PYRRCLI DI NE DERI VATI VES RELATED APPLI CATI ON This application clains
priority to U S. Provisional Application No. 61/033,877, filed on March 5,
2008, the content of which is hereby incorporated by reference inits
entirety. 5BACKGROUND Di peptidyl peptidase IV (DPP-1V), a menber of
the prolyl peptidase famly, cleaves certain dipeptides at the penultinmate
position fromthe amno termni of the proteins. It contributes to rapid
degradati on of glucagon-1like peptide-1 (G.P-1), a gut hornone produced by

i ntestinal endocrine L-ceP¥RROIIDEYENSERDBVIASBEVIEResti on. GLP-1 in turn
i nhibits glucagon secretion and stimnul ates gl ucose-dependent insulin

rel ease fromthe pancreas (Zan e t 2002, 359: 824- 830). It
has been shown that inhibiti ng@ﬁ%&‘&%@“‘f enhanced i nsulin
secretion, reduced prhﬁapmwgﬁ&imsmsbﬁmgbsoU&drdvmmnawﬁpbmmrw@ti c 5-Cﬁ| I
15function (Pe tes 19 7. .1253-1258; and Ahren
B, et al. Di( abg‘?@?%ﬁé&ﬂm@ﬂé 5, 2@88 §e7§§“ b?—flg" 1<?}qu tors are therefore
pot enti al druglmﬂﬂtﬁ@[tt@&efeﬁihcérmn@ chiirefli abet es. Recent studies indicate
that DPP-1V inhibitors were potential inhibitors of dipeptidyl peptidase

VI (DPP-VII1), another nenber of, t r 20 peptidase famly, and
that inhibPtion of DPP-VIII resul P&#ﬁﬁﬁéﬁk}gbeffects, e.g., toxicity and

t hr ombocyt openi a ( DDiaptidas pepZidfie IVF(HPPzgﬁani?&%) oftﬁblp@lyl@&ﬁ?rdhéé i nhi bitors,
as Type |1 diahet.es drug candj.dat r ef er abl Qsse littl.e or no

"hi by tory act Pt Py clagay sy Redonpiepe s¥ie FORITRC | s based on
a surprising dicsamyef tic ploddinsa IQoatiduk toﬁﬁﬁlﬁ(@lk%ﬂdéﬂ@nQQLﬁm&g@ﬁlﬁﬁkb nhi bit DPP-1V

One aspect of this invention relates to rrolidine ounds of fornula
(1) shgwn be| ofgPtide- l?éLP 1), a gut hormone produce%i/ by?ntes%nal en OCrIIlII’)le L-cells in

10 response to food ingestion.

GLP-1 in turn inhibits glucagon secretion and stimulates glucose-dependent
insulin release from the pancreas (Zander M, et al. Lancet 2002, 359: 824-
830). It has been shown that inhibiting DPP-IV resulted in enhanced insulin
secretion, reduced plasma glucose levels, and improved pancreatic B-cell
15 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
20 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
25 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 (T) shown below:



wherein each of R, R2, R3, R4, R5, and R6, independently, is H, halo,
nitro, cyano, am no, hydroxy, alkyl, haloal kyl, al koxy, aryloxy, aralkyl,
cyclyl, 5heterocyclyl, aryl, or heteroaryl; R7 is alkyl or heteroaryl, and
R8 is Hor alkyl; or R7 and R8, together with the nitrogen atomto which
they are attached, forma 3-10 nenbered nonocyclic or bicyclic, saturated
or unsaturated ring optionally substituted with halo, CN, NO2, -OR, alkyl,
aryl, heteroaryl, hal oal kyl, hyl._droxyal kyl, al koxyal kyl,-SR, -S(0)R,

-S(0)2R, 10-NRR', -C(O)OR , - 0)NR'1R"2,R3- C(O)R, -NR C(O)R'",
-NR C(0)OR', or -R C(0)NR'R"; edch\of\® "W Jand R', independently, being
H alkyl, or aryl; each of man , n tI"ﬂ/R,Rls 0, 1, 2, or 3; and X

is Nita, in which Rais H alkyl,cproaryl. RhB®conpounds of fornula (1) may
further have one or nore of the 15following features: Xis NHL mis 1; nis
1; each of Rl and R2 is H, each of R3 andl R4 is alkyl (e.g., methyl); each

of R5 and R6 i hé#ev\lﬁ?%:% oﬂ{e‘aﬁEdRR%“iﬁs QIL(# d’ ir#dggen g lgﬁ%%l,h&’lgeﬁiﬁgr wth the

nitrogen atomto Yy are attache m menber €d nmonocyclic
or bicyclic, sanuw,améch, bydromys aliyl; balealkylj allpxyparyloxmlarakyddyslyl.t ut ed with
hal o, CN, NO2

al koxyal ky”| , 1@?%%‘2‘1?'?'21%:1? hgtreélfua’)l?gtlse&%?@%b?t?é%}?laff@kk%lk&%%{%&gxyal ot
-C(O)NR R ", -@R(GpdR’, togelier @(tD)HR njtrogRatG0p OMRich they arRut@CBIINRIR' ; each of
R o BOPRERAOA i 5 B P g Rt o o1 €1
unsubsti t ut ed qyibiiadlyistbseyted Wit k@ ONIINGs, ;OB] glieylj atyinydteroagt, phol i nyl ,
2oL Omor PO b PAPSEREIDY st BOR SRR IGEM | s0L ol o
rel ates t@ pyr-N®R'digie)oRMONNR RSf -0GIOIRI| &R C{Q)RShANRIC(D8ORWor ( R2) m R5 R6
-R'C(O)NR'R”; each of R, R”, and R, independently, being H, alkyl, or aryl;
each of m and n, independently, is 0, 1, 2, or 3; and X is NR®, in which R* is
H, alkyl, or aryl.
The compounds of formula (I) may further have one or more of the
15 following features: X is NH; m is 1; n is 1; each of R! and R? is H; each of R®
and R* is alkyl (e.g., methyl); each of R® and R® is H; and R’ and R® is alkyl,
R’ and R, together with the nitrogen 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,
20 haloalkyl, hydroxyalkyl, alkoxyalkyl, -C(O)R’, -SR, -S(O)R , -S(O):R,
NR'R", -C(O)OR’, -C(O)NR'R”, -OC(O)R’, -NR'C(O)R", -NR C(O)OR’, or
—R’C(O)NR”R”’; eachof 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,
25 thiomorpholinyl, piperizinyl, 1,2,3,6-tetrahydropyridinyl, isoindolinyl, and 7-
azabicyclo[2.2.1]heptan-7-yl.
Another aspect of this invention relates to pyrrolidine compounds of

formula (II) shown below:

(R%)pm,
Wi R® R
NSRS
R1 e) R3 R4 O R7



XHAOR R4 2 11 wherein RLis Hor CN, each of R2, R3, R4, R5, and R6,
| ndependently, is H halo, nitro, cyano, am no, hydroxy, alkyl, hal oal kyl,
hydr oxyal kyl , al koxyal kyl, al koxy, aryl oxy, aralkyl, cyclyl, heterocyclyl,
aryl, or heteroaryl; 5R7 is H, alkyl, hydroxyal kyl, or al koxyal kyl; mis O,
1, 2, 3, 4, or 5, nis 0, 1, or 2; Wis CRaRa', NRa, O, or S, in which each
of Ra and Ra', independently, is H, halogen, alkyl, or aryl; and Xis 0, S,
or CRb(NRb'Rb"), in which each of Ro, RI'', and Rb", independently, is H,

al kyl, or aryl. The conpounds of fornula 1) nay further have one or nore
of the 10fol | ow i Rl sCN H2); nis 1
W&ﬁr% gﬁro? é\ln:/\éé f R RR nd% 1nd é)ﬁnde]ntlﬁgs( nd R6 is H

each of R3 and epen
and R7 is aIkth@ﬂﬁgqpynmthymbﬂmhydygm%aﬂhyhmwshghpmh&dmoxynethyI) or

?lh :(gx?/ﬁl/glt i on alﬂaiy&@%& h rf%/iyg)arallc"(ylocyclytiehe?\{‘\60%1721?/1 PR ? r‘g)lh 1yoary? npounds of
5 R7is H, alkyl, hydroxyalkyl, or alkoxyalkyl; mis 0, 1,2, 3,4,0r5;nis 0, 1, or
2; W is CR°R®, NR? O, or S, in which each of R® and R?, independently, is H,
halogen, alkyl, or aryl; and X is O, S, or CRb(NRb’Rb”), in which each of Rb,
Rb’, and R®”, independently, is H, alkyl, or aryl.
The compounds of formula (I) may further have one or more of the
10 following features: W is CRR*; R! is CN; X is CH(NH,); n is 1; each of R
and R*, 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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0 H 011 CNH 011 CN 12

21222324 TFAO CN 25 The term"al kyl" herein refers to a straight
branched hydrocarbon, containing 1-10 carbon atons. Exanpl es of alkyl
groups include, but are not S5limted to, nethyl, ethyl, n-propyl, i-prop
n-butyl, i-butyl, and t-butyl. The term "al koxy" refers to an -0-al kyl .

term "al koxyal kyl" refers to an al kyl group substituted with one or nore

al koxy groups. The term "hal oal kyl" refers to an al kyl group, bstituted
with one or nore hal o groups. The_term "hydroxyal kyl " refer an al kyl
group substi tut w th one or nn[é}%ydroxy 10gt o . The te n1"ary|"
refers to a 6-c nmonogyclic, 10- carkon bicy I|c F
A n oI oY
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The term “alkyl” herein refers to a straight or branched hydrocarbon,
containing 1-10 carbon atoms. Examples of alkyl groups include, but are not
limited to, methyl, ethyl, #n-propyl, i-propyl, »n-butyl, i-butyl, and z-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

groups.

+ 9H3NH3N H3N_H3NO CNO CN TEA-O0 CNTFAO CNTFATTFA-

or

yl,
The



14-carbon tricyclic aromatic ring systemwherein each ring may have 1 to 4
substituents. Exanples of aryl groups include, but are not limted to,

phenyl , napht hyl , and anthracenyl. The term "aryloxy" refers to an
-0-aryl. The term5"aral kyl" refers to an al kyl group substituted with an
aryl group. The term"cyclyl"” refers to a saturated and partially

unsaturated cyclic hydrocarbon group having 3 to 12 carbons. Exanpl es of
cyclyl groups include, but are not limted to, cgg‘l opropyl, cycl obutyl,

cycl opentyl, cycl opdht &rp“arykyrefestie rtcarbey arospergbayiD cabpr bkt y| , and

cycl ooctyl . 10Th&aiRh RicyREL ShAREYhn. r [ -8 snenber ed
nonocyclic, 8-12 r%enbercggﬁttbi cygtﬁﬁ}lljgfg S@?‘%ﬁﬁ@n@ﬁ%@%%??@?& i4c ring system
havi ng one or rgbstitusatseExenmessof @oil groupsinCluddlbuioare S)t linfised tgppbenydf het er oar vyl

groups incl ude WelY i . enzi.m dazol yl , rimdinyl,
thi enyl, qui noln%l‘%ﬁ’ 4"%&%@5#%’“%@‘% I az%#’lgf}? rff%}esrq) gl?zn(?'aﬁ'(la’t g?%‘ﬁ%l Kyl "
refers to &n al“kglkylSefesupasakgltgrouptsebstinitéchwizh fredrglr graupyl group. The term

"het erocycl yl" refers to a nonaromatic 5-8 nenbered nonocyclic, 8-12
menber ed bicyclic, ®&hettim Teychiofersetd atsatumyed|and partially wnsstemdlegsliong one or
nore heteroato . Exampl es of. heterocyclyl groups

i ncl ude, but a?xgdr(ﬁ?)at%({hl%a'tpgi&dtﬁg?qéilgéarrg%shy ?m%lfz/sr?fgp'?lﬁﬁ{w@é 20di oxanyl ,

mor phol i nyl , amghudetbuairg dodfriteirty,| cyclopropylAbyicidbutyt; yedlypentyiiet er ocycl yl, aryl,

het eroaryl, ar | ... .heteroaral kyl . al kox nd .aryl o ntioned herein

i ncl ude both s?j%clsf%lqe{ltﬁ?ﬁhc ygﬁ; R l}is?é%lglﬁxfrﬂ?'?’e%blﬁﬁ‘?p%fli aé%l.cyéé%cﬁl es of

substituemts incl udehe thmi “leteeoandt rdféririct andirdriaticlsad membyted axsidcyciagyi no, cyano,

nitro, nercaptg,.,al kox t bonyl , . .am do,, 25car boxy, al kanesul f onyl ,

al kyl car bonyl , gé%?ﬁ&%e%g%lcgg?%gﬂ%'m @S’P'?)‘?S?(iﬁr’?y‘ﬁﬁirﬁ‘ﬁls@t%ﬁa‘t‘?ﬁ Hyanat o,

rs] ul f onami ?OI, abkmbre haﬂre]ioeil‘oiﬂs,(swh ll%oyN,l oriﬂ).lkEkzﬁ?ﬁMes cﬂ"{lﬁkﬂe}[oaﬂﬁgﬁiﬁﬁ@{ yl 1 cyclyl, I
eterocyclyl, | i C . yl, .al kynyl, al kyl oxy, aryl, heteroary

cyclyl, and he’t“gl?"@gglyd}d}'ﬁ ﬂf&t“’?@?@%’g’rbegﬂ aF‘PIML Qﬂ?m‘ﬁﬁ’éd’ﬁ%ﬁ‘%)’éycl ic ring

ment i oned her ejquindlByR iddoBT, afdisdzblyUt B t6rn FRteRswilsiI? fdre anitidy cannot  be

fused with anot her %r omati ¢ or non-aromatic ring. The pyrrolidine
conmpounds'°des cFPHLILHHYGE With & hefgeoatyh g19uP-phar maceut i cal |y acceptabl e salts

and prodrugs, if amleitéiﬁb‘lh@tero%@ﬂ”?ef&@k&a frcronfutit Qg RbniRgiMeEn a positively

charged ionic group in a_ pyrrolidine
monocyclic, 8-12 membered bicyclic, or 11-14 membered tricyclic ring

system having one or more heteroatoms (such as O, N, or S). Examples of
heterocyclyl groups include, but are not limited to, piperazinyl, pyrrolidinyl,

20 dioxanyl, morpholinyl, and tetrahydrofuranyl.

Alkyl, cyclyl, 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,

25 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

30 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



conpound (e.g., ammoniun) and a negatively charged counterion (e.g.,
trifluoroacetate). Likew se, a negatively charged ionic group in a
pyrrolidine conpound (e.g., carboxylate) can also forma salt with a
positively charged counterion (e.g., sodium potassium calcium or
magnesi um) . The pyrrolidine 5conpounds may contain a non-aromatic doubl e
bond and one or nore asymmetric centers. Thus, they can occur as racenic
m xtures, single enan%ioners, i ndi vi dual , d tereoners, diastereoneric

) ia
m xtures, and ¢qugRoupd et%«@%ﬂ@%r?@ﬁiaé%aéwwcﬁmd QYRS G®eric fornms are

cont enpl at ed. ffffﬂﬁoﬂé}ﬁe&@ég! iR ise CNRBUNES chafed idARLralOM e pyADdlidiRe Used to
i nhi bit 10DPP-1V. Accordi %I y, another aspect of this invention relates to

a method of i n¥ANKICERGG-eoPRDPRYleF)dan glie fm migkevid norEvely Fhasesdi ne
conpounds. As édamleﬁbﬁ e sgﬁiuﬁ?f’ﬁ’dtetis%/iuhﬁééléihé, ofind dueRrd THe@odogdicose | evel's

and enhanced insulin secretion, e conpounds of this invention can be also
used to trieat cPypeulds mysopRias noxmgenaticidosblp homskand ope pifpeer covers a

rethod of 1 reatl g Tne, da! il ARLASd: AUEMSRLHAGRA.2 subj ect in need

of the treatnent an effective ano of one or nore of the pyiTolidine
conpounds. Al saantianers, indiedust dipsteredmerki diasternpgmetic onxtirgs,anghiar eraceut i cal

conposi ti on_captal0ingican. O IMTRLLiOhoddBrAlRY SofigRgLLped PYrrol i dine
conpounds, as well as use of e conposition for treatnent of Type I
di abet es 20and f or Tivapufraictinercompburals desdribaimbnte fanibe ubeal tp indiibitrent i oned

treatnment_ Th ils of ny .enhodi t.s. of .1 i nvent i set forth
in the détai F% 'g\gsé:cf:?%fl}ggyﬁa%ﬁl%fr? WSC@% glnsrr%w%né]log\?\?matﬁgrlh?qe%(fblrjfrees, obj ect s,
and advant agedntobitihf) DPPHiVerith ame onrdote dfeheapypatidine cémpnmiheAdet ai | ed

descr oL on Al LAy ZORSTALLED SSSRET B oy ullE V0L e
art. Exenpl ar \insith bseetioh,Ghe Soniioaed ofithigink e ceobpdungsd arteashown in
Schemes 1-3 beljygg\h dia%gtgsef\ rTFhu%, this invention further covers a method of treating Type
15 IT diabetes by administering to a subject in need of the treatment an effective
amount of one or more of the 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
20 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.

25 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.



O(l) HOBt, EDC, CF-12C12, rt, BocHNOH (1) TFA, rt. W= amne A

Schene 1 illustrates a synthetic route to conpounds of fornula (I).
Starting material (A) is a N-protected 13-amino acid. It reacts with anine
(W 5in the presence of a coupling agent, e.g.,

N- (3-di net hyl am nopropyl) - N- et hyl carbodiimde (EDC), followed by
deprotection, to provide amde (B), which has a free am no group. The am de
is then coupl ed with pyrrolidine (C) to formthe desired conpound (D).
N-protected 13-amnirishemé H (A) and pyrrolidine (C) can be prepared by known

nmet hods. See, e.g., J Med. Chem 102006, 49, 373; Jo . Chem 1988, 31,
92; J. Med. Chem 2002, 45, 386p. A&B_éﬁaﬂk@_m% @, 2004, 12, 6053.
Schene 2 * BooriN Of (mTRA I TEA
A
W = amine

N
KeCOg, THF, 1t | Br Y[

Scheme 1 illustrates a synthetic route to compounds of formula (I).

Starting material (A) is a N-protected B-amino acid. It reacts with amine (W)
5 in the presence of a coupling agent, e.g., N-(3-dimethylaminopropyl)-N-
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 20006, 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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CN
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NH2 R, 01) POC130R R 0 _ R=CH3 WR=Hor CH3 2) TFAY=FlorF Boc...NHNH2 CN 0 15
Schene 2 illustrates a synthetic route to conpounds of fornmula (Il1). In
this schenme, the starting conpound is am no-substituted dicarboxylic acid
(K)y, in which an am no group and one of two carboxy groups are protected.
Compound (K) is coupled with an am ne to give conpound L, which is
5hydrol yzed to afford acid (M. Acid (M is coupled with L-prolinamde to

gi ve conpound (N). our i s dehydrated foll by r al of the
am no- prot ecting gr%%ggg?gqg‘\ éggst‘hséfng‘@ "E"Bf?tf)F%tﬂQPlegs\(A@q rrlé‘éﬁnﬁﬂoéhpounds used
in the above sihntdRahes teanrde c@ﬁ%&ﬁfdﬂﬁa@ﬁﬁo@ﬁs’ﬂﬁﬂ@i dielBoxkneOid (K, t he art.
See, e.g., Bi oorgl1 Med. .Chem 2004, 12, 6053. 10The above schenes are

1¢

provi ded only Pdyhigh an aspipogroyans ans 98 B0 capboxy ErquptieTp BFESSEEdi n t he art woul d
be able to Syn@&ﬁﬁdu%@(ﬁ} iscx)&tﬂedoa/ﬁﬁmrﬂth@% éw%pfwﬁlmﬁ invention via a

route shown in schenes with or without nodifications. Synthetic

chenmistry % ran]@ﬁﬂ?lmt“%ﬁ*@r‘éh‘ad Mté@ﬂl@@ isoypigd with hodelinsgidasto( pr ot ect i on
and depr ot ecti f) cdhgRhd (N)N c%ﬁ@t)ms(m hs”&h?xﬁ@ﬂeéi ?cﬁi%@d ﬂy'SMowl drdhne compounds

are known in the art and i'ncl f'or exanpl e
amino-protecting group to give the desired product (O) Some compounds

used in the above synthesis can be prepared by methods well known in the art.
See, e.g., Bioorg. Med. Chem. 2004, 12, 6053.

10 The above schemes are provided only for illustrative purposes. A
skilled person in the art would be able to synthesize all the pyrrolidine
compounds of this invention via a route shown in the schemes with or without
modifications. Synthetic chemistry transformations and protecting group
methodologies (protection and deprotection) useful in synthesizing applicable

15 pyrrolidine compounds are known in the art and include, for example, those
described in R. Larock, Comprehensive Organic Transformations, VCH
Publishers (1989); T.W. Greene and P.G.M. Wuts, Protective Groups in
Organic Synthesis, 3™ Ed., John Wiley and Sons (1999); L. Fieser and M.
Fieser, Fieser and Fieser’s Reagents for Organic Synthesis, John Wiley and

20 Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents for Organic
Synthesis, John Wiley and Sons (1995) and subsequent editions thereof.

Pyrrolidine compounds thus obtained can be further purified by
column chromatography, high performance liquid chromatography, or

crystallization.

25 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

30 “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 II diabetes, with the purpose to cure, heal,

alleviate, relieve, alter, remedy, ameliorate, improve, or affect the disease, the

8



described in R Larock, Conprehensive Organic Transfornmations, VCH
Publ i shers (1989); T.W Geene and PP.G M Wits, Protective Goups in
Organic Synthesis, 3rd Ed., John Wley and Sons (1999); L. Fieser and M

Fi eser, Fieser and Fieser's Reagents for Organic Synthesis, John Wley and
20Sons (1994); and L. Paquette, ed., Encycl opedia of Reagents for Organic
Synt hesis, John Wley and Sons (1995) and subsequent editions thereof.
Pyrrolidi ne conmpounds thus obtained can be further purified by colum

chr omat ogr aphysynipitah, qpérefpoedispositon. i ‘dui effectivieamatiaj redph{o thopmewtst al | i zat i on.
25Thi's inventi Of'lhé:ér\%rliﬁ'n%cnﬁ Orlll%g vs}ch%ﬁx it @aﬁif)e'dtt{glgc%fm é({ie\{i p&’efﬁeg%rﬁcu ng it
with an ef fect Tve Bouht™ §7 e  or or € 1ot t he pyrro P ne conpounds
descri bed abovibe suHjics Effiaceind amounssl vary, eoncesgnizad hp thoedskilted it theatti ng Type ||

di abetes by adm ni stering t subj.ect in.need thereaf an.effective anount
of one or nor eéQBTm‘ﬁI?’?eonp@gtF8??%?‘3@%5’%%%@?}%%laln(g)glﬁ bg 6%\}%.3' he term
30"treating" rebleage with ahgl theaicutintratmanyduoh s¢ usabf otheraictivdweepyr r ol i di ne
conmpound to a subj gqgt, who_ has bet es tom of Type I

Type |1 di .a S
di abetes, or a pre %&‘F?ﬁh?)ﬂeatt@ﬁ&r‘?ﬂﬂ%’ét elpr‘?fie‘gﬂ’é‘fegéc,g}’)\%ith t he purpose to
c]th][e, heﬁl ,da|doﬂipb§lii@1hhd’vﬁlgicﬁ¥6r madelof the ﬁiyﬁmaﬂge coaﬁp%hh@rcaﬁcei,behmw][e?ve, or
af fect the disease, the synptom_ or e predispositiqn. "An ective
armount " ref ersca{lsf" FW“&W&??H“re&feﬂilbfeo PWﬁﬂFW@?IXﬁ%B‘aHdOW@i‘Yi s required
to confer the HR¥MEGRhRT! asRed hegeid Hlire fl subdtdneeds MBacuimdbEss vary, as
recogni zed by those skilled in the art, dependi hg on route of

admi ni st r'dt i orfMrRRIYSH igRemyse Wt IntradHCHlHelngeAtteriph F’itrﬁ)’nﬁ‘f"a]?)c 0-usage with
ot her ther apeyhdfichia®atRRES, SHsRsicR1, U hitdfraRhNffectdfmt APclPBAAYS. To
practice the treatnent nethod of the present invention, a conposition

havi ng one or shitabde igfustonéecyig¥®l i di ne conmpounds descri be above can be

admi ni stered par en&aid ¥iecb |cbﬁﬂposﬂﬁ§1§:'aﬁ Ye a §EAR! dr ¥uspbRRInGRL! ¥, O
buccal ly. The term "parenteral” as used herein refers to subcutaneous,

i nt r acut aneouson-1@iiqwarensaribiescentae dilvaricw selvent spelk %ﬁ@rﬂoi‘ﬁiaflén 13-
intraartegi al zbuiaHéJié’lfs)&%\ﬁgﬁle’aﬁe‘ﬁ%ﬁaﬁ%ﬁfcﬁé‘%d éboF\Ieré‘rt €&l be d lﬁ)%hes' onal, or
. ag we y suita chn

intracranial injection as an _ e I nfusion t I que. A
sterile injectmhaniogndsvatdr.oln additiohdixad ot are conventionsils praployasiasi n a

non-toxi c parent.eral | c t abl il i solution in
1,3 - 15but angtﬁ%’lg Iﬁo gr/%ﬁegn ?‘%é]? eg&éug%get'ga’%& gﬁ‘{?‘g lflér?de\éiegiggcg%q% %)é%t%tstﬁt hat can be
enpl oyed ar e nedy)istahlas afeit avit @ its gty cerittti derivatived, iapeadefol inghar e conventional |y

ol 01ed, 25 Rl o TR RSy DAL 1 00"
derivati ves, eaich assk¥aidil drivasdtbreoilp esppéialat inaleiggolyoxyethylabd esrsioas ar e nat ur al
pharmaceut| Call‘Lgseaoﬁ%gl 1'Ei(z)sln2|0(ra s1?sipc|3nssions can also contain a long chain alcohol
diluent or dispersant, carboxymethy! 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
25 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
30 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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20such as olive oil or castor oil, especially in their polyoxyethyl ated
versions. These oil solutions or suspensions can also contain a |long chain
al cohol diluent or dispersant, carboxynethyl cellulose, or simlar

di spersing agents. O her conmmonly used surfactants such as Tweens or Spans
or other simlar emulsifying agents or bioavailability enhancers which are
commonl y used in 25the manufacture of pharmaceutically acceptable solid,

| iquid, or other dgsage . .forns can al so be used for the .purpose of

fornul ati on. suspendsz?rdhspselg? 1_ndlﬁwlxpﬁwa@m%za?ﬁdwt%?wﬁﬁeﬁge n be any orally
accept abl e dosaggentingAhdnde | 168dsied, Cafanbestentdbiflosing OBbISHANS and aqueous
suspensi ons, dispersions, and solutions. In the case of tablets, commonl y
used carriers ZEMSEMRERddeEt ose and corn starch. Lubricating agents, such

as magnesi um st ear g{ @asalaaref'os@llo?%}{a}éﬂ%)&@dnlq?bsﬁgﬁi@ﬂr beﬁfé‘épg%daagc&@i% Ry stration in

a capsule form useful diluents 1nclude |actose an ried corn starch. Wen

aqueous sUspents¢haimgenyvelbluavg) i e ait of phermanagusicd feanudatian) Yor expaplict i ve

i ngredi ent ca i }: i : ined with
el o1 fyi ng. or e THARAHE B prEbnaRls ki Alafle, imPUPRE pERST |

fl avoring, or daholirmthenguiabls poaervitevesdbisdption pnemetkrs &eendgude or i nhal ation
conposition c A r di Ny gue in the art
of pharmaceut ﬁjg%%%%fl%?lﬁg?%? %8%.%8%0%{@%5}7}% g&&gﬁ'ﬁg*}é‘g (?:Sg\én%gdgl aiéiglggr/lmcan be
prepared as a lsoivutini theaithAsampositiondrping i active @pzylidied eolpolindsrcant her

sui tabl e Rr €SE s\c/)%t | Y ihi ta}'gf l%rtl?t% 2 oPru%ngsFit%lr‘igs dfo?re%&p%%gis&t%avai lability,

fl uor ocar bons, "and/or other "sof Ul |I|%|Rg or-di'spersing agenPS known in the
art. A conpositi onThavirfig iarthegphbimeeeypigalroompdsitien mastpe tardeptaidei’ ial so be

adm ni stered in the rmof s osi.tories for rect adm ni stration.

The carrier i igssBeghsinm centi PR biEve raredCe e SRAB ani o+ n ¢ he
sense that it (usleevipbly] dbsbldbl dabilingaht bot@e inpgrdéat)ant nof the conposition
(and preferably, capable of. stapili zi t he actiye.ingredient) and not

ol et br  ous. ¢ GUEIEOBIBECRbiE Do st dire BB I I ATLGEHS A b g agent s
can be 15gtil hzRgdas phmbeRGEMN bxGHbnte e dBIVRP} & ahattiegyimoRie Of an active
pyrrolidine conmpound. Exanples of other carriers include colloidal silicon

oxi de, magnesCARPENdaFstmRle|other sargers &shidg seiloidal plice p¥idk e, and D&C Yel | ow

# 10. . PY inbhdsfinN Qe REROIMNER, Qdidniafiryl SRR, bRID&AYMBwYSRH al one or
together with another diabetes drug in treating Type Il diabetes. Exanples

of di abet es 20dr ugBvrrakidinggempeynds gf disriptentipheandyg uped alens ar eggthien
secret agogue (5L RRROVidbERESrug in treating Type II diabetes. Examples of diabetes

20 drugs include, but are not limited to, an insulin secretagogue (sulphonylureas

or meglitinides), an insulin sensitizer (thiazolidinediones), a biguanide, or an

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.,
25 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
30 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 believed that one skilled in the art can, based
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or neglitinides), an insulin sensitizer (thiazolidinediones), a biguanide,
or an a-glucosi dase inhibitor. The pyrrolidine conpounds of this
invention can be prelimnarily screened by an in vitro assay for one or
nore of their desired activities, e.g., 25inhibiting DPP-1V. Conpounds t hat
denonstrate high activities in the prelimnary screening can further be
screened for their efficacy by in vivo assays. For exanple, a test conpound
can adm nistered to an animal (e.g., a nouse nodel) having type Il diabetes
and its ther apauthe desefiftentisredt, atiiRah: grewesiaechtioBasiadulbst thentr Alul ts, an

appropriate dos nge and adm njstration r e can also be determ ned.
The specific e?éﬁ“pﬂ’ 3 %@P%Weﬂ ge{“&r%iéer%r@‘fw&fe‘géy qurace & 1i%lﬂﬂ]st rative, and
not |imtativesmitety.he remai nder of the disclosure in any way whatsoever.

Wthout further elaboration, it is believed that one skilled in the art
can, based on the description herein, utilize the present invention to its

fullest ext entExaﬁi%he of ssqhﬁesmbtmscm)uqm Sidiaethiier: @tdas-pyreolmea{ ely

i ncorporated by reference in t heir entirety SEanP e 1. Synthesis of
(2S,4S)-1-[ 2- (pfogy_lgmﬁ@(mtyﬂgé ﬂgagogyxig%qlqﬂ-g aqrhoqltn}q compound 1

propy! ani no) - a(tigmgdratfonfdfg%ﬁncpyfn{eeﬂw qlpﬁﬁbﬁdﬁ@[}h%ﬂtahfl'-dxﬁ (conmpound 1) (1)
Preparati on of am no- 3-net hyl - 1-pyrrolidin but an- 1- one,

trifl uoroacet iteflperparetinaddd i xt ure of

3-(tert-butoxycarb I 4 mol ),
pyrrolidine (0.28 g%xjﬂ&hl %ﬁﬁa&¥5&%gkgﬁg§§&gﬁ§§%?Fgggggﬁéygfghe ( HOBt

hydrate, 10.54 (8874 4moio)), pyrradidipe 23 g,cﬂ minpDyvind lalvdecky hezpiizalp

-di net hyl am n &ﬂﬁg i { (&i¥;, , 4 nnDI) The
reaction n1xt8$g8§%s Stlp&gﬁ @ngﬁg¥g%§%?ggﬁg? (Lre fﬁgﬂé%lﬁ' diluted with
CH2C12 (40 ni)ethyant-(Svdistedy lamiindpremt earhodiunideetsenhlasidy (BRC15B] g bonat e (20
m), 0.5 N aq t JThe organic |ayer
was separated%ﬁg&?éga1%&%oﬁ§hﬂg%3%ﬁ1su?ﬁ%gm@k‘nﬁ?éégﬁﬂh%rl Qoncentrated
under reduced dinted stithe«H,CLy#@dl),and masted withcetustal dqueciheodiwmde oi | was

pur 1 o000 sl S OPREPDSA D L Bl BTG AN gpglLel e Penanes) Lo
above am ne i ITht bigahid tayeawad deparated, diried bver ngndsjunwaidfate, filtered, and
concentrated under reduced pressure to yield a crude viscous oil. The crude
oil was purified by flash chromatography (silica gel, 40% ethyl
acetate/hexanes) to give N-Boc-protected amine (1.03 g) as a colorless oil.
20 A solution of the above 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 (28,45)-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
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stirred at roomtenperature for 10 mn and concentrated in vacuo to afford
3- am no-3-nethyl-1-pyffolidin-I-yl-butan-1-one trifluoroacetic acid (1.08
g, 95%overall yield) as a colorless oil which was used in the next step
wi t hout further purification. 25(2) Preparation of
(2S,45)-1-12-(1, 1-di net hyl- 3-oxo- 3-pyrrolidin-1-yl-

propyl am no) - acetyl] -4-fl uoro-pyrrolidine-2-carbonitrile (Conpound 1)

To a stirred sol ution of 3-anino-3-net£ yl-1-pyrrolidin-1-yl-butan-1- one
trifluoroaceti @H@?&P@ ndgr educgd presHHE0d t %zﬂw*rywd@gnwwﬁfc%wﬁgl) was added

pot assi um car boaatig (4% d.H,6 (59))) ThédbduBSusIyet Wadfudther RQMtELMPeEr ature for
1 30h, the m xtll}?éeg\(/vas @Sdnterzeé thr)ou M C}gl |}{tee pad, ?and rinsed with ethyl

acetate (5 nl)WithtgHeGle (Khyalhk Tfhelwmhtnég (wganie iy were dried over
(2S,48)-1-(2- bﬁxQéH%?iﬁﬁtsﬁljfz}te ‘htefédu'ﬁfd%ifc,reﬁf?éité&iﬁrfaﬁr RIGRH B%éutré Jco elﬁ 0.12 g, 05

mmol ) and the reaction mxture Wwas stirred room tenper at ure under
ni trogen for 12chde Yepsws of- Ehﬁlﬂywoﬂvm puﬂﬁmﬁb’e@ﬂmwraphe’dﬂb%gth essure and

t he residue ). The
agueous Iaye\r/vaf\ggl% u?%l her extr g}lﬁﬁgﬂ %%éﬂé%%ﬁg}%%%n%ﬁ%\g%gtﬁbl ned
organi c | ayer syiold) @ adrliiedolodcer nmagnesi um sul fate, filtered, and
concentrated under e scous oil. The
crude oil was puri flﬁgﬁqggeclgﬁbﬁﬁggr agéhé/ g‘lnfrggﬁnﬁ]rs}ég% J(i) 10% CH3OH CH2C12
gradient) to goteecdhpddd=19.0 Biz1L31), 57!-9% dverhHE, 1y3_’1%é)L gy0#&s/a3hite solid.
R Y R T R T
1/ 6H), 5.32 (19.0Hz 2B, #94 - 153, 21D, 228 (-13,391m, BHB 210,(t, Y-6I)9 H4. 95 (d, J9.0
Hz, 2/3 48 -3, m 2.70. J= 15.9 Hz,

1/ 3H), |;)62 (tq%%)j?ga Hp%;%;_@mg%[;%é%3{%&@}4@%&&%6&)% singl et at
2.39), 1.98 - 213979.98m 1.84m, 42224 & M5 (ES) mz calcd. for

S, B2 SR e T LS S

propyl anipo) - aaebyNd-a4y. f | uoro- pyrrolidi ne-2-carbonitrile (conmpound 2)
Compound 2 was prepared in a simlar manner to that described in
Example 2: Synthesis of (25,45)-1-[2-(1,1-dimethyl-3-morpholin-4-yl-3-0xo0-
propylamino)-acetyl]-4-fluoro-pyrrolidine-2-carbonitrile (compound 2)
Compound 2 was prepared in a similar manner to that described in
20 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, /= 3.3 Hz, 1/6H), 5.38 (d, /= 9.0
Hz, 1/3H), 5.32 (t, J=3.3 Hz, 1/3H), 5.23 (t, /= 3.3 Hz, 1/6H), 4.94 (d, J=
9.0 Hz, 2/3H), 4.12 - 3.35 (m, 12H, overlapped singlet at 3.41), 2.70 (t, J =
25 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 calcd. for Ci6HasFN4Os : 340.39; found: 341.2 (M+H),
363.2 (M+Na),

Example 3: Synthesis of 3-[2-((2S,45)-2-cyano-4-fluoro-pyrrolidin-1-yl)-2-
30 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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20Exanpl e 1. 1H NMR (CDC13, 300 MHz, 6): (2/1 m xture of
trans/cis amde rotoners) 5.50 (t, J= 3.3 Hz, 1/3H), 5.42 (t, J= 3.3 Hz,
1/6H), 5.38 (d, J= 9.0 Hz, 1/3H), 5.32 (t, J= 3.3 Hz, 1/3H), 5.23 (t, J=
3.3 Hz, 1/6H), 4.94 (d, J= 9.0 Hz, 2/3H), 4.12 - 3.35 (m 12H, overl apped
singlet at 3.41), 2.70 (t, J= 2515.6 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 CL6H25FN403
340. 39; found: 341.2 (MtH), 363.2 (MtNa). Exanpl e 3: Synt hesi s of
3-[24(2S, 45) - 2- cyariH—NMRl(am POC Mblzj &t ¢34 mixhjre Bf trans/cis amide

3 vas. pr epar o ORP dnE s JARnLFOT R i R T b G DR AR 4L, o
(1ErSNI\/R3§g:|[_)DC131 3(5(11121(\&11) 88p:— & BY (I, niIX, ! tmae-gmmams/mas(tamagmpt gnzrg) Hil. 12
1H), 8.22 - 8 3]1@9 F}x“giw =Y Ilzf%”g%? g%%nf ié{)rﬂz %ﬁ%‘% 58%92(?J]('§3%XZH2 '3/ 8H),
5.46 (t, = 3 ﬁsﬂrtzw@/(@lj%wH%@/m) 4~86(<$J3=¢'|3Hz3ﬂl$ﬂ=f9395—2961((tm J= 3.3 Hz,

5 1/8H), 4.98 /4H), 3.97 - 3.61
(m 2@1) 3. 46 % M@éflhkfnfiéﬁ%kgﬂbﬁ)w ("2J7915(3tHZ 32‘@52 éllﬁifsz) 1/4H), 2.71

t, J15.3 Hz , p ki 2552 .04 ebgat 2. 45,
(2 11 26 (8135/34@ 3/42{)5@5? %33%1113%1 oveblapp¥es bi %Eﬁﬂz smggcal?:d. 2. 4

Cl7H22FN502 3&73@91 24 GuHd: 348 2 (M+H), 10370. 2 (l\/HrNa) Exanpl e 4:

Synthesis of (2S, 4%})g M @rcd-h2c [R5, FN():347.39; found: 348.2 (M+H
3- hydr oxypyri -olidin- éﬁf% 1, f dlnebh§@N§ 0xo0- propyl anlnéi aégtyll

-pyrrolidPne- ZUOééwbéhbtrlle (conpound 4) 15Conpound 4 was prepared in a
simlar manner to that described in Exanple 1. 1H NWR
(CDC13, 300 MHz, 8): (2/1 mxture of trans/cis am de rotonmers) 5.50 (t, J=
3.3 Hz, 1/3H) ExGmale 4 (Synthesigofd254S)-4flaedp-1- -138 (Rt 3-pdrayp Hz, 1/3H), 5. 32

oy 5 3o mypiiha B el Sgfyet ot Bnflnc 20 90,7

J= 15.3 Hz, 1llc8Hppitrile Gompoynd® 15. 3 Hz, 2/3H) 2.50 - 2.15 (m 3H), 2.04-
1.89 (m

a 6H25FN453 3 360Rpaid Waﬁzi’{epﬁ‘(e?n}ﬁ%—n@“ 3pganpey %?Rét%@c’“%& incal ed- for

Example 1.

'H NMR (CDCls, 300 MHz, 8): (2/1 mixture of trans/cis amide
rotomers) 5.50 (t, /= 3.3 Hz, 1/3H), 5.40 (t, /= 3.3 Hz, 1/6H), 5.38 (d, J=9.0
Hz, 1/3H), 5.32 (t,J= 3.3 Hz, 1/3H), 5.23 (t, /= 3.3 Hz, 1/6H), 4.94 (d, J =

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, J=15.3 Hz, 1/3H), 2.61 (t, J= 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 Ci6H,sFN4O3: 340.39; found: 341.2 (M+H),
363.2 (M+Na).

25 Example 5: Synthesis of (285,45)-4-fluoro-1-(2-(2-methyl-4-(4-
(methylsulfonyl)piperazin-1-yl)-4-oxobutan-2-ylamino)acetyD)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, 4S)-4-fluoro-1-(2-(4-((R)-3-fluoropyrrolidin-1-
yI)-2-methyl-4-oxobutan-2-ylamino)acetyl)pyrrolidine-2-carbonitrile

(compound 6)
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25Exampl e 5: Synthesis of (28 45) - 4-fl uoro- 1- (2- (2- net hyl - 4- (4-

(met hyl sul fonyl) pi perazi n-1-y1) - 4- oxobut an- 2-yl am no) acetyl ) pyrrol i di ne- 2-
carbonitrile (conpound 5) Compound 5 was prepared in a simlar manner
to that described in Exanple 1. 30 Exanple 6: Synthesis of (2S,

45) -4-fluoro-1-(2-(4-((R-3-fluoropyrrolidin-1-

y1l) - 2- met hyl- 4- oxobut an- 2- yl am no) acet yppyrrolidine-2-carbonitrile

(conpound 6) c&@;&ﬂ%ﬁ&l@%@ Rt eaps%ﬁgmdﬁ & 15kt h@kriwdanmer to that
described in Exanpl e B A S e ) (3/ 1

m xture of traﬁml%lam de rotoners) 55 50 (t J= 3.0 Hz, 3/8H) 5.41 (t,

J=3.0 Hz, 1/8H), & Hz, 1/8H), 5.23

(d, J= 9.3 Hz, 1/4H§{,3NI%TR9(§£(C§’,’3§}):N%¥ 3%/@ ?)’%‘l‘-{’%?f{iéné’/o&s_aélﬁ ‘zifg (m 8H,

over | apped si n@kcemeréat 3.46), 3.31 -3.20 (m 4H), 2.80 (s, 9/4H), 2.78 (s

3/ 4H), (ts 5 2.54 - 2.23

(m 3H, o%grl appe ‘él %gl%g/gﬁs%la %%%E(I&H%I%D% (@fml\;so?{égjkn‘)z cal cd for

C17H28FN504S sm(z 50 3.0fEby MBH), 518, @, [ HBB)Hz, MBL)MQMN&%% Hz,Exanpl e 7:

?ﬁgt gtefllylsa(r)nf no /%%)( ﬁép 3?40@%;:03’1@%5& ﬁmgl?p%(%fgilf r@rf{‘%%’ (conpound

ES(?) o1 Cormmmmm{y,vagfm eplaf)ﬁzl69qzﬁ=$5 ﬁHz;iIMH)a,QrﬁGE(t t](f ltsrfa?zdesc][i bed in
anple 1, m xture o

trans/cis am de*besterss’ @ SlgR ?‘%QD&%@”“%‘O g@%’ @4 &) @sz 3/8H), 5.45 (t,

J= 3.3 Hzio 1/8H) ME(E%) (ntzcalca—foacaHbérNsewu)w 56; f3aénd; #18. ZFMS‘}I-@ Hz, 1/8H),
4.89 (d, J= 0. 34K, 4.87 (d, J= 9.0 Hz, 1/4H), 4.12 - 3.63 (m 2H),
3.52 - 3.39 (rﬁ“oér@\’f N)-75 (t, J= 15.6 Hz, 1/4H), 2.70 (t, J= 15.6 Hz,
3/4H), 2.60 - 2.26 (m 6H, overlapped doubl et at 2.51, J= 2.4 Hz and a

singlet at 2.31 1.25 (s,
g Ex)ample 7: Synthes1s cl;P 3-[2- ((ZS 45() 2- cyano 4 fluoro-pyrrolidin-1-yl)-2-

oxo-ethylamino]-3-methyl-N-(5-methyl-thiazol-2-yl)-butyramide (compound
15 7
Compound 7 was prepared in a similar manner to that described in
Example 1.
'H NMR (CDCls, 300 MHz, 8): (3/1 mixture of trans/cis amide
rotomers) 6.48 (s, 1H), 5.53 (t, /= 3.3 Hz, 3/8H), 5.45 (t, /= 3.3 Hz, 1/8H),
20 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, /= 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, J= 15.6 Hz, 3/4H), 2.60 - 2.26 (m, 6H,
overlapped doublet at 2.51, /= 2.4 Hz and a singlet at 2.31), 1.25 (s, 3H), 1.22
(s, 3H);
25 MS (ES") m/z calcd. for Ci16H2FNsO, S: 367.44; found: 368.1 (M+H),
390.1 (M+Na).

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

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

Example 1.
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25M5 (ES) mlz calcd. for G 6H22FN502S: 367.44; found: 368.1 (M+H), 390.1

(M:NO. Exanple 8: Synthesis of 3

42((2S, 45) - 2-cyano-4-fluoro-pyrrolidin-l-yl)-2-

oxo0- et hyl am nol - N- ( 6- net hoxy- pyri di n- 3-y1) - 3- net hyl - but yram de 30(conpound
8) Compound 8 was prepared in a simlar manner to that described in
Exanpl e 1. H NVR (CDC13, 300 WMHz, 8): (3/1 mxture of trans/cis

am de rotoners) 10.7 S [4H), 10.59 (brs, 1/4H), 8.29 - 8.26 (m 1H),
7.96 (dd, J = )9.0, 3&6&\2&,@9%}3; %.WZ(®3(3glﬂnw@wfthn&/w,amsie54 (t, S= 3.?

Hz, 3/8H), 5-4@0(0hwrs§¥0-36@>rt'8/4Hg! B39 (oR; BEH{ 829013 3 6, i), %@d&é,ﬂ- 29 (t,
J= 3.6 Hz, 1/8H), 4. 98 5<1'§’ J= 9.0 Hz, 3/4H), 4.80 é‘d, J= 9.0 , 1/ 4H),
4.13 - 3.55 (m~ 543 OUarFRppdddsy ngiliz dH).3. 9. / =33.65lz( HEH), bel6 (1= 16.2 Hz,
2H), 2.79 (t, J=4518 / 2 Tk ( s5d 5. B_hiz 1 3h A, 4 & 49 - 2.23
(m 3H, overlapped 2 Sy%g?étsﬁg%zfz—%leﬁzzst/ggjsz%é?% ?‘?H%Ilé@)’f%ﬁ (s, 3H);
M (ES) m ¢ calléd.=9-8HzCYaHR 4805037 = 39 HzA V/4H), duRd 3.5578, SH( M+H) ,  10400. 1
(MtNa) . Exanpl i : [ YA 8 -

ot P hy??’%iaf d”s‘u?é? iaﬁg.?@yél.)ﬁfﬁqﬁ@e,} 16.2 Hz, 2H), 2.79 (t, J = 15.3 Hz,

di met hy1- 3- oxolﬁ‘ﬂﬁpwle%ﬁmﬂiéaet%A@D,d#BI—LﬁD?ﬁHWHr olerldpped 22ingdathoni tri le
(compound 9) 1 n r in a simlar manner to that

descri bed in Egggm@%gzg(&%, REARESES |1 R (CDCL3, 300 Mz, 8): (2/1

m xture of trans/ci MKESIemizarbebos]sH.88:6; 3774 foddd) 3762 62+6),60 (m 1H),

5.49 (t, J= 3. H, 5.46 (d, J= 9.3 Hz, 1/3H), 5.40 (t, J= 3.3 Hz,
1/ 6H) 5.%{ (t?""ﬁi%fl%%, 20 1/3H), 5.22 (t, J= 3.3 Hz, 1/6H), 4.92 (d,

J=9.3 Hz, 2/3H), 4.02-3.39 (m 8H), 2.67 (t, J= 15.3 Hz, 1/3H), 2.61 (t,
Vs (9 iy caopmdySeindp st T int i by ok "5b o
(MtNa) . dimethyl-3-oxo-propylamino]-acetyl}-4-fluoro-pyrrolidine-2-carbonitrile
(compound 9)
15 Compound 9 was prepared in a similar manner to that described in
Example 1.
'"H NMR (CDCls, 300 MHz, 5): (2/1 mixture of trans/cis amide
rotomers) 5.89-5.77 (m, 1H), 5.69-5.60 (m, 1H), 5.49 (t, J= 3.3 Hz, 1/3H),
546 (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, J= 3.3 Hz, 1/6H), 4.92 (d, J= 9.3 Hz, 2/3H), 4.02-3.39 (m,
8H), 2.67 (t, /= 15.3 Hz, 1/3H), 2.61 (t,J = 15.3 Hz, 2/3H), 2.48 - 2.12 (m,
SH), 1.19 (s, 3H), 1.18 (s, 3H);
MS (ES") m/z caled. for Ci7HpsFNLO, 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, /= 3.3 Hz, 1/6H), 5.36 (t, J = 3.3
Hz, 1/3H), 5.33 (d, J=9.0 Hz, 1/3H), 5.25 (t, J= 3.3 Hz, 1/6H), 4.96 (d, /=
9.0 Hz, 2/3H), 4.57 (s, 1H), 4.51 (s, 1H), 4.02 - 3.04 (m, 6H, overlapped
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25 Exanple 10: Synthesis of

(2S,48)-142- (1, 1-di net hyl- 3- oxo- 3-t hi azol i di n- 3-

yl - propyl am no) - acetyl]-4-fl uoro-pyrrolidine-2-carbonitrile (conpound 10)

Compound 10 was prepared in a simlar manner to that described in Exanple
1. 301H NWR (CDC13, 300 MHz, 8): (2/1 mxture of trans/cis am de rotoners)
5.52 (t, J= 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 H)., 3 g4.96 (d, J9.0
Hz, 2/3H), 4. S?D%l‘eta%]—i);ﬁ%ioglga 63%%%);%0(47 6g£ﬂézm)1%%b(éverlapped

singl et at 3.48.6 H3, WBH), 2,641t/ 6.13.6Hz, 2/8H), 2.8 0024 (m, 3k o8erppd 2 1H) , 2. 75
(t, J=15.6 Hz : ( 156Hz 2/3H), 2.51 -2.24 (m 3H,
over |l apped 2 st H% afl_%qzzz&j’?ligz(s 1.23 (s, 6H) ; M5 (ES) ink
cal cd. for C15H23FNMOZSE") Bri2cadd, foerﬂéFI\B@BS:le(ZMHrj—ﬂoundBB%l IMEENa) . Exanpl e
11: Synthe5|s ( >, 318) 142- (1, 1-di net hy1- 3- oxo- 3- pi peridin-1-yl -

propyl am r150 t&/@lﬁ fluoro-pyrrolidine-2-carbonitrile (conmpound 11)
Compound 11 vvas prepared in a simlar nmanner to that descri bed in 10Exanpl e

1. | FT. NMR ( CDC, xture of trans/cis
am de rot orreryg—-@@%—](tsynﬁgm%oé%ﬁfg) {fi%)&l d‘@'?eﬁ’é’ % ? PiRFridinel-yl-1/ 31y 5. 39
(t, J= 3.3 Hz,pr giﬁ_‘)?:lﬂlmoﬁacg@l](éf-ﬂuo}c—p?rr@hd‘ﬂe 2-&dr3<b1|)1mle5(08121p4§11nd Wy 3.3 Hz, 1/6H),
4.93 (d, J= 9. 4.00 - 3.35 (m. 8H) OO%A%JEGHZ 1/ 3H),
2.60 (t, J- 1515 6@!&11?021}@1)%52”%1‘6 laaé’einmnaéfﬁ” #hdeseslbedini ngl et at

2.41), 1.4 - Hxa le(lm 6H), 1.18 (s, 6H) MS(ES) in/z calcd. for
G 7TH27FN402: 338. found: 339. Mﬁgz 361. 20Exanpl e 12:
Synthesis of 4- {34H2PERAEPCH. 34, &)fdzﬂo‘iﬂtﬁ“ﬁ??ftfﬁﬁ Cijapuide. y 1) -

rotomers) 5.48 (t, /= 3.3 Hz, 1/3H), 5.45 (d, /=9.3 Hz, 1/3H), 5.39 (t, J=3.3
Hz, 1/6H), 5.30 (t, /= 3.3 Hz, 1/3H), 5.22 (t, /=3.3 Hz, 1/6H), 493 (d, /=
9.3 Hz, 2/3H), 4.00 - 3.35 (m, 8H), 2.67 (t, J=15.6 Hz, 1/3H), 2.60 (t, /=
15 15.6 Hz, 2/3H), 2.50 — 2.20 (m, 3H, overlapped singlet at 2.41), 1.64 — 1.44
(m, 6H), 1.18 (s, 6H);
MS (ES") m/z caled. for C17H»FN40; : 338.42; found: 339.2 (M+H),
361.2 (M+Na).

20 Example 12: Synthesis of 4-{3-[2-((2§,4S)-2-cyano-4-fluoro-pyrrolidin-1-y1)-
2-oxo0-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 (CDCls, 300 MHz, §): (2/1 mixture of trans/cis amide
rotomers) 5.51 (t, J=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, J=
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, /= 6.9 Hz, 3H), 1.22 (s, 6H).

MS (ES") vz caled. for C1oH30FNsOy : 411.47; found: 412.2 (M+H),
434.2 (M+Na).
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2- 0x0- et hyl am no] - 3- net hyl - but yryl | - pi perazi ne-1-carboxylic acid ethyl

ester (conmpound 12) Conmpound 12 was prepared in a simlar manner to
that described in Exanple 1. 25NWVR (CDC13, 300 MHz, 8): (2/1 m xture of
trans/cis amde rotoners) 5.51 (t, J= 3.3 Hz, 1/3H), 5.42 (t, J= 3.3 Hz,
1/6H), 5.36 (d, J= 9.0 Hz, 1/3H), 5.34 (t, J= 3.3 Hz, 1/3H), 5.25 (t, J=
3.3 Hz, 1/6H), 4.96 (d, J-90Hz 2/3H) 416(q J=6.9 Hz, 2H), 4.19 -
3.38 (m 12H), 2.72 (t, J= 15.3 Hz, HJ)2 (t, J= 15.3 Hz, 2/3H) 2.53
-2.22 (m 3H, é&éﬂ&!&é&eé@h%fﬁg{ﬁé{?s “cygo- 42ﬂ14<8§> -pyrrolpdin-AtyD-2= 6.9 Hz,

3H), 1.22 (s, @b-ethvi Ms &h&% 411. 47 f ound:
412.2 (MtH), 434. ‘St éammo] C@mﬁ”“@@% %g{sl(liegc of %59)4
342-((2S, 48)-2-cyan Dmpwr@dﬁovqqup@nedm mmmxlwrymmer to that described in

oxo- et hyl am no]E-X%nﬁmql opentyl- 3-net hyl - butyrani de (conpound 13)
Conmpound 13 was prepared in a simlar manner to that described in Exanple
1. 51H NVRS( CDCL3, OMBHCDCI5,)300 Mz, S)ri(dl umistursfof treuvics mnge ami de rotorrers)

7.94 (d, J =7 J / 11 J= 3.3 Hz,
Jishy 5 1 (r! Gl £ r hl (e 1 G SRR B 13 0 5
3. 2 gl% (1/ lgll:?) Hz52/68), 6, (t.J= B3 eIzle_{;OH)/ 5B (t, JL—QZ HZJIZ/SH; 5325)(t/|a?34/gl-%5 ? 20
- m , . , . t,
3=15 6 fe, T0R7elfOhs IR /ST Ay 492 Wy Vo B2 Bt ot €52 1y
g]m7Hg;I)FN41 43 (m,11H3]4. Q'm32111)1 4}1) 2.(573((15J ablp.Hz, 1/5H), KBSS((ES)—IHaHleaI cig for
e

Synt hesi SQ%f (%%444%% gﬁi 149{1 N‘E? 2?621 %é/gr%gﬁfﬁe‘f‘iﬁ%p
pyrrolidin-1-yLpt (m12H) s ydHB- oxo- propyl am nol -acetyl}-pyrrolidine-2-
carbonitrile (compqyaded4), caicd. for CirbFNLOs : 338.42; found: 339.4 (M,

361.4 (M+Na).

15 Example 14: Synthesis of (25,45)-4-fluoro-1-{2-[3-((S)-2-hydroxymethyl-
pyrrolidin-1-yI)-1, 1-dimethyl-3-oxo-propylamino]-acetyl} -pyrrolidine-2-
carbonitrile (compound 14)

Compound 14 was prepared in a similar manner to that described in
Example 1.

20 '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, J=3.3 Hz, 1/3H), 5.22 (t, J= 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),

25 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 caled. for Ci7HoFN4Os : 354.42; found: 355.2 (M+H),
377.2 (M+Na).
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Compound 14 was prepared in a simlar manner to that described in Exanple
1. 201H NWR (CDC13, 300 WMHz, (5): (2/1 mxture of trans/cis am de rotoners)
5.50 (t, J= 3.3 Hz, 1/3H), 5.41 (t, J= 3.3 Hz, 1/6H), 5.37 (d, J= 9.3 Hz,
1/3H), 5.32 (t, J= 3.3 Hz, 1/3H), 5.22 (t, J= 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, overl apped singl et
at 3.43), 2.70 (t, J=15.6 Hz, 1/3H), 2.63 (t, J= 15.6 Hz, 2/3H), 2.55

brs, , 252.52 - 2.21 I t 2.42), 2.07- 1.79
2 5 s iy ST el 5
: - < JExanpl e

Synt hesi s of (Z2S, 48311191?9 0%%& rreItnglet}éli( Rf)] > - net hyI1ne ™

pyrrolidin-| -y%}hogltﬂkéc%li@ﬁ M no] - acetyl | -4-fluoro-pyrrolidine-2-
carbonitrile (conp ot 15 was prepared in CORRRLRENEP VRS d@:fc@lB@d gd in a simlar
manner to that described 1 n 5Exanple MR (CDC13, 300

MHz, 6): (52/1 FWamplgle of trans/cis am de rotomers) 5. 52 5 47 (m 2/ 3H),

5.39 (t. J= 3.3 Mz, 3 1 t, J= 3.3 He,
1/6H),( 4.92 (d, J= g%ﬁﬁ)}wg ?330(&[5[ 1 é/l%nﬁﬁne%t%csgr\%%l gpped singl et at

3.39), 2.78-2.r10®merm) 55B)5,47Am)2/3H),15.33t, (frﬁ3 3Hy, I/QHBQ 31 (Mgt 4dHem 1H), 1.19-
1.12 (m 9H); ES) L } 2; found:
339. 4 (MHH), 316@45(2%51\12)%3&@&%{62 93 ﬁkﬁ@@f@(%ﬁ%l { 243
-(1, 3 -di hydr &H, $mrh¢péﬂsmgyet)at3l.39j) 27&5d9|(rm15f§')1232 oXd3gmopkl).d8no] - acet yl |
-4-11 uor o pyrr ar it e (compound 16) Compound 16 was
pr epar ed Pn a S‘idn(lgr} gﬁ) l‘r?n_e{r)'@{) #E:)l descri bed in Exanple 1.
MS (ES") m/z calcd. for Ci7Hp7FN4O; : 338.42; found: 339.4 (M+H),
361.4 (M+Na).

Example 16: Synthesis of (25,45)-1-{2-[3~(1,3-dihydro-isoindol-2-yl)-1,1-
15 dimethyl-3-oxo-propylamino]-acetyl} -4-fluoro-pyrrolidine-2-carbonitrile
(compound 16)
Compound 16 was prepared in a similar manner to that described in
Example 1.
'H NMR (CDCls, 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, /= 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) nv/z calcd. for CooH,sFN4O; : 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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1H NWR (CDC13, 300 MHz, 6): (3/1 m xture of trans/cis am de 20r ot oners)
7.30 - 7.16 (m 4H), 5.52 (d, J= 9.3 Hz, 1/4H), 5.50 (t, J= 3.3 Hz, 3/8H),
5.40 (t, J= 3.3 Hz, 1/8H), 5.31 (t, .1= 3.3 Hz, 3/8H), 5.23 (t, J= 3.3 Hz,
1/8H), 4.94 (d, .1= 9. Hz, 3/4H), 4.83 (s, 2H), 4.78 (s, 2H), 4.15 - 3.35
(m 4H, overl apped singlet at 3.45), 2.70 (t, J= 15.3 Hz, 1/4H), 2.64 (t,
J=15.3 Hz, 3/4H), 2.59 - 2.18 (m 3H), 1.22 (s, 6H); 25M5 (ES') niz calcd.
for C20H25FN402: 372.44; found: 373.2 (MtH), 395.2 (M+:Na). Exanples 17-20:
Synt hesi s of cHxgmningk S}ﬁ@&ﬁs of (28)-1-[2- amill@fﬁwﬁﬁ)u%d@thmﬁy@@hﬂere prepared in

simlar manner ha | Synt hesi s of

(25)-142-am no&glL ?gﬁn ggllr)rg eg&?wg]o%mrrro Cgrb%mtrilgé—gméko %gacnt anoyl] pyrro

| i di ne- 2- car boaid fcompoundif) uoroacetl c acid (conmpound 21)

Spyr ol i di -1 -§ 1} BB er P A e AR 7 oty QVL mixture of

4- (tert - but oxygardidinyl-gljds o -pontamdidacid mbthy ss@pent anoi ¢ aC| d (1.05 g, 4

mol ), (5)-2-(nmeth nmet hyl ) -pyrrolidin 0. 46 and

1- hydr oxybenzot ri ag%ﬂyaemvai? é’?‘gklt THOBCX 31‘)& lgmm@?gf‘eéhoxﬁ Smol) in CH2C12 (10

m.) was added &Iagen(tﬁmydacgi (1495 @wlln}nol)'é'{m 2K(Q®ﬂiokﬁﬁetﬁﬁ§rpyﬁ’r¢lfdﬁae\l(&ﬂﬁ sg irred at
nmbi ent t erature ut t 2.(40 washe

2eqlu:2t| aﬂ@ v ftﬁmg %\&iﬂd@éﬁﬁwg%#}’dﬁﬁa%&g@@%%g’ﬂ) 0.5 N

aqueous Ci tri gna6i)eh Cﬁ;bmu)o ANy ARl K120 (071) g, 43Hih61ll DhkSeadi®gnesi um

sulfate, filtered, and concentrated under@r IFgc(ileid pressure to yield a crude

firds

vi scous of®l . TRIEMUES Warestigies atapabient fqmnegdre, Intgdrvafet Berlaffy 15(silica
gel, 50% et hylm@Bg fhde@sRRUARES WithQatdia¥d ahliub iddien bRABOMAA201. 36 g, 95% as

a colorless oil.
mL), 0.5 N aqueous citric acid (20 mL) and brine (20 mL), dried over
magnesium sulfate, filtered, and concentrated under reduced pressure to yield
a crude viscous oil. The crude oil was purified by flash chromatography
15 (silica gel, 50% cthyl acetate/hexanes) to give the title compound (1.36 g,
95%) as a colorless oil.
(2) Preparation of 2-tert-butoxycarbonylamino-5-((S)-2-methoxymethyl-
pyrrolidin-1-yl)-5-oxo-pentanoic acid
To a stirred solution of 2-tert-butoxycarbonylamino-5-((S)-2-
20 methoxymethyl-pyrrolidin-1-yl)-5-oxo-pentanoic acid methyl ester (0.72 g, 2
mmol) in CH30H (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
25 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.
30 (3) Preparation of tert-butyl 1-((S)-2-carbamoylpyrrolidin-1-yl)-5-((S)-2-
(methoxymethyl)pyrrolidin-1-y1)-1,5-dioxopentan-2-ylcarbamate
To a mixture of 2-tert-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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(2) Preparation of

2-tert-but oxycarbonyl am no-545) - 2- net hoxynet hyl pyrrol i di n-1-yl)-5-o0xo-pent a
noic acid To a stirred solution of 2-tert-butoxycarbonyl am no-5-(0)-2-

20met hoxynet hyl - pyi Tol i di n-1-y1)-5-0xo0-pentanoi c acid nethyl ester (0.72 g,
2 mol) in CH3OH (20 nL) was added 2 N aqueous sodi um hydroxide (20 nL).
After stirred at roon1tenperature for 12 h, the mxture was acidified by

t he addition of roc 4 st of

net hanol was r& gt&”%ﬁ?@&@ﬁ?@s H‘r“}é))dﬂ@{tﬁg(% 8‘&5&&% ‘Wz?g/bparti ti oned
25bet ween CH2CEBRC(BQ9 BL) maddih. HAL rdadfbnthikturclgs stigre@axmbicayer was further
extracted with CI—|2C12 20 L The conmbi ned organtc | ayers were dried over

magnesi um sul f BIESTag 6128, dilited vl (@0 ath)gragasd s taly Bittssure to

yield the titl &uﬁ%@@%@%&@d&ﬁ tearboRd (APmB), 0Nk dirivhtidiiiovas used in
the next step w thout further purlflcatlon 30(3) _Preparation of tert-butyl

14( 5) - 2- cdr bamdy) pigdbrise () ML) dyigd 0w pagnesium sulfate, filtered, and
(et hoxymet hy ppyid@kiedhRact rattht sdlprats it B PAPRRIRRE 2 6@ IR Mk @rude To a

m Xt ur e of

2-tert-but oxyc@lwmlﬁnﬂ hip flgsh(chBmagographi Sjasezeh ¥ tp§ror(d 08/ §HpCle1 ) - 5- oxo- pen
tanoic acid (O 19 igmol ), and HOBt
hydrate (0. 14 é&iﬂm g éﬁ%@g&éds@%%‘gdgaépagﬁfoﬂs : DC (0.19 g, 1 mmol).
The reacti on rﬂ4)<PIsrp=a‘abmsof:€25)flr [Behmgino- éﬁﬁi)éﬁneth@mthat -pyreolidpy-1-yD- h, di | ut ed
w th CH2C12 S sodi um
bi car bonate Oy?ﬁ_%ent%%g@ﬁ?a%%?;i% ngt?’%e"\%@?cgﬁ?c%’gé %’t’nfgogg rine (10 ni),
dried over rragl*l&m um sul fate, filtered, and concentrated under reduced
pressure to yield crud Q fied by
f1ash chromat ograp (Iglixﬁr%%%ﬁ%% %21?@ %d}a@g@é@ﬁﬂ%—@&lﬁ% e%t) to give
the title conpeaidthdxyetBA)grroBdigl-ds1,8- dﬁmp@nt&el-yldarbamat(eqo 36g, ép&r ation of
(2S) - 142- am no- 5- ’i!j%/ me met hyl - pyrrol.id
105- oxo- pent arfB§ P%()g E’ﬁzf)hiqﬁrggﬁ’- 12*35‘88&??%4%@ 44r"iﬂlf)l FOGEER pdded i ¢
(conpoundis21) .phosphoryl chloride (0.32 g, 2.1 mmol). The slurry was stirred at -20°C for 1

h, warmed to room temperature, and concentrated in vacuo. The residue was

partitioned between CH,CL (10 mL) and 0.5 N aqueous citric acid (10 mL).

The aqueous layer was further extracted with CH,Cl, (10 mL). The combined

organic layers were dried over magnesium sulfate, filtered, and concentrated
20 under reduced pressure to yield a pale yellow oil. The crude oil was purified
by flash chromatography (silica gel, 50% ethyl 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

25 compound 21 (0.27 g, 77%) as a foamy solid.
MS (ES") m/z caled. for Ci6Ha6N4O5 : 322.40; found: 323.6 (M+H),

345.6 (M+Na).

Example 22: Synthesis of (25)-1-[2-amino-5-((S)-2-hydroxymethyl-
30 pyrrolidin-1-yl)-5-0xo-pentanoyl]-pyrrolidine-2-carbonitrile trifluoroacetic
acid (compound 22)

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

Example 21.

20



To a mxture of tert-butyl 14(8)-2-carbanoyl pyrrolidin-1-yl)-54S)-2-

(met hoxynet hyl ) pyrrolidin-1-y1)-1, 5-di oxopent an-2-yl carbamate (0.36 g, 0.8
mol ) and i m dazole (0.68 g, 1 nmmol) in pyridine (4 tnL) at -20C was added
15 phosphotyl chloride (0.32 g, 2.1 mmmol). The slurry was stirred at -20C
for 1 h, warmed to roomtenperature, and concentrated in vacuo. The residue
was partitioned between CH2C12 (10 nL) and 0.5 N aqueous citric acid (10
m.). The aqueous | ayer was further extracted with CH2Cl12 (10 nL). The

conbi ned organi ¢ | dY8(ESWevecaed. éa CasterN4CagPsi&fuad] 308deMHH) t er ed, and

concentrat ed fj&l )r educed pressure to yield a pale yellow oil. The
crude oil was purifi ed" by flash chromat ography (silica gel, 50% et hyl
acet at e/ di chl oronet hane) to give a colorless oil. A sol ution of the

above oil in trifluo et.ic agj A .1 S.Stirr at room

t enper at ure fo@h@ﬁ@ﬁh’eﬁlﬁﬂggg}'ilg 8‘8"50%‘)5)6%%3118’{%??}??6 25conpound 21
(0.27 g, B m@srotidinoiaply-3Sedimthyl-5-oxo-pddtanoE$pymbldimal-catbordiile CL6H26N403:
322.40; found: .§23. 6 SjM II% 345 (MtNa) . Exanpl e 22: Synthesis of
(25) - 142- ani noriEHpregeese Acid FompRRtdAY -

30pyrrolidin-I-yl) Con®oend B3N as¥akedi b khilad iagne? tCibtaesuribed ne
trifluoroaceti¢c acid (conmpound 22) Conmpound 22 was prepared in a
simlar mannerE%gPa: described in Exanple 21. M5 (ES) miz cal cd.

for C15H24N403: 308488is'S Aundlicd3R9 CLHM5Y) ; 3593(k; foubd/BBay (MERBNPI € 23!

Synt hesi s of (28)-142-am no-54(S)-2-nmet hoxynet hyl -

5pyrrol i di°n-| -Vif—@dfé‘l"di nmet hyl - 5- oxo- pent anoyl] - pyrrol i di ne-2-carbonitrile
trifluoroacetic acid (conpound 23) Conmpound 23 was prepared in a

simlar manner_to that described in Exanple 21. ... M5 (ES) mz
cal cd. for Cldismriedd: Syahesivel (EHuhtE-amine-S¢(Rn-mpthyhpyseddin-I-xkina) |

5-oxo-pentanoyl]-pyrrolidine-2-carbonitrile trifluoroacetic acid (compound 24)
Compound 24 was prepared in a similar manner to that described in
15 Example 21.
MS (ES") m/z calcd. for C1gH30N405 : 292.38; found: 293.6 (M+H),

315.6 (M+Na).

Example 25: Synthesis of (25)-1-(2-amino-5-((S)-2-
20 (hydroxymethyl)pyrrolidin-1-yl)-3,3-dimethyl-5S-oxopentanoyl)pyrrolidine-2-
carbonitrile trifluoroacetic acid
(compound 25)
Compound 25 was prepared in a similar manner to that described in
Example 21.

25

Example 26
DPP-IV 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
30 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



Exampl e 24: Synthesis of (2S)-1-[2-am no-5-((R)-2-nmethyl-pyrrolidin-I-yl)-
5- oxo- pent anoyl kpyrrolidine-2-carbonitrile trifluoroacetic acid (conpound

24) Conpound 24 was prepared in a simlar nmanner to that described in
15Exanpl e 21. M5 (ES) mlz calcd. for CL8H30N403: 292.38; found: 293.6

(MtH), 315.6 (M+rNa). Exanple 25: Synthesis of (2S)-1-(2-am no-54(5)-2-
20( hydr oxynet hyl ) pyrrolidin-1-yl)-3, 3-di net hyl-5- oxopent anoyDpyrrol i di ne- 2-

carbonitrile trifluoroacetic acid (c ound 25 npound 25 was
prepared in a @qnﬁnt@ﬁowm@me@seredﬁaﬁhegé%fm% erﬂngd}%%Stéﬂ 25 Exanpl e 26
DPP- 1V was purétédéﬁﬁ (AE%”deQMQz hy-;’gaaz $95vmy and insect cells in a manner
simlar to that descri I'n Bi ochemi str 2006, 45: 7006-7012. DPP-VII|I
was purified from deeupouwdsrludt werk ¢asted dord eir ighibiteryicheet ORItV B0si mi l ar to

DPP 1V or DPp I oty & Qi affone Fiimdncediptios s0E BG Y e,
stain or & | ved.o®teas mo uBBl?‘L)MrmebaEaBF&n&/hd;dd 40tho:femRRH\flme @#ere nmeasured by

tzzg g gid; ord ma 8& 8%% Ivapag in%%teads witcthO Elto?rh %es?ccgn'?g]o%lnd inBl'r?chQ)% a1n1r:1|'g976 2

1% DMSO at 37°C incubator at room temperature for 10 min. 50 pl of Gly-
Pro-7-amino-4-methylcoumarin (final concentration: 150 uM) was added to
the solution and incubated at 37°C for 1 h. Release of 7-amino-4-

10 methylcoumarin was monitored continuously in a 96-well plate fluorometer
(Victor® V) and data were recorded at the endpoint of the inhibition reaction.
ICso values were calculated based on the results.

Similarly, compounds 1-24 were tested for their inhibitory effect on
DPP-VIII. DPP-VIII in PBS (137 mM NaCl, 2.7 mM KCl, 1.4 mM KH,POy,

15 4.3 mM Na,HPO,, pH 7.4) was incubated with 1 pl of the test compound in
DMSO at 37°C for 10 min. 0.5 pl 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.
ICso values were calculated based on the results.

20 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 ICso value in inhibiting DPP-VIII
to the ICso value in inhibiting DPP-IV, e.g., 100 or even higher. Thus,

25 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
30 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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Conpounds 1-24 were tested for their inhibitory effect on DPP-1V as
follows: For each conpound, 8 serial dilutions (final concentrations from
50.0046 to 10 Imol/1) were prepared and used. 40 pl of DPP-I1Vin Tris (40
mVv pH 8.3) was incubated with 10 p,1 of the test compound in Tris
containing 1% DMSO at 37C incubator at roomtenperature for 10 mn. 50 pl
of A yPro-7-am no-4-nethyl coumarin (final concentration: 150 gM was added
to the solution and incubated at 37C for 1 h. Release of 7-am no-4- 10

met hyl courmari n was Fromitheoabede deseriptionous Iskilledingh@t eomlehsilylastegtainl uor onet er
(Mictor2 V) an ta. yere record a e endpoi i of .nhi bition

Feact 1 on. | cootg e SlefecFERE DR e BeshInREC b loul patdhl

Simlarly, conpantcspitiadd wepethtest, edh thake vakieusrchanyes fidtmodifi@fibect on
DPP-VIII. DPP-M11.in PB 37. InM.NaC1l, 2.7 MM KC1l, 1.4 mnM KH2PO4, 15 4.3
UM NaZHPO? e YOS 1 A0ERl BT R B SPURHE (B P iiibound | n DVEO
at 37C fors 10 dainrpomﬂisfstrwdt%@ﬂy ﬁa}/olgﬁﬁﬂt)@)&frla}idiﬁd dongpoihds @€ thiwiavandided (fi Pal
concentration: 2.5 : ere ting solution.was i.nc t t 37C for

SO ae i | Thaiae BF binde dSreadn O aBbuy S re B A9 o 1 CB0

val ues were catathgtpd IhasReksand LRE 6 fattdeshis R0AMtont €Bis, s@spounds exhi bi t ed
|l ow I C50 values in inhibiting DPP-1V. (either fromhuman serumor from

i nsect cells) <ahgdigegh arecity VNS G4 nhi biting DPP-VIT1 (from

bacul ovirus-infected sfa cells). Sonme of the test conpounds showed a very
high ratio of the 1C50 value in inhibiting DPP-VII1 to the 1C50 value in
inhibiting DPP-1V, e.g., 100 or even higher. Thus, 25conpounds 1-24 al

have high selectivity in inhibiting DPP-VI over inhibiting DPP-VI1I. OTHER
EMBODI MENTS All of the features disclosed in this specification nay be
conbi ned in 30any conbi nati on. Each feature disclosed in this specification
may be replaced by an alternative feature serving the sanme, equivalent, or
simlar purpose. Thus, unless expressly stated otherw se, each feature
disclosed is only an exanple of a generic series of equivalent or simlar
features. From t he above description, one skilled in the art can
easily ascertain the essential characteristics of the present invention,
and without departing fromthe spirit and scope thereof, can make vari ous
changes and nodifications of the invention to adapt it to various usages
and conditions. For exanple, 5conpounds structurally anal ogous to
pyrrolidine conpounds of this invention
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al so can be nmade, screened for their inhibitory activities against DPP-IV
and treating Type |l diabetes and used to practice this invention. Thus,

ot her enmbodinents are also within the claims. WHAT IS CLAIMED IS: 1. A
conpound, wherein the conpound is one of conpounds 1-15 and 17-19 as shown

bel ow. \QHNTOIS>&1&IM]8[)?S\I 1 ..,0) NHO CN

1. A compound, wherein the compound is one of compounds 1-15 and 17-19 as shown
below:
o} _N HO
W () g ?
N E N F NH £ N -
>Eg : >Eg 2 > 2
N N N
N/\[r N N/\n/ N N
H 0 cN H/Tg CN "0 cN H/jg CN
1 2 3 4
Osg! F MeO.__N
~—~ S e
“ o S
[Nj N F STONH F NH F
F o 0 O
f 2 N ~" e
N
N
N N H O CN H O CN H O CN
H O CN 8
5 6 !

N N N
O CN CN H O CN O CN
9 10 11 12
S
O (s (o~
F F F
0 0 O
N N N
H O CN H o0 CN H 0 CN
13 14 15
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1

2 NO >NLThr HOCN6 ,N HAO>Nsr HO CN 3 HO R N
S S
~p D_\
[Nj N E N o~
>E§O F fo ? @]
N N
N N
N Q H/\g CN H/\([)]/
H o CN
17 18 19
2. The compound of claim 1, where the compound is

Lo

F
o »
N
N
H/\g CN
1

3. The compound of claim 1, wherein the compound is

(,O
0
S0 0
N
N
2

N

4. The compound of claim 1, wherein the compound is

25

O
pd



5. The compound of claim 1, wherein the compound is

6. The compound of claim 1, wherein the compound is

O;x i

O CN

7. The compound of claim 1, wherein the compound is
i
N F
>(k 2 f;
N
N
O CN

6
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131415 2. The conpound of claim1, where the conpound is
of claim1, wherein the conpound is

t he conp

ound is

1 3. The conpound

2 4. The conpound of claim1, wherein
3 6. The compound of claim1l, wherein the conmpound is 5

7. The conpound of claim1, wherein the conpound is F. 6 CN

8.

The compound of claim 1, wherein the compound is

MeQ

10.  The compound of claim 1, wherein the compound is
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6 7 9. The conpound of claim1, wherein the conpound is MeO 10. The

conpound of claim1, wherein the conpound is
13. The compound of claim 1, wherein the

1, wherein the compound is

12. The conpound of claim

conmpound i s 13 15. The conpound of claim 1, wherein the conpound is

11.  The compound of claim 1, wherein the compound is

g
>
N F
0 é
N
N
H/E CN
10

12.  The compound of claim 1, wherein the compound is

(J

N

ey

H

11

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



14 16. The conpound of claim 1, wherein the conpound is 15 17 18. The

conpound of claim1, wherein the conpound is HO 18

claim1l1, wherein the conpound is 19

14.  The compound of claim 1, wherein the compound is

15.  The compound of claim 1, wherein the compound is

16. The compound of claim 1, wherein the compound is
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19. The conpound of



17.  The compound of claim 1, wherein the compound is

3

()

N F

ﬁO?
NN
H

O CN
17
18. The compound of claim 1, wherein the compound is

/
z
\

v,
=2 )
o{zo

C

=

18

19. The compound of claim 1, wherein the compound is

0
N N
H CN
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