11;;'823ni-le) 2/68I=l)1482(n§53H3 12432?2
m . 3H r 2 singlet at 2.46, 2.43), 1.27 (t,
_121 %8 f%o(p @)22 (sg 6H). M5 (ES+) miz calcd. for
o 9m0Fm5@eEs ) Alloattd; fof OURGFNAG2. 328 @beund 434 PVI+H),
MtNa) . Exan'ple 13 : Synthesis of 3-[2-((25
r "3@)4 M@Véno 4-fluoro-pyrrolidin-1-yl)-2-

oxo- et hyl am no] N-cycl opentyl - 3- et hyl - but yrani de

(conpound 1% npound 13 was prepared in a simlar
e nEe@mplgl 4 tlthese%@fr(%é%) 4 ﬂucEszdn@r[é (65)- 24 drgwmmetepel 3,

SOOP)MdEdmdll 1291(14{11%&!{}1)(5 H{ogplﬁéyl&rﬁﬁaf_é&{@} @mo%me-z- _

rotoner S
Hz , cathoBigjile (@nqud 14)) = 3.3

Compound 14 was prepared in a similar manner to that described in

mz

7.2

Example 1.

'"H NMR (CDCl;, 300 MHz, 8): (2/1 mixture of trans/cis amide
rotomers) 5.50 (t, /= 3.3 Hz, 1/3H), 5.41 (t, /= 3.3 Hz, 1/6H), 5.37 (d,J=9.3
Hz, 1/3H), 5.32 (t,/=3.3 Hz, 1/3H), 5.22 (t, /= 3.3 Hz, 1/6H), 4.95 (d, J=
9.0 Hz, 2/3H), 4.26 —4.19 (m, 1H), 4.03 — 3.37 (m, 8H, overlapped singlet at
3.43),2.70 (t, J=15.6 Hz, 1/3H), 2.63 (t, J= 15.6 Hz, 2/3H), 2.55 (brs, OH),
2.52 - 2.21 (m, 3H, overlapped singlet at 2.42), 2.07 — 1.79 (m, 3H), 1.69 —
1.57 (m, 1H), 1.22 (s, 6H);

MS (ES") m/z calcd. for C;7H7FN4Os 1 354.42; found: 355.2 (M+H),
377.2 (M+Na).
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Hz, 2/5H), 5.4 (t, J = 3.3 Hz, 1/IOH), 5.34 (t, J =

3.3Hz,2/5|—|),525(tJ:3 Hz, 1/10H), 5.02 (d, J
We2®901839 1/5H), 4.92 (d, J = 9.0 Hz, 4/5H), BCR0S2009/035111

4.07 (m IH, 4.03 - 3.27 (m 4H), 2.73 (t, J = 15.6

Hz, 1/5H), 2.65 (t, J = 15.6 Hz, 4/5H), 2.44 - 2.10

(m3|—|) 1.91 - 1.82 (m 2H), 1.68 - 1.48 (m 4H),

@m%ﬁlsﬂﬁmﬁé‘&f,ﬁ4 1-(5[1, BidmetVB3 (B8P mbhy- cal cd.

for_é_'?FIZTFNX ) ( %)5 goun eﬂé\)‘;413 ((?@ ) %61 4
( Mmal)ohdlgxlaﬂbﬁ@Xq‘prc)pylsmﬁql@@%l}6fﬂ1{02c5pyrr0hdme-2-
5r)caf‘oo§1tHl@(§é’bnllpo{13di - ((5) - 2- hydr oxynet hyl pyrrolidin-

yl) | met hyl - 3- oxo- propyl am no] -acetyl }-pyrrolid
i ne- 2- <§‘amtp@nlilct 13 Ve nreneradon i similay mamep touthad d&wrlg@ds

pr epa) jn a simlar manner to that described in
Exanp 1 1IH NWVR (CDA 3, 300 MHz, d) : (2/1 m xture
of transHANMRAGDES, 3Q§1MHE:®)(25 rﬁﬁltv(rt of thans/ci aBiddz

1/ 3%@%9‘%’5@ QJW 2/3?1)35 géz(é JH ?E%Fgﬁgﬁ) 3(3% ?t 3 39H3

3. 31/8d), S2L6HY = 38,185 (@), 492(d0J6 HrHz, 2/3&1394 194 261 (m4 19

(it Doyidby QP onT 3 7850 PR PRYT S SR8 Shy T

10 Hz, 1.29 @i H)2.B6- (b2 am, BB, 2.52 - 2.21 (m 3H,

overl ap i.ngl et = at ,1.69

- 1.57 @#é”?ﬂaqa@- &CWEIH)" 3(3%§i)f0w?d(z g%%\ifa &THior

C HZIRHN&ON=). 354. 42; found: 355.2 (MrH), 377.2

(M+Na) . Exanpl e 15 : Synthesis of

(2S,4S> -{2-[|,I-dimethyl-3-(( )-2-nethyl pyrrolidin-

| - Vi Ja1rpit 0P S%@l@édi SMb59dy ﬁgﬁgyé@x Ahhgidrst%ﬁldsyz yoliidi ne-

2- carbonitrile (conpound ound 15 was pr epar ed
15 i n dmsshik-§-gro n@ﬁﬂémmpbaqe%} 4%@&@%@&@?@5&&%@61 1H

vap(cglgﬁgggng 16300 MHz, d) : (2/1 mxture of trans/cis

am de
Compound 16 was prepared in a similar manner to that described in

.3 I
9. 4
4 3

Example 1.
"H NMR (CDCl;, 300 MHz, 8): (3/1 mixture of trans/cis amide

20 rotomers) 7.30 — 7.16 (m, 4H), 5.52 (d, /=9.3 Hz, 1/4H), 5.50 (t, /= 3.3 Hz,
3/8H), 5.40 (t, J=3.3 Hz, 1/8H), 5.31 (t, /= 3.3 Hz, 3/8H), 5.23 (t, /J=3.3 Hz,
1/8H), 4.94 (d, J=9. Hz, 3/4H), 4.83 (s, 2H), 4.78 (s, 2H), 4.15 - 3.35 (m, 4H,
overlapped singlet at 3.45), 2.70 (t, /= 15.3 Hz, 1/4H), 2.64 (t, /= 15.3 Hz,
3/4H), 2.59 — 2.18 (m, 3H), 1.22 (s, 6H);

25 MS (ES") m/z calcd. for CaoHasFN4O5 : 372.44; found: 373.2 (M+H),
395.2 (M+Na).

Examples 17-20: Synthesis of compounds 17-20

Compounds 17-20 were prepared in similar manners to that described

30 in Example 1.
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rotomers) 5.52-5.47 (m 2/3H), 5.39 (t, J = 3.3 Hz,
1/6H), 5.31 (t, J = 3.3 Hz, 1/3H), 5.22 (t, J =3.3

WeH2009118B) , 4.92 (d, J = 9.3 Hz, 2/3H), 4.19 -PGIr/8320091935111

10

15

20

25

30

6H, overl apped singlet at 3.39), 2.78-2.19 (m 5H),
2.02 - 1.83 (m 3H), 1.68 - 1.49 (m IH, 1.19 - 1.12
(m 9H); M5 (ESt+) nmfz calcd. for C H2Z7TFNAQ2 : 338. 42;

f oun@impR3A.- %yﬁhl%sug of (3611 -tb-4MiDZ) ((5) X8R mkfiy1-
Synthesi s of )
( 2yarshiflingloyl)-5-oxp-pentefopligyEolidias-fragbomtrils yrifluojoagegiet hy|

acid (compound 21) o
3- 0xo0- propyl am no] -acetyl }-4-fl uor o- grrol i di ne-2-carb

om iy Piepargteorad duerdbueyy@hepdandors(Rasmethepenaeyli n a
Exanple 1. 1H NMWR
%’hd%ggﬂ f‘x@?‘gﬁf‘“ﬁ% %%g&ﬁrhétﬁﬁ%?ﬂgpof t ?gns/ cis anide
r ot omer o afnBOire of A-(Gt-pupxybribonFarb@o)-kmeghoxy8: 3 Hz,
1/ 4 50 (ty 1= 3. / 8H),., 5. .=
vz, Cpayregbhy f5 Smholfrep Ryt by e o 3
3 3g Him;lmd]/) ahi) | hﬁdlgﬁyt(edzotﬂazgleglydﬂall& (HeB4 Ih&fdraté B3 ¢,
| a
o b WRehen B muf g Radea iR (B o i PERSIERES,
( t mﬂ<tu~1=e ¥as Firfdd at 'ﬁﬁb%ﬂ)t Ienibeﬁ%re fo2.118, dll’(ﬂted&bﬁh CH2@2(4OS,
C20H2 5FN4
f ou‘ﬁh) W@%‘?gﬁg"(“ﬂmﬁ)‘ly “%’é@atﬁra Fherpgous gy OE‘@%rbT‘?tezéé
Sy nhhe9issN educc@gneidacla (ﬂo7m2pan@®ﬁa@ (Q@dﬁL)l dricioveer e
prepared in sim]ar manners to that described in
Ex dApAnes4m sy %ﬁéter?d,lan Wﬁtéaéquungpr r(:ci\g):d pressure to yield

1- [azcradre NQowy il @He%nr@tohw BB A UMk R Hr S Bo graphy
[ -yl)-5- oxo ent anoy l%. yrrolidine-2-carb onl%rlle

trl(ﬁlh%gf‘é @tbyléé@?tﬁe ewhpo e vty tiflg jormaspdflaiG Hn of

2- tggb/’f} a@gtcgpéMgsgroﬁonyl am no-5- ((5) - 2- met hoxynet hyl pyrro
l'idin-"|-yl)-5-0xo-pentanoic acid nmethyl ester
(2) Preparation of 2-fert-butoxycarbonylamino-5-((S)-2-methoxymethyl-

pyrrolidin-1-yl)-5-oxo-pentanoic acid

To a stirred solution of 2-tert-butoxycarbonylamino-5-((S)-2-
methoxymethyl-pyrrolidin-1-yl)-5-oxo-pentanoic acid methyl ester (0.72 g, 2
mmol) in CH3OH (20 mL) was added 2 N aqueous sodium hydroxide (20
mL). After stirred at room temperature for 12 h, the mixture was acidified by
the addition of 6 N aqueous hydrochloric acid at 0°C to pH=4. Most of
methanol was removed under reduced pressure and the residue was partitioned
between CH,Cl, (20 mL) and H,O (20 mL). The aqueous layer was further
extracted with CH,Cl, (20 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated under reduced pressure to yield
the title compound (0.54 g, 79% ) as a foamy solid which was used in the next
step without further purification.
(3) Preparation of fert-butyl 1-((S)-2-carbamoylpyrrolidin-1-y1)-5-((S)-2-
(methoxymethyl)pyrrolidin-1-yl)-1,5-dioxopentan-2-ylcarbamate

To a mixture of 2-fert-butoxycarbonylamino-5-((S)-2-methoxymethyl-

pyrrolidin-1-yl)-5-oxo-pentanoic acid (0.34 g, 1 mmol), L-prolinamide (0.11
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W@ei0d/1(12395 g, 4 mmmol ), PCT/US2009/035111
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To a m xture of
4- (tert-but oxycarbonyl am no) - 5- met hoxy- 5- oxopent anoi c

(5)-2-(nmet hoxynet hyl )-pyrrolidine (0.46 g, 4 mol),
and 1-hydroxybenzotriazole hydrate (HOBt hydrate, 0.54
g, 4 mol) in CH2A 2 (10 nL) was added EDC (0.77 g, 4

mmg 1-moi&1§ ah& aeyst qapdrmegé mlslotgtiﬂ cnﬁ% é\stmﬁjmas;%med
W

erature for 12
d (& EYyadrinmab] gvhweﬂcﬁlog atixfreetver Sagerkd @@b%’ﬂl um

b' C@&B&Qﬁieefoi( 20, Qﬁﬁued thﬁ a,2gYapms), %a%ﬁéd%ec?l&h@all@?@thm—)

and brine (20 nl), dried over magnésium su
f i | earddl aqunes soen hicedoade (M?d@lp) 9.8 dlemgoys cése eié(100

VhSC 8 I urified
L, HELBSEHCRN L0 ) S, 2o
ac eqoamltrhfed( ands yedneedgiraseure toeyltlii tlcadec o mem @11( Th86&udg
950@11 \%g'slﬁljl 1%1% Q;lr]%sﬁséhliomatolg;apgy E lm%a la% ltoorrég? hO OH/ Fﬁflﬁ:lﬁ)y
r oI grakhmt) tb-gyxle)théntleo:omppmmt(aﬁélgc&% B6) asi a Foanay ssihdr red

sol on of ut Oxy Iam nos 5-

ot AL b RS Tory e B s ey
rret Syto-psit@by(-Pyrididihe- Rcantlityilel tﬁﬂ@'rﬂe@ehc( 2 @hhpovad
addelg 2 N aqueous sodi um hydroxide (20 nL). After
stithed at roomtenperature for 12 h, the m xture was

aci di fi eg ahﬁledﬂ@of&@dibhtyml—((@ﬁ 2%%@@5455&@@&1&;1&9@(1(?[2 c

acid at 00C t of nmeth was re

undgwtméﬂla@awpgrr@g@aﬂevl};hé de%@p?né@r%mléarmatﬁg}%q %i0hed
bet WRE afd BGliao(c20.68%) 1 AR Jﬂzwc@%g%) aT%"@%@&H&l%d

| ayer was further extracte e%l) The
corﬁiﬁoﬁé@% Ffandc0Page? 4 mirele Theisbaryovas ﬁtnﬁ%dg% "Giker 1
sulf afafmed tb b h ?e‘fhpeﬁﬂﬁ’e GRIESREA Al WIS ThedUGRAyas

pressure to yield the title compound (0.54 g, /9% ) as

a freapnebbdtecap{iiR A mhg eel §-H N dgacqve kitrisacep(1fliminout
fur lg%r 5&9)[&5 latb/blcx%s'fﬁ)ﬁher (:)?l)aa? il mrﬁzbgﬂ 6’%*5 et &WI{ed

I -( car banoyl pyrro In-1-
( neqrgwg]ﬁgqrhybl)e@ylpd over diagnesfunygulfate, filtered, and concentrated

1, Sﬁn% rol)é(?ll%g(ﬁlfbl%psu% tX ?eﬁf ?Saq?}t?e?low oil. The crude oil was purified

by flash chromatography (silica gel, 50% cthyl acetate/dichloromethane) to
give a colorless oil.

A solution of the above oil in trifluoroacetic acid (TFA, 1 mL) was
stirred at room temperature for 10 min and concentrated in vacuo to afford
compound 21 (0.27 g, 77%) as a foamy solid.

MS (ES") m/z caled. for C16HN4Os 1 322.40; found: 323.6 (M+H),
345.6 (M+Na).

Example 22: Synthesis of (25)-1-[2-amino-5-((S)-2-hydroxymethyl-
pyrrolidin-1-yl)-5-oxo-pentanoyl]-pyrrolidine-2-carbonitrile trifluoroacetic
acid (compound 22)

Compound 22 was prepared in a similar manner to that described in

Example 21.
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To a m xture of
2-tert-butoxycarbonyl am no-5-((5")-2-net hoxynet hyl pyrr

L-prolinamde (0.11g, 1 nmol), and HOBt hydrate (0.14
g, 1 mol) in CH2A 2 (5 nL) was added EDC (0.19 g, 1
mol ). The reaction m xture was stirred at anbi ent

t enper atyyg @Efpﬁvzlc%lcla, foﬂcls%MOW 30k 3GHREE 3020 (il é

washed sequentially wi th saturated agueous so |um

bi cBrlddhaE )(10 m), 0.5 N aqueous citric acid (10 niL)
and brine (10 nlL), dried over magnesi um sul fate,
filtered, and concentrated under reduced pressure to

yi elExamplad3y fenthesis efd 88s! -Bi-aminTiel (Draaetheryimorhyd

pur DYy} 8 3Sf3 O4TEYL O 0 8%
CI—ISIgfll/Oﬁ ) lgb’grd;‘& e 1t tolg%l?a\g} E)Vl &%Jr(%lildﬁﬁeﬂ%gﬁoﬁ%ﬂ% i
(0. tﬁﬂu@foa@ﬁ.@/éci@érompf)wm}) solid. (4) Pr eparation of
(25)-1-[2; ncP235 § p?g aredngg %Xpén%% tOD[X LRl gL - Y
)- 5-o0x0-pen anoy )P e FErrle
t r i Edauplcdiceti ¢ aci d (corrpound 21) To a m xt ure of
tert bu

((5) - RO PEFI AP 15-46: g 3516 (),

(mmm(Mm{d)yl)pyrrol idin-1-yl)-1,5-di oxopentan-2-ylca
rbamate (0.36 g, 0.8 nmmol) and im'dazole (0.68 g, 1
nmmol) in pyridine (4 nL) at -200C was added phosphoryl
chl Mamﬁz D .S3Athsis é’f(lﬂS)UITPJ ImindB3Q (B Uik thy MRFroBitlinf @0l at

-200C f h warmed to roomtenperature, and
conteHPeRtaRayl-RY Rl Kis - 2-ankonitals; taﬂléor%mp%ﬁlé (mpAey 24)

bet ween (dgiohidd 1410asPrdpaiadn @ sithildth ARMRPShAIdEICkBeFai d
(10 nmL). The aqueous layer was further extracted with
]@aglp(elid mL). The conbined organic |ayers were dried
over nmegResig MMt ©r cfd 3(5\&0?%92%@%99&9@%@@1&@
under reduced pressure to yield a pale yellow oil. The
cr udé-6dMtNeas purified by fl ash chromat ogr aphy (silica
gel, 50% et hyl acetate/dichloronethane) to give a
col orI ess oil. A solution of the above oil in

t r iw&’h&le@wfﬁ@ﬁ@ amlinpdS)((SV@s stirred at room

N T R S T

carbonitrile trifluoroacetic acid

(compound 25)
Compound 25 was prepared in a similar manner to that described in

Example 21.

Example 26

DPP-1V was purified from both human serum and insect cells in a
manner similar to that described in Biochemistry, 2006, 45: 7006-7012.

DPP-VIII was purified from baculovirus-infected sfa cells in a manner
similar to that described in J. Biol Chem. 2006, 28: 138653-138662.

The purity of DPP-IV or DPP-VIII was checked by SDS-PAGE,
followed by commassie blue stain or silver stain. DPP-IV and DPP-VIII

21
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M5 (ESt) mz calcd. for G 6H26NAC3 : 322.40; found:
323.6 (M+tH), 345.6 (MrNa). Exanple 22: Synthesis of

| -yl)-5-0x0-pentanoyl ]-pyrrolidine-2-carbonitrile
trifluoroacetic acid (conpound 22) Conpound 22 was
prepared in a simlar manner to that described in

Ex m&&trgﬂonme(eﬁ%a)suﬁﬁ ﬁm%lﬂiéhfoﬁd%et@d%é I8&@Bas:the
308. 38; found: 309. (MrNa) . Exanpl e 23:

Syrﬁt*ﬁ]éérl ARl Zizgajaem 1976 72 248-254.)
1 [2 am éa'éul(c{s511242wé¥€¥e§{é&!fd}‘?ﬁehr%h1%ﬁ6r9|eff96t B DPP-1V as

? | - 5- oxo- pentanoyl | - pyrrolidine-2-carb
om foHpwss Eqr ﬁﬁqhw@m@a@ét 8 @er@bdlbltle gleatcepgytions freound

L R e e i
350mN46 pr801) GhS 1n'&ﬁlia.teﬁi Wikd-H) 1 0B Th3.takt (dvitNahd inExarph®@inids;
Synt‘%m atp?yr(f a%cpleﬁt(ﬂ[a%ioom t):mperatgu(e for 10 min. 50 pl of Gly-

5- %97%5@@%&%1&%&&% kﬁiaﬂ@on@erﬁﬁﬁ&p%é [ %zas added to
trifluoroacetic acid ound 24) Conpound 24 was

pr etb%i*(é‘éilanﬁinél@lll?ﬁt@deﬂ’f ael ht Beledsaof demsrorbed in

292%%11}%?’&1“2‘“ 9@ ﬁ’é‘)ﬂﬁ?ﬂ?ﬁh&% il ¢ R/I?f\lg aitﬁ%ﬁanp e%s:
Q/ nivietei’ &) efid qwbre t@onieil aAcths er(d(p@)lt @fthe mhibition reaction.

1%( Mu@%@% RXfa%ﬁlbas%d A theyres)uﬂtg’ 3-di met hyl - 5- oxopent
ano D

pyrr ol carbonitrile trifluoroacetic acid
( conpoursim2gly, (:?mngmudwl -26wwasesp dpath@dinhibitarysiffievtloar

mRNREE AR VAR PELESY 1l Nacl, 2.7 mM KCI, 1.4 mM KEHLPO,
4.3 mM Na,HPOy, pH 7.4) was incubated with 1 pl of the test compound in
DMSO at 37°C for 10 min. 0.5 ul of Gly-Pro-para-nitroanilide was added
(final concentration: 2.5 mM). The resulting solution was incubated at 37°C
for 30-45 min. The reactions were monitored and measured at OD 405 nm.
ICsp values were calculated based on the results.

All test compounds exhibited low ICso values in inhibiting DPP-IV

(either from human serum or from insect cells) and high ICs, values in
inhibiting DPP-VIII (from baculovirus-infected sfa cells). Some of the test
compounds showed a very high ratio of the ICsy value in inhibiting DPP-VIII
to the ICsg value in inhibiting DPP-1V, e.g., 100 or even higher. Thus,
compounds 1-24 all have high selectivity in inhibiting DPP-VI over inhibiting
DPP-VIIL

OTHER EMBODIMENTS
All of the features disclosed in this specification may be combined in
any combination. Each feature disclosed in this specification may be replaced
by an alternative feature serving the same, equivalent, or similar purpose.
Thus, unless expressly stated otherwise, each feature disclosed is only an

example of a generic series of equivalent or similar features.
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Exanple 2 1. Exanple 26 DPP-1V was purified from both
human serum and insect cells in a manner simlar to
WO baw/1tescri bed i n Bi ochem stry, 2006, 45: 700BcT03209/035111
DPP-VI1I was purified from bacul ovirus-infected sfa
cells in a manner simlar to that described in J.
Biol. Chem 2006, 28: 138653-138662. The purity of
DPP- 1V g0 diR-a¥bid dc@pic N ek ﬁgumn % RABEasilf eldeaipd
by comrassie blue stain or silver stain. DPP-1V and
DPFtth%@h@@Wﬁeaﬁtl% A5thgprescniiysifiongandyvitheut Bptirsr d
mtﬂ?&gtﬁé%gﬁlig aRRoASKLASE ShARARH thidALRlngEl SNSRI ALR
72: 248-2 Conpounds 1-24 were tested for their
| nhefidhe lavcyltlem foerglaptatio mRmUs Ysages $ngll dopdigonsFder examhle,

{:

° oo gu SRE D sl O REn ol orpRRRE bR h ARy,
m adfo d@PPe hiydd, nerdenied fofrAi@imivhibitdy 8ctB)tionagainsh DRBdVedd
onetsdte Sire abBie B bl TR il e R s
50 mﬂmﬂﬁn&myneQMDWRMaﬁwnmﬂm&nethyIcounarln (flna
concentration: 150 mV was added to the solution and
i ncubated at 370C for 1 h. Rel ease of 7-am no-4-
met hyl coumarin was nonitored continuously in a 96-well
plate fluoroneter (Victor 2 V) and data were recorded
at the endpoint of the inhibition reaction. 1C50
val ues were cal cul ated based on the results.
Simlarly, conmpounds 1-24 were tested for their
inhibitory effect on DPP-VIII. DPP-VIII in PBS (137 nM
NaCl, 2.7 MM KA, 1.4 nM KH2POX, 4.3 mM Na2HPO , pH
7.4) was incubated with 1 m of the test conpound in
DVMSO at 37C for 10 mn. 0.5 mM of Gy-Pro-pr
-nitroanilide was added (final concentration: 2.5 nm\V.
The resulting solution was incubated at 370C for 30-45
m n. The reactions were nonitored and neasured at CD
405 nm |C50 val ues were cal cul ated based on the
results.
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Al'l test conpounds exhibited | ow | C50 val ues in
inhibiting DPP-1V (either from human serum or from

wo p®eat128el | s) and high 1 C50 val ues in inhibitPEEUS2009/035111
DPP-VIII (from bacul ovirus-infected sfa cells). Sone
of the test conpounds showed a very high ratio of the
| C50 value in inhibiting DPP-VII1 to the 1C50 value in
i nhywii AT r'ocPRIMIEY 1s8- 9., 100 or even hi gher. Thus,
compounds 1-24 all have high selectivity in inhibiting
DPP-VI over inhibiting DPP-V|II gﬂ EMBODI MENTS Al
of the feat uﬂeé Q?P’é’eil‘lﬁisoécéihﬁi fRllewing LPEE fication may be
conbi ned in any conbi nati on. Each feature disclosed in
this specification ey be replaced by an alternative
feature serving the sanme, equiyvalery, or simlar

pur pose. Thus, unles xp? S| '% ed_ot herwi se, each
feature disclosed is gn angl eNBfR°a generi c
series of equival ent & m |l ar R%Rft ures. Fromt he

above description, one skilled in the art can easily
mscehdrann t he essenti al characteristics of the present

|nvent|oqm(%%giwakhqgt degfﬁdhlg%%ﬁg %Iggiﬁhrqand

scope t K& e0f,  can 'make vari ous

nodivhng atmrm)nhydnﬁxyt flkyli Imlextityil,cuticolkp, aayda;gt; atatkyt, oyaldr | ous
condi tions. . For exanple, conpounds

s and
stﬁ% T JYEREPEESEY t o pyrrolidi ne compounds of
thi s i n\REng allkyl oah&erosdh aleER he dieor a8G/; QERédnchJgf tdgbt@er

i nhi bi activjt P- | reati ng Type
1] 1 eSS e bk oy SR A damt by O PRTbREon Thus,
ot h@bnRINR G BRI, @hfatdd Srunvdttiiicd I‘ﬁlF SptednailyBubWieEd | S
CLAIMED IS 1. A conpound of the follow ng fornula:

whetVéh bale 40h Nt IR . 4], g, hqi&roafﬂshal%%vlﬁedroxyalkyl
Ihdﬁpﬁ@ﬁﬁﬂthon{Ssﬂ,_g )p> gt“@p cyano am no,

hydr ox K al kyl, hal oal oﬁ%ﬁ on ar al kyl ,
cycNR R, Hefe Bc;fé(lq)NRPanQC(OB% @GQ) rayIN GIGR . & ky!l

15?:) Ig?@(g)ﬁﬁrlyl cacig RRg{ 'a%d'li ofnd@ﬂeh&énﬂy,qem@h %ﬂg/l I8§ztryl
J cach of m and n, independently, is O, 1, 2, or 3; and

X is NR? in which R" is H, alkyl, or aryl.
2. The compound of claim 1, wherein X is NH.
20
3. The compound of claim 2, wherein each of R* and R* is alkyl.

4. The compound of claim 3, wherein each of R and R* is methyl.

25 5. The compound of claim 3, wherein each of m and n is 1 and each

of R', R%, R®, and R®is H.

6. The compound of claim 5, wherein each of R” and R® is alkyl.
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with the Natomto which they are attached, forma

3-10 nenbered nonocyclic or bicyclic, saturated or
wae®atiuneat ed ring optionally substituted w th PEr/os208M35111

NO2, -OR, alkyl, aryl, heteroaryl, haloal kyl,

hydr oxyal kyl , al koxyal kyl, -C(OR, -SR, -S(OR ,

-S(O2R, -NR'R", -C(OOR, -CONRR', -OC(OR, -NR

AOR', 7~ Nﬁ@(%nd,of‘éfalmg V%@lf}'ﬁ7 BldR tc%@ﬂ?l@r \%ﬁht’ﬁeN

R', and R " , independentiy, being H alkyl, or aryl;
eactioBfo whighthen arciagiahed ieraht B0 me@beed J.nonszcyc?b? o3 and
X 'bcicﬁl ’sat'uﬂltéMUr ﬁﬁsaﬁeﬁ‘até@rn@ otﬁlloﬁéﬁy’sugs‘tmﬁé&’\lvﬂh lgalo B‘Ne

compound claim1, wherein H 3. The conpound

of ¥Pai- QRzalthewbuhnte@awh helroalml bwhtomlkiyls a%sptogallkyM The
0 d m erein each of R3 and R4 is
& @jﬁ ﬁ’rg’t RT § 0

conmp und of claim3, wherein each of m
andNRRs Q(CaBR, e@@r)NBfFR -OC(BR RRC@iE, RERIGKOMR Gor The

focl.akm 7 a 8
o R NGRS BT R RO S SRER B R 7
together wth the N atomto whi ch they are attached,
forma 3- nenbe nocyclic or ycl r at ed
o uneatur HEGHMRT G WEPE ey 1y Sise R R o
1CN, NO2, (P al kyl, aryl, heteroaryl, hal oal kyl,
hydroxy aI kox JR, -SR, -S(OR,.
-S(O)ZR dy%(cgrbi% whergi awéap@each&gd@%}s
-NFHC(O)R" -NRC(O)(R , or -RC(OONR "R" ' ; each of
R, R, and R" ' , independently, being H alkyl, or
aryl . The conpound of claim1, wherein each of R3 and

R4 is alilgyTheRompiide?BRAY NAviREciCh & Mnk.caTREIaA Y isS
1 and each of Rl and R2 is H 10. The conpound of

%l dilm 1, wherein nis 1 and each of R5 and R6 is H.
11. The conpound of claim1, wherein each of R7 and R8

is al kyl.
11. The compound of claim 1, wherein each of R” and R® is alkyl.

12. The compound of claim 1, wherein R” and R, together with the N
20  atom to which they are attached, form a 3-10 membered monocyclic or
bicyclic, saturated or unsaturated ring optionally substituted with halo, CN,
NO,, -OR, alkyl, aryl, heteroaryl, haloalkyl, hydroxyalkyl, alkoxyalkyl, -
C(O)R, -SR, -S(O)R, -S(O),R,
-NRR’, -C(O)OR’, -C(O)NR'R’, -OC(O)R’, -NR C(O)R’, -NR C(O)OR, or
25 -R'C(O)NR'R ;each of R, R, and R, independently, being H, alkyl, or aryl.

13. The compound of claim 1, wherein the compounds is one of

compounds 1-20.

30
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12. The compound of claim 1, wherein R7 and RS,
together with the N atomto which they are attached,
wo oo a123* 10 nmenber ed nonocyclic or bicyclic, BEX/USADLB5111
or unsaturated ring optionally substituted with hal o,
CN, NO, -OR, alkyl, aryl, heteroaryl, hal oal kyl,

hydr oxyal kyl , al koxyal kyl, - C(OR, -SR, -S(OR,
-S(O2R, -NRR', -CCOOR, -C(ONRR'", -OCC(OR "', -NR
CCOR', -NRCCOOR ", or -RCONRR"' ; each of R,
R', and R'', independently, being H alkyl, or aryl.
13. The jgonpe uﬁ&ogh@k‘dnogvmgvmﬁﬁlﬁén the Conpounds i's
one of conpounds 1-20.14. A conpound of the follow ng

fornmula: wherein RL is Hor CN; each of R2, R3, R4,

R5, and R, |ndependent Rm i s |—5|, Jalo, nitro, cyano,
am no, hydroxy, alkyl, Wikl oal kRI ydx oxyal kyl ,

al koxyal kyl , al koxy, a ; yl, eyelyl,
heterocyclyl, aryl, or phetgrrarylg is H alkyl,
Ehydr oxyal kyl, or al koxyal kyl; mis 0, 1, 2, 3, 4, or
5; Whdr&n0O, 1, or 2; Wis CRaRa' , NRa, O or S, in
whi ch eaqh of ga‘and Ra' , independently, 5 is H,

hal ogen, R&GRYF Nor aryl; and Xis O S, or CRo(NRb' Rb"

), in VV'(‘:héhl'beﬁCﬂﬂ3 R IRbandw 1ndep@ﬁkﬂan%3 is H, hdl§l@RRNe@nb| v,
is H, al kcy1 conpound of claim 14,

wheding hx roy@ﬂf(ﬂu@ﬂboall%l h@rOWﬁklsylc eirpoithal aHogy. A5,
1d/\hea[rﬁk§7l &c Tﬁ %te?d%?cl?la%l @fhé?@ro%gﬂ R6 is H 17. The

conpound 6, wherein is al kyl,
hydr oxydi ky/H, a]J@fl hydroxyalkyl or alkoxyalkyl;

mis0,1,2,3,4,or5;
nis0, 1, or2;
W is CR*R*, NR?, O, or S, in which each of R* and R*, independently,
15 is H, halogen, alkyl, or aryl; and
Xis O, S, or CRb(NRb’Rb”), in which each of R®, R”, and R*”,
independently, is H, alkyl, or aryl.

15. The compound of claim 14, wherein X is CH(NH>).
20
16. The compound of claim 15, wherein n is 1 and each of R’ and R°

is H.

17. The compound of claim 16, wherein R’ is alkyl, hydroxyalkyl, or
25  alkoxyalkyl.

18. The compound of claim 17, wherein each of R* and RY,

independently, is H or alkyl.

30 19. The compound of claim 18, wherein W is CR’R* and R' is CN.
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5 al koxyal kyl . 18. The conpound of claim 17, wherein

each of R3 and R4, independently, is Hor alkyl. 0 19.
wab@gonrpound of claim 18, wherein Wis CRaRa' PERUSHRL9/035111

is CN. 20. The conpound of claim 14, wherein R7 is

al kyl, hydroxyal kyl, or al koxyal kyl. 21. The conpound

of claim 20, wherein Wis CRaRa' and RL is CN. 5 22.

The conpgu mdle%mgd)@umf éﬁlm whemgich R Rikof, hﬁﬁmg)ad( Ry

|ndependently, S or al kyl. 23. The conpoun ?

cl adlkaxyalkylher ei n the conpound is one of o conpounds

21-25. 24. A nethod of treating Type Il diabetes,

conprising administering to a subject in need thereof

an ef f e@li Videsamoeundof claing dhpdareen Wiis ERA mmtl R'gs 0. A

qrethod of treating Type Il diabetes, conprising

adm nistering to a subject in need thereof an

ef f ect i 8. ditegninpafdaf clempbdimdesin eblaphik 1end RY,

independently, is H or alkyl.

23. The compound of claim 14, wherein the compound is one of

10 compounds 21-25.

24. A method of treating Type II diabetes, comprising administering

to a subject in need thereof an effective amount of a compound of claim 1.

15 25. A method of treating Type II diabetes, comprising administering to

a subject in need thereof an effective amount of a compound of claim 14.
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