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present teachings relate to |ysine mnetic conpounds having -phar nacol ogi cal
activity, such as antlarrhythmc activity, and desirable bloavallablllt
properties. The present teachings further relate to mwmmwmmmmmﬁﬁa
conpositions conprising such conmpounds and net hods of ki ng such
conpounds and conpositions. Background There is increasingssecognition that
intercellular conmunication is essential for. cellular honeostasis,
proliferation and differentiation. Such conmunication is believed to be
facilitated by gap junctmobsIEDNSSINEMINMETYE COMPOUNDYIght to be a route
for coupling cells and permtting "cross-talk." (See generally, Sperelakis

N., eds., Cell Interactions and Gap Junctions, CRC Press, Inc. (1989)). The
cross-tal k Rieldween gap junctions is referred to as "gap junctional
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heart, conduction of electrical i npul ses takes place through gap junctions.
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Broadly, the present teachings relate to |ysine mnetic conmpounds having
useful pharmacol ogical activity, such as antiarrhythmc activity, and
desirabl e J!BHledﬁ?g‘i- Pemductien °b?'8ﬁ@?4' |“B%“'sth‘@k€i§r@%%en'tm‘?@é‘cﬂﬁpdg‘%ct'ﬁ%w de
conpounds rapbess GG heemeealiihkedty ahairislyl o diseasd States, including heart

disease. For example, it has been shown that mice heterozygous for the Cx43

gene, which codes for a specific ventricular connexin, develop spontaneous
ventricular arrhythmias and suffer from sudden cardiac death. (Guerrero et al., J.
Clin. Invest., 99, 1991-1998 (1997)). Reduced expression of Cx43 in heterozygous
mice is directly linked to an increased incidence of ventricular arrhythmias during
ischemia. (Lerner et al., Circulation, 101, 547-552 (2000)).” Several other studies
have shown reduced expression or altered distribution of Cx43 in chronically
ischemic, hibernating, or hypertrophied hearts. (Kaprelian et al., Circulation, 97,
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[1l Y (CHc-C -X Rl and pharnmaceutically acceptable salts, esters,

hydrat es, and prodrugs thereof, 20 wherein Y is OX, OR2, NXR2, or NR2R3; k
is 0, 1, or 2; Xis Hor alysine mnetic; X is OR3, NR2R3, or a lysine
mnmetic; RLis H an optionally substituted Cl.10 alkyl,. an optionally
substituted Cs.20 aryl,- an optionally substituted C7..20 aral kyl, or. an
am no acid side chain; and R2 and R3 are defined as descri bed herein.
25Parti cul ar exanpl es of conpounds according to the present teachings

i ncl ude 4- am no-pyrrolidine-2-carboxylic acid (4-am noproline, 4Am)

anal ogs havésy6e® 1988k Petero et #o Ginclativn, 188, 864-875 (1993); Saffitz et al., .

IN-Z' -ZR6 bk hapgeRy4 acceptabl e salts, esters, hydrates,
and prodrugg tdﬁlAevragﬂq?é%vﬂgrel ngﬁ-{ &ggbé', k, R, R4, R5, Y, Z and Z are
defined herein. Brief Description of the Figures Figure 1 shows the results
of a test tSewdraidheptidis thétfintienct Qe haosTpearidentiad ptiadialisatistiyassici nduced

t | d t | Ha
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repr esent ed(tepay-otufted e’t al.; Ebit. 0. Phdrmécol @42) d¥5-7£(‘@9-7))><anc15|PéQ6ksclosed in

phar maceut i Baé lP\é e%? ?J;é %%Xlﬁc&a’eﬁ rs, hﬁ(ger at Sﬁ undeglrrggr ugs thereof;

wherein: YIS se
charactenstlcs |nc|udmg Iow sta_blllty, short half-llfe and a lack of oral

10  bioavailability.

Summary
Broadly, the present teachings relate to lysine mimetic compounds having useful
pharmacological activity, such as antiarrhythmic activity, and desirable

15  bioavailability properties. The present teachings provide compounds represented
generally by Formula I:

o
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1
and pharmaceutically acceptable salts, esters, hydrates, and prodrugs thereof,

20  wherein Y is OX, OR? NXR?, or NR?R? kis 0, 1, or 2; X is H or a lysine mimetic; X’
is OR®, NR?R?, or a .Iysine mimetic; R' is H, an optionally substituted C,.,, alkyl; an
optionally substituted Ce.20 aryl, an optionally substituted C., aralkyl, or an amino
acid side chain; and R? and R® are defined as described herein.

25  Particular examples of compounds according to the present teachings include 4-
amino-pyrrolidine-2-carboxylic acid (4-aminoproline, 4Amp) analogs having
Formula Il or Formula HI:



kis O, 1, or 2; 20X is Hor a lysine minmetic; X is selected from OR3,
NR2R3, and a |ysine mnetic; Rl is selected fromH, an optionally .
substituted Cl1.10 al kyl, an optionally substituted C6-20 aryl, an
optionally substituted C7-20 aral kyl, and an am no acid side chain;

R2 and R3 each independently is selected fromH, an optionally substituted
Cl-10 al kyl, an optionally substituted C3-20 cycl oal kyl, an optionally
substituted C7-20 aral kyl, an optionally substituted C6_20 aryl, an
optionally substituted 3-20 nmenbered cycl oheteroal kyl, an optionally
substituted 5-20 nenbered heteroaryl, C(0)R6, 5 C( R6,-RE( 0) NR6R7,

S(0) 2R6, and S(0) 2NR6R7; alternatively, ®2 RB together with the
nitrogen atomto which_they are bound forma 3- red heterocycle
,aﬁﬁ i selected fromo0, N

ed G _i alkyl, an
optlonally substitutjed C3_R0 cycloal kyl, an optionally s stituted C2.10
al kenyl , an optionaRly sub ted C2-10 al kynyl , an' optipmarfy substituted
C6- 20 aryI an optionally substiguted C7_20 aral kyI, an @ptional ly

substi t ut ed 3-20 nenbered jgycl oheteroal kyl, an optignally substituted 5-20
nmenbered heteroaryl, C( ?R8 15 C(0)ORS, and C(0) RB;

al t er nat | veny phRENasRyticElViasgeptakle salts.iestare hPrateryend arasivasdheiecbh t hey are
bound f or mwanheteid®, B EDRIRY RAERT VO sdEZ'afpt demrdld nergiaNt ai ning 1-4 ring

het er oat;oms i ndependently selected fromO0O, N and S and optionally
substituted with 1-5 Q groups; 20Re and RB each independently is sel ected
fromH, an %mfla?wipy-ogmmfm@asa 10 al kyl, an optionally substituted

C3. 20 cycl ombdiel1, srﬁ\)WsQﬁé l'é%ﬂﬂé bVa ﬁé&bﬁié’t&d&“ﬂg eﬁf@ctjé?t&l und$Bn OPtional |y
substituted (%gl % %%’7‘3‘8 tlonatloﬁqssubstltuted -20 aryl, an
optional | y BEHEPIGTEE" até'f" petiagsiompg gRA M 30 @dﬂé‘tmf’ﬂﬁ‘@& 3-20
menber ed cydsdsotietdoin dhulgyh et alnd. @arcbqatalsorﬂéntt;opsumlt i1BUsEHS46 @OoRENDEr ed
het er oafgyl ; 25Q at each occurrence, independently is selected froman
optionally substituted C1 10 al kyl, an optionally substituted C2.10

al kenyl , arPBlledRsFFPUIbsti tuted C2..10 al kynyl, an optionally

subst i t ut edin@GBe2B8pestcthe phdeght teabhings pmmlelcysmpsudixsd reptdsette@by 2Qranili;, an
optionally substituted C7-20 aral kyl, an optionally substituted 3-20
menber ed cycl oheteroal kyl, an optionally substituted 5-20 nenbered

30heteroaryl, F, d, Br, I, CN, CF3 ocF3; , ORB, SRl % S4R82, $S(0) RS,
S(0) 2R8 '
Y —(CHa)k C C X
Rt
15 _ [
and pharmaceﬁtically acceptable salts, esters, hydrates and prodrugs thereof:
wherein:
Y is selected from OX, OR?, NXR?, and NR?R®;
kis 0, 1, or 2;
20 X is H or a lysine mimetic;

 X'is selected from OR®, NR?R®, and a lysine mimetic:
R' is selected from H, an optionally substituted Cs.10 alkyl, an optionally
substituted Cs.5p aryl, an optionally substituted C7_2'° aralkyl, and an amino acid side
chain;



, S(0)20H, S(0)2NRBR9, NR6S(0)2R9, C(0)R6, C(0)OR6, C(0)NRBR9, OC(0)RS8 ,
NRBRB, NR8C(0) R9, NRBC(0)0R9, NRBC(0)NR8R9, and NI R83; provided: a)when Y
is OXor NXR2 and Xis H X is a lysine mnetic; 35b)when Y is OR2 or.
NR2R3, X is a lysine minetic; and C)the conpound i.s not
1- (2- am nopr opanoyO0- 4- benzam dopyrrol i di ne- 2-carboxylic acid or
1- (2- am nopr opanoyl ) - 4- benzam dopi peri di ne- 2-car boxylic acid. Sone
enbodi ments of the present teachings include those conpounds and 5
pharnmaceutically acceptable salts, esters, hydrates and prodrugs thereof,
wherein Y is OxFoan 2acy indeperyenyly isNrieed o HK angptionajiyisHbstitutadt i c,
wher ei n t heg,|,ySkylearbpiinkfly subshteledat Solcdictimyl, N dtoRaiiRemBsthsed 'c, L - N
wher ei n: | Z NS elkeé%%g f%(ém H| ;?&CH ‘gmle é% atrﬁéll , (CHZE%} % 20
menbered h&EFGAPP Cfg‘ﬁ Wied Csge 31 2P\APEORRIY SERSBYIRE 52 RRRRBE e d
het er oaryl py@lq]pﬂgam{l@), agaeptionally substituted 5-20 membered heteroaryl, C(O)R®, )

5 C(O)OR® C(O)NR°R’, S(0).R® and S(O),NR°R’;

' alternatively, R? and R® together with the nitrogen atom to which they are
bound form a 3-20 membered heterocycle optionally containing 1-4 ring
heteroatoms independently selected from O, N and S and optionally substituted
with 1-5 Q groups; /

10 R® and R’ each independently is selected from H, an optionally substituted
C4.10 alkyl, an optionally substituted C, .20 cycloalkyl, an optionally substituted Ca.1o
alkenyl, an optionally substituted C,.,p alkynyl, an optionally substituted Cg. aryl, an
optionally substituted Cy.; aralky!, an optionally substituted 3-20 membered
cycloheteroalkyl, an optionally substituted 5-20 membered heteroaryl, C(O)RS,

15 C(O)OR® and C(O)NR°’R®;

alternatively, R® and R’ together with the nitrogen atom to which they are
bound form a 3-20 membered heterocycle optionally containing 1-4 ring
heteroatoms independently selected from O, N and S and optionally substituted
with 1-5 Q groups; _

20 R® and R® each independently is selected from H, an optionally substituted
Ci-oalkyl, an optionally substituted C,.20 cycloalkyl, an optionally substituted C, ¢
alkenyl, an optionally substituted C,.soalkynyl, an optionally substituted Ce.p aryl, an
optionally substituted C;.»o aralkyl, an optionally substituted 3-20 membered
cycloheteroalkyl, and an optionally substituted 5-20 membered heteroaryl;

25 Q, at each occurrence, independently is selected from an optionally
substituted C,.4¢ alkyl, an optionally substituted C,.4; alkenyl, an optionally
substituted C,.4¢ alkynyl, an optionally substituted Cs 5 cycloalkyl, an optionally.
substituted Cs.20 aryl, an optionally substituted C;.,; aralkyl, an optionally substituted
3-20 membered cycloheteroalkyl, an optionally substituted 5-20 membered

30 heteroaryl, F, Cl, Br, |, CN, CFs, OCF3;, NO,, OR®, SR®, S*R%,, S(O)R®, S(O).R®,
S(0),0H, S(0).NR°R?, NR*S(0),R?, C(O)R®, C(O)OR®, C(O)NR®R®, OC(O)R®,

'NR°R®, NRaC_(O)Rg, NR®C(O)OR?®, NREC(O)NR®R?®, and N*R%;;

provided:
a) when Y is OX or NXR? and X is H, X' is a lysine mimetic;

35 b) when Y is OR? or NR?R?, X' is a lysine mimetic; and



15aryl, (CH2)ntC(0)-5-20 nenbered het eroaryl S(0)2(OH2) m Gs_20 aryl, and
S(0)2(CH2),,,-5-20 nenbered heteroaryl, V\/nerel n each of the C5.20 aryl and
5-20 menber ed heteroaryl is optionally substituted with 1-5 Q groups; R5
is Hor an optionally substituted CL..10 alkyl; mis O, 1, or 2; and Q R2
and R3 are defined as descri bed above. 5In other enbodinents, Y is OR2,
NR2R3, OX or NXR2, Xis H and X s a lysine mnetic, wherein-the |lysine
mnmetic is selected from wherein: Z' is selected fromH,
(CH2) m C6-20 arYi, (CH2)m 5-20 nenbered heteroaryl, C(0)(CH2)m C20 aryl,
C(0) (CH2) , , , - 5- £ melBeFeAPRRIAdS aatrkriz-aromeme(‘w%@ewwmvrrohdme-
( CH2) nC( 0) -25czrBoxytierbeid @d 1H2{zetinmrypanoPi-@)hedmilidpipefifine-20canbadylic #didl
155(0) 2( CH2) m 5- 20 nmenbered heteroaryl, wherein each of the C6-20 aryl and
5-20 menbered heteroaryl is optionally substituted with 1-5 Q groups; R5 is
H or an optSofiempodimests queereremnt1®%|n@9|iqclqﬂeit§osﬁ compagindgand E i s sel ect ed
}‘?g om g(g;OEﬁarrﬁc%)JWBEccgmdbla.sﬁl@d’ B@tﬁy’é, ihqmgfaschdaip?b&ﬂgé ﬁfeeeofam%rQn R2, RS,
an 285 . Gri abovye. n.SONMEe
embodi nent (;V,Eégl?g} @%& %ﬁi.'s ﬁ% 8t HE?R e?ﬁﬁ%ﬂ%é lysgqrgna &F&%’ﬁ'ﬁ tg%'yj'“e C( 0) NHR7
or C(0) NH2)mimetic |sselgnpedbfromhe conpounds of the present t eachi ngs, Z' can be
C(0)(CH2)m C6_20 aryl optionally substituted wth -5 Q groLi ps and m can
be 0. For example, Z' can be 10benzoyl.
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wherein: '

Z' is selected from H, (CH2)m-Ce.20 aryl, (CHz)m-5-20 membered heteroaryl,
C(ONCH2)m-Cs.20 aryl, C(O)(CH2)m-5-20 membered heteroaryl, (CH,)mC(O)-Ce.20 |
15 arnyl, (CH2)mC(0O)-5-20 membered heteroaryl, S(O),(CH2)m-Ce.20 aryl, and
S5(0)2(CH2)m-5-20 membered heteroaryl, wherein each of the Cg.p aryl and 5-20
membered heteroaryl is optionally substituted with 1-5 Q groups:



In sonme enbodi nents of the conpounds of the present teachings, RLis H In
ot her enbodi nents, RL is an am no acid side chain. Exanples of suitable

am no acid side chains for RL can include, but are not |limted to, the side
chai ns of valine, 15norvaline, |eucine, norleucine, isoleucine, nethionine,
al ani ne, phenyl al ani ne, tyrosine, tryptophan, serine, threonine, cysteine,

| ysi ne, argenine, histidine, aspartic acid, glutamc acid, asparagine,

gl utamne, ornithine, 2,4-diamnobutyric acid, and 2, 6-di am nopi nelic acid.
20l n sone enbodi npents, k is O; in others, k is 1. Partlcular conmpounds of
the present teadhimgoraamapticndlysubstiuied Soaadieit ed by Formul ae 1(a) - | (p)
bel ow, wherein Xnid® 10B82;(sdg., OH) or NR2R3 (e.g.,NH2), Y is OR2 (e.g.,

0 NR6R7 d Fe, R2, R3, 25R6,
CR]G?D g? andl:% éfﬁ"gj %eﬁr?ﬁéﬁn‘% asa‘e%csgc'?% c1(’)(r8recl(n) OgPt aiﬁ conpounds of

t he present teachings have structures represented by Formulae 1(q) - 1(x)
bel ow, %erlﬁ'oﬂwegemb%meﬁtsa'?qs eRehNRERABK o NXFEAKNs pl‘E aWkeR Ofdhde the same

or dlfferentg % ned as descr.i bed herei n:
metic, wherem the lysine mimetic is selected from:

—< 7—— z
~u NH
N ]

l [(Va¥aVaVal
3 ! |

m

K

L | , \__/

Re? 53
e nlieen

wherein:

Z is selected from H, (CHz)m-Ce0 aryl, (CHz)m-5~20 membered heteroaryl,
C(O)(CH2)m-Ce-20 aryl, C(O)(CH2)m-5-20 membered heteroaryl, (CH,)mC(O)- Cs 20
aryl, (CH2)mC(0)-5-20 membered heteroaryl, S(0),{CHz)m-Cs-20 aryl, and

15 S(0)2CH2)m-5-20 membered heteroaryl, wherein each of the Cg 5 aryl and 5-20
membered heteroaryl is optionally substituted with 1-5 Q groups;

R® is H or an optionally substituted C,.,o alkyl;

-mis0, 1, or2; ‘
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E'is selected from C(O)OR®, C(O)NR®R?, and a carboxylic acid bicisostere;
and

Q, R% R? R® and R’ are defined as described above.

In some examples of these embodiments, E is C(O)OH. In other examples, E is
C(O)NR®R’ (e.g., C(O)NHR7 or C(O)NH,).

In any of the compounds of the present teachings, Z' can be C(O)}{CH;)m-Cs 2o ary!

optionally substituted with 1-5 Q groups and m can be 0. For example, Z’ can be
benzoyl.

In some embodiments of the compounds of the present teachings, R' is H. In other
embodiments, R’ is an amino acid side chain. Examples of suitable amino acid
side chains for R' can include, but are not limited to, the side chains of vaiine,
norvaline, leucine, norleucine, isoleucine, methionine, alanine, phenylalanine,
tyrosine, tryptophan, serine, threonine, cysteine, lysihe, argenine, histidine, aspartic
acid, glutamic acid, asparagine, glutamine, ornithine, 2,4-diarhinobutyric acid, and
2,6-diaminopimelic acid.

In some embodiments, k is 0; in others, kis 1.

Particular compounds of the preéent teachings have structures represented by
Formulae I(a) - I{p) below, wherein X' is OR® (e.g., OH) or NR?R® (e.g.,NH,), Y is
OR? (e.g., OH) or NR®R® (e.g., NH,), E is C(O)OR® or C(O)NR®R’, and R’, R?, R®,
R® R® R’ and Z’ are defined as described herein:

E
O
|
o Y—C—C—N
, H O }L
\N N—cI:—lc!-—x N—2Z"
/ | /
RS NH R2 R1 R5

I(a) h \(b)



HOZMN Il NGCG--C\ / Il RSR2RL In sone enbodi nents, the present

t eachi ngs provi de conpounds of Formula | and 5pharnaceutically acceptabl e
"salts, esters, hydrates and prod rugs thereof, wherein X is OR3 or NR2R3
(e.g., OHor NH2), Yis NXR2, Xis R5 - and Z', k, R, R2, R3 and R5 are
defined as described above. In sone exanples of these compounds, Z' is
“C(0)(CH2) - C6. 20 aryl optionally substituted with 1-5 Q 10groups, and mis
0 (e.g., Z' can be benzoyl). In some conpounds, Fe is H In
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others, RL is an am no acid side chain, wherein the amno acid is selected
fromvaline, |eucine, isoleucine, nethionine, alanine, phenylalanine,
tyrosi ne, tryptophan, serine, threonine, cysteine, |ysine, argenine,

hi stidine, aspartic acid, glutam c acid, asparagine and glutam ne. In sone
.compounds, k is 0; in others, k is 1. Specific 15 exanples of conpounds '
- according to these enbodi nents of the present teachings include, but are
not limted to, 3-[(4-benzoyl am no-pyrrolidine-2-carbonyl)-an no]-

propi oni ¢ acid, )

([ 4- (4-ni tro-benzoyl am fo

) - pyrJ ol jdi ne- 2- carbonyl ] - am nog - aceti ¢ aci dl
{[4-(4-netmqu-benzoyla1'no)-pvrr | i di ne-2-carbonyl]-am ho}-acetic acid, 2-
[ (4- benzoyl ame<pyrg et divge-2-_caghbaryl ) - am noj - succi napk¢ acid, 2-[(4-
20benzoyl am no-ip i di ne-[2- cjar bonyl ) - ami naj - 3ephenyl jj oni ¢ aci d,
2-[(4- benzoyl at pyrrol irdli - 2- car bonyl ) - niHo]-4- pent anoi ¢ aci d,
6- am no- 2- (4-benz@m dopyrrolidi ne-2-car B i d6Rgexans : 'oﬂ//R
[ (4- benzoyl ami nopy¥ r ol i di ne- 2- car bonyl ) - ani nb] - acefli ¢ aci d,
{[4-benzoy|aningyﬁﬁpQ%idine-2-carbony|Ianino -acetic acid, »
{(4-benzoy|aniﬁo-piperidine-2-carbony|i-anino}-propioni .acid, 25and
phar maceutical |y acceptablB salts, esters, hydrates, angnprodrugs t her eof .
In certain enbodi nents, the present teachings provide conmpounds of Fornul a
| and pharmaceutically agceptable salts, esters, hydrates and prodrugs
t hereof, wherein X  is or NR2B3 (e.g., OH or NH2), ﬂis NXR2, X is R5
Sand Z', k, Rl, RXaN R5 ére”defined as descri bed _ahgve. In sone
exanpl es of these cg dsZ§ TS T0) (CH2) , n-CB_20 @ pt i onal |y
substituted with 1-5 Q grloups, gand mis 0 (e. gl o benzoyl). In
some conpounds, Rl s H_‘In others, Ize is an amno a s{ de chai n,
wherein the am no aci iN1s selected fromvaline,] | ettt pe; ol euci ne,
met hi oni ne, al ani ne, pbenylalanine, tyrosi ne, txyptophan, 10 seri ne,
t hreoni ne, cystei ne, IysinﬁS argeni ne, histidine, asparqgf acid, glutamc
aci d, a8paragi ne and glutd 5ne. In some conmpounds, k is U, in others, k is
1. Specific exanpl es of conpounds according to these enbodi nents of the
present teachings include, but are not limted to, E
3- am no- 5- benzoyl am no- benzoyl am no) -acetic acig, o
(3-anino-5-(4-nethoxy-benzoy|anino)-benzoylaninp)-ﬁcet
(3-am no-5-(4- 15net hyl - benzgyl am no) - benzow Aer-—ac
(3, 5-di am no- benzoyl am no)r §ceti cwacial, and pharnaceut
salts, estersZ\qydratess angiprodrygs [fhereof. ® In some exbodi ments, the
present teachi ngy—pfg conpo? —of¢Fornmul a | and 20pharnce®t i cal ly
accept abl e saltq! est\e hydrat es land prodrugs thereof, rein X is OR3
or NRRR3 (e.g.,f"OHor W), Yi8 N2, Xis NHand Z, k, Rl, R2 and R3
are defined as described atmye. In sone exanpl es of thes¥conpounds, Z' is
C(0)(CH2)m C6_20 aryl optionally substituted with 1-5 Q 25groups, and mis
0 (e.g., Z' can be benzoyl). In some conmpounds, Rl is H Jdn others, Rl is
an am no acid.side chain, wherein the amno acig i§)selecFed from
0

Y—C—C

R!

10 RS . '
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val i ne, |eucine, isoleucine, nethionine, alanine, phenylal anine, tyrosine,
tryptophan, serine, threonine, cysteine, |ysine, argenine, . histidine,
aspartic acid, glutamc acid, asparagine and glutam ne. In some conpounds,
k is O; in others, k is 1. SpeC|f|c exanpl es of conpounds according to

t hese enbodi ments of the present teachings 5include, but are not linited
to, [(1-benzoyl-im dazolidine-2-carbonyl)-am no]acetic acid, _
([ 1-(4-nitro-benzoyl)-inidazolidi ne-2-carbonyl]- anlno}acetlc acid, and
pharmaceutical |y acce tabﬁﬁ salts, esters, hydrates, and prodrugs thereof.
In certain eﬁf??@hieaf@a%vwgsstwmﬁﬂ EPESSRPEERYs of Fornul a
| hand ]}Oph&rmolaaum;calok)wmemeaéiha SR, Esandasichrrs, anhgml(@écﬁsbf andhpardr ugs

t hereo e NH2 Yis NXR2, Xis R5
and Z', Kk, aﬁﬁéga%eﬁgamggﬁﬁg;are f%%% cggggggé?lbed above. In some -
exanples of these compounds, Z' is C(0)(CF12) m C6.212 aryl optionally
substituted with 1-5 Q 15groups, apd mis 0 (e. g., Z' can be benzoyl). In
sonme conpounds, Rl Es H In othersjj R is an>an1no acid side chain, wherein
the amno acid is sePQcted i ne, euci ne, nethlonlne

al ani ne, . phenylalanlng t hreoni ne, cysteine,
| ysi ne, argenine, hisgidin agpartic ackd gl ut nlc aci d, asparagi ne and
glutam ne. I n sone conpounds, is 0; inothers, k is\Ul. SpeC|f|c 20
exanpl es of conpounds according to these enbodlnents 9ﬁ—rﬁ% pr esent
teachings include, but are not limted to,

[ 2- am no- 3- (4- benzoyl am no- phenyl) i onyl am no] acetlc aC|d

2-{2- am no- 344- (4- nethoxybenzanldo)pﬁgﬁyl]propananldo}acetlc aC|d,
2-{2-am no-3-[4-(4- nitrobenzam cl o) phenyl ] pr opanam do}acetic acid,

2-{2-am no--3-[4-(4- 25nethy|benzan1do)phenyl]pfopananldo}acetlc aC|d and
phar maceutical |y acceft abl e sal t sff estegs, hydraes, and prodrugs thereof

In some enbodi nents, the pr eachi ngs |provi of Formul a
and pharnaceuticalhy/ac §T_l s, ydr at d prodrugs
2), Y is NXR2, X is

t hereof, wherein 30 X i

H2N><N, and Z', k, Ri, andnNR3 are deflned as cri bed Zabove. In sone
exanpl es of these compounds; Z' is C(0)(CH2)m Cs_20 aryl optionally
substituted with 1-5 Q groups, and rn (8 0 (e.g., Z can be benzoyl). In
sonme cofgpounds, RL is H In 5others, RL is an am no acid side chain,

wherein the amino acid is selected from

0o

HaN

A—2z
Iz

N

I(s)
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val i ne, | eucine, isoleucine, nethionine, alanine, phenylal anine, tyrosine,
trypt ophan, serine, threonine, cysteine, |ysine, argenine, histidine,
aspartic acid, glutam c acid, asparagine and glutam ne. In some conpounds,
k is O; in others, k is 1. Specific exanples of compounds according to
these enbodi nents of the present teachings 10 include, but are not limted
to, [(4-am no-1-benzoyl -pi peri di ne-4-carbonyl)-am nolacetic acid and
pharmaceutical |y acceptable salts, esters, hydrates, and prodrugs thereof.
In certain enbodinents, the present teachings provide conpounds of Fornula
| and 15pharmaceuticall'y accept@ble salts, estefs, hydrates and prodrugs
thereof, wherein Y is OR2Hor NRJR3, XT iﬁ’RS E-N and Z', k, E, Rl, R, R3

and R5 are defined as descr Que,._priovid t ﬁ_gggonpound is not
1- (2- am nopr opanoyl ) - 4-henz 'dopigfrqdine-Z- arboxyli'’t acid. In sone
exanpl es of these enbodi NS, Y ige Ok1 or N n some conpounds, E is

C(O)OR6 (e.g., C(O)OH) or C(‘&,NRGR? (e.g., C(O)NHR7 or C(O)NI-12). In sone
conmpounds, Z' is C(0)(CH2)m CS..20 aryl optionally substituted with 1-5 Q
groups, and mis O (e.g., Z is benzoy®. In sone conpounds, RL is H In
others, RL is an amno acid side chain, wherein the amno acid is sel ected
fromvaline, |eucine, isoleucine, nethionine, alangne, phenylal anine,
tyrosine, tryptophan, serine, threonine, cysteine,|lysine, argenine,

hi stidine, aspartic acid, glutas c acid, asparagipe_and gl utam ne (provided
t he conpound is not 1-(2-am nopjfopanoyl) -o4-
benzam dopi peri di nf&N2- carbgxylFt~aci d). ﬂh sone agunds, kK is 0; in
others, k is 1. Specif pl es BT~ Eomioundsa ng L't hese

enbodi ments of the pred pachi ngs kncludeﬂ but are no} limted to,

ye1) - 4- benzoyl am no- pi peri di nes 2- carboxylic acid,
1- (2- am no- 4- net hyl - pent apoyl ) - 4- benzoyl am no- pi peri di ne-2-car boxylic

aci d, 4-benzoyianino-1-§2NQ%dianino- 10hexanoyl ) - pi peri di ne- 2- car boxylic
acid, 1-(2-am no-acetya’)-4-benzoyl am no- pi peridi ne-2-carboxylic acid,
1-(3-an@no-propionyI)-4-benzoyIanino-pkﬁpridine-2- carboxylic acid,

142- am no- 3- (1H i ndol- 3-y1l) - propi onyll- 4- benzoyl am no- pi peri di ne-

2- carboxylic acid,

1- (2- ami no- 3- phenyl - pr opi onyl ) - 4- benzoyl ani no- pi pé&ri di ne-2- carboxylic
aci d, 4-benzoyl am no-1-(2-hydroxy-acetyl)-piperidine-2-carboxylic acid,
15and pharmaceutically acceptablq)salts, esters,~Hydrates, and prodrugs
thereof.. In sonme enbodinents, t presgnt st ea¢hi ngs|provi de conpounds of
Formula | and pharnmaceutiggly a eptable galt esters, hydrates and
prodrugs thereof, wherein Y |

| I ™~y E
R2 R1 H
N
]
I{v)
o E
- H o
N |l
N N——C——C
/ |
R R R!
N—2'
/
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and Z', k, E, RI, R2 and R3 are defined as descri bed above. In sone

exanpl es of these enbodinents, Y is OHor NH2. In sone conpounds, E is
C(O0)OR6 (e.g., C(0)OH) or C(O)NR6R7 (e.g., C(O0)NHR7 or C(O)NH2). In sone
conmpounds, Z' is 25C(0)(CH2) m C6.20 aryl optionally substituted with 1-5 Q-
groups, and mis O (e.g., Z' is benzoyl). In some conpounds, R is H 1In
others, RL.is an amno acid side chain, wherein the amno acid is selected
fromvaline, |eucine, isoleucine, nethionine, alanine, phenylal anine,
tyrosi ne, tryptophan, serine, threonine, cysteine, |ysine, argenine,

hi stidi ne, asparti c aci d gl ut am aci d aspar aging and glutamne. In

- 30sone conpounds, htss in ot her Speci fi ¢ exanpl es of conpounds
according to these e le _Q_ ser@[ s include, but are
not limted to, | |

1- (2-am no- 4-car boxy-RButyr 3- benzeyl ri M dazolM e-2-carboxylic acid,
1- benzoyl- 3- (2- hydr oxy-acet yp-i m dazol i di ne- 2-carboxy\ic acid am de, 1-
benzoy1l- 3- (2- hydroxy-acetyl)-i m dazol i di ne-2-car boxyly'?: afid, and
pharmaceutically acceptable salts, esters, hydrates,rand pr odr ugs thereof.
5In certain enbodi nents, the present t.ggchl ngs provi de conpounds of Formul a
| and pharmaceutically acceptable salts, esters, hydrates and prodrugs

t hereof, wherein Yis OR2 or NR2R3, X is NH I, 10and Z', k, E, Rl, R2, R3
and R5 ar e Inledraemhbadintmés thebmrdseri daeshings psumm a@ngrophes omormhla:sleand

embodi mgnt ha|¥néc%u Cj"acé\&ﬁablé Qa!&OHQerO HQQ%’nd rdé#tﬂé%@éuﬁ%mgn’ C(0) OH)
or C(O)NRS (e.9. n so conpounds, r 1S

C( 0) ( CH2) M. 98" YR %[5?1%@1’ PS/N e?b%’t'? AR th 1-5 Q groups, and mis 0
(e.g., Z'.is benzoyl). In some conpounds, Rl iss H In others, Rl is an

am no acid side chain, 15wherein the am no ac/d is selected from val | ne,

| euci ne, isol eucine, methionine, alanine” pheqylal ani ne, tyrosine,

~ tryptophan, serine, #&{reoning, cyst i rgeni e, histidine,
aspartic acid, glut am sparégi ne and I n some conpounds,

k is O; in others k i/s 1. Spelflgﬂéxarrples according to

t hese enbodi nents of Rfhe pr \ChloﬁgS i nc &y buf Mare not 20limted

3-b 3 d, 3-(2-
i noacet a i -8 Rdts Sl E‘eéﬁeo?%f%%! B4R ol e
et hyl benz drgsg¢rommerpis Zatsi G ONEH - ﬁmorﬁbyl@PbMam@Hﬂtlmd)mﬁmmﬁ @ni no) - 5-

benzoylgni @%lﬂ@ngﬁﬂﬁuggl(gg @Gafpbﬁbé%?l)lt \C&dnhe/ cahpstiPg R 'es paljhs, esters,

hydrates, rh Qngqg gg%mﬁ#oeécu? side cﬁam wherein the amino acid is selected from

valine, leucine, isoleucine, methlonme, alanine, phenylalanine, tyrosine, tryptophan,
serine, threonine, cysteine, lysine, argenine, histidine, aspartic acid, glutamic acid,
asparagine and glutamine. In some compounds, k is 0; in others, k is 1. Specific

16  examples of compounds according to these embodiments of the present teachings

- include, but are not limited to, 3-[(4-benzoylamino-pyrrolidine-2-carbony!)-amino]-
propionic acid, {[4-(4-nitro-benzoylamino)-pyrrolidine-2-carbonyl]-amino}-acetic
acid, {[4-(4-methoxy-benzoylamino}-pyrrolidine-2-carbonyl]-amino}-acetic acid, 2-
[(4-benzoylamino-pyrrolidine-2-carbonyl)-amino}-succinamic acid, 2-[(4-

20  benzoylamino-pyrrolidine-2-carbonyl)-amino}-3-phenyl-propionic acid, 2-[(4-
benzoylamino-pyrrolidine-2-carbonyl)-amino]-4-methyl-pentanoic acid, 6-amino-2-
(4-behzamidopyrrolidine—Z-carboxamido)hexanoic acid, [(4-benzoylamino-
pyrrolidine-2-carbonyl)-amino]-acetic acid, {{4-benzoylamino-piperidine-2-carbonyl}-
amino}-acetic acid, {{4-benzoylamino-piperidine-2-carbonyl}-amino}-propionic acid,

25 and pharmaceutically acceptable salts, esters, hydrates, and prodrugs thereof.

12



In certain enbodi nents, the present teachings provide conmpounds of Fornul a
| and pharmaceutically acceptable salts, esters, hydrates and prodrugs

t hereof, wherein Yis OR2 or NRRR3, X is ‘'and Z', k, E, R, R2, R3 and R5
are defined as descri bed above. In sone exanples of these enbodinments, Y is
OH or NH2. In sone conpounds, E.is C(O)OR6 (e.g., C(0)OH or C(0)NR6R2
(e.g., C(O)NHR2 or C(O)NH2). In sone conpounds, Z' is C(0)(CH2)m C6.20 ary
optionally substituted mﬁth 1-5 Qgroups, and mis 0 (e.g., Z is benzoyl).
In some conpounds, R1L is H In others, R is an am no acid side chain,

wher ei n t héh §9A3d eadadimentss fRecrasent 1siThings PrRYide cofRAoHRdS pLiarayls Ipad

et hi oni ne phainsatienticallp kecyptadiasalcestbiy, Rgdrars dntdPddridistherade hzeesin

t hr eoni ne, )@}gséﬁt Qn’&Rbﬁ(tgg ’O'%QEHZ’:LSSOR‘W )gl ne, aspartic acid, glutamc

acid, asparagline a ne conpounds k is O; in others, k
is 1. Specific exanples of conpounds®agcdttdi ng to these enbodi nents of the
present teachings include, but are not llimted to,

3- (4- benzoyl am no- phenyl ) - 2- ( 2- hydr oxy- acet yl am do) - pr opi oni ¢ aci d,

N{ 4- [ 2- car banoyl- 2- (2- hydr oxy- acet yl gf et hyl ] - phenyl } - benzam de, and
pharmaceutically acceptable salts, es hydr ates, and prodrugs thereof.
15 In sone enbodi nents, the présent gs provide conpounds of Formula
| and pharmaceutical Iy acceptable Nsal ts, esteWM%, hydrates and prodrugs

t hereof, wherein Y is OR2 or NR2 X is 20 and Z', k, E, R, R2 and R3
are deflned as descrlbed above. In sone exanpl e$ of these enbodlnents Yis
OH or NER. and ZdwR cRhFo@ndK’ ar defined @p GRECIedgboves 1)sOM)e exan@le)KR6R7

(e.9., C(O0)NR:ipdanls, 'ﬂﬁ?s)C(d)gigﬂée_gqm%ﬂ&%w%ubéti%uté?ﬁ Q& @1?2&1”‘06 20 aryl

opti onal | substlt ted rou mis Z
25benzayl ) SHHP BETEB B ndee TogaebBeousss; € 5 no aci d

si de chai n,otiwrerR in anlaminoragid side icbain swhekindthe dnfincomid sl sefeeted feans i ne
|soleu0|ne, i n n S

sori o ¢ el IR BolcBRB) tioRNENKiaAtE bk ialahi > bSuind, SYBRBRAA".
gl ut ani'® aceHnS: éEﬁ@&F‘QSn Fustelify 'vgunﬁt HqeRae: Mpfidingmes %H%a%«ﬁutaw'q aciy: in
ot hers, k issparagbeesidfdigtaminanph eametoepoPusNrs @GS otheisNg id 0 Sb@csm:

enbodi ment § ngnp%Qeoé %hﬁlﬁgmds a%%‘gnjaln@% il{f@)%le%qaold( bé"r'fts g‘\{ tﬁgggetseni teachmgs o,

4-benzoyl am no hexaned

54-(2- ami nd%ﬁi'é‘ieaﬁPH@)e npt biéﬁ%t;cal %JFB@’FQ &bﬁezwlwnwﬁyzqytanam)caceaﬁac*d
phar naceut l(B%HIUo—sqﬂiﬂlﬁ)étﬁ&ly&:e‘h%)ﬂﬁnlneﬁbgﬁzfi)ylahﬁﬁﬁ)aécéﬁc aa@ctsmnqm gqs- t her eof .

The pregent ttﬁa'%ﬁnz%?’lnn‘%LF%r 0?5'3 ol gcg ésﬁﬁ?%gﬁ?mg oundfsdescrl bed

her ei n. “Forex of the
present 10 Etcéh%h@ﬁg%‘dcﬁwffbécezmﬂy aEF@ISabIQSAS e@terQSaﬂates and prodrugs

thereof.

In some embodiments, the present teachings provide compounds of Formula | and
20 pharmaceutically acceptable salts, esters, hydrates and prodrugs thereof, wherein
X' is OR® or NR2R? (e.g., OH or NHy), Y is NXR?, X is

N

Z—N NH
and Z, k, R', R? and R® are defined as described above. In some examples of
these compounds, Z' is C(O)(CHz)m~Ce.2p aryl optionally substituted with 1-5 Q
25 groups, and m is 0 (e.g., Z' can be benzoyl). In some compounds, R'is H. In
others, R‘ is an amino acid.side chain, wherein the amino acid is selected from

13



I n anot her aspect, the present teachings provide conpounds having the

Formula Il: B-Z 1511 and pharnaceutically acceptable salts, esters,
hydrat es and prodrugs thereof, wherein: Ais (CH)k-r; kis 0, 1, or 2
20Y" is OR2 or NR2RS; Rl is selected fromH, an optionally

substituted Cl1..10 al kyl, an optionally substituted C20 aryl, an optionally
substituted C7.20 aral kyl, and an am no acid side chain;

alternatively, A and Rl together with the carbon atomto which they are 25
bound form a 5-20 nmenbered heteroaryl containing 1-4 ring heteroatons

i ndependentpipesieHepedeclerdng methioniafplaniag ehepyir'aniae) Yyrasiiestryrteriad wi th 1-5
Q groups; serine, thrEorise, t9htemieesihe carodiRhe, HNRAINEHRIpH(DAcid, IRR&RIEZLRIS( 0) 2, and
an am de bi i sostere 1 | S :selected fr

: j 2. 7 H ..

(G2 m s, 2P RPgNE B RIS Mlactis Mmaingf A2 R Shgro bt S ece) 5. 20
menber ed héexanpas ¢f copriusdalakgordinb £e inege embeiiintents & tiae gresaptdeadhirigs 0, 1, or
2; S5E i 8 selcRieesltiard AbintiddRs, [(1heh ANAGRTdazBlidid-DRaMdng1)-afiithiddspb sost er e

and an am de_b 0|sost§%%; . ,@%Tat each occurrencé, independently is
sel ected f PG AHGPEPRPAFPX)-EritolilE-¢crationybammypcstisclp@idnal | y
substi t ut e@h@rateutidalie ngdeptatie o3itsi estals| ydrates, and prodrugs thereof.

In certain embodiments, the present teachings provide compounds of Formula | and
10  pharmaceutically acceptabie salts, esters, hydrates and prodrugs thereof, wherein
X'is OR® or NR?R® (e.g., OH or NH,), Y is NXR?, X is
' o}

¥
Z\_ NH,

N

R5

and Z, k, R', R?, R® and R® are defined as described above. in some examples of
these compounds, Z' is C(O)(CHaz),-Ce.20 aryl optionally substituted with 1-5 Q

15  groups, and mis O (e.g., Z' can be benzoyl). In some compounds, R'is H. In
others, R' is an amino acid side chain, wherein the amino acid is selected from
valine, leucine, isoleucine, methionine, alanine, phenylalanine, tyrosine, tryptophan,
serine, threonine, cysteine, lysine, argenine, histidine, aspartic acid, glutamic acid,
asparagine and glutamine. In some compounds, k is O; in others, k is 1. Specific

20 examples of compounds according to these embodiments of the present teachings
include, but are not limited to, [2-amino-3-(4-benzoylamino-phenyl)-
propionylamino}-acetic acid, 2-{2-amino-3-{4-(4-
methoxybenzamido)phenyllpropanamido}acetic acid, 2-{2-amino-3-[4-(4-
nitrobenzamido)phenyllpropanamido}acetic acid, 2-{2-amino-3-[4-(4-

25  methylbenzamido)phenyl]propanamido}acetic acid, and pharmaceutically
acceptable séits, esters, hydrates, and prodrugs thereof.

In some embodiments, the present teachings provide compounds of Formula | and

pharmaceutically acceptable salts, esters, hydrates and prodrugs thereof, wherein
30 X'is OR® or NR®R® (e.g., OH or NHy), Y is NXR?, X is

14



substituted C2_10 al kynyl, an optionally substituted C3-20 cycl oal kyl, an
optionally 10substituted C8.20 aryl, an optionally substituted C7_20

aral kyl, an optionally substituted 3-20 nmenbered cycl ohet eroal kyl, an
optionally substituted 5-20 nenbered heteroaryl, F, d, Br, I, CN, CF3,
OCF3, NO2, OR8, SR8, S4R82, S(0)R8, S(0)2R8, S(0)20H, S(0)2NRSR9,

NR8S(0) 2R9, C(0)R8, C(0)0OR8, C(0)NRS8R9, OC(0)R8, NR8R9, NR8C(0)R9,

NR8C(0) OR9, NRBC(0) NR8R9, and N+R83; 15R2 and R3 each independently is
selected fromH, an optionally substituted C..10 alkyl, an optionally
substituted C3-20 cycloal kyl, an optionafly substltuted C7_20 aral kyl, an
optional Iy substituted C6_20 aryl, an opfignally substituted 3-20 nenbered
cycl oheteroal kyl, an optionally sUbs t 5-20 nmenbered heteroaryl,
C(0)R8, C(0)OR6, C(0)NR6R7, S(0)2 (0) 2NR6RY7; 20a|ternat|vely, R2
and R3 together with the nitrogen whi ch they are bound forma 3-20
menber ed heterocycle optionally co g 1-4 ring heteroatons

i ndependently selected fromO, N and atons and optionally substituted
with 1-5 Qgroups; Rs is Hor an optignally substituted C noal kyl; 25R6 and
R7 each independently is selected fromH, ar optionally substituted CL.10
al kyl, an @peZokaRl. R s8R |qratdeﬂwe©:-aszmscmmuoww In somepxaropied bfy

substi tut e%éégnéﬁlpauﬂﬁenzl is cﬁ@)@@@z;moegzlo a1 éHéb%Tah} 5&5&%&& with @'5‘%; nyl, an
substituted C/-20 aral kyl,

optionally substituted an o tj onal

an opti onal R}"pgu%?t’f‘t'%? %939263%%?1’6@28& ch?OB}?e‘f%‘P%"ﬁ?IR iBH- dptional Iy
subst it it edtter2®’ iarbenize anxl side ahgih, wiEFreih RS aBhoG(cl) BR8lecaddrof( 0) NRSRO:

al ternati vghihe, B@mﬁ@qscﬁguélﬁﬂ%aﬁfon%tﬂaﬁ RE Hﬁ'er'\\?lglgﬁﬂeaﬂ/%ﬁeotryﬁb% ot hey are

bound form a ered. heterocycl e opti ona contai nihg '1-4

het er oat onﬁei"?’r’cléﬁﬁ?fﬂ'e?\ﬂy Yol WENeL£E8NRe G“St'F!fnﬁnﬂsF’S'”éﬁ‘n%F & slytynigacid,
subst i t ut easpartding abd Quiaroinps In sumde compounds, IR8 caidotRrselalt . i Sistefiiendent |y i s

lected f | | |
Substi ¢t cq Pss BeBRiI RS dotorSiGts el BfhoGdirEieyrie el dBidRl Y
opt i ondP| y inslisiet Plﬂtmreaotemn ta| [lﬁ‘grawno- hertzpvrrmnendrrye 4eponyiraminols. 20 aryl ,

an opti onalaksticsathsand pHepmhaClutQipactelitble salts GttdroNAldrates Wagbrddibgd 3- 20
menber ed SQﬁ/%&heteroal kyl, and an optionally substituted 5-20 nmenbered
het er oaryl , pr ovi ded that the conpound is not

1- (2- am nopr opanoyl ) - 4- benzam dopyrrolidi ne-2-carboxylic acid. In some

enbodi ment 3, c&dnﬁet{‘n%%@ntﬁ t esent teach Bgrovﬁé%m n@st oftl:marﬁﬁla | and
10enboq$me%s i nc cted fromH

H. a
armaceutlcaﬁy accrg)?a%r?e salwnesters hy rates and prodrugst ereo ?‘aeretn
Y is OR? or NR?R?, X' is

and Z', k, E, R", R%, R® and R® are defined as described above, provided the

20 compound is not 1-(2-aminopropanoyl)-4-benzamidopiperidine-2-carboxylic acfd. in
some examples of fhese embodiments, Y is OH or NH,. In some compounds, E is
C(O)OR® (e.g., C(O)OH) or C(O)NR®R’ (e.g., C(O)NHR’ or C(O)NH,). In some
compounds, Z' is C(O)(CHz)n-Cs20 aryl optionally substituted with 1-5 Q groups,
and mis O (e.g., Z' is benzoyl). In some compounds, R' is H: in others, R is an

15



is NH2), an optionally substituted C, .10 alkyl, C(0)R8, and C(0)OR8. In
sone exanples, Ais (CH2)k-Y', Y is NR2R3, RZ is H R3is C(0O)R8 and Re is
H or an optionally substituted Cl1.10 alkyl. In other exanples, Ais
(CH2)k-r,is NR2R3.and R2 and R3 each independently is an optionally
substituted C1.10 alkyl. In other 15enbodinments, Y is OR2Z and R2 is Hor a
Cl. 10al kyl. In any of these exanples, k can be 0, 1 or 2. In certain

enbodi ments, A and Rl together with the carbon atomto which they are bound
forma 5-20 nenbered heterocycle containing 1-4 ring heteroatons

20i ndependafinoacikside cbeinsWhafein theamiepok! ig salesiedilonuyvalipesigrgingt uted with

1-5 Q grours&neuananfﬁémorme aahm@omguﬁwmoﬁw tlypobHA®, sehbé, are not

limited t t by opror phol
oyrr ot di nitrSal P HARRG S B gt RSP ERD 1 ARG AFEE o, 1 mi dazol e.
pyrazol e, espasagihe and giutamiog éprovidedithe dolmirotiod Emot éxamlmpromﬁdl- e,

thiazol g, beRtdli M&&vdl@@-@b%%li@ ackifli ﬁf@oﬂ?@é&mp&b‘x&éqé 19‘@ infoth&h¥ér i gazi ne,
pyri m di ne, %Eg@ i.n o{ benzof ur an, benzot'hi ophene, each of which

optional l'y'c eXaerlPs A WP%QQ%F%?”%ME%G@ eFimeRtsdt tfrhodi nent s
i ncl ude, bptesangeaditings intitids] bluoare not limited to, 1-(2-amino-4-carboxy-butyryl)-4-

4~ benzam dedzdyibihdlh AaAdhezec oY B0 %.apuzt&-hg.imgfhg %géry yh&-aci d,

4- benzam do- 1- (1H pyr pyr I ne- I'c acid, and

4- benzani dBe'lzc’(Vm'P?rPtﬂ’éE@P%‘zs‘iaé%‘?’%%%‘)’W??’HPV‘GT“H@- ‘zi%ﬁﬂwym ¢ acid. 30 In
sonme enbodheediog!)-piperidinkiBELLh2iEREY, 1-2-ai%ird- a(detyﬁrtl, b&hzogiahR®e=(0) ), and Z is

a C6_20 ar menber ed
het er oar yl %@pﬁ?&%%ﬂférﬁyxdﬁé’?&{j { &qmp"kﬁgbé,yg roup g‘%ﬁ]":’ig H@Fﬁ%‘agﬁ t hese
enmbodi nent §aibﬁé¥‘k§d’é’ dr{%@HH@Ps3xﬂHé1"éi°h3RB-ﬁf®°'WYd]r4 benzomansnweemq Be- I n sone
conp ]gu nds, 2an:rﬁoxand)$tﬁdlny|l (ZSéﬁaabmp*radnwprgubsw -1 ipbRgbyWMnhiRo-biperilingl2ou 85 Cls lig h
as, for exa e

al kyl | Eﬁ?xy'ﬁﬁﬂﬁ‘f '%Z%‘f'?{?'l”f’ %(*Hfr%‘aﬁ@ﬂ'pf"d@? %ﬁtﬁ?’&‘y&i 358 al kyl . In
certains errbodphMM@eBh@"v ScidnGitdy spliseastbrs, hydratemearsiigodivge theseofZ i s

(CH2) m 5- 20 nenber ed het eroaryl opt| onal I y substl tuted with 1-5 Q groups.

I n certain enbodi mis O. ounds of these 5enbodi nents
i ncl ude, biR s%{p%e%pdlm%tﬁ éraa Qrgserﬁ t{% m HB%Y ciprr)goynds of Formula | and

( pi col i nanipdenpacertidalldianesratga saite pétecs, ydrates knd pradiugeohesof, hefein

(ni coti namydg)erd, g ne-<- carboxylic acid, 1-(2-am noacetyl)-4-

(i soni coti nam do) pyrrol'idine-2-carboxylic acid,

1-(2- aﬁPnoacetyI )-4-(pyrimdine-5- carboxam do) pyrrolidine-2-carboxylic
acid, 1-(2-am noacetyl)-4-(2- 10fl uoroldenzam do)pyrrolidi ne-2-carboxylic
aci d, 1-(2-am noacetyl)-4-(3- fluorobenzan do)pyrrolidine-2-carboxylic
acid, 1-(2-am noacetyl)-4-(4- fl ?oro go) pyrrolidine-2-carboxylic
acid, 1-(2-am noacetyl)-4-(2- ne o) pyrrolidine-2-carboxylic
acid, 1-(2-am noacetyl)-4-(3- nethylb m do) pyrrol i di ne-2-carboxylic

acid, 1-( 2'a%H"z"‘,Q<‘?‘%?kY,3ﬁ? af}fd(Fé'are defined as described above. In some examples of
these embaodiments, Y is OH or NH,. In some compounds, E is C(O)OR® (e.g.,
C(O)OH) or C(O)NR®R’ (e.g., C(O)NHR’ or C(O)NH,). In some compounds, Z' is
25 C(O)(CH2)m-Cs.20 aryl optionally substituted with 1-5 Q groups, and mis 0 (e.g., Z' is
benzoyl). In some compounds, R'is H. In others, R' is an amino acid side chain,

wherein the amino acid is selected from’ valihe, leucine, isoleucine, methionine,

alanine, phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine, lysine,
argenine, histidine, aspartic acid, glutamic acid, asp;aragine and glutamine. In

30 some compounds, k is O; in others, k is 1. Specific examples of compounds .
. according t_o'these embodiments of the present teachings include, but are not

limited tf), 1-(2-amino-4-carboxy-butyroyi)-3-benzoyl-imidazolidine-2-carboxyiic

16



15nmet hyl benzam do) pyrrol i di ne-2-carboxylic acid 1-(2-am noacetyl)-4-(
nmet hoxybenzam do) pyrrol i di ne-2-carboxylic acid, 1-(2-am noacetyl)-4-(
met hoxybenzam do) pyrrol i di ne-2-carboxylic acid, 1-(2-am noacetyl)-4-(
hydr oxybenzam do) pyrrol i di ne-2-carboxylic acid, and 1-(2-am noacetyl)-4-(3-
hydr oxybenzam do) pyrrol idi ne- 2-carboxylic acid. 20 In sone enbodi nents, B
is NR5(CH2)C(0), nis O (i.e., Bis NRSC(0)) and Zis (CH2)",-C6.20 aryl
optionally substituted with 1-5 Q groups or (CH2)rn-5-20 nenbered

het eroaryl optionally substituted with 1-5 Q groups, wherein mis 1 or 2. A
non- | i m ti regidex drepizeylSf(2tHydmay-@gblytlimisatgliidine-2-cérRogyiic moEicatige,) +-4- ( 2-
2opheny] ac deAgha) @bl doBgn AnRRLORINS Cadbhylc oL, QhBRafERAMIRN . B I

NR5( CH2) C(0) wherein
cpgptable salts esters hydrates and prodrugs thereof

4-
3-
4

enbodi ment
1- (2- am noacetyl) - 4- (2 0x0- 2- phenyl et hyl am no) pyrrol i di ne-2-carboxylic

aci d) n [@%ﬁ aryl
opti onallsl yqég g?‘ﬁt ut eg é’twﬁiljeg %Rér ou%g pgor%ecééﬁ'psoé%%? me@l—%%
het er oaryl REBIT8FRAIFYATEeRtPhiasalts. \ﬁF’teﬁS hygragsgngupsedrugntherrafswitereie. g.

- ( 2- am noaedRLor-MR{RINeTy| am no) pyrrol i di ne-2- carboxylic acid) or 1
- (e.g., 1-(2-am noacetyl)-4-(benzyl am no)pyrrolidine-2- carboxylic acid). In
~still other enbodinments, Bis NR5(CH2)S(0)2, nis O (i.e., Bis NR5S(0)2)
and Zis (CH2)m C6_20 aryl optionally sgbstituted with 1-5 Q groups or
35(CH) nb20 nenbered heteroaryl optionallly substituted with 1-5 Q groups.
One non-limting exanple of these erg pents is 1-(2-am noacetyl)-4-
(phenyl sul f onam do) pyrrolidine-2-carlp c acid). In still other
enbodi ments, B is an ami de bi oFsgst cl_as, for exanple, 5imdazole,
oxazol e, thiazole, pyrazole, triaZbole, Oxadia¥ble, thiadiazole, or
tetrazole, each O which optionallly can be s"l]'bmstitut ed. Exenpl ary conpounds
of these enbodi nents include, but are not Ilimted to,
1- ( 2- arfionozarettZ/ 15, -&1-R AR IR aptl 6 apotisfinedyas)dey eritedi aione - - cardasapidles aci d,

1- (2- am nO%?%‘ié%)enﬁ‘bcfoﬁn&h@”b’isW%PNHz wwermoa,ﬂnggrgbl . é;ta éégafggg,yl -

1-(2-am no 1- 1H— Lm d

acid, and %@&&%Sg%é\%%) g.(&¢ mlmﬁ@ Wﬁa Fape °°mp°“”d5 Zis

yQpyrrolidi E(@)@Hﬁﬁ-ﬁ@%}drylmpamaﬂy substituted with 1-5 Q groups, and mis 0 (e.g., Z'.is
benzoy!). In some compounds, R'is H. In others, R' is an amino acid side chain,

15 wherein the amino acid is selected from valine, leucine, isoleucine, methioriine,
alanine, phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine, lysine,
argenine, histidine, aspartic acid, glutamic acid, asparagine and giutamine. in

- some compounds, Kk is 0; in others, kis 1. Specific examples of compounds
according to these embodiments of the present teachings include, but are not

20 limited to, 3-benzoylamino-5-(2-hydroxy-acetylamido)-benzoic écid, 3-(2-
aminoacetamido)-5-benzamidobenzoic acid, 3-(2-aminoacetamido)-5-(4-
methylbenzamido)benzoic acid, 3-(2-amino-3-carbamoyl-propionylamino)-5-
benzoylamino-benzoic acid, and pharmaceutically acceptable salts, esters,

_ hydrates, and prodrugs thereof.

25
In certain embodiments, the present teachings provide compounds of Formula | and
pharméceutically acceptable salts, esters, hydrates and prodrugs thereof, wherein
Y is OR? or NR?R?, X' is
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In some enbodi ments, E is C(0)O0R6. Exanples include conpounds wherein Eis
C(O)OH. In other enbodinments, Eis C(0)NR6R7. In sone conpounds, Eis 15
C(O)NH2. In other conpounds, Eis C(O)NR6R7, R6 is H and R7 is selected
froman optionally substituted Cno al kyl, an optionally substituted C3-20-
cycl oal kyl, an optionally substituted C6.20 aryl, an optionally substituted
3-20 nenbered cycl oheteroal kyl, and an optionally substituted 5-20 nenbered
het eroaryl. 20l n other enbodinents, "E is a carboxylic acid bioisostere such
as, for exanple, imdazole, oxazole, thiazole, pyrazole, triazole,

oxadi azol e, thiadiazole, or tetrazgle wt1i ch optionally can be
substituted. Exenplary conpounds of di ments include, but are not
limted to,

N-[1- (2-am noacetyl) - 5- (1F+té\T: ol -5y )pyrrolldﬁn 3-yl] benzam de;
N-[ 1-(2-am noacetyl)-5- (1H—|n1d&zol 2-y1l) pyrrolidin-3- 25ylibenzam de,
N- E1- ( 2- ani noacet y1) - 5- ( 5- met hy&- 1Hi m dazol - 2-yl ).pyrrol i di n- 3-

Kll- JO b?gzgm %ﬁg (‘:ZetkyE R R2 R® and R® are de{'{f‘? F:\ns dgszc(glbiad _above Irnrsgmle Ciaxamgle:s

yl [ benzani @&eREE b(’?'”éﬁ‘i‘i"%?fdggﬁ'%r)"”ﬁz ('BEQE‘SIC@WW r%'rs.CdP}P% #9-benzani de,

N41- (2- amia(exek) griG(HNRER] @@r@@)NdﬂépoD(QWymmmejcam&uphs izam de,
(25 armBaREeSvé) wé {%Wﬁ@%ﬁ@édfl%pspd Fdég{h;]rﬁéé' k@gnéa@ de,

N[ 1-
N % 1-(2- 30am noacety 0xazo yp enzam de,
N[ 1-(2- aPPRe et &'/‘15)”'53 ‘(°I’I‘¢°;5’9i’%t s B. Apgthest Fﬁl'ﬁa@awf]"l?éh’z%\

N- El- ( 2- amwhessiethelamipe acid is selected from valine, leucine, isoleucine, methlomne

3- |
(N41I ?(Z)p;(r)np)récl)agyé{’ 9}%&@%@5‘* %%%'F'? té&%hgnyéﬁlnhg%ﬂgyﬁ} oY 'ne ']ej benzam de,
"N-[ 1- ( 2- anmiahgriens iﬁﬂldlse(iﬁﬂan?czﬁclﬂ- glquacz @ridgaspeyagine and @lpﬁﬂmayl Ihbenzanmi de,

NA1- (2+am %Gﬁféﬁio)ﬁb)ouﬁdi %50t iRiheldHdis 4. $pecific examples of compounds
35tri azol - F)élg’%? gfmbod}‘{'neln S szt mﬁfje%bntzteﬂchmgs include, but are not

N41-(2-am no I'SO
triazol -5- y-rrytsg ite. Gt G@WQBAWF sm}avﬁ ad2- hMFi'(Ozy-a(:QtylamldWmE@t'%K) agd,(N-

, 3, 4- oxadi -cgrbabﬁ' P2 dr@)tynao%t ArhiB8) &R ﬁen_y’l}f%n i
N-D (2-am ﬁlg%:et Eag ﬁikﬁg% W - O’Qa%mago g Z?l?’)(;ﬂlel ?den 3-yl ] benzam d
e. 5 In sorfe?HAY ce sg{qgs @H?y atps, ard mg ygephergofis 0, Eis
C(0)O0H,15B i s NHC(O) and Z is phenyl, then RL is not nethyl. In.other
enbodi nent Eis
c(0) OH angn s%@@nﬁddﬁn%@%&é‘p%s%nt\(eadh% @%vnééeu%%??;??ugﬁégf Isorﬁﬁ.ﬁJ'IyAq bast one
Q group. IrPhéf'T“P‘fe“gFﬂ%‘raCE?ﬂSﬂ?iF Felk §st6Wn KiratgsAndarpyrkastherepf, whergipp i s
0, Rl is netisydR? @ NR*RRHC(®), and Z is phenyl, then E is 10not C(O)OH. In
ot her .enbodi nents, when Ais (CHQ)k-Y', Y is.NH2, IRL is nethyl, Eis
C(0)OH, Bis NHC(0), and Z' is phenyl then k is | or 2. In yet other
enbodi ments, when Ais (CH)k-Y', ,1 0, E: 21 is nmethyl, Eis C(O)OH, Bis
NHC(0), and Z' is phenyl, then Y T H2. 15Conpounds according to the
present teachings incl ude t hose havinjg thejlfoll owi ng structures: and
pharmaceutically acceptable salts, esters, |hydrates, and prodrugs thereof.
20 In anot her aspect, the present teac s provi de conpounds having the
.For mul a [

20 . z

and Z', k, E, R', R? and R? are defined as described above. in some examples of

these embodiments, Y is OH or NH,. In some compounds, E is C(O)OR® (e.g.; .
C(O)OH) or C(O)NRSR? (e.g., C(O)NHR’ or C(O)NH,). In some compounds, Z' is
C(O)(CH2)m-Ce-20 aryl optionally substituted with 1-5 Q groups, and mis-0 (e.g., 2’ is
25 benzoyl). In some compounds, R'is H. In others, R' is an amino acid side chain,
wherein the amino acid is selected from valine, leucine, isoleucine, methionine,

alanine, phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine, lysine,
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R5 Il and pharmaceutically acceptable salts, esters, hydrates, and
prodrugs thereof, wherein: 5Y is OR2 or NR2R3; k is O, 1, or 2; Z is
-selected fromH, (CH2)n,-C6.20 aryl, (CH2)",-5-20 nenbered heteroaryl,
C(0)(CH2) m Cs-20 aryl, C(0)(CH2),-5-20 nenbered heteroaryl,
(CH2),,,C(0)-C6-20 aryl, (CH2),"C(0)-5-20 nenbered heteroaryl,
S(0)2(CH2) m Cs_20 aryl, and 10S(0) 2(CH2) m 5- 20 nenbered heteroaryl, wherein
each of the C6-20 aryl and 5-20 nenbered heteroaryl is optionally
substituted wth 1-5 Q groups; mis 0, 1, or 2; Q at each

occur r ence argeneplaipiifing. I%ﬁpﬁg'cﬁﬁe@%‘f@d‘@ Agith 2RP2ERANCOHM 9iytaminestint ut ed C1. 10
al kyl, an e@he@ambbun@ksé O1iboeérd R isL9. sbBQfWéxarﬁfneQ&tdoﬂ{b%hh&é 15substituted

C2_10 al kyn an, optionall y. stl t ut ed 20 .¢c | otlonally
TR e o At e S e I T R
opt i onal | ylimiiersto. #beadoyiamihorie(Poydeaty caretytanaitie)- mldhykan@arbopstlncmm I y

substi t gt ed.(b- a%@néﬂi:@tb@ﬁt@g) h@Eﬁi%%fp\éhdeA -&drboBiic akid  pHaRacddtiEally NOZ,
OR8, SR8, S+R82 S(0 S( %% %H S( %@NR8'R9 NR8S( 0)2R9 C(O) R8,
C(0) OR8, CEBJIREED %cﬁﬁ‘?ﬁs gt NRSC( 0) OR9, NR8C( 0) NRSRO,
and N+R83; 'RL is selected fromH an optlonally substituted G _lo
al kyl, an QHE'p%h astiRss InEMH@Gu Q@re%@sc?ﬁéf& of @8 cgﬁﬁbemi detcipiasti tuted
C7-20 aral kyl , an amno acid de chain; each 1 ndependently

is select e&efer"bn’f ‘?q exawp!f‘pfweoﬁswepyh%w Pftq}?%'dimmptﬂ"e&t%(?ﬂthe Bi¢SBk i onal I y
subst i t1at eteaCBingd cay be @R4RY PR482NS, borA#RY substituted C7_20 aral kyl, an
optionally substituted C6-20 aryl, an optionally substituted 3-20 rrenbered
cycl ohet eroal kyl, an optionally substituted 5-20 menbered het er oar yl ,

C(0)R8, C(d) mhermfﬂmrem)%ng%ﬁ@vge@pmms haping the Formula I

fo) E
A
N
R1
B—

15
and pharmaceutically acceptable salts, esters, hydrates and prodrugs thereof,
wherein: ‘
Ais (CHz)-Y’;
kis 0, 1, or 2;
20 Y’ is OR? or NR?*R?*;

R' is selected from H, an optionally substituted C,.4p alky!, an optionaily
substituted Cg 2 aryl, an optionélly substituted C;.5 aralkyl, and an amino acid side
chain; _

alternatively, A and R’ together with the carbon atom to which they are

25 bo(md form a 5-20 membered heteroaryl containing 1-4 ring heteroatoms
independently selected from N, O, and S and optionally substituted with 1-5 Q
groups; . _

B is selected from NR®, NR%(CH,),C(0), NR*(CH,),S(O)., and an amide
bioisostere;

30 nis 0,1, or 2;

- 19



alternatively, R2 and R3 together with the nitrogen atomto which they are
bound forma 3-20 nenbered heterocycle optionally containing 1-4 ring

het er oat ons i ndependently selected fromO, N or S and optionally
substituted with 1-5 Q groups; 5R4 is OR6 or NR6R7; R6 is H or an
optionally substituted C1_10 al kyl; R6 and R7 each independently is
selected fromH, an optionally substl tuted C1_10 al kyl, an optionally -
substituted C3_20 cycl oal kyl, an optl onal |y substitut ed C2_10 al kenyl, an

optional ly substituted C2.10 alot_g an optionally substituted C6-20 aryl,
an 10opt i onal | y Zdaseiertedfom hrChh)mreolapi! optignally ulstiyteq Wi bt @t ut ed 3- 20

menber ed cyedupseat (GH kyb-20 anerapsred hetskoars wpabndiiv sabktutd® witk rtseg ed

het er oaryl , qp )R8 C(0) OR6, and C(0) NR6Re; alternatively, R6 and R7
t oget her vvlg{(h the nitrogen atomto which they are bound forma 3-20

menber ed het er o&®yisi% topt%ional |y containing 1-4 ring 15het eroat ons

[ ndepengent Iy s& iggbrdicbom @(O)@F\@rC@)WRDFHéé?&ﬂéyhtyaﬁél”aﬁiéo%iérrégnd’“ th 1-5 Q
groups; an nd Re each independéntly is selected from H,

an opti onalalnfm'gﬁB‘gfstﬁfeed Cl 10 al kyl, an optionally substituted C3.20
cycl oal kyl, an d&ptat eact ¢gcugabes, |lrtdaperdﬂe®zy lsosaédt@hﬁyd:m aaroptiptalignal | y

substitute 6 aryl, an
optional | yggﬁgﬁg?@ i%yé]%)%' arﬂé’bti%ﬁélly%ﬁéﬂlt}éteﬁ 21° §l¥<érWl’ qﬁ)g%tg |%ﬁt ed 3-20

an_optlona
nmenber ed cfHP?fﬁ‘é‘F%%@éﬁ v, é‘ﬁ(Tp%\?f‘%b??lbﬂ'&l'tg‘i/Csvtﬂ?‘f’?‘ﬁi"eﬁf‘ getingalenber ed
het er oapy| ;substituted Ceprayli dedptidratly $utstitoepOu, dralisyl, ot optionally substituted

1-(2-am ”ng%?@gﬂ%é)ed%ycﬁﬁ&é%gllﬁPB}éro%%ﬁéﬁ&%Gbﬁnt&%ggé@%éﬁb&%@d 25 In_some

enbodi nent I's NR2R3 and
R2 is H (i .heteroawyi, FsCNﬁRé)C%lnGFR@QFs %‘@hé@?e@ﬂsr%rﬁ M PR, S@RYs NH2), an

optionally ss(ow—! SYORMRERE, NR®s(dByRS, @O&RP@(O)DRW())QR@RE’I OCRHROTE _
eC(ng;)Ic—III) rrgpt 2\?1 Bo;;‘tl oWs#fé)@%&éﬁ%kﬁB‘ al kRﬁd?Pﬂe R HS(IC(Oj CHSRf | Isn
ot her é@bodi nentR ang'R’ |9§0Nmen%ﬁﬁ@iy RoselerdedBoradb Wnlqmlelpﬁilmﬁeh?eﬂtqﬁeq! s an
optionally @.qg@kﬂltﬁi&ﬂloﬁély&b@btm&d Cazé‘cﬁ%ldélll 1, AinptioRATl QUbERNES 07%( i's OR2
and R2 is H Sll(yl an o%onallyoﬂbsp tute%nC&ZO aryP r:‘:\?xlolp¥onalfl?fssbbstltut 3- ]O'n:!i erlé
cycloheteroalkyl, an optionally substituted 5-20 membered heteroaryl, C(O)R®,
C(O)OR®, C(O)NR®R’, S(0).R® and S(O).NR°R’:
20 alternatively, R? and R® together with the nitrogen atom to which they are
bound form a 3-20 membered heterocycle optionally containing 1-4 ring
heteroatoms independently selected from O, N and S atoms and optionally
substituted with 1-5 Q groups;
R® is H or an optionally substituted C,., alkyl;
25 R® and R’ each independently is selected from H, an optionally substituted
Ci-10 alkyl, an optionally substituted C; 5o cycloalkyl, an optionally substituted C,.4o
alkenyl, an op;tionally substituted C,.1p alkynyl, an optionally substituted Cg.5 aryl, an
optionally substituted C;.»¢ aralkyl, an optioﬁally substituted 3-20 membered
cycloheteroalkyl, an optionally substituted 5-20 membered heteroaryl, C(O)R®,
30 C(O)ORS®, and C(O)NR®R?,
alternatively, R® and R” together with the nitrogen atom to which they are
bound form a 3-20 membered heterocycle optionally containing 1-4 ring
heteroatoms independently selected from O, N and S and optionally substituted
with 1-5 Q groups; and '

20



In certain enbodinents, RL is H In other enbodinents, RL is an am no acid
side chain and the amno acid is selected fromvaline, |eucine, isoleucine,
nmet hi oni ne, atani ne, phenyl al ani ne, tyrosine, tryptophan, serine,

t hreoni ne, cysteine, lysine, argenine, histidine, aspartic acid, glutamc
aci d, asparagi ne and gl utam ne, 5provided that the conpound is not

1- (2-am nopr opanoyl) - 4- benzam dopyrrolidine-2- carboxylic acid. O her
enbodi-ments of the present teachings include conpounds wherein R4 is. OR6
(e.g.,O). Alternatively, R4 can be NR6R7, wherein R6 is Hand R7 is

sel ected from 1034 We‘z cap indeprpgently irselgstechinam H, 35 wptienallysabsticted 0 al ky! |

an opt i onaldy, Sknsdr dipl“bﬁﬁllyGﬂbe@ufé}ﬂCdaqéib)’iﬂdalkyﬁI&nQ:IBhdar‘iHW'ststﬁMQ@ tLuted

C6..20 aryl ute teroal kyl, or
an opt i onéla"ke?’gl gpg{ﬁ?&%e%g‘g)ss%'% har Eﬁmhe‘?f ng'gpéysulbﬁ%g{qd ”‘b?rﬁg

al ternati vé@t'OMwaﬁtme‘i Egetaialkylnwkn pptidneliynsubstigtad 22O meantberd ch t hey are
bound fsrm@cﬁh&grcﬁﬂk gh@en Bpﬁ&fampmmﬁ&i @@b%rﬁsé}& RERRSIH! Ne,

pi peraiine, 15nor | 0D rrolidine oxazolldlne

t hi azol i di ne, 6‘9 dofﬁi*&f’?&?’??8°”'££8ﬁ’°gf( Pb??@f‘aﬂiaﬁy can be

substi t ut ecbentamldﬁpﬁrmyilge&qmboxync sgde enbodi nents, Z' is C(O)(O—lZ)mCG_ZO
aryl optionally substituted with 1-5 Q groups and mis O (i.e., Zis

C(0)-C8. 20 ar tionally substituted wt Q 20 gro Exenpl ary
conpounds dFf s%'ﬁ‘@? %é\i?éc\"ﬁb‘lYuﬂéd YH%%‘@%\XE#’@WP'% of tgeﬁiﬁenzoyl In

ot her enan'pdrﬂmdlrﬁ’entslnbbdeoyllnpemmstwlﬁeﬁéuadzz\m Hhand-FS i€ sgeadp Fromsugle. a8, for
LS oo e hssc B R O i e
embodi nent sexamlsﬁ RrisTCH )P, YHS Fﬁésﬁ Os CIRRS %n igritioan i s benzoyl ,
then 1: 21 icptiacdlly @abdtylted m1o@mrlnm@xﬁmab§,,AWH2X-Y’l\5' idNR?R¥arls 0, Rl

I s net hyl Q e zoyI S

subst i t ut e(ﬁma"{ %%%P%ek’g%%enﬂ%%a’gﬂmm?@ %’f{tf‘fegtcg‘ al ﬂb&'&? nts when Y’
i s NH2,15k jemipdipants, S PRy and REisi K ofp Camadlky!. |lsalmerm2tlyelse exéyppleR& i s not OH.
I n other erdapde®eAtes2, When Y' is NH2, Rl is 30nethyl, R4 is OH R5 is H,
and Z' is benzoyl, then k is 1 or 2. In yet other enbodinents, when k is O,
Rl is methyl, R4 is OH R5 is H and Z is benzoyl, then Y is not NH2-
Conpounds dg certain gopbodintents, ﬁramiem‘t topethehwitigthe icadioncorh hoemich ah/ayrnget he

fol | owi Nng $iquHE ¥dHES5-20 membered heterocycle containing 1-4 ring heteroatoms

20 mdependel_'ltly selected from N, O, and S and optionally substituted with 1-5 Q
groups. Examples of heterocycle groups can include, but are not limited to,
piperidine, piperazine, morpholine, thiomorpholine, pyrrolidine, oxazolidine,
thiazolidine, imidazolidine, pyrrole, imidazole, pyrazole, triazole, tetrazole, furan,
thiofuran, oxazole, isoxazole, thiazole, isothiazole, oxadiazole, thiadiazole, pyridine,

25 pyridazine, pyrimidine, pyrazine, indole, benzofuran, and benzothiophene, each of
which optionally can be substituted. Exemplary compounds of these embodiments
include, but are not limited to, 4-benzamido-1-(1H-imidazole-2-carbonyl)pyrrolidine-
2-carboxylic acid, 4-benzamido-1-(1 H-pyrazole-s-carbonyl)pyrro!idine-z'-carboxyiic
acid, and 4-benzamido-1-(1 H—imidazole~5-carbonyl)pyrrolidine-2¥carboxylic acid.

30
In some embodiments, B is NRS(CHz)nC(O), nis O (i.e., B is NR°C(Q)), and Z is a
Ce20 aryl optionally substituted with 1-5 Q groups or a 5-20 membered heteroaryl
qptionally substituted with 1-5 Q groups. Examples of these embodiments include
compounds wherein R%is H (i.e., Bis NHC(0)). In some compounds, Z is a phenyl

35 optionally substituted with 1-5 Q groups, such as, for example, F, Cl, Br, 1, Cy.40
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5and pharnmaceutically acceptable salts, esters, hydrates, and prodrugs

t hereof. Exanpl es of suitable prodrugs of any of the conmpounds of the
present teachings include, but are not linited to, oxazolidinone or

i m dazol i di none prodrugs, 10l n another aspect, the present teachings
provi de pharmaceutical conpositions conprising a conpound according to the
present teachings and a pharnaceutically acceptable carrier. In stil

anot her aspect, the present teachings provide nmethods of preventing or
15treating atholgglcal condition _conprising adm nistering to a subject

in need thé‘fké,‘glc FeP Qs NOzpQrfane BKYINGH: Ateriiigpeudk¥hN(G-elidbsiote anount of
a conpound NHC(EHAL galkeutih ee:lm.aemanﬁemswem&«hm-phenw hey gynesent

t eachi ngs. %%Me%?s %f(s gf’Hng-St rﬁg%bgl%@q'ne%elrggrﬁl (;r{.‘lr?l%t alFH slu atquttergeat%eld

prevent ed using conpou resent % not
limted toQ QKBS ol«?‘ﬁﬁa'ﬂﬂmttﬁdy@%tg% né& ¢. Exeroplpar COE@PPMS ofithgseon, atri al

flutters V%ﬁtﬂ’oﬁﬁ?&r@d’ mt:lae@mw@ ﬁbt@i‘mt&@m r1L(QLHnaﬁozfdeM)L4 ljatl On% | |

ost eopor 0si,s.;_,in ir i um sorders of al veol ar
tissue; bl ARGRNSMIED rﬁm’ﬁgﬂﬁ'}c %&’F@’ '{e'&r?'ﬂtﬁ"’a%‘% ‘\h'gas due to di seases of
t he cochl eén'c‘éﬁ@wmpvf@llld'heﬂ-mécxym atidt B2-amiloacktyly4di abeti c reti nopat hy

and di abet '(iéorﬁl@étfr@ﬁﬁdd?ﬁyrr&&ne@@rﬂi&lyﬁé Sgdcﬂ@bﬁxln‘éa&tyl{ﬁﬁé‘ﬁ'mﬁné 5. 9.
i schem a of the ce rai’n or brain sten;

EP Stﬁ’ n% inal cord
dental ti s§ﬁ§’°d’?'§’ é(F'§" 1 éz'ﬁ’eaﬁ doRrainereedat(2-ki dney di seases:
haemat oboglfloomaniaesdcabvrmishr(eéz garposia@nidal-(2-aokepeayr4-@hr onbocyt openi a,

and_pancyt aBsRbl=RTa55) M ihcl SbdBYIIG LICRIRRInalbbf GYuoS all ¢ ©

conmpounds or irradiation ergﬁ wounds suc ficial wounds and
deep mundé‘“?@ﬁ?ﬁ"ﬂ@")f’w&?ﬂdﬂe TR POBMIE aFid) & (%i‘?g‘l"iﬂfi’&?"%‘ﬁ Curinary bl adder
i ncont i nenawsthyleznzamiddperoliding-2-cbaiylioacia, ‘a(ndamhbedfutyl) #4084 ammat i on;

cancer fa%gggbéﬁzap‘%z h& &Mb%ﬁ%ﬁﬁs ggéquggthon conditi ons

whi ch ari se Ing t atl on | Ssu r during nedi cal
pr oceddfes maeiey %ag\!ﬂ‘@@f’?“d'éeﬁd?atfPWBC Eﬂééd?;@!f"b?ﬂc&%v')e‘k@ess of ‘reactive.
oxygen speenaﬁoxybémrmw;pﬁwﬁmuz Bdrbbkylic @siad €2 dhraseyn aradi sor ders of

Corounds iRl drRiAshts r5§§v§ﬁ§c'gc58% ém@%?%t?@he<5ﬁresent e
15t eachi ngé‘yémywzﬁ@mymn&@rcamm 2giclangdri-@rahingatretyl)-443-at i on.

A. Def i ni ti gRaropbezamiRSrioli@He 2t sy ieacid.he fol l owing definitions are
provided for specific terns, which are used in the following witten

descri gtion. 20 Thr oughout the descri ption and clains the three-letter code
f or nat ur alln apinaerkodittents Blis SR EEHAMEI(D) asis §dier Blid NRECEBpamtiZ ishr ee | et t er

codes for qb & z@gﬂyn&t@ﬁhlﬂssub%%{éd%trﬁﬂgQ’?&v‘o‘ﬂﬁs b@H,).,-4B8 neerﬁﬂ;@e& or
form has n%eterggrgl oSﬁ%gr?élIy sugstatutedlvﬁth 1-5 % groups, wherein mis 1 or 2. A non-
limiting example of these embodiments is 1-(2-aminoacetyl)-4-(2-
25  phenylacetamido)pyrrolidine-2-carboxylic acid. In other embodiments, B is
NR>(CH,),C(O) wherein n is 1 or 2. A non-limiting example of these embodiments
is 1-(2-aminoacetyl)-4-(2-oxo-2-phenylethylamino)pyrrolidine-2-carboxylic acid).

In other embodiments, B is NR®, R®is H, Z is (CH2)=Ce.20 aryl optionally substituted
30  with 1-5 Q groups or (CH,)m-5-20 membered heteroaryl optionally substituted with
1-5 Q groups, and m is 0 (e.g., 1-(2-aminoacetyl)-4-(phenylamino)pyrrolidine-2-
carboxylic acid) or 1 (e.g., 1-(2-aminoacetyl)-4-(benzylamino)pyrrolidine-2- .
carboxylic acid). In still other embodiments, B is NR*(CH,),S(0),, nis 0 (i.e., Bis
~ NR®S(0),) and Z is (CH3)m-Cs.20 aryl optionally substituted with 1-5 Q groups or
35 (CHz)m—S;ZO membered heteroaryl optionally substituted with 1-5 Q groups. One
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understood that the amno acid in question can be either the L or Dform A
m xture 25 of equinolar anmounts of D and L conpounds is terned racem c and
is designated by the prefix DL, e.g., DL-leucine. It can alternatively be
designated by the prefix rac- (e.g. rac-leucine) or by the prefix [+1-3.
The present teachings include all possible stereoisoners of the conpounds
of Formulae I, Il and Il as well as of the specific conmpounds shown
herein. 30 The term "peptide"” herein designates a chain of two or nore
nol ecul es that are |inked by neans of a peptide bond. Peptides can contain
one or nor @ondimitnal ¢xampde of theskerabadiroestsiisl $-(2-emincacetyiprle unnat ural ami no
aci ds, one herfRURoAIhIBEHbERIGIAEE- c%F%x?l@aé?cW no aC| ds but are capable of
form ng peptl dé bonds, or ‘'m xtures her eof The term "am no acid"
refers to a nolecule haV| ng the general forrrula NHR-CHR' COOH (wherein Ris
H and R i dn &iill ethemembudiniests 0B iscdraamide diciddstnd, ddch beget Bexmpié,t h t he car bon
and nit %Og%ﬂ%dta?olmgiofehﬁ'ﬁ'az%re gﬁggcngn;ﬁén&a& inr e tﬁlagla{:ﬂé cR'rt&iL Wh' ch
ormn

~is capable o nore o
havi ng t he eagh8f ﬂ@'ﬁ@r“ﬁ?'mﬁﬂy FaP e subppditited. nEéﬁfm‘éfdé@"WGt"Fﬂﬁ_ofélﬂﬁFeD am no

acids. A dmmwdahéms oRdel bRtGréAdtNenitaa itsl - (rTzeérﬁxHSadetﬂﬂm@ Qlﬁeﬁyg&aic?% OWAQQ 20
ani no aci u n
(N), Gn )p%d )’ar)igy 'f%@’ l’?ﬁ a'Z‘W“‘F‘IV‘S“‘ (%)F)"bll’émpaﬁ E% Met (M), Val

(V), Phe ( )pyrw'ud' -carPvah(c\arld B3rapimoacelit-4REphemyl-1HNoridadol-g- t hese are
L-am nOmaclmpyrraumetmearmbﬁﬁlerahdt Saf U NGMmirdlasttyflal @WnERYI-HIRideR-9f D-am no

aci ds. A@ qgm glarrg) tlhe term"lysine mnetic" refers to an unnatural
am no aC|d BY rrsing &gvg §'f’lphat|c or aromatic ring and at l'east two
basi ¢ am ne functlonalltles (i.e., at least one basic ami ne functionality

he 1 or mil g SR Lk ol o R E*d?"ﬁ%‘:%?ﬁi?‘ e S hon and
nitrogen to (H;@"Mngﬁ'ef ﬁ5§9°§hwgnﬁoﬁd%8?¢sg\{¥ﬁ ”T"F’e‘fﬁ%‘?"é‘ﬂ 435§, wherein the -
ring eisherC(QalHg ot atherscoatpoliadss £ i9 EORNRARYj lb‘naIH Bhd ®’ s $elatehirore.a. ,

i m dazol i d'aaﬁo.%ug%w&wﬂeh% Caln@: qnw.ongg ﬁaggtlt%@ab%.zoa&c%mkgleaﬁUbSt' tuent,

e.g., amno trolidi ne- 2-car box
am no- pi perqug‘f‘?é'y f“EﬁV‘B‘Gﬂﬁﬁz%"”&'@?'@l OpUORRHY ?“bsﬁ‘wt?ﬂ 18P magakeged t he I ysi ne

m meti ¢ hasytibeetbayamyl, anlidR-optithallCembstinhied 6120 fRerhbered aB®rddryll S @ si de chain
25 conprising a Cs_s aliphatic or aromatic ring, wherein (a) the ring
either contains at |east one rin itrogen or bears an am ne substituent,
and (b)20t hdn Pfh?gel"‘émgi@?ﬂi\‘%ﬁe'ﬂafcla%mﬁli‘fea%b'ﬁ'éo%teiecﬁlﬁaékbfehéxaﬁ’m'hyI ene by 1
or 2 at ons.imiaBes; bid¥old, fiazRll pPratoleftriaztld) o’vkahM%l@&hn@ﬁﬁ@&lé%ﬂtéﬂazele

ami no- phenyea%‘w %P{/vn%h(o?f‘gfgllx c%g{s%ub t%utgé 0%1 xer ?&{aﬁog'\%ggnﬁ_ﬁl 1[8% [ r Om t he

backbone.
wherein R |%“49C’Hﬂ%l‘tﬁ"“% put qr@g@tt'ﬁéﬁedﬁ@rh’r{h(@nﬁoa@fﬂh&t(ilt!-tQtraZaHémat| C

ring, wher Q{I)B){ﬁ't%]ﬂlrf—?-@!]b@‘lzbhﬂe Fqﬁt(tﬂlaﬂﬁn@éce{y@@ﬁﬁ I-piﬂ'ﬁdéﬂoﬂg-yﬂbirlﬁd?igrl?nfb or bears
an am SU | tue non-11m ySI ne

M neti ¢ rb% (g St 8]& nga%t)e)a%'g%m)ﬁ?yg‘qu?‘ af?ilypy')p‘%{%gﬁ 3ici uded
withint he ydibmmm@ﬁ\l-m‘-(Z apispacetyl)-PrE-isobrogyiel H;maam-akyl)bswolmmy am no

aci ds conpryisémGnidEN-pi-g- éra#aasée@yups (&é@&oﬂ?ﬂdﬁroﬁ&tﬂg-ﬂggnf’atrn:EQ%t1 two basic

am ne funct onalltl es fo descri b E di am no- benzoi c
aci d (Danb -amiggacety )I'% 'ﬁ@PfﬁPﬂ@’ﬁze ZXP%V'EP 'ﬁﬂl%ﬂgﬁeﬁ??rﬂ'@eaﬂﬂ “tYs -wherein the
proline ri regnineaaetdes-(5-metintoxpraeyiipy(relidin-3-yiberamaimide; Ws1e@ent anecar boxyl i c
acid) ofy '%r&:ﬂ&é’ée?ﬂ)5'@4—?:{%%1%41&%}%&98@6‘3ty}]8er%94.&ef“i‘u il (Bg (e.g.,
3-am nopyrrol.idine-1 b rrolidine-1-
aminoacetyl)-5-(1H-pyrazol- 5-yl)pyrrohdm-3—yl]benzam| , N-[1-(2-aminoacetyl)-5-
(3-isopropyl-1H-pyrazol-5-yl)pyrrolidin-3-yl)benzamide, N-{1-(2-aminoacetyl)-5-(3-
methyl-1H-pyrazol-5-yl)pyrrolidin-3-yllbenzamide, N-[1-(2-aminoacetyl)-5-(1H-1,2 4-
triazol-5-yl)pyrrolidin-3-ylibenzamide, N-[1-(2-aminoacetyl)-5-(3-methyl-1H-1,2 4-
35 triazol-5-yl)pyrrolidin-3-yl]lbenzamide, N-[1-(2-aminoacetyl)-5-(3-isopropyl-1H-1,2 4-
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5carboxam de). In any of the lysine mnetics, the basic am ne
functionalities can be a primary am no group (e.g. 4Ant, Danba, 4Anpi, and
4Anp) or a secondary ami no group (e.g. Pip and Ica). Exanples of |ysine
m-netics having aliphatic cyclic am ne groups and aryl am nes include .
Danba, 4Anp, 4Anpi, lca, Pip, and 4AnF, having the follow ng structures: 10
The term "hal ogen" refers to F, d, Br, and I. 15 The term"al kyl," as used
herein either alone or as part of another group, refers to a substituted or
unsubstituted aliphatic hydrocarbon chain, e.g., having from1l to 10 carbon
at ons, t hatriazahSbpwralidinghyihshaamider Nit-42remirdacEyudpit Ss4-okadidzol®- gr oups

i ncl ude rTEWWrrdtmla-ylﬂIeh%m(dEt and R QRYanfirfaletyl J&“(Bfrﬁ&)tbl 289 dxa@RsaPY! ) .

butyl (e.qg. ﬂﬂp E"X{h i sobutyl, 's-butyl, t-butyl), pentyl groups (e.g
n-pentyl, i s‘@ﬁ&'ﬁ? in- ?J'ézﬁﬂﬂ? and the |ike. Specifically included wi t hi n
the definition of "alkyl" are those ali phati ¢ hydrocarbon chains that are

opt i onak| WﬁH&ﬁ&bHﬂ;B@%en@%vﬁeﬂW%(éh wlw s mz NS PRI @BS“ Bher al one or

as part of anot her %rou fers O a Substituted or tut ed
al i phatic WNHr&arB ﬁ'%ﬁ'é\‘?'?t" thenyR| 'Swat/mﬁtbyt rlarﬂﬂ?rteatbfe'"e%n*mweatﬁo'ﬁs t hat
can be st racgbt—chaismle{, kbis anRhie thealmyal, E:Esm:(m)OEt amezo.e pRBMye, thér then- car bon

doubl e bongge. Thes Mast, Sunw&@&e@tisbog@ a[;\%wﬁ? é%ﬁ@nas in

2-butene) or Cerm na % noi eti es
contain onds GHAqG. Yoahite bisTIK' 'Sr'ﬁ’é"hb’stﬂ'F é!q{@hwndﬁﬁcﬂha@ésth%tthE and Z
I somer 010 naf CE@TH. olin dtie é?ﬁlﬁ)dﬁﬁem’s’)rv&uéihw@(eHb)Q-ﬁdS/' isag ifiis ety iencl uded

w thin the i AN ose. al i aLi ¢ drocarbon chai ns
that are op{jég)dl)”?ql'f 2 'ﬁj‘? Cﬁu%ﬂ%;f '%Q%ngf rﬂbe éﬁ“sa' "W(railo‘%.l i es include
vinyl, all Wbodrﬁ'@?"b%ttvé’wy‘IA(se(C@z)rYl mapeﬁblsmhﬂrism@@)@ﬁ B1is HE(Oxr m

"al kynyl, " 288 21a8fheh§r #eh eid gl one or as part of another group, refers
to a substituted or unsubstituted aliphatic hydrocarbon chain, e.g., having
from2 to 10 carbon atons, that can be straight-chain or branched and

cont ai N$ orfempounds aceardipd éo therdresent wablonghionldde thbise hevieg tre fotoveng r i pl e

car bon- car RglcipriRds can be internal (such as in 2-butyne) or term naI (such
as in 1l-butyne). Specifically 20| ncluded within the definition of "al kynyl™

are those aliphatic hydrqgtar boe chai ns that alje optgonally substituted.
Exanpl es of al kynyl, grou i ncliude et hynyl , P opyny , butynyl, pentynyl,
and the |ike. i Z

B—2, and

and pharmaceutically acceptable salts, esters, hydrates, and prodrugs thereof.

sifm
\“‘

Z,
Z
B

Z)
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In another aspect, the present teachings provide compounds having the Formula {if:
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As used herein either alone or as part of another group, the term

"cycloal kyl" refers 25to substituted or unsubstituted non-aromatic
carbocyclic groups, e.g., having from3 to 20 ring carbon atonms and
optionally containing one or nore (e.g., 1, 2 or 3) double or triple bonds,
i ncluding cyclized al kyl, alkenyl, and al kyriyl groups. Cycloal kyl groups
can be nonocyclic (e.g., cyclohexyl) or poly-cyclic (e.g. fused, bridged,
or Spiro ring systens), wherein.the carbon atons are | ocated inside or
30out side of the ring system Any suitable ring position of the cycloalkyl
noi ety can be covalently linked to the i chem cal structure. Exanples
of cycloal kyl groups include cycloprofyl, clycl opropyl nethyl, cyclobutyl,
cycl opentyl, cycl ohexyl, cyclogggylne hyl , kycl ohexyl et hyl, cycl oheptyl,
cycl opent enyl, cycl ohexenyly,~€ycf* acth cycl oheptatrienyl, norbornyl,
nor pi nyl, norcarnyl, adamantyl, 35$piro[A4. 5] d¢canyl groups, honol ogs,
isoners, and the like. Also included in t definition of cycloal kyl
groups are noieties that have one or nore aro Lngrings fused (i.e.,
having a bond in common with) to the cycloal kyf ring, for exanple, benzo
derivatives of cyclopentane (indanyl), cycl olexane (tetrahydronaphthyl),
and the like. Specifically included wfhin the definition of "cycl oal kyl"
are those 5carbocycles that are optionally substituted. The term"aryl," as
used her ei ﬁ"gipg 812 \‘tbcf‘i’hy 8Fceféaebﬁ%%'{so?gﬁrﬁo?%?tea'r?ﬂ?p‘,’m?"é‘%F %% substituted
or unsubst imthetesd ar onati ¢ nonocyclic or polycyclic hydrocarbons such as,
for exagple, phenglogrngpképel . anthracenyl, phenanthrenyl, and the like. In
10 sonme enbodi nents, aryl groups have from6 to about 20 carbon atons. Any
suitable ring p5é§?¥bﬁréf the aryl moiety can be covalently linked to the
def i ned chem calz' stselectedrieont &, (CH.)-CaammihidH,)2528phémpéred @@rdary!,
Speci fi cal |y~ ded wi i M defthnl 1| " " )se_aromatic
hydr ocar bo %%(@2%;?5@0%-%%&%)m3§%gw %ﬁﬁgt‘i@% &cgﬁrzfﬁd'@?gf’ffyr refers
to an aryl 3 EHI-CLQ)-820i membered deteroasynd@(Coi-hnCadoley!, andi ety as defi ned
her ei n.1gAr ajrgb)gkcrgg),gm rﬂéfaﬁéﬁwaiem&érw, bvh@r:égﬁ?édh dtlee dgioiaﬁﬁdml@ lbﬁm cal o
structure thr ~ r..al . aroups. .. roups gptionally can be
substi t ut ed"%"ﬁl)t%]efq%_je;’%rgiﬂarﬁﬁsi %‘%ti?ga@h%%gﬁ'té{?ﬁ wd%'i 1e'?>9,?g'pflpfjot h. 20 As used
herei n either alMid.drom& part of anot her group, "cycloheteroal kyr refers

to a substitut ed, ok eddSstRairehd, GicpaiticahP Fddidct &/ FoRntoptiodIQuUP. €. 9.,
havi ng from 4 ng hete{oatons

i ndependentsf"gmélg?égf'ré’lfm%t"?#HO@VQ%'Hiﬁ"egtﬁg%gltcgg‘géﬁe't%a%wgﬂ Yfur (S), and
opt i onabl y substitiateet €. aratikymyl, aoropti¢rallyg substiited 2, grey8palilyluin eptmnally i pl e bonds.
The cycl ohed guf@bé . , HPURN 6pflorify &ldsBtherc! 9 atdIgy, an optionally substituted
' 3-20 membered cycioheteroalkyl, an optionally substituted 5-20 membered
heteroaryl, F, Cl, Br, I, CN, CF3, OCF,, NO,, OR®, SR®?, S*R%,, S(O)R®, S(0),R®,
S(0)20H, 5(0)NR®R?, NR!S({0),R?, C(O)R?, C(O)OR®, C(O)NR®R®, OC(O)R?,
20 NR°R® NR®C(O)R°, NR®C(O)OR®, NREC(O)NR®R®, and N'R®;; .
R' is selected from H, an optionally substituted C.. alkyl, an optionally

substituted Ce.2¢ aryl, an optionally substituted G;.5p aralkyl, and an amino acid side
chain;
R? and R® each independently is selected from H, an optionally substituted
25 Ci.ioalkyl, an optionally substituted Csp0 cycloalkyl, an optionally substituted Cr.20
aralkyl, an optionally substituted Cg.z0 aryl, an optionally substituted 3-20 membered
cycloheteroalkyl, an optionally substituted 5-20 membered heteroaryl, C(O)R®,
C(O)OR®, C(O)NR®R?, S(0).R® and S(0O),NR®°R’;
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defined chem cal structure at any heteroatom or carbon atomthat results in
a stable structure. One or nore Nor S atons in a cycloheteroal kyl ring can
be oxidized (e.g., N-hydroxypiperidine, norpholine N oxide, thionorpholine
S- oxi de, thionorpholine S, S-dioxide). Exanples of cycl oheteroal kyl groups

i ncl ude 30nor phol i ne, thionorpholine, pyran, imdazolidine, imdazoline,
oxazol i di ne, pyr-azolidine, pyrazoline, pyrrolidine, pyrroline,

t et rahydr of ur an, tetrahydrothiophene pi peri di ne, piperazine and the |ike.

Al 'so included in t def Lpitiorn of cycloheteroal are ties that have
one or nore ar o%%ﬁr?%e“"ﬁyné a'f“&g*e&gﬁhe W'thlt}éﬁl'@t'%g% 8'“ '] Mﬁvm h) to the
cycl ohet er balrdyfbrnn B30 membereaipterocdsnaptiondlyzalntaiming 35ctimgpmane, chronene,
i ndol i net ehL@PatinAOMbGM ddRRy eagctwﬁo.ln'df% o%%h%sf&{aﬂ%w&mmgm S can

al so contain one or nore oxo groups, such as phthalimde, piperidone,
oxazol i di ndeQ 9RHPS I di ne- 2, 4( 1H, 3H) - di one, pyri di n- 2(1H)-one, and the
i ke. Specifi caRf;sd)lR?:de&?R’w thin the definition of "cycloheteroal kyl" are

t hose ring syst Fsr%rﬁ gp%n gﬁ@on%m L@%Mé(d ??\%é{“k‘t uted on any het eroat om and/ or

carbon atomtha in as As used herein either
al one or as par R°and BnSP‘Ffé't“dQPQHE’E““Y' 'H@F@P@ﬁr“wm Hr an eptionaly sunsdiedasl i c or

pol %/cycl | C CRE.IR, lah olpnmns;e&bﬁmeh@wmcn‘oémfan an blﬁllo?-?llf bUEtiRiteH S, 1@nd

cont ai ni ng sel.ec

10Ceneral | ?ﬂzeWe‘t er%’hon%lw&‘%%ﬂ f Borﬁ""y§u€g'ug?8?&@ ar%w ac‘i"s

Het er 0Pyl OQ‘FQM&\SSQW@MR%CH@@O%WIﬂ@ﬂi'@ﬂ%’W@é\lb?ﬁtutﬁF’@g@ mgeedredo a phenyl
ring. The B@él&fe%ibalkylgérpuﬁhdhaﬂy At sofuterraed memdehds sabioard cgrt cal
structure % gﬂ\% hﬁ)&&ﬁ}%%gor carbon atomthat results in a stable
structure. Y& r g 'S atons in a heteroaryl ring can be oxidized
(e.g., N hydroxgigrnativietye R® ppd iRiitogsthér svithdies nitrBaén atohetoeviBrotoeylere t hi ophene

S, S-di oxi d%uneﬁ%ﬁ%'ﬁéﬂ RlenfiiRt&d ﬁ’é%éabkycgé Qb'tib?\aldy‘é‘ddt'éiﬁmgfmi rifgcanpl e, pyrrole,
furan, thiophene, g%ngl ne, érlm di ne, razine, triazole,

pyrazol'®, PRICRBYT eRdgnty, se'ected FfP'a?z%+ °’§rﬁ“3d’P§%?ﬂ¥‘é substitited Wit

oxazol e, ox&Qgrelps; anchdol e, isoindole, benzofuran, benzothiophene,

qui nol i ne, 2- et hy| guReeREen I SARMARY RHUAKRL B opfitisipzol | ne.

benzotrlazole 20benzt etrazo I'e, "benz ol €, benzot hi azol e,
benzi sot hi ¥Rtiitedenp iyl 37 GPEONaYE sYbstldPd CoreycipaliYormseianallci nnol i ne,
1H i ndazol eubstinded Czjoaikeny!sabepiidialy substiutg@hChy sikghyiean ghiichallyazi ne,

pteridi HBe. thSLItl Lﬁgd C Oéﬂﬁ dérpgﬁft onghspag.tbs{ J&ie%zé’ B%rlllgglaﬂ Odgtnb @%%BQW i 8“ ne,

furopyrl di ne, rim di-ne
pyri dopyri @20 "ﬁ@mb?fﬁﬁé’M@Phﬁta"E@ ké!‘ aﬂ%?@ﬁéﬁ@?@!’ éUbSZ'%%S‘cZﬁlr@?mP?fP@iazol e.
Speci fi cal Ihgterdtgyiuded within the definition of "heteroaryl" are those

aromatic ring s are opt substitute n any heteroatom

and/ or carbon a mv'ﬁéhamé GPPReYT '3"3H<ié'§m§’f’f’{?€f’ﬂ? 'gThe term

" het er ocyclbehzamidonyrrglitiee-@resapgaylioacidycl ohet er oal kyl as defined herein. 30
25 : '

In some embadiments k is 0; in others, k is 1.

In some embodiments, Y’ is NR?R® and R?is H (i.e., Y’ is NHR®) and R? is selected
from H (i.e., Y' is NH,), an optionally substituted Cy.1o alkyl, C(O)R®, or C(O)OR®. In

30 some embodiments, Y’ is NR?R® R?is H, R®is C(O)R® and R®is H (i.e., R®is
C(O)H) or an optionally substituted C,.4o alkyl (e.g., R® is C(O)CHa). In other
embodiments, Y’ is NR*R? and R? and R® each independently is an optionally
substituted Cq.4palkyl. in still other embodiments, Y'is OR? and R?is H (i.e., Y is
OH) or an optionally substituted Ci_ipalkyl.

35
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As used herein, "carboxylic acid bioisostere" neans a substituent or group
that has chem cal or physical properties simlar to that of a carboxylic
acid noiety and that produces broadly sim|ar biological properties to that
of a carboxylic acid noiety. See, generally, R- B. Silverman, The O ganic
~Chem stry of Drug Design and Drug 35Action (Academ c Press, 1992). Exanples
of carboxylic acid bioisosteres include, but are not limted to, am des,
sul f onam des, sulfonic acids, phosphonam di ¢ acids, al kyl phosphonat es,

N- cyanoacet am des, 3- hydroxy-4H pyran-4-one, im dazol es, oxazol es,

t hi-azol es, 'm%fﬁ@ﬁé@w*ﬂﬁ“&z [ i, Bhetbenerapasimentni R ap emine acid sidet r azoI es,

each of \ihichBinCRHItR aing é‘cmslgeresﬂéasrom WiRE, Ib6eife, isdRctne, mbthidie/! -
etc.). 5 As, used ans, a substltluent or group

o e o PRaifyas SEbS5, e e ne MBS, atend. Maivas e o Bty
arid that prashineebisidioadispaticrcidaglulEngt egid cadpapagipeeand @stating, hat of an

am de MBI elyoviddGhatifRB 8bRbbihd iBnoBt-(Shiit 18 sbry of
Drug Desi gtr?yow 0 Act i Bn Al\calaem(c 10@?@%“0%895%%%@2@0 am de

bi oi sost er & 'q"ﬁ%'lﬁﬁfgd but are not limted to, carboxylic acids,

sul fonam des, sul fonic acids, phosphonam dic acids, alkyl phosphonat es,

N- cyanoacetcﬁﬁgrd&ﬁ?od%ngé{tg oPthY p‘?’é’éem/fe% hﬁg?{ﬂ.@l’udé rq 58{o‘°s§rrhe9éﬂﬂ%\m ﬁe éﬁr azol es,

t hi azol es, pyrazol e triazol es, oxa di az

any of" whi éﬁgo&"')orf‘aﬁer"&?t'&%{h Fbe;aé’tﬂﬁs’tmﬁrt\é‘he’(f@ Ry s Hgnddy' isgelgpieg fromoy,

substitute red aronatic
%yarfﬂrza @?&%Q@grbg&ated%%o S@?%votpﬂoﬁauytseb&ﬁ%g?a‘%

carbon rin S ituted as
di scussed 5’%‘?’6’9@’34’ PY%%'W%{PF'U@ Wﬁ?%‘ﬁﬂb‘iycs@F@Hﬁg 5 %&Wﬁwe%’dﬁ}?m‘yhenyl ,

and napt hylin s@0othéealiepidtives) R izn8 N7|ttygeih$ﬁrhlhtﬂdé anlrogeﬁ at@bﬁﬁ% wWieEreindy means one
or nore hyc‘ja n atons) of the

group can eacESJLE"'c’a’?tnprﬁrEa 3(50 %emtbﬁmd%ﬁe"%rbﬂdt' %?1?8 ?5°mcﬁ’pedg5‘3pp'88r ity used
in pharﬁacéﬂﬁrpb‘dl"ecﬁ'@ﬁ"m)h%}me marehdinebxereliding thianelitice tang imidagolisine, -
different. JG¥RaPARho narar,faamesammtwmﬁs -FQigisilpdde, but are not limted
to, al kyl, alkenyl, alkyny cycl oal kyl, aryl, aralkyl, cycloheteroalkyl,
heteroaryl OR6 (e.g., hydroxyl, alkoxy (e.g., mnet hoxy, et hoxy, and
propoxy), an ybmgyemdmetre&rtba@h@(@)(wzm Rylo@xyl optdrally sussitieed wittan Ha@mat e,
etc.), hydrpxyaldnilm r@éc'@%x&crércg: 6-20 é?’l/l%éﬁ‘?éll?%ﬁustrtﬂ?& Qﬁ(l‘lqaﬁt&l

perfluoroalk |"uor oal

al koxy&PkyIS" X‘éﬁﬁg Egefap‘awt%ms’r’ %?)%ﬁ‘ § finbodimpyts inguste *Hgﬁee‘r'b%{ﬁvrzt
aral kyl t hi d:enedm )n otBeRE@MpEEDL REberE0ZIRGIbsitRER ithel-§ Q grpupsyBugh asyi ne (i.e.,
NH2) , seco tegr t (\-F:H )

vl azi do, TPaTCTR B7 ChER CEAIGTICES pBF, AR, ERE BTRLE o MR NRIC:

sul f onami de? 2kH}. d\f( 1@%‘@3%?” AHfeR et alﬂ?é’f-o, car boxylic aci d, ester, amde,
imne, and imde, including seleno and thio derivatives thereof, wherein

cach ofzet N %5%8%%&0%”#{&? oA PR QAL IALB fes Tl e psggi%‘ & %R%X L

Pr ef er a tuenfs cah bé
subst i tuenttge%ge'sQ%mé '&s°“ﬁﬂ§ﬁ”?’9§’ﬂ'"ﬁ@?t%|"r’henl n'%ecﬁ‘ﬁﬁnﬁs'slmﬁmﬂr ch a
functi onal an@am \N5t§1Ha5hcaz GdTBérizey K tHeQhe bemdyi rS ssbtbmea wite dt lesstOhe

substituti cwgm i %MP@R&'J#%%HE? % %e%sYthﬁpl tUFr ons&ggt h; utl_rl ons, nore

preferably a ing preferred
and Z is benzoyl then R* is not OH. In other embodrments when Y' is NH,, R'is

30 methyl, R*is OH, R%is H, and Z' is benzoyl, then k is 1 or 2. In yet other
embodiments, when k is 0, R is methyl, R* is OH, R® is H, and Z' is benzoyl, then
Y’ is not NH,.

OCFZCFS)
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5 The carbon nunbers used in the definitions herein (e.g., Cl.10 al kyl,

C2- 10 al kenyl, 02-10 al kynyl, C6.20 aryl, etc.) refer to the carbon
backbone and carbon branchi ng, but do not include carbon atons of
substituents. 10At various places in the present specification substituents
of conmpounds of the present teachings are disclosed in groups or in ranges.
It is specifically intended that the present teachings include each and
every individual subcomnbination of the nmenbers of such groups and ranges.
For exanple, the term"Cl..6 alkyl" is. specifically intended to

i ndi vi dual |Gendpsmkde secdiding €2the PdesebiiteaChibgbtiuda tHose haling the Ollowidd C4,

C1-03;, Ci- cfagfedd, C2-05, C2-CG4, C2-CG3, 03-C6, C3-05, C3-C4, C4-Cs,

C4- 05, - and -C6 alkyl. Simlarly, the term"Cl.10 alkyl" is specifically

i ntended to individually di SskosefCl, C21 03, C41 C5°
Cl-C101 Cl-Cgs Cl-Cs8, Cl{c71 &-05, Cl-C4,Cl-C2,

C2-C7, @2-C6, O Ch, C2":C32 C3-CO,C3(—CQ C34 C6, -05, C3-C4,

C4- C10, cn-cg,veﬂlé§f N CAE, 20C4-05, 0; C5-C8, C5-C7,
C5- C61 C5C10, Cs-Cs, - Ca, -C7, Cr-Cl0, Cr7-0%, 07- -Cl0, C5-05, and
C9- C13 al kyl. The conpounds e present teackings c ontain an

asymmetric atom (also referred to%as a chiral center), and?§gg5,of t he
conmpounds can contain one or nore/25asymmetric atons or centers, which can
thus give rise to optical isoner® (enaptioners) and di aste&®eoners. The
present teachings include guch gmnantionmers and di astergonersg. as well as
the racem c and resolveg, € ionerically pure R apd SXx¢efeoi soners, as
wel | as other mixtures Ppf thg R and S stereoi soners {and pBarmaceutical ly
accept abl e sal t sichher e ical isonmers cancH)e obtlai nedAn pure 30f orm by
standard proe€dures o thpse skilled”in thg art, i chy i nclude, but
are not limted to, djastergonpric salt formation, kinejic fesolution, and
asymmetric synthesi st The preseqt teachings al so®nconpass =£is and trans

i somers of conpounds cont ai ni ng akkenyl noieties (e.g., alkerfes—and
imnes). It is also understood‘ghat the present teachings enéonpass al
possi bl e regi oi soners, and,35nf&tures'Tﬁ%reof, whi ch can beRobtained in ‘
pur e folm andsirendacalitisallyarcasptasle spit) eetdey, Bgdlateayvand prodhesenhskof | ed in the
art, and include, but are not limted to, columm chronatography, thin-Iayer

chronatogrﬁghy, and hi gh-performance |iquid chromatography.
xamples of suitable prodrugs of any of the compounds of the present teachings

include, but are not |imited to, oxazolidinone or imidazolidinone prodrugs.

10 In another aspect, the present teachings provide pharmaceutical compositions

comprising a compound according to the present teachings and a pharmaceutically
acceptable carrier.

In still ancther aspect, the present teachings provide methods of preventing or

15 treaﬁng a pathological condition comprising administering to a subject in need *
thereof (e.g., 2 human being) a therapeutically effective amount of a compound or
pharmaceutical composition according to the present teachings. Examples of
pathological conditions that can be treated or prevénted using 'compounds of the
present teachings include, but are not limited to, cardiovascular disease (e.g., atrial

20 fibrillation, atrial fluﬁer, ventricular tachycardia or ventricular fibrillation);
osteoporosis; inflammation of airWay epithefium; diéorders of alveolar tissue;
bladder incontinence; impaired hearing, such as due to diseases of the cochlea;
endothelial lesions; diabetes including diabetic retinopathy and diabetic neuropathy;
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5The terns "intercellular comunication npdul ator”, "gap junction
facilitator", "conpound that facilitates gap junction conmunication"” and
"gap junction opener", etc., all refer to a conpound that facilitates, or
mai ntai ns, or normalizes, gap junction intercellular conmunication (GIC),
irrespective of the particular nechani smbehind this action. Mre
specifically, the term"gap junction opener" 10can refer to a substance
that nornmalizes (i.e., increases) the exchange of nol ecules that are able
to pass th%ﬁ\{%g(%lﬁgatﬁ juncti ons bet vveen extracel lular and intracellular
spaces and % I9nsy iFeeTYR (9- IpFemia sttheeniral neRQUE YsHemagoni st
refers to apinaioryod) tmain ton atairc stem);nisatah tissusl disoraers iisduiing petlodottal 15cel |
fraction d

functi onamgic'%g %g‘{j'té@? ﬁ%r@é h Q%rggtggA@e Sﬁ“@@fa?ons é_( Ta}?&q%’gérruéoB%ys‘i ol ogi cal
responses (tOMRBCHIPRENR and RNCYiRPERE) PSW%WW@JWW W?émAﬂPVlthWWl'cor HP5

conpound ( @bmbuiids dHidadiativnl tRgdpy; tvhfe:hegfsa-eh A PRRFIcHS RGhds dritedddpy si ol ogi cal

response | f. contrac axation,  secre enzyne
activati on§"°(aﬁ g Peﬁr FB% ﬁ\traun?angr Bf&) fd’ﬁ’ﬁ ARV J)ad?’ﬁr ‘”f‘?'ﬁ'&‘ﬁ% ‘cell or
cel | fract iNGHroPRticoRAIn: @ypelvpmcpné corenisdufiamrbatinhs cances; feibre pt kAneon t he
tissue, celmharrow arﬂ‘cﬁétlamfdeﬂ%hgﬂant%unc Borkitith vitfcr ¥Hde d%ﬁé tnsntiilda (or a

functi onal t her eo n onist" refers to a conpound
whi ch i nhi 6’? f%lsoaggg'ﬁfléeggo?ﬂ‘{fégg 81?@'%&%??@1’ g DASHEH e Bonses

obser ve@ i isapsad bysareexaees bf repctiveldxydernsnecims, ée aadicaisneranittic ngjdé;he ti ssue,
cell, or C@éeafsé@&{dlﬁ?d%tohpé@ﬁanWQOpré\icldﬁ&l&gﬁ@ﬁl‘é'fé%w(l%orf ypgt | onal
analogue thereof). In one aspect, physi ol ogi cal response’ i s one or nore
- of contract¥8¥ rel axation, secretl on enzyne activation, etc. Preferably,
t he conpound binds to the tissue, cell or cell fraction. In one aspect, the
conpound 3 i Dﬁﬁ%p t raction which
binds to Agl:lg'lg é%g\%f%)dsaaﬁ rﬁ"g&e 82?1Ic’:|alﬁ1 rﬁgﬁéﬁ% ‘%ﬁ{ljtg %egféts% l]:and/or whi'ch

i nhi bi 'S bitFRANGS SR GRdBIIFET for gprenjeral oxaral ad’“"!ﬁt’%qPS (or functional

anal ogue thereof) to the receptor. As used herein, "normalize" refers to a
change in g phyg ﬁ)t%rpsal response such that the response becones

insignifi cantly (f rent fromone observed in a nornmal patient. Thus,

nor nal i zat i‘\YieseHRerified Pthervdse. ithr fobewing gpfintéanscrs orovidedHer fm@@;qﬂetﬁr@sdependt ng
on the pat hm.@gyrell@g@iﬁ/mgfoleE;gamea,rdésgmaunds Exenpl ary conpounds
accordlz[dg to the present teachings are |isted below. In sone cases,
alterndt’e nanes for the conpounds are included in parentheses after the
cheni cal naihsougbouttbe di@sariptip? gnd claims the three-letter code for natural amino acids

4R) 1- ( 2- Am.yes&pfwél) aégéﬁ’eral tarceeﬁé@m.(é %ﬁbneadeexsﬁmér% Qr%% acRRr boxylic

acid (Hdy % r&o | trob enzo§
(2S4R) 1- ( 2- s}-'{ ﬁ%s%'GB?'Q‘Ff A peReBANS k% WFH’@FP&? h%enzsﬁea'f'%xw tebasaci d
((2S, 4R)- ngd2eskudribatdbe winjnoladibin zpestibopsanrtal dithenthed- ardd ooy IA @b@ged,

HGdy- 2(52 S’of é&ifnm%ﬂfsoafﬁ ém compounds is termed racemic and is designated
by the prefix DL, e.g., DL-leucine. It can alternatively be designated by the prefix
rac- (e.g. rac-leucine) or by the prefix [+/-]. The present teachings include all
possible stereoisomers of the compounds of Formulae |, Il and Hll as well as of the
specific compounds shown herein.

- 30
The term “peptide” herein designates a chain of two or more molecules that are
linked by means of a peptide bond. Peptides can contain one or more naturally
occurring amino acids, one or more unnatural amino acids, che or more molecules
that are not amino acids but are capable of forming peptide bonds, or mixtures.
35 thereof.'
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Compound 3: (2S,

4R) 1- ( 2- Am no- acetyl)-4-(4-net hyl - benzoyl am no) - pyrrol i di ne-2- Carboxylic
acid (HAy-(2S, 4R)-4Anp(4-nethyl benzoyl)-0H) 20 Conpound 4: (2S,

4R) 1- (2- Ami no- acetyl) - 4-(4- met hoxy- benzoyl am no) - pyrrol i di ne2-carboxylic
acid (Hdy-(2S, 4R)-4Anp(4- et hoxybenzoyl) - 0H) Compound 5: (2S,

4R) 1- ( 3- Am no- propi onyl ) - 4- benzoyl am no- pyrrolidine-2- 25 carboxylic acid
(H Al a-(2S, 4R) - 4Anp(benzoyl)-0H) Conpound 6: (2S,

4R) 1- ( 2- Ami no- 4- car boxy-butyryl) - 4- benzoyl am no- pyrrol i di ne2-car boxylic
acid (Hdu-(2S, 4R)-4Anp(benzoyl)-0H) 30Conpound 7: (2S,

4R) 1- ( 2- AnTRE te3m(“A i ostad-rafeyslio- auhaahma%bbungtrwmélm

g?/r E (2)|Si di nﬁH% Eﬁhbe%H fwﬁeren% Fg il‘.:h TIJ;(PR(IS ahn aml o acﬂ%(a%ecrﬁ%%y%pﬁ%lﬂ% Rconpound

4R) 1- ( 2- Antagsther with ke casben ambyirpaen toevhidytheriarpbeded doritda rie@-ecar boxyl i ¢
aci d (HsLeprdirge)wiién S%BH&IQ%@?&M% aod@pﬂgé bo@mﬁ'éﬂg oPmofelther

o A R el Y S Ry Do

4R) 1- ( 2- Amaminozasistsy | ) - 4- (4- hydr oxy- benzoyl am no) pyrrolidine5 2-carboxylic
acid (HAy-(2S, 4R) -4Amp(4-hydroxybenzoyl)-0H) Conpound 11: (2S,
48) 1- ( 2- Am no- acet 1 met hoxy- benzoyl am n pyrrolidine2-carboxylic

acid (H Q g2l Mgf %Q\P@ew"}?eﬂ%i%@ﬁzwf)of mf)oﬁmrﬁ%amo_@ dsg Al
4S) 1- ( A0 AMANCES GT)y Bpr 65)( BAME], lmﬁb(b)em!@x&)amma% By (@ Hdl(HﬁﬂrQ(R)ar boxylic
1609 (1 iyl o) L ol S PGl R
aci d (H G £k 25mally theaggel-aminadtsidsz Byfdhe H)essa *ea%mﬂsqa‘wfgsthe
49) 1- ( 2- Amus®oBBaiming adiddenzoyl anmi no- pyrrol i di ne- 2- carboxylic acid
(HAy-(2S, 4S) 4Anp( benzoyl) - OH) Compound 15: (2349)
1- (2- Am no- 4- car boxy- butyryl) - 4- benzoyl am no- pi peri di ne-2- 20car boxyl i c
acid (Hd a\sadzsﬂtsymﬂrﬁ {evan’isire)migigficUsfse tmen teatyralSaso acid
1- H( E Ami go'cémﬁﬁé( bmgﬁtzuﬂmmﬂ%afbn%ggﬁu Iaamamaet mruaaicrh@ran&ar boxyl'ic acid
e AP Ry Ol Ko BRSNSk o e .
terminal amine). ln some cases, the lysine mimetic has the formula
_ NHR-CHR’-COOH, wherein R and R’ together with the carbon and nitrogen to -
20  which they are bonded form a 5-6 membered ring, wherein the ring either (a)
contains at least one additional ring nitrogen, e.g., imidazolidine-2-carboxylic acid
(ica), or (b) bears an amine substituent, e.g., amino-pyrrolidine-2-carboxylic acid
(4Amp) or amino-piperidine-2-carboxylic acid (4Ampi). In other cases, the lysine
) mimetic has the formula NHR-CHR'-COOH wherein R is H and R’ is a side chain
25 comprising a Cs aliphatic or aromatic ring, wherein (a) the ring either contains at
least one ring nitrogen or bears an amine substituent, and (b) the ring is separated
from the amino acid backbone methylene by 1 or 2 atoms. A non-limiting example
of such a lysine mimetic is amino-phenylalanine (4AmF), wherein 1 atom separates
the ring from the backbone. Lysine mimetics can also have the formuta
30 NHR-CR'R"-COOH wherein R is H and R’ and R" together form a Cs aliphatic or
aromatic ring, wherein the ring either contains at least one ring nitrogen or bears an
amine substituent. One non-limiting example of this type of lysine mimetic is 4-
amino-piperidine-4-carboxylic acid (Pip). Also included within the definition of
“lysine mimetic" are unnatural B- and y-amino acids comprising a Cs. aliphatic or
35 aromatic ring and at least two basic amine functionalities as described above, such
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carboxylic acid (H Lys-(234S)-4Anpi (benzoyl)-0H) Conpound 18: (2$4S)

1- (2- Am no- acetyl) - 4-benzoyl am no- pi peri di ne-2-carboxylic acid

(1-1-d y-(254S) - 4Anpi (Benzoyl) -0H) 30 Conpound 19: (2S4S)

1- ( 3- Am no- propi onyl ) - 4- benzoyl am no- pi peri di ne-2- carboxylic acid

(H Al a-(234S) - 4Anpi (benzoyl) - OH) Compound 20: (2$49)

142- Am no- 3- (1Hi ndol- 3-y1) - propi onyl] - 4- benzoyl am no35pi peri di ne- 2- car boxy
lic acid (HTrp-(2$4S)-4Anpi (Benzoyl)-0H) Conmpound 21: (2349)

1- (2- Ami no- 3- phenyl - propi onyl ) - 4- benzoy| am no- pi peri di ne2- car boxylic aci d

( H- Phe- ( 2548)3. Zrieplitabanzeiciacid )ars@) miberdysise mimetics are 4-aminoproline

1- (2- AmM NO-Amafas Mp%dein tHeyproline r m@ége@yénbmrémké di Be- 2- carboxylic acid
(HHQ u-Ica(Be

nzo
4- (2- Ami no-4ER%K #llkf'ﬁtgg‘e? g@?’(y‘bﬁ‘l" SR leeated i anatagrpsslien i 5‘&"6"""9
(HG y- Pi p( BmgZepl B-arpopYrdidinestieatb@dlic acid or 3-aminopyrrolidine-1-
3- (12- AmignO-REcdxn@iE) N arvy 6f4h£r‘gtsih¥ |m|m%935‘)¥ﬂeaﬂgsﬂ:.@m|h§ Wl&naﬂﬁégcan be
(H d y- Danba( 4- met hyl benzo Conpound
(2- Ami no- %Q'Eﬁ?%éﬁb@ﬁ gﬁS’PBé? Qnﬁ’ﬁﬁﬂ PRy bs W@da"rﬁ’ﬁ@ PBeFLESPRIANG aci d
H Asn- DantmfiBe geoop L -c0Fip deenipa)u iEka@iples of lysine mimetics having aliphatic cyclic

HE é C\rga% g%ét&% 34 an) %%Q'*é%ﬂé?ﬁaﬁﬁ? ;@rﬁ%%%'n%l lca, Pip, and 4AmF,

[ (4- Benzd}ﬂvkﬁ'mt%f%?P’inélﬁ"él'FWéesz car bonyl ) - ani no} - propi‘onic acid
(2S4R) 144 4Anp( benzoyl) - bet aAl a- O—i) Compound 28: (2S, 4R)
[4-(4-Nitro-benzoyl am ng) - pyrrolidine-2- car bonyl | -am no)- acetic acid
(2S4R) H 4Anp(4- Ni trobengoyl)-d y-OH) 25 npound 29: (2S, 4R)

[ 4- (4- Met heny - bepzQyl apHQo) - pyrrollchne 2-jcar bonyl ] am no} - acetl aci d
(2 ;

-{

(2

-

(2

S4R) H 4Anp( 4 0 ybeanyI )-Qy
[ 4- (4- Met hyl

3-
(
3-
(
3-
(
{
(
(
(
2
(
2
(

S4R) H- 4Anp( TO -Gy-C]-—l) -Co
(4-Benzoyl am nojpyrrolidi ne-2-car,
S4R) H 4Anp( benz l3(21) - Phe- OH) HoN
Damba 4Amp 4Ampi
: o]
o)
o] HaN
HoN OH
N oH .
</ OH
_NH
N _
H HoN
lca ' Pip 4AmF

The term “halogen” refers to F, Cl, Br, and |.
15 .
The term “alkyl,” as used herein either alone or as part of another group, refers to a
substituted or unsubstituted aliphatic hydrocarbon chain, e.g., having from 1 to 10
carbon atoms, that can be straight-chain or branched. Examples of atkyl groups
include methyl (Me), ethyl (Et), propy! (e.g., n-propyl and isopropyl), butyl (e.g., n-
20  butyl, isobutyl, s-butyl, t-butyl), pentyl groups (e.g., n-pentyl, isopentyl, neopentyl)
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40 Conpound 32: (2S, 4R :
2-[ (4- Benzoyl am no- pyrrolidi ne-2-carbonyl)-am no] -4- nethyl -pentanoic acid
((2$4R) H 4Amp( benzoyl ) - Leu- OH) Compound 33: (2S, 4R
4- Benzoyl am no- pyrrolidi ne-2-carboxylic acid (5-amno-i5
formyl -pentyl)am de ((2S4R) H 4Anp(benzoyl)-Lys-OH) Conpound 34: (2S, 4R
2-[ (4- Benzoyl am no- pyrrolidi ne-2-carbonyl)-am no]- succinam c acid

2S4R) H 4Anp( benzoyl ) - Asn- OH) 10Conpound 35: (2S, 4S)

4- Benzoyl am no- pyrrol i di ne- 2- carbonyl ) - am noFacetic acid

254S) H- 4 /ens(tBe R yEpecticglyapguderhyithin dhesdefinitiog of 8ijyl" are those aliphatic

((
g
[ (4-(4-Met h%kc%ﬂib%%h?@ttﬁ‘éi)ar@k‘ﬁtﬁ&'allﬁéﬁlﬁtnﬁtéaar bonyl)- am no]-acetic acid
((2$4S) H- 4Anp(4- Met hoxybenzoyl)-d y-OH) 15 Conpound 37: (2S, 45)

[ (

((

4- (4-Nitro-benzoyl am no) - pyrroiidi ne-2-carbonyl)-amnm no)- acetic acid
254S) H 4 A @rrivi‘ alkeptyb hasoyded- H@rgin @ither alone or@srpadicidndther §@8p, réE)s to

) 2 d
%&éﬁ%%%%%ﬁ%%ﬂﬁ%ﬂﬁgﬁé Sl AEar2e 685D ) o 2RAMGRAR 3B HbC aci

[ 2- Ami no- 3- {ARHLAPE ‘Qﬂ‘i??d‘ Rﬁﬁfﬁmt-cm'amrawpa?ﬁ ftf] copi@ips eneef gore

(H 4AnF( Be nd‘awdr)—eaﬂacyn bl b&aisp Othecbné@ir more double bonds can be internal (such

[ 2- Am no- 3- ) 1 N0J,- _acetic acid
(- 4ANnE( 4. %\75 JY%A %g r{&ﬁg@ﬁ%ﬁ%@y B[h%.ﬂ%) P BIePRP BL AT Pt

[ 2- Ami no- 3- fqntq'mow P?WDMEW%WMEED%F%WFD‘(BW opFlenss bethFoand Z ige@erss aci d
( H 4AAnHA- Nbitgaeh 6nthe ohe oEmerédbulie beds Bpadifidally included within the definition

|2 - 3 fhakdn )l rgg%sgea%%%ddpo RSN s B0 B ONoAR Qs RERY! © aci d
[ (1- Benzoyl Exam!%pz Ia"tﬁnmbmgtebw polge ymalnal%]aa\d@wtemyhmm 1-butene and 2-

(H351 ca( Beng@qydg)- G y- OH)  Conpound 44:

~([2-(4-Nitro-benzoylJ-i m dazoli di ne-2-carbonyl | -am no}acetic acid
(H(ca(4-Nitrobenzoyl)-d y-0OH) 5Conmpound 45: (2S, 4S)

{[ 8- Bentﬁoyl Bimet Yeom Paljaay]. dases<@t lpaeib either3iens otals-padatfiapother group, refers to

a substituted or unsubstituted aliphatic hydrocarbon chain, e.g., havmg from 2 to 10
carbon atoms, that can be straight-chain or branched and contains one or more
triple carbon-carbon bonds. The one or more triple carbon-carbon bonds can be
internal (such as in 2-butyne) or terminal (such as in 1-butyne). Specifically

20 included within the definition of “alkynyl” are those aliphatic hydrocarbon chains that
are optionally substituted. Examples of alkynyl groups include ethynyl, propynyl,
butynyl, pentynyl, and the like.

As used herein either alone or as part of another group, the term “cycloalkyl” reférs

25  to substituted or unsubstituted non-aromatic carbocyclic groups, e.g., having from 3
to 20 ring carbon atoms and optionally containing one or more (e.g., 1, 2 or 3)
double or triple bonds, including cyclized alkyl, alkenyl, and alkyriy! groups.
Cycloalkyl groups can be monocyclic (e.g.,.cyclohexyl) or poly-cyclic (e.g. fused,
bridged, or spiro ring systems), wherein the carbon atoms are located inside or

30 outside of the ring system. Any suitable ring position of the cycloalkyl moiety can
be covalently linked to the defined chemical structure. Examples of cycloalkyl
groups include cyclopropyl, cyclopropyimethyl, cyclobutyl, cyciopentyl, cyclohexyl,
cyclohexylmethyl, cyclohexylethyl, cycloheptyl, cyclopentenyl, cyciochexenyl,
cyclohexadienyl, cycloheptatrienyl, norbornyl, norpinyl, norcarnyl, adamantyl,

35  spiro[4.5]decany! groups, homologs, isomers, and the like. Also included in the
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acid ((2$4S) H 4Anpi (Benzoyl) -G y- OH) Conpound 46: (2S, 4S)

([ 4- Benzoyl am no- pi peri di ne-2-car bonyl ] -am no} - propionic acid

((254S) H 4Ampi (benzoyl) - bet aAl a- OH) 10 Conpound 47:

[ (4- Ami no- 1- benzoyl - pi peri di ne-4-carbonyl) - am no] -acetic acid

(HPi p(Benzoyl)-d y-0H) Conmpound 48:

( 3- Ami no- 5- benzoyl am no- benzoyl am no) -acetic acid (HL5

Danba( Benzoyl )-Qd y- OH) Conmpound 49:

(3- Ami no- 5- (4- Met hoxy- benzoyl am no) - benzoyl ani no) -acetic acid

( H- Danba( 4-débtiioxghaynpelt/)graliys de)moieties thaEdizpe one obfhore aromatic rings

(13- Am no- 5-¢(i&sd\RE NithvilRPR BONY R 0 Jm, ' ' H20

Danba( Tol uoy1l d\%a/ : ";beCo o%dﬁg)i?rpﬁ@ﬁ)gu a#ﬁ%!@gﬁ% dgﬁrge%qhﬁg -acetic acid

( K Danba- G n erivativés goeRame(in g[) qygfhexane (tetrahydronaphthyt), and

4- Benzoy! arthetikel -§p2cligallydngiudabiytin tHaydafinktibalbnRyRoalkyi2areansdeoxyl i ¢ aci d

(HAA- (28, - Yedo)ic d 53:

4- Benzoyl aﬁ%— ? % Zﬁlﬁgﬁgo@?gﬁtsﬁgﬁgﬁg) -cycl ohexanecar boxyl i ¢ acid

(HAA- Pi p(benzoyl) - 0H) 30Cor npound 54: '

3- Benzoyl ariteaefon (a2yi1\ad usxy haea ¢itharhibAg obas part 6f &tdtsler(dréMyy, refers to

Danmba( benz - X S, 49) .. . :

4- Benzoyl a?r%(’rg?%)t-'t%?j g Fﬁé%@%@%gg%?v&c rE)qloﬁoe‘;ry U Areabrevlic hygigrrrbens speh

( HAA- ( 2S4S) - mirgrEmeiazreDyL O&phtBY, artimpewhdheBanthrenyl, and the like. In

%hﬁinfom(lb M%ﬁ@&m@.@ﬂ%@gﬁﬂ@@& 6lidSsctit 88 ERDEH kdmACAS, am de
-l ca(benzoyl).- o oun ; _ _

Benzoy 1- FL3UR YA BRY ton. 2 T ROF MElRL, o1 b Fr/aiEry infisyp e dRfed

5( HAA- | ca( behemisgl jtri@it)re CaonponaptittyB 2-naphthyl, etc.). Specifically included within

3- (4- BenzoythaBkmidis? Rty ) arke hdsd ¥Ry hegetaband i) alr RbAAyC aci d

(HAA- 4Ant( benzqgyl) - OH) 10Conpound 59:

N-(4-]2- Carsé‘gﬁtt‘étf- 2- (2- hydr oxy-acetyl am no) - et hy] - phenyly benzam de

( HAA- 4A%F( benzoyl) - NH2) Compound 60: (2S, 4R)

4- Benzoyl amaQerks (Aaike L& Y L EAlNes 2 | cid

e 2843%__4%( #a ﬁ@ﬁ?__ % l_iﬁ ghyY hbieh), asgbf.,%mrg.n, GAHARPLY bh Gk

oiety, as defined nefein. Aralkyl groups are covalently linked to the defined

chemical structure through their alkyl groups. Aralkyl groups optionally can be
substituted on the aryl moiety, the alkyl moiety, or both.

20
As used herein either alone or as part of another group, “cycloheteroalky!” refers to
a substituted or unsubstituted non-aromatic cycloalkyl group, e.g., having from 3 to
20 ring atoms, that contains 1-4 ring heteroatoms independently selected from
oxygen (Q), nitrogen (N) and sulfur (S), and optionally contains one or more (e.g.,

25 1, 2 or 3) double or triple bonds. The cycloheteroalkyl group can be attached tb the

. defined chemical structure at any heteroatom or carbon atom that reéults in a stable

structure. One or more N or S atoms in a cycloheteroalkyl! ring can be oxidized
(e.g., N-hydroxypiperidine, morpholine N-oxide, thiomorpholine S-oxide,
thiomorpholine S,S-dioxide). Examples of cycloheteroalkyl groups include

30  morpholine, thiomorpholine, pyran, imidazolidine, imidazoline, oxazolidine,
pyrazolidine, pyrazoline, pyrrolidine, pyfroline. tetrahydrofuran, tetrahydrothiophene,
piperidine, piperazine, and the like. Also included in the definition of ‘
cycloheteroalkyl are moieties that have one or more aromatic rings fused (i.e., have
a bond in common with) to the cycloheteroalkyl ring, for example, benzimidazoline,

35 chromane, chromene, indolinetetrahydroquinoline, and the like. Cycloheteroalkyl

33



15 Conpound 61: (2S, 4S) 4-Benzoyl anino-1-(2-mercapto-acetyl)-piperidine-2-
carboxylic acid (THAA-(234S) - 4Anpi (benzoyl) - OH) Compound 62: (2S, 49)
1- (2- Am no- acetyl) - 4- benzoyl am no- pi peri di ne- 2-car boxylic 20acid
(HQAy-(254S) - 4Anpi (benzoyl) - OH) Conpound 63: (2S, 495)

[ (4- Benzoyl am no- pi peri di ne-2-carbonyl )-am no] -acetic acid ((25S4S)

H 4Anmpi (benzoyl )-d y- OH) 25Conpound- 64: (25, 4R)

1- (2-am noacetyl) - 4-benzam dopyrrolidi ne-2-car boxam de Conpound 65: (25, 4R)
1- (2-am noacetyl) - 4- benzam do- N- net hyl pyrrolidi ne-2- carboxam de 30Conpound
66: (2S, 4RgraupsZanmisecentsiy pe ar merexmigtouns, eudndsoyhthagimids, ppepidonsar boxani de
Cor npound diidRoAR) pyr -

1-(2-am no%(%g% 220 Spy 'm'd'”%ﬁ“m :S%I(-)I) dlone p)érllﬁlrno%(ﬂa% %tjee. a.nd(t;réerlkgxam de 35
Oorrpound 6 pe(:i}zl 'VA'FS'”ded within the definiti ono “cyCioheteroalkyl” are those ring

1- ( 2- anmi noagsie)ms)that-aoe nptiomatiosustitutddogT apyhggroatan shdie-carbaraatboxtast de

Compoung 69aq i€ 4Rab do-1-(2-(tert-but oxycarbonyl am no)acetyl)
5pyrrol i di ngs Ztgcar nggemaﬁj&%%‘ ound 70: (2S ,4R)

1- (2-am noacetyl)-4-benzam do- N- (pent an- 3-yl )pyr rolidi ne2-carboxam de
10Conpound A&lused BSreiiRpither alone or as part of ancther group, “heteroaryl” refers to

1-(2-am I d
Gompound 724 ity VOB ATRAELE R BORVR Rl AP RRT A Ui e
car boxam deonBinthd rogtomys ARiependently selected from O, N and S

1-(2- ambnomteydu); KetBRaR hgdd\hé e halnibyo, 3s! ol -8 Biimd: Héwrb.—s?ﬂam de

Sozrgognmdn(7)ialgcr°l§%%7§?é}@eo@ﬁrz'%%%°oh?{f C8M "R PRt APV hing . ThsgretsrPAsk ani de
Oorrpound 7 3royp&ni) attached to the defined chemical structure at any heteroatom or

1-(2-am noaﬁﬁio‘hjétorﬂ'tmrﬂéﬁm‘sﬂpa Bbableaitiahy&r onelor MSFERNof s atoms in a

Apyrrol i di q’\ teroaryf’rlng can tge oxidized (e.g., N-hydroxypyridine, pyridine N-oxide,

15 thiophene S-oxide, thiophene S,S-dioxide). Examples of heteroaryl groups include,
for example, pyrrole, furan, thiophene, pyridine, pyrimidine, pyridazine, pyrazine,
triazole, pyrazole, imidazole, isothiazole,'thiazole, thiadiazole, isoxazole, oxazole,
oxadiazole, indole, isoindole, benzofuran, benzothiophene, quinoline, 2-
methylquinoline, isoquinoline, quinoxaline, quinazoline, benzotriazole,

20 benztetrazole, indazole, benzimidazole, benzothiazole, benzisothiazole,
benzisoxazole, benzoxadiazole, benzoxazole, cinnoline, 1H-indazole, 2H-indazole,
indolizine, isobenzofuran, naphthyridine, phthalazine, pteridine, purine,

. oxazolopyridine, thiazolopyridine, imidazopyridine, furopyridine, thienopyridine,
pyridopyrimidine, pyridopyrazine, pyridopyridazine, thienothiazole, thienoxazole,

25 and thienoimidazole. Specifically included within the definition of “heteroaryl” are
those aromatic ring systems that are optionally substituted on any heteroatom
and/or carbon atom that results in a stable structure.

The term "heterocycle” means a heteroaryl or cycloheteroalkyl as defined herein.
30 '

As used herein, “carboxylic acid bioisostere” means a substituent or group that has

chemical or physical properties similar to that of a carboxylic acid moiety and that

produces broadly similar biological properties to that of a carboxylic acid moiety.

See, generally, R. B. Silverman, The Organic Chemistry of Drug Design and Drug
35 Action (Academic Press, 1992). Examples of carboxylic acid bioisosteres include,
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25Compound 76: (2S, 4R

1- (2-am noacetyl)-4-benzam do- N- ((R) - 3- net hyl but an- 2-

yl ) pyrrolidine-2-carboxam de Conpound 77: (2S, 4R

1- (2-am noacetyl)-4-benzam do- N- ((R) - 3, 3-di nmet hyl but an- 2-

Apyrrol i di ne-2-carboxam de 30 Conpound 78: (2S ,4R)

1- (2-am noacetyl)-4-benzam do- N- phenyl pyrrolidi ne-2- carboxam de
Compound 79: (2S, 4R :

1- (2-am noacetyl)-4-benzam do- N- ((R) -t et rahydr of ur an- 3-

35yl ) pyr r olbutiangencg limited ©Ox armidge, sufongroiged, 8fonit 28d4,Rhosphonamidic acids,

1- (2- acet agj ]ﬁb:)natés tmazaaaaam.aggls Al d?SxyZAﬁ%E/QQWEﬁé? dﬂfaggolé@ﬁpound
81l: (25,4R (@%Snz m é | am no) acetyl)-pyrroli - ‘carboxylic
aci d Oorrpoﬁﬁaz tfclg QFRPyr ZQJes 3 o[fé X3 ZPfSchgadlazoles or tetrazoles,

trifl uoroaeatnt db’):a@ahgda)lpyzmm substiertél @ag. PO ., alkgic O, Bek.)Conpound 83:

(2S, 4R) 54- benzam do- 1- (2- (tert-but oxycar bonyl arni no) acetyl)
pyrrolidine-2-carboxylic acid Compound 84: (2S,4R)

4- benzani déSHsed heggine P’Wﬂﬂeeh'ﬁ'?ﬂﬂe&%e’f’??'ﬁﬁﬁﬁdféﬂt'twh@ groun tehhasostEniieal aci d
Conpound 8% phyical Rjperties similar to that of an amide moiety and that produces brgadzlé - g
4- benzam d 0, ar npoun
86: (2S, 4R%ﬁr4§na;&iné%§} %Qﬁ%gé&’%%{é%({% J’eA-' car%& F% rroal(ﬁ?’ﬁ(r:lée 2-

car boxylic S(ggwmam@ﬂ?bg@qumcwrwgtmm) Drug Design and Drug Action (Academic

4- benzapi derdsq J;bbzayrazah.ﬁes‘sow.@@awtsbasérré@:headamuearem Poidd o acid 25

g?ﬁgg;ﬂ g%gab(oéﬁicélggdéé@?o%%%[g S ﬁ_l °ﬁ"z‘§czf€) gﬁozs% gﬁaml ic acu yllkﬁyrrol | di ne-2-

1- ( 2- ami no®@besghonates Hrqyemaozatwddﬁqo?fhydrqxulﬂmpﬂam&fdmxrymdazo%ac| d

oxazoles, thiazoles, pyrazoles, triazoles, oxadiazoles, thiadiazoles, or tetrazoles,
any of which optionally can be substituted (e.g., by Ci.10 alkyl, OH, etc.).

15
The phrase "hydrophobic group” refers to an optionally substituted aromatic carbon
ring, preferably a 6- to 12-membered aromatic carbon ring. The hydrophobic group
can be optionally substituted as discussed below. lllustrative hydrophobic groups
include benzyl, phenyl, and napthyl.

20

The term “optidnally substituted” as used herein means one or more hydrogen
atoms (e.g., 1, 2, 3, 4, 5, or 6 hydrogen atoms) of the group can each be replaced
with a substituent atom or group commonly used in pharmaceutical chemistry. -
Each substifuent can be the same or different. Exampies of suitable substituents

25  include, but are not limited to, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl,
cycloheteroalkyl, heteroaryl, OR® (e.g., hydroxyl, alkoxy (e.g., methoxy, ethoxy, and
propoxy), aryloxy, heteroaryloxy, aralkyloxy, ether, ester, carbamate, etc.),
hydroxyalkyl, alkoxycarbonyl, alkoxyalkoxy, perhaloalkyl, perfluoroalkyl (e.g., CFs,
CF.CF3), perfluoroalkoxy (e.g., OCF3, OCF,CF3), alkoxyalkyl, SR® (e.g., thiol,

30  alkylthio, aryithio, heteroarylthio, aralkylthio, etc.), S'R%;, S(O)R®, SO,R®, NR°R’
(e.g., primary amine (i.e., NH;), secondary amine, tertiary amine, amide,
carbamate, urea, etc.), hydrazide, halide, nitrile, nitro, sulfide, sulfoxide, sulfone,
sulfonamide, thiol, carboxy, aldehyde, keto, carboxylic acid, ester, amide, imine,
and imide, including seleno and thio derivatives thereof, wherein each of the .

35  substituents can be optionally further substituted. Preferably, 1-3 optional
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Compound 90: (2S14R) :
1-(2- am noacetyl)-4-(ni coti nami do) pyrrolidine- 2 carboxylic acid Corrpound
91: (2S, 4R) 1-(2-am noacetyl)-4-(isonicotinam do)pyrrolidine-2- carboxylic
aci d Conpound 92: (2S ,4R)

1- (2-am noacetyl)-4-(pyrim-. di ne- 5- car boxani do) pyrrolidi ne52-carboxylic acid
Compound 93: (2S 4R) 1-(2-am noacetyl)-4-(2-fluorobenzam do) pyrrolidine-2-
carboxylic acid 10Conmpound 94: (2S,4 R

1- (2- am noacetyl)-4-(3-fl uorobenzam do) pyrrolidine-2- carboxylic acid
Conpound 93ubgtit@nKyar] b¢ presemtnwhereinth$ sybgtitluents ianech grovasias defnedr ol i di ne- 2-
car boxyl i c raedifl ﬁ%r@&ﬂﬂﬂé‘ﬂg |r‘9\§hlclﬁ 83urftibnal group W|th an aromatic carbon ring is

1-(2- amnoagt}ég) (C%ngs | benza mdo? yrroli di ne-2- carboxylic acid
Conpound 974b¥ EEIrau SEostitions WaRiFs! M%@%ﬁ%ﬁ%ﬁ%&hﬂa&wweﬁ di ne- 2-
20car boxyl incoragrefebiypdwont1 885, WithJbE) 1 or 2 substitutions being preferred.

1- (2-amgnoacetyl) - 4- (4- et hyl benzam do) pyrrolidi ne-2- carboxylic acid

25Compound 99: (25, 4R)
1- (2- am non\?t%?F‘)OWW%FWVH%Q%W@W psieioleidi Gew alkyle &r-halEnyle aci d

Conpound 10, &RMAR}s.20 aryl, etc.) refer to the carbon backbone and carbon branching,

éo%oﬁ?anig’%%%béfﬁﬂ 35 %BQR%%R%”&%U%&?%?%W' i di ne-2- carboxylic acid 30

1- (2- am noacetyl)-4-(4- hydroxybenzam do) pyrrol i di ne-2- carboxylic acid
Compound 1Qkt:vafidfs giles in the present specification substituents of compounds of the

L2 am sl it s B S GRS LN 0 O S o 351
car boxyl i c thetithe B@sapidaachings4nclydeszatR)ant e erydndividaalsupdomiingtRnax the2 -
members of such groups and ranges. For example, the term “Cqs alky!” is
specifically intended to individually disclose Cs, Cy, Cs, Ca, Cs, Ce, C1-Co, C1-Cs, Ca-
15 Ca, C1-Ca, C1-Ca, C2-Cs, C2-Cs, C2-Ca, Co-Cs, Cs-Ce, C5-Cs, C5-Ca, C4-Cs, C4-Cs, and
Cs-Cs alkyl. Similarly, the term "C..4 alkyl” is specifically intended to individually
disclose C4, Cj, Cj, Cy4, Cs, Cg, C7, Cs, Cq, Cip, C1-C1o, C1-Cs, C4-Cs, C4-C7, C4-C,
C1-Cs, C1-Cy4, C4-C5, C4-Cp, Cz-Cro, C2-Cy, C5-Cs, C2-Cy, C2-Cs, C2-Cs, C2-C4, C2-Cs,
C3-Cio, C3-Cs, C3-Cs, Cs-Cy, C3-Cs, C3-Cs, C35-C4, C4-Cip, C4-Cy, C4-Cs, C4-Cy, Cs-Ca,
20 C4-Cs, Cs5-Cap, Cs-Co, Cs-Cs, C5-C7, C5-Cé, Ce-C1o, Ce-Co, Ce-Cs, Ce-C7, C7-Cio,
Cy-Cq, Cs-Cg, Cg-C1g, Ca-Cs, and Cyg-Cyp alkyl.

The compounds of the present teachings can contain an asymmetric atom (also
referred to as a chiral center), and some of the compounds can contain one or more

25 asymmetric atoms or centers, which can thus give rise to optical isomers '
(enantiomers) and diastereomers. The present teachings include such enantiocmers
and diastereomers, as well as the racemic and resolved, enantiomerically pure R
and S stereoisomers, as well as other mixtures of the R and S stereoisomers and
pharmaceutically acceptable salts thereof. Optical isomers can be obtained in pure

30 form by standard procedures known to those skilled in the art, which include, but
are not limited to, diastereomeric salt foermation, kinetic resolution, and asymmetric
synthesis. The present teachings also encompass cis and trans isomers of
compounds containing alkenyl moieties (e.g., alkenes and imines). It is also
understood that the present teachihgs encompass all possible regicisomers, and

35  mixtures thereof, which can be obtained in pure form by standard separation
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~phenyl et hyl am no) pyrrol i di ne-2-carboxylic acid Conpound 105: (2S, 4R
1- (2-am noacetyl)-4-(phenyl am no) pyrrolidi ne-2-carboxylic acid 10 Conpound
106: (2S ,4R) 1-(2-am noacetyl)-4-(benzyl am no) pyrrolidi ne-2-carboxylic
aci d Conpound 107: (2S, 4R) '
1- (2- am noacetyl) - 4- (phenyl sul f onam do) pyrrol i di ne-2- 15carboxylic acid
Conmpound 108: N-((3R 5S)
1- (2-am noacetyl)-5-(1Htetrazol -5-yl1)pyrrolidin-3- vyl )benzam' de
20Conpound 109: N—&(BR 5S5)
1- ( 2- ami no@esegules Knewpie hoge sijliedin yepgrt. ranidiinkvdes but/arg nehliraitddde. Conpound
110: N (( 3%&@% clqr&raategiara»ﬂﬁqam@erén&% By, &ht hrsghct?ezﬂa}ma”me liquid |

yl)pyrrolidj q,(nzam de 25 Corrpound 111 "N-((
1- ( 2- ani no&bré’{" %lgé PW5- i sopropyl- 1H i ni dazol - 2- vyl )pyrrol i di n- 3- Abenzani de

Conpound 112: N-((3R,5S) 1-(2-ani noacetyl)-5-(oxazol-2-yppyrrolidin-3- 30
yl)benzgm %emmc;lmr ik Fida e modu|ator" "gap 1u3c;t|on facnhtator

1- (2-am noacetyl)-5-(5-isopropyl oxazol - 2-yQopyrtolidin- 3- )benzam de
Oorrpound 11%0m (iélp@tfggsnhtates gap junction commumcatlon and "gap Junc ion opener",

1- ( 2- am noate}alilefebid & compbyidikatmadiitates| dmyviantding] onnd@malitashgmzam de

Compound 1

1-(2-am noilrh et% (%Ei@@r conrug;(cgg%rl(Gan)cprrest eFtN(? o ﬂée pqgt'(illlllTbenzam de
Conpound 1 TesehRpipmdrRhing)this. E(CQO'anMﬁ@aﬁP@Fmalwsﬂ'(emnpmaazmd@n RS r ol i di n- 3-
y1) benzam dan t&eowosttdtahte thaunbfddizE&S)i.e., increases) the exchange of molecules

oSG8 boBad SRR ARl AR ATk MBI ) e 5

yl ) pyrrol i dPAces-3 q;gmgcgm:ajenormahze or increase GJIC.

The term "agonist” * refers to an compound that can interact with a tissue, cell or

15  cell fraction which is the target of an AAP, AAP10, or HP5 compound (or functional
analogue thereof), to cause substantially the same physiological responses in the
tissue, cell or cell fraction as the AAP, AAP10, or HP5 compound (or functional
analogue thereof). In one aspect, the physiological responsé is one or more of
contraction, relaxation, secretion, enzyme activation, etc. Preferably, the

20 compound binds to the tissue, cell or cell fract‘ion. In one aspect, the compound
binds to a receptor on the tissue, cell, or cell fraction, which binds to AAP, AAP10,
or HPS (or a functional analbgue thereof).

The term “"antagonist” refers to a compound which inhibits or antagonizes one or

25 more physiological responses observed in a tissue, cell or cell fraction after
contacting the tissue, céll, or cell fraction with AAP, AAP10, or HP5 compound (or
functional analogue tﬁereof). In one aspect, the physiological response is one 'or
more of contraction, relaxation, secretion, enzyme activation, etc. Preferably, the
cdmpound binds to the tissue, cell or cell fraction. In one aspect, the compound

30 binds to a receptor on the tissue, cell, or cell fraction which binds to AAP, AAP10, or
HPS (or functional analogue thereof) and/or which inhibits binding of one or more of
AAP, AAP10, or HPS5 (or functional analogue thereof) to the receptor. '
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15 Conpound 119: N-((3R, 5S)° E

1-(2-am noacety))-5-(1H 1, 2,4-triazol -5-yl)pyrrolidin-3- yl)benzam de
Compound 120: N ((3R,5S) 1-(2-am noacetyl)-5-(3-nmethyl-1H1,2,4-triazol -5-
20yl ) pyrrolidin-3-yl)benzam de Conpound 121:

N ( (3R, 5S) 1- (2-am noacetyl)-5-(3-isopropyl-1H1, 2,4-tri azol - 5-
Apyrrolidin-3-yCbenzam de 25Conpound 122: N ((3R 5S)

1- (2-am noacetyl)-5-(1,3, 4-oxadi azol -2-y1) pyrrolidi n-3- yGobenzam de
Conpound 123: N-((3R 5S) 1-(2-am noacetyl)-5-(5-nmethyl-1, 3, 4--oxadi azol - 2-
Apyrrol i di Asusad)isseipamcHBalBe” Eiafpiumaharme in @rgysigirgical response such

4- benzam dohidtthe rédshobsél bByshids idthhifidafay Qifferent from one observed in a normail

yl am no) acet%il )ﬂpylrrgl i di nai:l 2l.- car bo>%J ic acid Corrgou%d 125: (2S ,4R)
1- (2- (1H i 521 WSy PAMATBTIR0SP) 1VOX e SBdd RIS HTFE0 I UPABSPENERr boxyl i ¢
acid Conpoiapgnding on(tRspatRplogy (n@elyad- pyr azol - 5-yl am no) acet y1) - 4-

benzam dppyrrolidi ne-2-carboxylic acid 5Conmpound 127: (2S, 4R

éogggﬁﬁg] (3(2)%_1 E 1 rfag)l, go%pxlu%g no) acetyl ) pyrrolidine-2- carboxylic acid
4- benzam doExen{Hlary ppmpeuddsactoydirgtontiog aeseyt teashings ardliste@ belawboxyl i ¢ aci d

10 Conpoundsclddeaded Saitetidte names for the compounds are included in parentheses after .
4- benzam do- 1- (2- (pyri m di n-2-yl am no) acet yppyrrol I di ne2- carboxylic acid

Conpound 13€ cpericalyame (2. (1H i ni dazol - 4- yl ani no) acet y1) - 4-
15benzam dopyrrol i di ne-2-carboxylic acid Conmpound 131: (2S, 4R

4 benzalm dag sk G PRRMR. L ARKBSRLKN PN Kb dhSiRinS BB RRINhL 8. 201 ¢

20Conpound , .
4- benzam dosarb@olic aCidbHgy2%i 4 YAsw($NtRpengeldPHE- 2- car boxylic aci d

Compound 2: (284R)1-(2-Amino-acetyl)-4-benzoylamino-pyrrolidine-2-carboxylic
15 acid ((2S, 4R)-1-(2-aminoacetyl)-4-benzamidopyrrolidine-2-carboxylic acid, H-Gly-
(2S, 4R)-4Amp{(Benzoyl)-OH) '

Compound 3: (28, 4R)1-(2-Amino-acetyl)-4-(4-methyl-benzoylamino)-pyrrolidine-2-
barboxylic acid (H-Gly-(2S, 4R)-4Amp(4-methylbenzoyl)-OH)

20
Compound 4. (2S, 4R)1-(2-Amino-acetyl)-4-(4-methoxy-benzoylamino)-pyrrolidine-
2-carboxylic acid (H-Gly-(2S, 4R)-4Amp(4-methoxybenzoyl)-OH)

Compound 5: (28, 4R)1-(3-Amino-propionyl)-4-benzoylamino-pyrrolidine-2-
25  carboxylic acid (H-Ala-(28, 4R)-4Amp(benzoyl)-OH)

Compound 8. (2S, 4R)1-(2-Amino-4-carboxy-butyryl)-4-benzoylamino-pyrrolidine-
2-carboxylic acid (H-Glu-{2S, 4R)-4Amp(benzoyl)-OH)

30 Compound 7: (2S, 4R)1-[2-Amino-3-(1H-indol-3-yl)-propionyl]-4-benzoylamino-
pyrrolidine-2-carboxylic acid (H-Trp-(2S, 4R)-4Amp(benzoyl!)-OH)

Compound 8: (28, 4R)1-(2-Amino-4-methyl-pentanoyl)-4-benzoylamino-pyrrolidine-

2-carboxylic acid- (H-Leu-(2S, 4R)-4Amp(benzoyl)}-OH)
35 o
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Cor npound 133: (2S , 4R

4- benzam do- 1- (2- (3-i sopropyl urei do) acet yppyrrolidi ne-2- carboxylic acid 25
Compound 134: (2S, 4R)

4- benzam do- 1- (2- (et hyl sul f onam do) acety) pyrrolidi ne2-carboxylic acid
Conpound 135: (2S14R)

4- benzam do- 1- ( 2- ( phenyi sul f onam do) acet yppyrrol i di ne302-carboxylic acid
Compound 136: (2S, 4R) 4-benzam do-1-(2-(1-nethyl et hyl sul f onam do) acetyl)
pyrrolidine-2-carboxylic acid Conpound 137: (2S, 4R)

4- benzam dd-ampaunded: higSs dRYlo@imidoRarremnyt-yropiony)-# dienecylamicapyosiidines aci d
Conpound 138Bczarbdwylid Bkid (H-Phe—128, 4R)-4Amp(benzoyl)-OH) - ,
1- (2-am noacetyl)-4- (4-phenyl oxazol - 2-y1) pyrrolidi ne-2- 5carboxylic acid
Conpound 139: (2S ,4R)

1- ( 2- am nod@@hydnddtd; 52 HE) Y- BRebral-adstyl)-304-hydrbiydbereroRtantied) pyryiidige-aci d

10Conpoynd zl_élg)rbo{(ﬂ-lggaéoﬁz( %?&gzgmﬁpﬂq%%ﬁaégﬂ?&%ggpﬁ)1H-i m dazol - 2-

yl ) pyrrolidine-2-ca € aci d "Conpo
1- (2- am noacetyl) - 4- (4- phenyl- 1Hi m dazol - 2- yl)pyrrolidine-2-carboxylic
aci d 15 CorparupalinbdPt: (22 33 R|2-Amino-acetyl)-4-(4-methoxy-benzoylamino)-pyrrolidine-
1- (2-am noag k- ;fa_gq' C fran-3- ol | dj\na2.- car boxam-de
Conmpound 1%:8&%%%’"%%&%%( : g%’%%cﬁ@f-ﬁ%ﬁ%ﬁ#%h%( pi peri di n-4-
20yl ) pyrrolidine-2-carboxam de Conpound 144: (2S,4R) _
%5&2) amongamghy&)ndg‘rmm,am)M-Mm@@wlﬁé(ﬁhﬁeﬂwl-bguovlamﬁ%)c;g,mgﬁa;,lagn4de
mpound ,145; S, 1~ 25 opcet yl) -4-benz - i soxazol - 4-
yl)pyrroli dzl1 ﬁ%rp E%’&%@x@rﬁ?&?%&%%@ (ﬁ%ft“‘('%%%?o% :
1- (2- am noacetyl) - 4- benzam do- N- (oxazol - 2-yl )pyrroli G ine2-carboxam de 30
Compound 143smpdund H)2s, 4S)_1-(2-Amino-acet;lll)-4-(4-ni|tr_o-benzoylamino)-Byrrolidi_ng-Z-
1- (2-arni noggel Yl L8RS a2 RS Ve REIRE RULL Ll iy 2 car boxam de
' 15 -
Compound 14: (25, 4S)1-(2-Amino-acetyl)-4-benzoylamino-pyrrolidine-2-carboxylic
acid (H-Gly-(28, 4S)-4dAmp(benzoyl)-OH)

Compound 15: (2548S) 1-(2-Amino-4-carboxy-butyryl)-4-benzoylamino-piperidine-2-
20. carboxylic acid (H-Glu-(284S8)-4Ampi(benzoy!)-OH)

Compound 16: (254S) 1-(2-Amino-4-methyl-pentanoyi)-4-benzoylamino-piperidine-
2-carboxylic acid (H-Leu-(2S48)-4Ampi(benzoyl)-OH)

25 Compound 17: (254S) 4-Benzoy|amino-1—(_2,6-diamino-hexanoyl)—piperidine-z'-
carboxylic acid (H-Lys-(254S)-4Ampi(benzoyl)-OH)

. Compound 18: (2548S) 1-(2-Amino-acetyl)-4-benzoylamino-piperidine-2-carboxylic
acid (H-Gly-(2548)-4Ampi(Benzoyl)-OH)
30 |
Compound 19: (284S) 1-(3-Amino-propionyl)-4-benzoylamino-piperidine-2-
carboxylic acid (H-Ala-(254S)-4Ampi(benzoyl)-OH)

Compound 20: (254S) 1-[2-Amino-3-(1H-indol-3-yl)-propionyl]-4-benzoylamino-
35 piperidine-2-carboxylic acid (H-Trp-(254S)-4Ampi(Benzoy!)-OH)
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Conpound 148: (2S ,4R) 1-(2-aninoacetyl)-4-benzani do- N (pyridin- 4-

35yl met hyl ) pyrroli d| ne- 2- car boxam de Conpound 149: (2S, 4R)

1- (2-am noacetyl)-4-benzarni do- N (pyridi n-4-y1) pyrrolidine2-carboxam de
5Conmpound 150: (2S, 4R

1- (2-am noacetyl)-4-benzam do- N- (pyridin-2-yl)pyrrolidine- 2-carboxam de
Compound 151: (2S ,4R)

1- (2-am noacetyl) - 4- benzani do- N- (pyridin-3-yl)pyrrolidine2-car boxani de 10
The present teachings al so enconpass isoners and/or enantioners of the
conpounds |isted above (e.g., 254S, 2S$4R, 2R4R, 2R4S, 3S5S, 3S5R, 3R5R

3R5S), as Wnﬁpoﬁﬁd@hel(?.s@HL@rArﬂﬁ\b%’ ﬁaerﬂyﬂﬁ'oﬂfoﬂﬂ) 4z BViSHiIhE DFperidine-
15Phar ”ace‘étéa%‘&ly}’c 288%3 In(gs %& a%l(%%qu)g&%ounds of the present

t eachi ngs having~ an usi ng organi c and inorganic
bases. Suitable salts forned with bases include netal salts, such as al kal

nmetal o aldghpdipdear t1b(2[mﬁuﬁb-45@e|r$c§ey Eﬂroﬁ%mhﬁoﬁﬂﬁhwhdﬂgtﬂss' um . or
magnesi um sal ts; rrrqi@_‘ %{ ia tﬁﬁ” Pﬁﬁg ganl c amne salts, such as t hose
formed wit FRFRSFKIFAS YhicBiisi e Hé, 20pi peridine, pyrrolidine, a nono-,
di- or tri-lower alkyla mne (e.g., ethyl-tert-butyl-, diethyl _
di i sopr Opy|Com;Sd’dn@tﬁYL(Z-AHIIH@H&éﬂIIam%)Q'HgﬁE&}f eﬂ@%le‘% xghc? mé‘(ﬁ‘)”o" di -

or trihydraq am ne (e.g., non i- rlet am ne)
I nt er nal ﬁ?%&%@&ﬁ*@e formed. Siml arI y, when a conpound of the
presentiot eachi ngs contains a basic noiety, salts can be forned using

or gani ¢ anddRRARYAC 6l Alfine by BT £(+- R85 458000, baLImda g om ¢ he

foll owi ng acids: acetic r opi o ric, Par CArT ¢ Succi ni c,
fumaric, mdPe@l- DW%?H“??"“MWG@Y‘) OHinal i c, phthalic, hydr ochl ori c,
hydrobrom c, phosphoric, nitric, sulfuric, met hanesul f oni c

napt hal ene b esu toluene ul fan an horsulfonlc
as wel | assélo?r{lu B r‘lzgm%néhar'nﬁceﬁ rb%@?‘f‘y "RYY, "&'BT?) égén F2RE d

addi ti df s@qu(l'bé?ﬂ Beabatiientoyin®H) 30wi t h ani no aci ds such as |ysine,

gl yci ne, or phenyl al ani ne. The present teachings also include prodrugs of

t he conpounds_des b her ei n. used. herein odrug" . refers to a -
noi ety t ha{@%?%dﬂégsa @r{g'PQP&GQEW‘QQ%%E%@O&'GW}FB%%‘C@W{ #EClr esent
t eachi ngs VPmmbaBenzoyhi®ied to a manmmual i an subj ect. Prodrugs can be

prepared by nodifying functional groups present in the 35conpounds in such
a way that the modifications are cleaved, either by routine manipulation
or in vo, CIPRIMNERL: faPetit) %%ﬁﬁ&ﬂ?ﬂi’?m'EQ‘&MiSP'@i“eO?'Cﬁ’PBG}"h@@WOhCI ude
conpounds qfropibiic prids@4R)d-Aempioenzag)-deald-Oegl herein that cont.ain one or
nore nol ecul ar noi eti es appended to a hydroxyl, am no, sulfhydryl, or

carboxyl group of the compound, and that when adm nistered to a mam"ral i an
subj ect, i Lompreund 8 (2S, 4R) {{4-(4-Nitro-benzoylaminoc)-pyrrolidine-2-carbonyl]-amino}-

acetic acid ((2S54R)H-4Amp(4-Nitroebenzoyl)- GIy-OH)-

25 _
Compound 29: (2S5, 4R) {[4-(4-Methoxy-benzoylamino).—pyrrolidine-2-carbony|]-
amino}-acetic acid ((2S4R)H-4Amp(4-Methoxybenzoyl)-Gly-OH) ’

Compound 30: (25, 4R) 2-{[4-(4-Methyl-benzoylamino)-pyrrolidine-2-carbonyl]-
30 amino}-acetic acid {(2S4R)H-4Amp(Toluoyl)-Gly-OH)

-Compound 31: (28, 4R) 2-[(4-Bénzoylamino-pyrrolidine-2-carbonyl)-amino]-3—
phenyl-propionic acid ((254R)H-4Amp(benzoyl)-Phe-OH)
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5vivo to formthe free hydroxyl, am no, sulfhydryl, or carboxyl group,
respectively. Exanples of prodrugs include, but are not limted to,
acetate, fornmate and benzoate derivatives of al cohol and am ne functional
groups in the conpounds of the present teachings. Exanples of preferred
prodrugs include oxazolidinone or imndazolidinone prodrugs. Ester prodrugs
are preferably fornmed with | ower 10al cohols, such as cl..6 al cohols.
Preparatl on and use of prodrugs is di scussed in T. H guchl and V. Stella,

"Pro-drugs as Novel Delivery Systens," Vol. 14 of the A .C.S. Synposium
Series, andcdnmpdBnd B8y ¢23,i4R)&-[CaBenzymniino-PyugidDes?-garboryl)-arhithebsd-d B. Roche,
Anmerican P I L0 ress, 1987. 15In a
further asggéctt tﬁ;ez’l"%?eas?{e%ﬁ@@ﬁ%bm ng@gg?%&bg'euderfvatlves of "t he compounds,
and nore particularly protected forns of the conpounds. By way of exanple,
the conpourisnmandi3e: (28t4R)t4Herabyaivinio-piroliding/Btarbolyit Btiai5-ammd.or at the
am no agid anlsanamnoaC|dS|de
chai n). ® féwggn%%pg%g(ctl n 6’?\0 Séﬁ'}g N(}; Boc, Fnoc, Fm Benzyl,
Dde and Z and al so 20 include the conpounds when coupl ed to a solid phase,

e.g. .when tdwipdiad@4bees, mcte[(mesiﬁyuednuﬁbéwoumﬁe&ﬂbanyuﬁamar maceuti cal

conp03|t|on sent, .t eachi ngs can serve as

medi cament s F%n?nﬁ%am @E’é’&@gﬁ% (&g%ﬂ?% Hhceuti cal conposi tions, -which
can be adm nistered via any accept abI e nmethod known in the art, either
singly 1@r icorsutntrest i(29, 433&@3@&6;4&!&&% mmgztéﬁmymﬁéila&%é o the

present teachj n, compris ound of the present teachings in
adni xture W4 {%{@455@4%@ pg‘ﬁ&%l cally acceptable carrier, "diluent,
vehi cl e or excipient. Such corrp05| tions can be 30formnul ated to oral

admi ni str atc&ﬁpduna%ugteméwﬁ almétﬁ&ytwer%yemd) %gﬂald.wz.esrz,@xynpar ent er al

adni ni stration eno ut aneous
i nt r amuscul3HNg faﬁﬁ'ﬁ acid r‘&rséﬁg’l‘ I“f\B‘Hé"aMeEh°"]bb3r)z°)§b‘ﬁi‘YnP§‘i ration. O her

adm ni stsrati on routes include epidural, rectal, intranasal or dernal

~admi ni str atd:d?ﬁ"pdlfnd%ﬁ Ré'é %}2{;&(41r&lf?é‘-'b@kkgﬂamiﬁéyoggb%m ZPJagéo%M:) a?mno]

formul ati on rovi sust ai oun he“present
t eachi ngs. 2FREC ;OAHSSPEIGAAMRIENFoRPREABIGHYGT he for m of solid or liquid
formul ati ons and nethods for their preparation are generally described in

"Rem ngt on’ s eyLLc CJ,€ t L7t h Ed nnaro (Ed.),
Mark Publis ﬂ"_ﬁ &g%p%axyﬁ/é ‘%&?s@o‘lﬁ%%ﬁ' H5ne %\am'nfb'ggm"‘g%%c%ﬂ@éi tions
gener ald0y Eminelratetipadf (@SEBWE4AmpTaiuat)-Gittine or nore active conpounds
of the present teachings, together with a suitable carrier in order to

g;lméi:? : dt heCorrcu)go%gI% 39 [5‘ fn%gls%g ngr%oypammo-p}'\eng]) propngr%laem%];}gge cnalcsdt ration
(H-4AmF(Benzoyl)-Gly-OH)

25 Compound 40: [2-Amino-3-(4-(4-Methoxy-benzoylamino-phenyl)-propionylamino}-
acetic acid (H-4AmF(4-Methoxybenzoyl)-Gly-OH)

Compound 41: [2-Amino-3-(4-(4-Nitro-benzoylamino-phenyl)-propionylamino}-.
acetic acid (H-4Am F(4-Nitrobenzoyl)-Gly-OH)

30 _
‘Compound 42: [2-Amino-3-(4-(4-Methyl-benzoylamino-pheny!)-propionylamino]-
acetic acid (H-4AmF (Toluoyl)-Gly-OH)

Compound 43: [(1-Benzoyl-imidazolidine-2-carbonyl)-amino}acetic acid (H-
35  lca(Benzoyl)-Gly-OH)
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Preferably, the carrier is in the formof a vehicle, a diluent, a buffering
agent, a tonicity adjusting agent, a preservative and stabilizers. The

exci pients constituting 10the carrier nust be conpatible with the active
pharmaceutical ingredient(s) and are preferably capable of stabilizing the
conpounds w thout being deleterious to the subject being treated. A form of
repository or sustained-release fornmulation can be used so that

15t herapeutically effective amounts of the preparation are delivered into

t he bl oodstream over many hours or days follow ng adm nistration of the
conpound or conposition, e.g., by transdermal injection or deposition.

For rr:ul at :_Olf’(Sorﬁptidrﬁibt_i@ {[‘D(4-NM?Fb%hﬂﬁ,{ﬂ;jiﬁﬁﬁbﬂia?iﬁn%-ﬁiéb%ﬁélpﬁﬁhﬁ%c‘l@_ﬂ%Ql:'iS }OO' y er?r s,
such as L- : -lact i.c.acid, -lactic acid, glycolide, glycolic
acid, and i@@?’r‘l"e sﬁ'?'jﬁg?%%lyb@?l arly, the 20carrier or diluent can include
any sustained release material known in the art, such as glyceryl

MoNost ear atCorRpoudyan 2k, %m:ﬁ@ér%ﬁanﬁ&&Bﬁeﬁéiné@&%dwg-anﬁo%éeﬁc QG her
sust ai ned rel agg %%Ln)sl atons C%? éngl ude, but are not limted to,
fornulatioﬁ?mf APREMTEREBenzPUEEY-BHe of the conpounds discl osed herein
conmbi ned 25with |iposones, m crospheres, enmulsions or mcelles and liquid
stabilizersgg s sokh )o(:j(fmg_ Hqggj_ S hid 508 t

t eachi ngs re%ﬁf?ed f-eér(zzshgs esl %9% erap@g{@@égfdlﬁgd(ﬁ%gl?\f/amﬁ{b?ggﬁﬁggupon on
t he pot ency?dt (ERESELADBRIRENZPHLPHaNEreH! ar conposition used and the route
of adm i stration selected. The 30conpounds will typically be -adm ni strated

in the rangeg,q o@@ﬂ#‘f: @4-5&%091-5&%&2&?% nep-ﬁ:[cla%‘wgggﬁir%?xﬁﬁetrcgd’cgﬁgﬁrrpl e the

‘conmpounds can be adm nistered In ande froma t 1000 ngy
per pati entPp&engay)-Giv- 8 about 10 ngy to about 100 ny per patient per day,
or about 50 ng per patient per day. The nost suitable dosing regi men can

best- be det LOG B A& ptioner for each patjent individually.
The opti nal @%EI ng ?éel' {énﬁﬂé\nﬂen@ é@gég\ﬁp%e&%%argw Fﬁ?ﬁ?\‘ﬁ?&@e@?i cal

conposi t8 orlBarmka@enzeud)-Ey-@Me present t-eachi ngs depends on factors such as
the particul ar di sease or disorder being treated, the desired effect, 5and

the age, weCghpowrd 48 d@-Arams-5-@deethoanbergepamiio)paysdyeing)catdtit keigs of the
patient. T@-BQH&)Q{&&AE@\%L ngm_é@_&@nduct ed in a single unit dosage form
te ac 0 a co

to allevia ute synpto r’’as ntinuous therapy in the form of
mul ti pl e doses over tine. Alternatively, continuous infusion systens or

sl ow r el easofipPaid S (BAMINbBAB-MERyIRnesPAAMBSlberRPIafind)RicBtiC AP Qynds or
phar nacze\outlﬁgrlr‘%&@%mgpﬁ% t_g)?_ps according to the present teachings can be
' Imu ar% e

co-admmi stere |y or sequentially in any order. In addition,
t he conpounds and conpositions can be admnistered in a simlar manner for

prophyl act | CoRps HESE - (3}§~Diaﬁﬁﬁcﬁ$éhzo§'laﬁ\ir?ﬁ%’beﬁ@&;idﬂE-Dﬁﬁbﬁﬁﬁ\y@ﬂgl be deci ded
by the attendi ng physician for each patient individually. - 1 '

Compound 52: (28, 4R) 4-Benzoylamino-1-(2-hydroxy-acetyl)-pyrrolidine-2-
25  carboxylic acid (HAA-(2S, 4R)4-Amp(benzoyl)-OH)

Compound 53; 4-Benzoylamino-1-(2-hydroxy-acetylamino)-cyclohexanecarboxylic
acid (HAA-Pip(benzoyl)-OH)

30 Compound 54:; 3~Benzoylamino-5-(2-hydroxy-acetylaminp)—benzoic acid (HM—
Damba(benzoyl)-OH)

Compound 55: (23, 48) 4-Benzoylamino-1-(2-hydroxy-acetyl)-piperidine-2-

carboxylic acid (HAA-(ZS4S)4-Ampi(benzbyl)-OH)
35 :
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D. Therapeuti c uses Conpounds according to the present teachings can
facilitate and/or maintain the intercellular conmunication nedi ated by gap-
junctions. In one aspect, the conpounds according to the present teachings
~target the sane cells targeted by 20 AAP, AAP10, HP5, and/or functional

anal ogues thereof, i.e. the conpounds are able to nodul ate the function of
these cells by agonizing or antagoni zing the function of AAP, AAP10, HP5,
and/ or functional anal ogues thereof. The scope of the present teachings is,
however, not |limted to conpounds having specific AAP agonistic or

ant agoni st iCoMRPYHErSE: dsBereag-Joi2ehusinexyr anetiirimidazalidine-2 ehettoxylicraciche

25pr epar at iphidepdassea(ednzBipiupgceut i cal conpositions for the treatnent of
pat hol ogi es whi ch can be associated with inpaired intercellular gap _
junction conmmuni cation and nethods for using these conpositions, e.g. as

di scl osed iGrE»WOR/ST7 TIoBShzoNSN 2Mmdir oat-addidsimidazblidias-2ehlthoxglic Z8hmuni cat i on
Facilitgti ngaaKoeB@eRes)-ol0 The present also provides nethods of treating a
subj ect having, or preventing a subject at risk from devel oping, a
condition associated with inpaired GQJIC (e.g., cardiac arrhythm a or

ost eopor 0siGImpamdriss i 3R @G-Bahabylamtnerphegyig-2t (B eyapewacetglamingigratidiive anount

of any of they ¢RURANARBALEHPr esent teachings. Individuals 35 who can be
treated using conmpounds according to the present teachings include, but
are not limted to, animals, preferably mammual s, e.g., rodents (including

m ce, rats,Cmpaingrss; NE[2-Cgbambies(2-predkyasety@dminb)sothylppsypi 9S, goat s
(general ly inC i i primates. In one preferred aspect, the
HER aﬂ%"@&v\ 4%5(@%%@)

subj ect is a human ‘bel ng. of conditions which can be treated or
prevent ed usi ng conpounds of the present teachings include, but are not

i mi L efl_ t0,C&ﬁﬂidﬁdg\ﬁlﬁC(HS,&IR)di-B@&%@Ea;rﬁﬁd-W@ﬂ{éaidfd-a@:éiﬁl}-am’@ihir@@-Of ai rway
epi thelium __di sor.der. 1 gr, tissue: | er incontinence; inpaire
heari ng (e.cj'.crjb%grelc %%ééﬂpé/g?e%ﬂa%ﬁ"?f’ég%%gw g%ﬁ 10endot hel i al | esi ons;

di abet&ds (Type | or Type I1) and diabetic conplications (including diabetic
reti nopat Nyc@fgohd®Ie (RS, 48U BEFDMIninR | REMRAERS-aSdi)-pEbiiinebat ed

condi tions; sel zEr es(,:1 tﬂe%rga%b(lte. ..1schem a of the central nervous
system spiFPOXYETF 8cd (VN T é‘f'ﬁ"@ﬁﬁﬁyp‘%nt al tissue disorders .

(i ncludi ng periodontal disease); kidney diseases; haematol ogic

mani f est at | Qk§pdihdb2: (§§,afég}1ﬁcz-/krﬁtﬁ'6%%§ﬁt)?4-bérﬁwt5 TROGYLARGS Rurtd0lic

pancyt openi a, especi alﬂ.% | ow ng treat'nent cytostati c conpounds or
i rradi & or?cf%@'f'g’wgs sENA8IRE2gY)-Oper fi ci al wounds and deep wounds
resulting trauma); bone fracture; erectile dysfunction; urinary bl adder

cancor || { g TTRA D 28 Ao BRI AT et £ RRRR B RER 0l on

whi ch ari se@<FLHERGS IOt AawipesydGhoRHBf cells and tissues or during nedical

procedures such as surgery; conditions caused by an excess of reactive

such as st nditions caused by an excess
@ Lor adre arompRIRRt e £0, ML RloRe Al e Pu Rl B B o B o

infertility; and stroke. Conpounds accroding to the present teachings can
al so be usethhpokrys: @23, aRP1-(d-8mihoacdty)harhkihRAbiNthettyipyRbii@gs-20f oxytocin

carboxamide :

30 Compound 66: (28,4R) 1-(2-aminoacetyl)-4-benzamido-N-ethylpyrrolidine-2-
carboxamide '

Compound 67: (25,4R) 1-(2-aminoacetyl)-4-benzamido-N-iéopropylpyrrolidine—z-

carboxamide
35
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250n uterus contraction). In one preferred aspect, the present teachings
provi de a pharmacol ogically active antiarrhythm c conpound for treatnent or
prevention of arrhythm as and thronbotic conplications arising during

cardi ovascul ar di sorders, such as acute ischem c heart 30di sease (e.g.,
stabl e angi na pectoris, unstable angina pectoris, acute nyocardi al
infarction), congestive heart failure (e.g., systolic, diastolic,

hi gh-out put, |ow output, right or left sided heart failure), congenital

- heart diseases, car pul nonal e, cardi onyopathies, nyocarditis, hypertensive
heart di seds@MpeHndi68y(2SetRinkatd aminpasetul-drienaamon;N-ayroprbey!pyirictiding+2- speci fi ¢
enbodi ment ssarsgxaRgnds according to 35the present teachings can be used to
treat and/or prevent bradyarrhythmas (e.g., due to disease in sinus node,
AV node, bundle of His, right or left bundle branch), and tachyarrhythm as
associ at ed @@mpounddist (28,4R). gbenzmida! -(prenEiutt g carbom)ignies)aclll)j unct i onal
conpl exgs, peRhidih&ylarodRbfpigt ure conplexes, atrial fibrillation, atrial
flutter, paroxymal supraventricular tachycardia, sinus node reentrant
tachycardi a, 5AV nodal reentrant tachycardia, and non-sustained ventricul ar
t achycar di ajompaundiver (25, 4R) G (poinodsetaf-adictizagidbN-{deaitdH- egBpjrrdiigiaghi ngs can
be useful iﬂc?rbh%i@éi on of a pathol ogi cal condition wherein sl ow ng of
conduction velocity is an inportant factor, e.g. ventricular tachycardi a,
ventricular fibrillation, and atrial fibrillation. Conpounds according to

t he prementCémpaNdITYS (ZSUR)OB(RERINdEE4RN-2hehBfrhidbN-c @l SHtydsyrioidir@abi nati on
w th ot her Caapllt’dx%% thm c conpounds, such as class | agents (e.g., '

| i docai ne), class agents (e.g., netoprolol or propranolol), class Il
agents (e.g., am odarone or sotalol) or class IV agents (e.g., verapanml).

Conpounds acéfpélinagr2t @940 RIL8RMNoatSISALHBSaR RB- N s BulByHEIRERd-§- treat or
pr event 150c%§bo?<rami e of reentry arrhythma, ventricular reentry (e.g.,
arising during acute myocardi al infarction, chronic nmyocardial infarction,
st abl e 1@ngi na pectoris and. unstable angi na pectoris), infectious or

aut onom c j _F3.8ki ok PLl A Jaatd L apQl ard ' ter nans,
nononor phi c@é/fg%wqﬁﬁgy?%ﬁ] g/éc g'lrng{og?étsfﬂ-)_\fvaa‘%/ég Qﬂmdé ?ﬁgﬁggﬁﬁgﬁﬂﬁﬁh% hm as,
reduced corf@2REMY%y of cardiac tissue, thronbosis, and the like. 20

Addi tional functions in which endothelial gap-junctional intercellular
conmuni cat i epd 4 Lgr ehavi or. of endot hel i al
cells aft ereﬁﬁﬁﬁgbﬁagﬁ'%@eiﬁg%§?'°§%%8|§%gﬁwﬁ%g’%g\qv%%ré?%@?lay%%ﬁg’?é 2nce and '
t he codPdi PR vasonot or responses (Christ et al. Braz. J Med

Bi ol . Res., 33, 423-429 (2000)). 25 Therefore, conpounds according to the

present te 'B%?h n seeb 10, g conduct ed vascul ar, responses and
to inpr ovea"gﬁt}(h)o .sd ﬁgf&ﬁrfgzggﬁbnﬁgp‘fﬂp lg%sbe\%nglﬂ'd%ﬁ\gftggg'yg r?réréﬁ%% > dermand
(e.g., physieyroliginereraboxamigAycardi a), and during i schemia. 30 Conpounds
according to the present teachings can be used to cytoprotect a tissue or

organ a gammal Jin need of .such tr nt. Cytoprotecting refers to

reduci f\% p %TO%%_W_C’J%' gz(r:é&ajlla)l L&?S&"{“ﬁscé@‘ OEONE 8 -gg\@f(%' d"ﬁﬁhglﬁui?ﬁ\ﬁént ed cel
swel |i ng. Pdwyireliging-2-cardoxamidand organs that will benefit fromthe nethod
i ncl ude those confined or otherw se inpacted by a fiborous capsul e such as

heart or ki dney. 0
gomgoun%l 7%: (25,4R) 1-(2-aminoacetyl)-4—benzamido-N-((R)—3,3-dimethylbutan-2-

yh)pyrrolidine-2-carboxamide

30
Compound 78: (28,4R) 1-(2-aminocacetyl)-4-benzamido-N-phenylpyrrolidine-2-
carboxamide

Compound 79: (2S,4R) 1-(2-amin'oacetyl)-4—benzamido-N-((R)-tetrahydroft_lran-3-
35  ylhpyrrolidine-2-carboxamide
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35i ncluded are tissues associated with bone such as brain, spinal cord and
bone marrow. Conpounds of the present teachings can be used to prevent or
treat ischemic injury in the organs of a manmal in need of such treatnent,
including, for exanple, the heart, central nervous system ki dney,
gastrointestinal tract, liver, lungs, and linbs. 5 In another aspect, the
present teachings provide the use of the conpounds to treat or prevent
haemat ol ogi ¢ mani festations following treatment with cytostatic conpounds
or irradiation therapy. |npaired haenatopoiesis recovery is observed in
patients after 5-fluorouracil (5-FU) cytostatic treatnment. This includes
absence of GOhESANSY (A8 4RPLIPAR:ShiBLAH £ AL SncbBRIENDD. SRS R

neut ropeni a, ,severe anema Wt retlcu ocytopeni a and presence of abnornal
peri pher al %Withrocytes and severe thronbocytopenia. In addition, 5-8-fold
decreases of bone narrOM/ceIIuIarity and hemat opoi eti c: progenitor cont ent

i £o ( B8 Pa RSP Ao 2 it S A g ) | ol oy

f ormi ng unlctaébc("@“lﬁ in bone marrow are observed. (See, e.g.,

Mont eci no- Rodri guez et al., Bl ood 96, 917-924, (2000); Presley et al.,
Abstract # 0 ( 005)). Included in this aspect
of the preg‘gnrp})teac %%éd'%yu?)% 'docq'?%g %r prevention of general
clinical sutﬂfuaarpaﬂeﬁar@émsﬁvppm@waeétmbwyhmamt rogeni ¢ pancytopeni a. 20
Conmpournds according to the present teachings can be use to treat or prevent

ost eopor osi t tha .S | ant in pbone formation.
The effi Cacéorg?m{nﬁz?»%%%gger&w%%%é-gggéaéﬁo@fs%r RPVEY Pg‘ W) an increase
i n ost eobl arrofiding-2icaybaxmlicaasid andar d ost eobl ast acti vi ty assay which
measures either 25cal ci umwave formation and/ or al kaline phosphat ase

tivit f t eobl |s.int f th ds. Al kal
phosphat ascOSBPT TS B ERe TR oe @ S e UiR A SHEAUD BI85t cobl ast
activi t4p useamigoxylicamaidir d col ori netric assays. Preferably, one or nore of the
conpounds or pharmaceutical conpositions 30according to the present
teachings are admnistered to an individual in need thereof in a
t her apeut i caPTHOERROE (3SR ufrBaRRamider 13 dermeadaaretylay T Hlidingpeearbeatie y
effective asmmdunt™ refers to an anount that reduces synptons of a given
condi tion or pathol ogy, and preferably which normalizes physi ol ogi cal
responses in a subject with the -condition or pathology. Reduction of
synpt ord) orC‘PfBP‘HﬁFHBEaQWbﬁ -bgmAmide-ot(ddimidezeleZpemseryewreliginedit er mi ned
usi ng net hoglsbexglid 4di@ in the art arid can vary with a given condition or
pathol ogy. In one aspect, a therapeutically effective anount of one or nore
conpounds or pharmaceutical conpositions is an anount which restores a
nmeasur abl e GAPBIWIASYT (2 4Bb4-harzagnide-G-(Sbipytarnierabaponyipygalidinesad ue
(preferabl ycatr@ox%dm,@ +30% nore preferably to within +20% and still

25 .
Compound 88: (25,4R) 4-benzamido-1-(1H-imidazole-5-carbonyl)pyrrolidine-2-
carboxylic acid
Compound 89: (2S,4R) 1-(2-aminoacetyl)_-4-(picolinamido)pyrrolidine-2-ca'rboxylic
30 acid )

Compound 90: (28,4R) 1-(2-aminoacetyl)-4-(nicotinamido)pyrrolidine-2-carboxylic
acid '
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Snore preferably, to within +10% of the value) of the paranmeter in a
subj ect without the condition or pathology. The effective anmount will be
determ.ned by the skilled person taking into account such factors as
potency of the drug, age and constitution of the patient, body 10wei ght,
phar macoki netic profile of the drug, and in general the drug wll be
prescribed for each patient or group of patients. However, the effective
anount. of the conpound can be at |east about 10 pg/ kg body wei ght/day, such
as at |east about 100 ug/kg body weight/day, at |east about 300 1.i.g/body
wei ght / day, Cemerund 9'e &% 4RBbb(R-amiyoeceiyd-Rdisboiggtinasmigmpyrelidinech t he ot her
hand, the efdhesd/livaci@mount 15 of -the conpound or dinmer can be at nost about
100 ng/ kg body wei ght/day, such as at nopbst about 50 ng/ kg body wei ght/day
and at nost about 10 ny/ kg body weight/day. It is expected that ‘the
ef fective dPoopeundgfoZ (RS 4Rnb(Rrantinnatétyhd-(apaoitingBcphdranibodyrraliginght / day,
about 3Q0 potkBoRmduciwei ght/day  or about 1000 gg/ kg body weight. 20
E. Bi ol ogi cal assays Preferred conmpounds of the present teachings can show
bi ndi ng, preferably specific binding, to a tissue, cell, or cell fraction
in what is Cahpourdd3 ESHeREl-(2-amirdatayipadafidodbBnaintido)pymdlidig-2-est”. The
test can delgglwaSu@ptionally quantify 25bi nding of a subject conpound,
e.g., AAP, AAPld, HP5, or a functional anal ogue thereof. In one preferred
enbodi nent, the conpound can be a nodul ator of the function of such a
ti ssue,10cel Compasunsicd4: (I8,4R} 1-(@rafinoacetyihe-(BINPRBEAzAGEBPEESIidHe-ANt agoni zes
the functi o&rggxngci@nti arrhythm c peptide). In another enbodi nent, the
conmpound can be a nodul ator of a receptor for the antiarrhythm c peptide
(i.e. 30the conpound is an agoni st or antagoni st of the receptor).
Addi ti onal | gorpp&irgrgs (RS;aRPoPdmirdaeeylisng-flercbBRzAMmiasPPiroildiRCHI Ngs can
show good féjar}gt)j R0.85 nmodul at ors of gap junctional comrunication (e.g., as
agoni'sts or ant é(gonl Sts of AAP). In one aspect, the conpounds can function
as anti®rrhythmc drugs. Preferred agoni st conmpounds of the present
t eachi ngs c@smpsd gbe(@wzmf(@faﬁ.lirldaEapn.qq.adﬁ&ﬁwtaﬁezagﬁa)?&rF@iBin!e.Sz-

e 0

substanti al | sane as, or is greater than, AAP Iin what is

th
referred toc%%?xé{ﬁ%a%lg a "standard cardi omyocyte assay". Preferred
Sant agoni st conpounds can provide a G that is less (e.g., at |east about

10% or at é&ﬂﬁéur@@ﬁ%@%#-ﬁ%%&{o@%éﬂ%ﬂ tg%bégéggﬁcﬁﬁ%ﬁfoéimng% the

ability of AAP to narnmalize an 1sc to return the
G to AMst@RPYG§9¢he sane val ues found in non-ischemic cells..
Additionally preferred conpounds according to the present teachings can

increase thgohbothd &b: % 4N lP—'(Q—QK\iﬂ-o%cgtyﬁg'-“ﬁﬁné}ﬁ)tllgénzamido)pyrrolidine—2-

carboxylic acid

25 Compound 99: (25,4R) 1-(2-aminoacetyl}-4-(4-methoxybenzamido)pyrrolidine-2-
' carboxylic acid '

- Compound 100: (2S,4R) 1-(2-aminoacetyl)-4-(3-methoxybenzamido)pyrrolidine-2-
carboxylic acid
30
Compound 101: (2S,4R) 1-(2-aminoacetyl}-4-(4-hydroxybenzamido)pyrrolidine-2-
carboxylic acid | '

Compound 102: (2S,4R) 1-(2-aminoacetyl)-4-(3-hydroxybenzamido)pyrrolidine-2-
35 carboxylic acid
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10i nfusion of Cad 2, in what is referred to herein as a "standard

cal ci umi nduced . arrhythnla assay." Conpounds of the present teachings can
.prevent cardi ac conduction slowing in the presence of various form of

nmet abolic stress (e.g. ischem a, hypoglycaem a or acidosis) in what is
referred to herein as a "standard isolated atrial strip nodel of netabolic
stress induced conduction slowi ng." 15 Conpounds of the present teachings
can additionally show decreases in the incidence of reentry arrhythm as or
in the size of an infarct zone observed in what is referred to herein as a
“standard ventricular reentry assay." In some enbodi ments, conpounds of the
present teaQBx'nB@ithﬁm ezshm)t (@ag\mc&QmL(fzﬂheﬁﬁa@@&ﬁ.ﬁejd}&oﬁ&néﬂlﬁ-ﬂt i's
referred to_h 'invitro plasna stability assay". Conpounds
that,shOM/a‘ﬂg %?3 |I|ty in the assay have in one enbodiment a half-life
of nore than about 48 hours, or nore than 24 hours, or nore than 12 hours,

or nore 5ha@o,§pmﬁo4 @z’sﬁlﬁfﬁ(i aa,r].,ogc@@bm Qo% sbore than 1-hour, or nore
than 30 m nut es nore tha m nut és nore than 15 mnutes or nore

25 than 10 Pﬁ‘?ﬂ!{e@'a”?iP°)HW%’dﬂ'T?a%°8rWﬁta€§ or more than 1 ninute. In these
enbodi nents, conpounds of the present teachings can show enhanced stability

opt | onal 3"%3@%?@'@} RN SRl e L

t eachi ngs af@dfurther described bel ow. 1.Standard plasma stabl lity assays
The present teachings provide conpounds that have enhanced stability in

{nat *conpr | SemECePIONTYe B8 BAARRY oo ORI b DT R RE L= BRI, 0d”

stabilize tﬁ@dcorrpound agai nst enzynatic degradation. Alternatively or
additionally, the conpounds can corrprl se one or nore D-amno acids. It is

(o ani 11ty aseipbuld o s At Rpakibadtip 3 ORORELPIdnko b pldn s adsay.

conpountfs arerbpxyiiebeited i n pl asma or serum and sanpl es are taken at regul ar
intervals for analysis by HPLC or LC/ MS/ M5, to guantitate the anmount of

undegr aded WD . 02107 the entire djsclosure of
which is i ngg'lr’!'g "Eﬁceadﬁg&'?g’]sg?éﬁ@@“%cgy (1 stz PateyEdidin-81 ons
(col um, sobhEneamigeadi ent, and tenperatur e) for such 10 anal yses are

estimted to ensure that the corrpound peak and the plasnma peaks do not have
the sane retention tinme. This is done by subsequent injections of a
conpount?® plaBRAUNGIRP: N-(3R S8 ddRi3aHnacklNind HeBiasahe vamdrdifie-3| asna,

fol | owed byypnzamidat i on of LC nethod paraneters until a satisfactory
separation is obtained. A control plasna sanple w thout the peptide

conpound, treated in the .sane 15manner, also is taken and eval uated. The
sanpl es can CPRPPHRM 110 M-3R &Sh dr2iarinqaset) - (Camehynit-miRezed8npound at a
sui t abl e coppwmblidib-3omberzamide0. 1 ng/ nt), plasma

25
Compound 111: N-((3R,5S8) 1-(2-aminoacetyl)-5-(5-isopropyl-1H-imidazol-2-
ylypyrrolidin-3-y)benzamide

- Compound 112: N-((3R,5S8) 1-(2-aminoacetyl)-5-(oxazol-2-yl)pyrrolidin-3-
30  yl)benzamide

Compound 113: N-((3R,5S8) 1-(2-aminoacetyl)-5-(5-isopropyloxazol-2-yl)pyrrolidin-
3-yl)benzamide T
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wi t hout compound, one or nore sanples for t = 0, and one or nore sanples at
each regular interval. Preferably, nultiple sanples are taken in parallel.
The sanpl e concentrations (peak height in mAU or ion counts) are plotted
vs. tinme and 20 fated to a function describing a nono exponential decay
(e.g., using a standard Excel package). Preferably, a conpound according to
the present teachings has a half-life of nore than about 30 mnutes (e.g.,
nore than about 1 hour, or nore than about- 3 hours, or nore than about 6
hours, or nore than about 12 hours, or nore than about 24 hours, or nore
t han about %8mARHNGs)1458-ERR.E8M {2@mintiacgtytr(S-raetbripxazb2Ml)pgraidint 3bi | ity
can be examiRfAzamig¥i Vo using standard assays. For exanple, conpounds can
be admi nistered to a mammal, such as a rat, by bolus injections in vol unes
of about 1 m/kg for both i.v. and p.a. dosing. Preferably, conmpounds are
tested i n paeabbwid 1 N-E3RESHN-(B-amiesety)SH(4asetbyibkarol-@ryl)ayrraiidin-&r r yt hm ¢
peptide OW,idangarkid@wn stability. Bl ood sanples are collected at different
time periods (e.g., at B.D. 5, 15, 30, 60, 90, 120, 180, and 240 m nutes,
where B.D. refers to before dose). Anounts of conpounds in sanples can be
quantified Gempoumiet1totis((BR,56Dai(Ramindacklyd-5a01H:pysaedt-5a8) plCidB-d5.  For
exanple, th )bcéggégﬁilagrati ons of conpounds in plasma sanpl es can be
cal cul ated.Trom an external standard curve 35 covering concentration ranges
of conpound from 1.00 to 1000 nM The plasma concentrations versus tine
Ol\l/gt a camo becus:ﬁd.ufd)ﬂmh@«m@sb{hI(B-Tahﬁndﬁ_&dﬁi)_ld-(uglsémowmPg@:%}ibl-%- 5 I(Phar sight,
untai n vi CA). S -conpartnental analysis and the resulting
par anmet ers g‘%‘ﬁ@@'” Eé}g?ggl%?id%llz, Cmax and tmax can be determned as is
known in the art. 5 2. Standard cardi onyocyte assays Conpounds of the
present t eachinp@sndf1B: he((8R TSP d-(RaniindREN)IOBYUABKYL1 Rp§RYel-gNi Ch. measur es
the gap j-uncl#l (r)rg"JiH_gptl |bolrr11zao"f1i cardiac cells after admnistration of the
conmpounds. Y'iPYoRe exr?‘s?p €, U9 di ac cells are isolated froma manmal , such
as a 108%i nea pig hearts, by perfusion with collagenase according to the
Langendor f  &8ipeGhd e Nlﬁéh,%sz\ﬁ ezz%qasa%gtybg-@pﬁmg}aqqam%-ms%mwﬂ. for GJI1C
by patch cl 6\5}? usu&g met hods known in thé art. Intercellulai conductance
(G) is cal ¥iHFF¥Y'%Gsing the formula: Go- | p.pulse. - 1 p,ren | LWC e
(Equation 1) 15where |p,pulse and | p,rest represent the current in the

passi ve cel Lofidbliy3dIRi-RYk ) aNd RALALHISEBHLRG 183 PE LBy - and Up and

Ua represent t e,voltgﬁg of e passive active cell. e change in G
val ue updn WHHPBIHE3¥IRFAFaRIFSt i on is anal yzed by conparing the rel ative
changes in G. For exanple, the relative G as a function of time before,

and during, ciLBMHA 3 ON-Whk 55 AXBAAh deEtyH:5-(33L ot BB HED 21 triazol-5-

yhpyrrolidin-3-yl)benzamide

25 Compound 122: N-((3R,58) 1-(2-aminoacetyl)-5-(1,3,4-oxadiazol-2-yl)pyrrolidin-3-
yhibenzamide

Compound 123: N-((3R,5S8) 1-(2-aminoacetyl)-5-(5-methyl-1,3,4-oxadiazol-2-
yhpyrrolidin-3-yl)benzamide

30
Compound 124: (25 ,4R) 4-benzamido-1-(2-(4,5-dihydro-1H-imidazol-2-
ylamino)acetyl)pyrrolidine-2-carboxylic acid

Compound 125: (2S,4R)} 1-(2-(1H-imidazol-2-ylamino)acetyl)-4-
35 benzamidopyrrolidine-2-carboxylic acid
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20M can be determ ned. Preferably, the conpound provides a G, which is
substantially the sane as the G ( 10% of an antiarrhythm c peptide such
as AAP, AAP10, HP5, and functional. anal ogues thereof. In one exanple, the
cell is an ischemc cell, and the conpound provides a G, which is
substantially the sane as that of a non-ischemc cell (+20% preferably, +
10% . Additional details concerning 25 perform ng cardiomyocyte assays are
provided in WD 02/077017. 3. Standard cal ci umi nduced arrhythm a assay
Peptides suitable for administration to cardiac cells can be identified in
an in vivo nodel of cal ciuminduced arrhythmias according to the nodel of
Lynch et alConfgdiid 128023, z@arﬂqzomasﬁyrazla;lﬁxy;mﬂﬂdgac&él)-dg 68 I\/al(e CD/& ;nce
are anaest t g) and nedet om di ne 1 ng/kg) IP.
An i.v. canh%h%grﬁ'lgo r@;g#ﬁ fggrgg,g, ‘g%e’g?al | vein. Alead Il ECG signal is
recorded continuously by positioning stainless steel ECG el ectrodes on the
right faerelcdipound 12ef (2sf aR)ed-béframidier -gi-@yRdinel-painiriech rSRiRd- Zln t he

ri ght hind Im The s(ltzgnal) is anplifi gjmgnd flftered us}'fﬁrﬁgH Goul

physi ogr aplf® EBSXYSASE s and po- ne-mah data acquisition software. After a 90
sec equilibration period test conpound is injected into the-tail vein (over
30 seconds)cohpdifdRR8: oA} (}e‘ﬂbéﬂﬂzrah\|d63h'(ﬁkp§lnﬁircﬁn-hey$§rﬁ“qm%§et99ﬂxnr ?&im@n' mal s.
The injection voI rre 1S 30g mice in all exXperinents usi on of
Cadl 2 (30 BnfITRPYIgaqd rrL/mnIBOg mce, 100 ng/kg/nin) is started 3 nin
after IV adm ni stratlon of -drug-or vehicle (0.9% saline). The tine lag to
onset of ¢ U he start
o Ch i e ShBhun 28BS 08 bt 0% 4 BT 28R b LR AL
conduct i on HFFERVIISatEfi ned as the first RR- interval, larger than or equal
to 3 times one RR-interval fromthe pre-treatnent 10period. The first
arrhythmc r I 4 AV- block (intermttent
failure of ?%ﬁw,&\ﬁg%gd{?gﬁn‘?g{gr agl{'dea%f)glgggﬁ'% gggtagve wi t hout the

conconi tBantbegrREnidepyTaidinen?-cerbestipaeiddegr ee SA bl ock (prol onged RR-interval
and a QRS-conplex without a preceding P-wave). Responses are expressed
relative to.the ti der V-l ock oc. higle treated
m ce. 15 4. @%%d‘gp(r]ﬁﬂ Jtl%)d‘{] g?'ﬁag\ ?A? ﬁsb%%fur%'g%ﬁﬁ?téwmggg? ?ess i nduced
conduct i on carleaxyirgacid

20 Compound 132: (2S,4R) 4-benzamido-1-(2-(3-methylureido)acetyl)pyrrolidine-2-
carboxylic acid

Compound 133: (25,4R) 4-benzamido-1-(2—(3-isdpropylureido)'acetyl)pyrrolid'me-2-
carboxylic acid : '

25
Compound 134: (2S,4R) 4-benzamido-1-(2-(methylsulfonamido)acetyl)pyrrolidine-
2-carboxylic acid '

Compound 135: (2S,4R) 4-benzamido-1-(2-(phenylsuifonamido)acetyl)pyrrolidine-
30  2-carboxylic acid )

Compound 136: (25,4R) 4-benzamido-1-(2-(1-methylethylsulfonamido)acetyl) .
pyrrolidine~-2-carboxylic acid
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Peptides suitable for adm nistration to cardiac cells can be identified in
an in vitro nodel as described by Haugan et al. (J. Cardiovasc.

El ect rophysi oL, 16, 537-545 20(2005)). Rats (300-400 g) are killed by a
sharp bl ow on the neck. The heart is rapidly excised and transferred to a
smal | di sh containing 37 oxygenated nodified Tyrodes buffer containing (in
mVM: NaCl 136, KC 4, MgC 2 0.8, CaC 2 1.8 HEPES 255, MES 5, d ucose 6, pH
7.3. The left atriumis carefully dissected and a tissue sanple of
approximately 2x6 mmis taken fromthe left atrial appendage and placed in
a tissue cHanmraundidrui@s. 4R)mM-henzadide-b{2-(eOndsuifoBamino)adetyd p\BeadibingiZect r oni c, .
Germany) . ThgdxpidRes is perfused throughout the study with 37C oxygenated
Tyrodes buffer at a rate of 10 m/mn. 30 A bipolar stirriulation electrode
(Tefl on coated stainless steel, diameter 75 pM is placed at one end of the
tissue; StiCGamziundr 3Bs(2Se4R)0t-(Peamiabacktiiz4-(6-phenyieatalriyyl)pyrrofdinesses at doubl e
t hr eshol:d (C%iz‘gﬁlii@%i@f stinmulus 0.2 ns) delivered by a stinulatoer (Hugo
Sachs, 'pre 15) through an isolation unit (Universal |solated Stinulator
35Unit type 263, Hugo Sachs, Gernany). Two separate m croel ectrodes of
pure iridi wenpunkd 3Br @S, 4R)01R(2-ar8ihbaderyl)-8-(5-phényidRaeolangypydofidide-B- ron) are
pl aced on kg&gug%c%\g the long-axis of the preparation for recording of
atrial Cv. e.distances fromthe stinmulating electrode to the first and
second mcroelectrode is 1.5-2.0 mmand 3.0-4.0 nm respectively. Each

5mi cr oeloeCtTdifisound 120N{PS4rRH -t 2Carfinbedslyl 54 29 hemy@ aRRmidaz6er2-( 10x
anplificatiqn r?fl'dt rg_a si%nalls) . .dThe preanplifiers are connected to a bio
potenti al BY T oK %fﬁa PE'EREC is connected to the data acqui sition system
t hrough a Hugo Sachs PLUGSYS. Signals are filtered at 1 kHz and sanpl ed at
10 kHz. 10Fesdrhguinagi4a: feﬁé.m)nug SmiRdbedt) i A8 pREnAH.RfkazBR%I Ng at 1 Hz is
initiated. I.B!JI’I @"H}g irst 20 mnutes recording period (baseline period),

t he chanbery |p§"?q IS E BRIV 8C oxygenat ed Tyrodes buffer, pH 7. 3.
Compountds (e.g., nodified |lysine mnmetic conpounds of the present

t eachi ngs, RO @,Q)m_ o) -9 i) AL & :on buffer
for anot heré?gpon@ﬁu%g %;,Sr'i od E%%@nto %(Eaa l%rg%'? n%%ﬁ'iggd au%ggom{/&ylﬁdé@he 20

m nutes of PFEPPEMIARNL, perfusion is changed to a 37C glucose- free,

non- oxygenat ed Tyrodes buffer, pH 7.3 (with or w thout conpounds- of
interest) f 40 1 1t fholi ARER ] ] achange in

conducti on @%T%%n?y&%u%%héﬁﬁn‘;fzg%jginlgégést{"f Z}gﬂ%&m@g%g}%gldﬁ Q?a group 20of

unt reat¥d cORYTelidine-2-sathexamideed preparati ons, conduction decreases by
15-45% during the 40 m nute period of netabolic stress. In sone

- enbodi nent s 0, S [ to_ t resent. t hi ngs, can ptevent
nmet abol i ¢ s??éé%dﬁggc &%qgg’;]ﬂ&ic]%?@ﬁ a%‘?qg'?/\‘nghbéa nﬁﬂpﬁdﬁé%f%gz‘gﬁ'ﬁﬁpﬁﬂ&ééneﬁeri od

conpar abl e 4-earbpeargid@pounds AAP, AAP10, HP5, or-a functional anal ogue

thereof, i.e., the 25 conpounds can preserve normal conduction during an

epi sode_of petaboljc s . Haemat ol ogi.c _ass ounds of the present
tgachi s ¢ W"Bl?"é"t?] ﬁ“é: E%ﬁ%bﬂ'?%a'a@f’a?w@g'bﬁ%w%éf@g%) Z?r"‘h""accel er a!to ing
recovery f olllpguplitines2fcadoxamideci | (5- FU) i nduced stress on bone

Compound 146: (28,4R) 1-(2—aminoacetyI)-4-benzamido—N-(oxazoI-2-yl)pyrro|i8ine-
2-carboxamide

30
Compound 147: (2S,4R) 1-(2-aminoacetyl}-4-benzamido-N-benzylpyrrolidine-2-
carboxamide

Compound 148: (2S,4R) 1-(2-aminoacetyl)-4-benzamido-N-(pyridin-4-
35  yimethy!)pyrrolidine-2-carboxamide
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30narrom1pro|iferation. Mal e rats are treated wwth 5-FU (75-100 nnol / kg
.p.) for 4 days. Blood sanples are collected fromtail tip before 5-FU
treatnent (Day 0), .and 4, 8, 12, 16, 20, 24, 28 days following first 5-FU
dose. Measurenent of peripheral blood counts (granul ocytes, |ynphocytes, -
erythrocytes, thronbocytes, reticul ocytes) and plasma haenogl obin are
taken. After identification of window with severe 35 pancytopenia, the
study is repeated during concomtant treatnment with a conpound of the
present teachings. F.Preparation of exenplary conpounds The foll ow ng
non-limting exanples are presented nerely in order to illustrate the

present teasdmptimd 180E(2TAR) £ (- ARIheSkRtY14bBRz4hi88-NMpyidiHOR) e iraitfihe- hat

there are r hous gui val ents and vari ations not exenplified but still
form part TR&A ¥ esent teachings. Lysine nimetic conpounds of the
present teachings can be synthesized by neans of solid phase or solution

phase synt "t?o?hﬁounldnl 50h{ 2% El‘?f'{ %&mmﬁ&éeﬁﬁl?@‘B%niaﬁmgbV\ﬁ(}:yh&'m-zaﬂ%E}Eﬁd;ﬁ@ny

ot hers, Fields et Princi ples and practice of solid ase peptid
1OSyntheS|§L°w?&ﬁ¥W€?lc Pepti des (2002, 2nd Edition). Schene 1 depicts an
exenpl ary synthesis of a conpound of Formula I, (2S, 4R) 4- .

benzani do- lc&%pc(u%d%sql (ﬁédlir% 1% smnqazém;{zb\éhéﬁﬂggw g@% e)yn>p,¥rrou ine:

pyrrolidine-2-carboxylic'a whereln ydr ogen.
15 Schene oZ-Fﬂ%’iafﬂ"%) OH o HOBt " EDCI Ns. NaCHI se HN) NH HNMeOH DCM
10 - :

The present teachings also encompass isomers and/or enantiomers of the
compounds listed above (e.g., 25485, 284R, 2R4R, 2R48S, 3858, 3S5R, 3R5R,
3R58), as well as their salts, esters, hydrates, and prodrugs. .

15 Pharmaceutically acceptable salts of the compounds of the present teachings
having an acidic moiety can be formed Using organic and inorganic bases. Suitable
salts formed with bases include metal salts, such as alkali metal or alkaline earth
metal salts, for example sodium, potassium, or magnesium salts; ammonia salts
and organic amine salts, such as those formed with morpholine, thiomorpholine,

20 piperidine, pyrrolidine, a mono-, di- or tri-lower alkylamine (e.g., ethyl-tert-butyl-,
diethyl-, diisopropyl-, triethyl-, tributyl- or dimethylpropylamine), or a mono-, di- or
trihydroxy lower alkylamine (e.g., mono-, di- or triethanolamine). Internal salts also
can be formed. Similarly, when a compound of the present teachings contains a
basic moiety, salts can be formed using organic and inorganic acids. For exampie,

25 salts can be formed from the following acids: acetic, propionic, lactic, citric, tartaric,
succinic, fumaric, maleic, malonic, mandelic, malic, phthalic, hydrochioric,
hydrobromic, phosphoric, hitric, suffuric, methanesulfonic, napthalenesulfonic,
benzenesulfonic, toluenesulfonic, and camphorsulfonic as well as other known
pharmaceutically acceptable acids. Amino acid addition salts can also be formed

30 with amino acids such as lysine, giycine, or phenylalanine,

The present teachings also include prodrugs of the compounds described herein.
As used herein, "prodrug” refers 1o a2 moiety that produces generates or releases a
compound of the present teachings when administered to a mammalian subject.
Prodrugs can be prepared by modifying functional groups present in the

35 compounds in such a way that the modifications are cleaved, either by routine
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)j--N>-NHN H Different N-substituted am no acid derivatives can be used
to synthesize other conmpounds of Forrmula Il wherein Y is NHR3 and R3 is
not hydrogen. For 20 exanple, 2-chloro-1H i m dazole or 4-brono-1H i m dazol e
can be treated with glycine in water (for exanple, according to the
procedure set forth in European. Journal of Medicinal Chem stry (1989),
24(6), 623-5) to form2-(1H i m dazol -2- ylam no)acetic acid or

2- (1H i m dazol -4-yl am no) acetic acid, respectively, which can then be used
to synthesize (2S,4R)-1-(2-(1Him dazol -2-yl am no)acetyl)-4- _
25benzani dépAnRiRWAtioRi aid? pive drarbiog| racent sprrpewnds &xariples-qf rqdikes in¢ldee ol - 4-

-yl am no) acebmppurdddsitAe predemutbsdhirgdis redo@tidhryihititat 36htdin| dhebr iEHREET
simlar to _Sche S, suc

(2S, 4R) - 4- L %%lnllﬁﬁf &%@iﬁ%sga?é)p%g%ddﬁo K] lg/_d?‘osxyl, amino, sulfhydryl, or carboxyl group of
yl ami no) acéite/tgmgounel aod thet Rhemadroivistered tca dyammalian subject, is cleaved in
(2S, 4R) 54- W@%rgﬂhé‘ﬂ(e%'t(ygﬁ'fxgl%rqinei sulfhydryl, or carboxyl group, respectively.
4-yl am no) acetyl ) pyrrolidine-2-carboxylic acid, and

(2S, 4R) - 4- Q-é S _piqctrggs include, but are not limited to, acetate, formate and benzoate
30( pyri m diderfiZativeant alcdlaa a@hy lajring fuodtiodaing odp<iarnhoxyrhpaunas ioflthegiiedamt

simlarly isymdfes i%%pﬁés%?eﬂr%(ﬁr%ﬂﬁ'g%ﬁé}ﬁ@&Qiﬂﬁ%iﬁ&o ci d.

2- (pyrimdin-4-ylamno)acetic_acid, an p}/rl m di n- 2-yl am no) acetic acid,
respect i velfpidagpiidinaneRrodiugs. EHer RpYiuphareeeiarally (Remed withdowsint hesi zed
accor ding tacoheleskchlas 6, HEwHIR. Prédiratiddiid use of brsdrugs ibdlisdusded-in 7--0, . 1,
. nn N
LION, MeOH[ el o PBh A, stetia; “Brb-48s aPMBR D diRerystdhd ' V8 14 of the AC.S.
" Symposium Series, and in -Bioreversible Carriers in Drug Design, ed. Edward B.

Roche, American Pharmaceutical Association and Pergamon Press, 1987.

15 In a further aspect, the present teachings provide derivatives of the compoundé,
and more particularly protected forms of the compounds. By way of example, the
- compounds can be protected at their N- and/or C-termini, and/or at the amino acid
side chain (in those compounds wherein R' is an amino acid side chain). Examples
of protecting groups include tBu, Boc, Fmoc, Fm, Benzyl, Dde and Z and also
20 include the compounds when coupled {o a solid phase, e.g. when they have been
made by solid phase synthesis.

C: Pharmaceutical compositions
The campounds of the present teachings can serve as medicaments in their pure
25 form or as pharmaceutical compositions, which can be administered via any
' - acceptable method known in the art, either singly or in combination.
Pharmaceutical compositions according to the present teachings can comprise a
compound of the present teachings in admixture with one or more pharmaceutically
acceptable carrier, diluent, vehicle or excipient. Such compositions can be
30 formulated to oral administration (including buccal cavity or sublingually) or by
parenteral administration (including intravenous (i.v.), subcutaneous (s.c.),
intramuscular (i.m.), intraperitoneal (i.p.)) administration. Other administration
routes include epidural, rectal, intranasal or dermal administration or by pulmonary
inhatation. Especially preferred formulations provide sustained release of the
35 compounds of the present teacl_jings. The compositions are preferably in the form
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In the above exanple, the 2-(1H pyrazol -5-ylam no)acetic acid thus produced
can be used to synthesize (2S,4R)-1-(2-(1H pyrazol -5-yl am no) acetyl)-4-
10benzani dopyrrol i di ne-2-carboxylic acid using the method shown in Schene
1. Conpounds of Fornula Il wherein A and Rl together with the carbon to
whi ch they are bound forma 5-20 nenbered heteroaryl containing one or nore
N, 0, or S atons Can be synthesized according to Schene 1 utilizing the
appropriate 15car boxyl ic acid starting materials. For exanple,
(2S, 4R) - 4- benzam-do- 1- (1H i m dazol e- 2- car bonyl ) pyrrol i di ne- 2- carboxylic
aci d, (2S, #Ryolidl yydiguighiremidatiops ppg merhnds-for thak BeRplatipy eregentirally- 2- car boxyl i ¢
?(Z:ISd’AfR;)r 4 described in "Remlfaton sdPharrraceéjtlcal Sciences", 17th Eld.,dAlfons% R. GegnaroI _
| azo carho p i di ne-2-carboxylic aci
can be syn?ﬁgiﬂgérg%é%é mP%""S?ﬁ@Wé‘ %R Q% {ééﬁom dazol e- 2- car boxyl i
acid, 1H pyrazol e-5-car boxyl ic acid, or 201H i m dazol e-5-carboxylic acid,

respect BV9|Sbch%Bh%§|t|§néj§‘éHeFéll céﬁ\ﬁh@{eﬁé&ﬁwgﬁBMnt%Ymménq)cgreaacﬁ\%mound of
Formula 111 wherein Y R3 thi s exanpl e,

hy
(2S, 4R) - 4- FERPRHI DT tbﬁpfegeﬂﬁﬁ?m%se‘oﬁ&r?&é’ft? P)W?&%F?rﬁ‘?h'@ 9 dP boxyl i-c
aci d, R3 i or&3idy NeGiREage b a Boheompatidle iMte tientoutesa adaitastedion selgcted.

met hyl | SOCWQ@‘@O!P éhé éé}ﬁé:th' the R @h.&é% J?f?:eﬁt”? b@¥&thy dyehll sysnthesis

of Schene 3 uce ot ur eas of rmul a |1
5(2S, 4R) - 4- B@Hﬂfa?ﬁlﬂ%'"ﬁ aeznf(spfﬁé?wpm BndBtphitiea T‘b?/?ﬁ‘%?'?'&?ﬁénsé'ﬂ&@ﬂboxyl ic

aci d orio0  the carrier must be compatible with the active pharmaceutical ingredient(s) and are

(2S, 4R) - 4- %‘?ﬁfé P@a(f]ab(e?ofééblhﬁlﬂg‘h%oc%’ceré&Jn%Qhﬂﬁ@&tﬂe}r@y&ﬁ&éﬁéﬂs% e carboxylic

aci d) cts

(2S, 4R) 4- FeREEhPRIBg !Lreetzd

(met hyl sul f onami do) acetyl ) pyrrolidine-2-carboxylic acid, a conpound of
Formula |11 Starting

wi th ot her squ?‘on?% Sﬂ?r& Qraés’talfgg’reqeasgtaﬁ%‘éatlﬂg\f%ﬁ Ltsﬁp(?g%(’é or proane-2-
15- ul1ﬁonyher@newirqatlse§ffeqﬂv¢ ampems obihefrseparativsare deli@rerlinte thel (e. g.

(2S, 4R) - 4- badzRireamlovePmaR) Rt ot GARABIGANG EEMIHskBYER Bf the icBRpSakPsLOXY | i

acid or (2S,4R) -4-benz mg
com osmon e.g., by ransdermal injection or deposition. Formulations suitable for

sustained release include biodegradable polymers, such as L-lactic acid, D-lactic
acid, DL-lactic acid, glycolide, glycolic acid, and isomers thereof. Similarly, the

20 carrier or diluent can include any sustained release material known in the art, such
-as glyceryl monos;cearate or glyceryl distearate, alone or mixed with a wax.

Other sustained release formulations can include, but are not limited to,
formulations that include at least one of the compounds discliosed herein combined
25  with liposomes, microspheres, emulsions or micelles and liquid stabilizers.

The doses the compounds and compositions of the present teachings required_ for
the desired therapeutic effects will depend upon on the potency of the compound,
the particular composition used and the route of administration selected. The

30 compounds will typically be administrated in the range of about 0.001 g to 10 g per
patient per day. For example, the compounds can be administered in the range
from about 1 mg to about 1000 mg per patient per day, from about 10 mg to about
100 mg per patient per day, or about 50 mg per patient per day.
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1- (2-(1- et hyl et hyl sul f onam do) acet yppyrrol i di ne-2-carboxylic acid) can be
prepared using the nethod shown in Schene 4. Conmpounds of Fornula 111
wherein k is 1 or 2 (e.g., (2S,4R)-1-(3-am nopropanoyl)- _
54- benzam dopyrrol i di ne-2-carboxylic acid) can be synthesized, for exanple,
according to Scheme 5. Schene 5 0 HOA--N)CLO k HOBt, EDCI DCM 10
Schene 6 shows an exenplary synthesis of a conmpound of Fornula Il1,
(2S,4R)-1- (2-am noacetyl)-4-(phenyl am no) pyrrolidi ne-2-carboxylic acid,
wherein Z' is (CH2)nC6_20 aryl and mis 0. 15 Schenme 6 Simlarly, Schenme 7
depi ct s an Togemgst suilablg dpsingsiegimencenmdenshbe deterroinad by alrhedical practitioner
(2S, 4R) - 1- for-cith %@ﬁé}ﬂﬁdﬁﬂdtﬁllﬁ.b$ﬁé¥btﬁﬁﬁl%%rré%Heqivﬁtﬁ'tgé e&hpendsidngaci d,
Ll 4 pl'\§r acgg%?iéarl]EggpgSQtio%ggccgrg%gmo Ithse pr'esent%gar!:?nrl%s depends on
factors such as the particular disease or disorder being treated, the desired effect,
5 and the age, weight or body mass index, and general physical conditions of the
' patient. The administration can be conducted in a single unit dosage formto
alleviate acute symptoms or as a continuous therapy in the form of multiple doses
over time. Alternatively, continuous infusion systems or slow release depot
formulations can be employed. Two.or more compounds or .pharmaceutical
10  compositions according to the present teachings can be co-administered
simultaneously or sequentially in any order. In addition, the compounds and
compositions can be administered in a similar manner for prophylactic purposes.
Uitimately, the best dosing regimen will be decided by the attending physician for
each patient individually.
.15
D. Therapeutic uses _
Compounds according to the present teachings can facilitate and/or maintain the
interceliular communication mediated by gap ju'nction's. In one aspect, the
compounds according to the present teachings target the same cells targeted by
20 AAP, AAP10, HP5, and/or functional analogues thereof, i.e. the compounds are
able to modulate the function of these cells by agonizing or antagonizing the
function of AAP, AAP10, HPS, and/or functional analogues thereof. The scobe of
the present teachings is, however, not limited to compounds having specific AAP
agonistic or antagonistic properties. The present teachings also relate to the
25 preparation and use of pharmaceutical compaositions for the treatment of
pathologies which can be associated with impaired intercellular gap junction
communication and methods for using these compositions, e.g. as disclosed in WO
02/077017 "New Medical Uses of Intercellular Communication Facilitating
Compounds”.
30 .
The present also provides methods of treating a subject having, or preventing a
subject at risk from developing, a condition associated with impaired GJIC (e.g.,
cardiac arrhythmia or osteoporosis) comprising administering a therapeutically
effective amount of any of the compounds of the present teachings. Individuals
35  who can be treated using co_mpounds according to the present teachings include,
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. Conpounds wherein Z' is (CH2)",-5-20 nmenbered heteroaryl and mis 0 or 1
al so can be prepared using the appropriate starting materials according to
the nethods 10 of Schemes 6 or 7. Schenme 8 shows an exenplary synthesis of
a conmpound Fornula Il1, (2S,4R)-1-(2-

am noacet y1) - 4- (2- phenyl acet anni do) pyrrol i di ne- 2-car boxyl I c acid, wherein
Z' is C(0)(CH2),,,-C6_20 aryl and mis 1. 15 Schenme 8 Conpounds wherein Z
is C(0)(CH2) m C20 aryI and mis 2, or Z° is C(0)(CH2)m5- 20 nenbered

heteroaryl and mis or 2, also can be prepared usi n% t he appropriate
starting n’HFE?’FéP&“’H%%‘Pd?‘H@E{%p%aWEWB‘F SEh et (insesifgonises of
For mul a | | ratyfreanedters Zand 1agdsh OpRé, Gd2h me r4libit2)) dagy, | pica; g&ét@)(é’e(rﬁl—iﬁl):rﬁhﬁ- 20

m"ﬁ.méﬁrﬁgpf'?%ﬁ‘r? B i S LI e AR SRGRETL kA SCheT O

(28, .4R) - 1- bginami noacetyl) 4- (phenyl sul f onam do) pyrrolidi ne-2-carboxylic
acid. 19 Scherre 9 1) NaOH, MeOH 2) HCI, 1, 4-dioxane, DCM 1) Schene 10

shows an e hesi s.. of S, 4R), - 2- ani.noac

shove an_eXSUBALY SYILNGS o 033 d8cd ol eamhogaget il e it
wher ei n 15Br¢5§nhﬁ¢ammn‘§v@¢ it ey ot (imded tog cardioveguiarithishage: Asymmetry,
14(20), 311&:&@&0#@3@ @@Qﬁmat.oﬁmﬁﬁ&y@uﬁgmm.sbﬂded@m méonarh@s@lnt hesi s of

anot her co

ani noacet y ad%er '§°‘fm'@ﬁ9‘feo>{89%73dé"%7f'5‘%§/%90% é? ﬁé“e?s%sa?f%‘?&?‘?héea&| d, wherein
Bis a1di fbede!‘hehamsmstmabﬁesﬂ'e'pe | os €gne ). and, didk@tic cainplidatibles er ocycl ic

Chem stry (h2@8hg dRbed retikSptny asd tiebetic neuropathy); atherosclerosis; CNS
related conditions; seizures; ischemia (e.g. ischemia of the central nervous system,
spinal cord, brain ar brain stem); dental tissue disorders (including periodontal
disease), kidney diseases; haematologic manifestations (e.g., anaemia, leukopenia,

15  thrombocytopenia, and pancytopenia, especially following treatment with cytostatic
compounds or irradiation therapy); wounds (e.g., superficial wounds and deep
wounds resulting trauma); bone fracture; erectile dysfunction; urinary bladder
incontinence; neuropathic pain,; subchronic and chronic inflammation; cancer:.
failure of bone marrow and stem cell transplantation; conditions which arise during

20 transplantation of cells and tissues or during medical procedures such as surgery;
conditions caused by an excess of reactive oxygen species and/or free radicals
and/or nitric oxide; diseases or disorders of pregnancy (e.g., preeclampsia and
preterm labor); female infertility; and stroke. Compounds accroding to the present
teachings can also be used to induce labor (e.g., by facilitating the effect of oxytocin

25  onuterus contraétion).

In one preferred aspect, the present teachings provide a pharmacologically active
antiérrhythmic compound for treatment or prevention of arrhythmias and thrombaotic
complications arising during cardiovascular disorders, such as acute ischemic heart
30 disease (e.g., stable angina pectoris, unstable angina pectoris, acute myocardial
infarction), congestive heart failure (e.g., systolic, diastolic, high-output, fow-output,
right or left sided heart failure), congenital heart diseases, cor pulmonale,
cardiomyopathies, myocarditis, hypertensive heart disease, during coronary
revascularization, and the like. In specific embodiments, compounds according to
35 the present teachings can be used to treat and/or prevent bradyarrhythmias (e.g.,
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Schenme 11 The synthesis of yet another conpound of Fornula Il wherein Bis
an am de bi oi sostere,

(2S,4R)-1-(2-am noacetyl)-4-(4-phenyl - 1H i m dazol - 2-yl ) pyrrol i di ne- 2-
carboxylic acid, is shown in Schene 12 (see, e.g., Tetrahedron: Asynmetry,
14(20), 3141-3152; 2003; Journal of Medicinal Chem stry, 44(18), 2990-3000;
52001). Schene 12 10 Schene 13 depicts an exenplary synthesis of a conpound
of Fornmula I1,

NU3R, 55) - 1- (2-am noacetyl)-5-(1Htetrazol -5-y1) pyrrolidin-3-yl)benzam de,
wher ei n E- idviedo digedssdipisintisaoie, AV opd dtupdle.of Sish dalt of $=ft Baiderandh)s hows

anot her metdaadadpyaihhiiaeUEROMAES with rEQNAMUER. |dtrial BRATRINR dopigtexds CAY oxy! i ¢
aci d bioi sostere, can be synthesized (seée, our.nal of Medi cinal

! €. 9., Journal . :
Chemi st ry, 141999 comgisyes(§HtricolgnREmEUr8 RERE*e% atial Jhrd|atipe, iz
N ( (3R, 5S) HiLtté2 pamixyroalcepydventic(iar taehynardid Hinus raalz oterirapt Ygolyqandia,di n3- yl ) be
nzam degsh | : C Py F= VA I\f f er ent
10car bo>§y| Q\y‘geécliéé%ﬁgg@%@%@ﬂﬂg%hﬁa%gn%ﬁtt'éﬁ{eeg}&%@a&gg@gg | néﬁét)i_) t hi s met hod
by usi ng difUrEPEIRreMRCAHD BFEATIPS iyibistrsesest tgachings can be useful in
N ( (3R, 59) -allegiaticnafragatiedlydigal zolditibn whedivaddbwidg v ¢gductdn wlidtitgisyan benzam de
or N-((3R , .
i sopropyl - ?&P%ﬂ?rggaio : 58?/19 %ﬁ%@%ﬁ?%?ﬁ??!ayIv?rt\)tg?ll"zl%_{rﬂbgléitfon1%“%%%3‘@s 15-17
depi ct ot hdioridstienp ICemporREsaererding tosthe peasept tegohivgframhesadminisiared| a | |
wher ei NoE igithar &1afdenil Icbmbatitieh Witk bees bRfidrhythAtH eoMpdinds Flich(s class |
agents (e.g., lidocaine), class Il agents (e.g., metoprolol or propranolal), class lil

agents (e.g., amiodarone or sotalol) or class IV agents (e.g., verapamil).

Compounds according to the present teachings can also be used to treat or prevent
15  one or more of reentry arrhythmia, ventricular reentry (e.g., arising during acute
myocardial infarction, chronic rriyocardial infarction, stable angina pectoris and.
unstable angina pectoris), infectious or autonomic cardiomyopathy, atrial fibriltation,
repolarization alternans, monomarphic ventricular tachycardia, T-wave alternans,
bradyarrhythimias, reduced contractility of cardiac tissue, thrombaosis, and the like.
20
Additiona! functions in which endothelial gap-junctional intercellular communication
has been implicated are the migratory behavior of endothelial cells after injury,
angiogenesis, endothelial growth and senescence and the coordination of
vasomotor responses (Christ et al. Braz. J Med Biol.Res., 33, 423-429 (2000)).
25  Therefore, compounds according fo the present teachings can be used to enhance
| conducte_d vascular responses and to improve blood supply during conditions with
increased metabolic demand (e.g., physical exercise, tachycardia), and during
ischemia. -

30 Compounds according to the present teachings can be used to cytoprotect a tissue
or organ of a mammal in need of such treatment. Cytoprotecting refers to reducing,
preventing or alleviating symptoms associated with unwanted cell swelling.
Particular tissues and organs that will benefit from the method include those
confined or otherwise impacted by a fiborous capsule such as heart or kidney. Also

35 included are tissues associated with bone such as brain, spinal cord and bone
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11')NH3 HHI HFI NHOBt . EDCI . O Acetonitrile 0/__

N-((3R, 5S)-1-(2-am noacetyl).-5-(5-

met hy/-4H 1, 2, 4-tri azol- 3-ybpyrrolidin-3- yl)benzam de Schenme 17 1In
addition to the conmpounds shown in Schenmes 15-17, conpounds havi ng

di fferent carboxylic bioisosteres can be synthesized according to these

met hods by varying the reagents. For exanpl e different brom de reagents can
be used in Schene 15 (e.g., to produce

N ((3R, 5S)-1-(2-am noacetyl% 5- (oxazol - 2-y1) pyrro.lidin- %/I ) benzam de);
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KI— % (3R 5 S) de% %Qleatmhenheart ?erhfsal ger(gus séysf)err%,pknq\exhqaftrgln&esttlpal tra ch Inger |
y1) pyrrol i dingsgagd rpesizanm de); and different ortho esters can be used in
Schene k7 (e.g., to produce id

N4( 3R, 5S) - 1- (2- am noacet y1 oxadi azol rrolidin-3-

e BB e e R e e ML Bl Bt

t eachi ngs camprdenphapeateldgiosnanifestatomssfolimdnofregyenhwith sytdstattd osed, for
exanpl e, | looiodfidd driaaiklidiPinepioh | mplhitkl pshiforkleotiotlldrr isksaigey PO at ed

by reference herein nthesis w resu In a primry
peptide or ‘B@B??’lﬁ%a%?r I?efﬂ’pﬂ’%ﬁ?‘((srﬁé\’)lW&Sét'ﬂ'ieﬁmf&to%‘ét‘"éﬁ"édeé@ﬁﬁ?’é’rel%n and
whi ch can becownt eifetiphanl tibed poets irediddiy @ived mattopaiia develdarzaiie

i nst ances, \M%Y&flocy't&peﬁ%@r@%r@géﬂg%?gw&& &rfgﬁéxfa?émkﬂoaﬂéwér%r i on

exchange fr'o
severe fthrombocytopenia. In addition, 5-8-fold decreases of bone marrow

cellularity and hematopoietic progenitor content (granulomacrophagic colony-
forming-units (CFU-GM), erythroid burst forming units (BFU-E), mixed colony

15 forming units (CFU-mix), and overall colony forming units (CFU-C) in bone marrow
are obéerved. (See, e.g., Montecino~-Rodriguez et al., Blood, 96, 917-924, (2000);
Presiey et al., Abstract #55, IGJC 2005, Whistler, Canada (2005)). Included in this |
aspect of the present teachings are the treatment or prevention of general clinical
situations commonly associated with iatrogenic pancytopenia.

20 ' '
Compounds according to the present teachings can be use to treat or prevent
osteoporosis. It is known that that GJIC is important in bone formation. The
efficacy of the compounds can be assessed, for example, by an increasein
osteoblast activity iﬁ a standard osteoblast activity assay which measures either

25  calcium wave formation and/or alkaline phosphatase activity of osteoblast cells in
the presence of the compounds, Alkaline phospha.tase activity also can be used to
provide a measure of osteoblast activity using standard colorimetric assays.

Preferably, one or more of thé compounds or pharmaceutical compositions

30 according to the present teachings are administered to an individual in need thereof
in a therapeutically effective amount. As used herein, “a therapeutically efféctive
amount” refers to an amount that reduces symptoms of a given condition or _
pathology, and preferably which normalizes physiological respanses in a subject
with the condition or pathology. Reduction of symptoms or normalization of

35  physiological responses can be determined using methods routine in the art and
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trifluoroacetate to a pharnmaceutically acceptable or preferred anion (e.g
acetate) 20by, for exanple, ion.exchange chromatography. Alternatively, the
primary peptide or peptide |ike product can be repeatedly freeze dried and
di ssolved in diluted hydrochloric acid to obtain the purified
hydrochl ori de. Apparatus and synthetic strategy 25 Wien using solid phase
nmet hodol ogy, - the nodified peptides were synthesized batchwise in a

pol yet hyl ene vessel equipped with a polypropylene filter for filtration
usi ng 9-fl uorenyl net hyl oxycar bonyl %anc and tert. -butyloxycarbonyl (Boc)
or ot her wi sE"FY With églyPBP@E‘E“F'%%FP RRIeaV: Jp opR @SRt HisTaaedligale si de chai n
functi onal i éffeetivesaradura®f dhe yit mord dadtpoubdeor ;ﬂ'\dfméceutwbﬁfbm;ﬁ)lsimn§@|aut ion
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equi pment througho eses
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t hrough s cmbwme@aawa@b WithiR 43 0% sraRGvAlad) P PheSperBMBER id 88lbjedtmnBlti t S 35
100 MB/H strong ‘ﬁé % AG Lever kusen, Germany) and anal yzed for free
am nes pri of$<g" P on of .

3, 4-di hydr o- 3- hydroxy 4 oxo0-1, 2, 3-benzotriazine (Dhbt-OH) giving rise to a

yel I ow col ofife éfidtlile Qmoaﬁt'vﬂﬂ‘lae HEteHﬁﬁ@d emwm@a%e&%&sﬂhg inkPhdtB0ht DCM
(di chl or onet ha[}?c anaﬁy i cal Fltc;‘ra e, Riedel rman%/lg was used

di rectly wi SYRBURCHEASHFOLERCY Shihegrug. (?ﬁ?tal“f’l"c"(‘s"ﬂﬂ?@ qjtheieatiephBody-an, Dubl i n
5l rel antd) wasights phlardiaceighetic nmmlhoﬂthepimg fand &t goreralAhe daigAdll bs Fnoc- and

Boc- pr ot ect gl @belfordfic alkt (r B ﬁﬁalnftg %ﬁ@mgsgﬁ%g%ﬁ%n% HCT) .

Bachem and ol VIPS i n sui t e SI rotecte orns enzoi ¢ aci d
Deri vati vesthBéH‘?E@PB“Qa%ﬁ’UbQiéfr'P%italb?@s10\/%9/'@9 ‘?ﬂﬂyddﬁ%l@@dﬂab’r HehAsd@t le@ht and used

wi thout fur &bk 100 [hAks 634y RBighi&ayCatiBhitiBoMefbe /Sodyod I SNt
di i sopropyl car bodi Fs?n de é IZS)JI/\%:;g M/as)cgurchased from(Ri edelb I!la Ger many) .

Sol i d Suppole@st BepLRA0 dy vesigfitiday Qé'dh%ﬁtheﬁ'ﬁﬁ't‘ch@? ef(%“‘ge rsmaﬁ) and
Pol yst yt®neof(the gompPAidradimgr danta Adivash aeslit Goe migned) b eddwEgittay, such

as at most about 50 mg/kg body weight/day and at most about 10 mg/kg body
weight/day. It is expected that the effective amount of the compound will be about
100 pg/kg body weight/day, about 300 ug/kg body weight/day’ or about 1000 ng/kg
body weight.

20 .

. E. Biological assays

Preferred compounds of the present teachings can show binding, preferably

specific binding, to a tissue, cell, or celi fraction in what is referred to herein as a

"standard AAP site binding test”. The test can detect and optionally quantify

25 binding of a subject compound, e.g., AAP, AAP10, HP5, or a functional analogue
thereof. In one preferred embodiment, the compound can be a modulator of the
function of such a tissue, cell, or cell fraction (i.e. the compound agonizes or
antagonizes the function of the antiarrhythmic peptide). In another embodiment,
the compound can be a modulator of a receptor for the antiarrhythmic peptide (i.e.

30 the compound is an agonist or antagonist of the receptor). Additionally preferred
compounds according to the present teachings can show good function as .
modulators of gap junctional communication (e.g., as agonists or antagonists of
AAP). In one aspect, the compounds can function as antiarrhythmié drugs.
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Catal ysts and Ot her Reagents Diisopropyl ethylam ne (DI EA) was purchased
fromAl drich, Germany, and ethyl enedi am ne from Fl uke, hydrazi ne,
pi peri di ne and pyridine fromRi edel -de 25Haen, Frankfurt, Germany.
4- (N, N-di net hyl am no) pyri di ne (DVAP) was purchased from Fl uka, Switzerl and
and used as a catalyst in coupling reactions involving symretri cal
anhydri des. Ethandithiol and Thi oani sol were purchased from Ri edel -de Haen,
Frankfurt, Germany. 3, 4-di hydro-3-hydroxy-4-oxo-1, 2, 3-benzotri azi ne
(Dhbt-CH), 1-hydroxybenzotriazole (HOBt) (HOAt) were obtained from Fl uke,
30Swi t zerl and. Coupl i ng Procedures The first amno acid can be coupl ed
ﬁs C}a Sy MmetRréfeméd ﬁg’dSWﬂ!’dodﬁ':ohﬁdﬂﬁh@ﬁr@eéﬁtt@ﬂ:rﬁﬁg_%mahhﬁp\ﬁdm%mﬁfrh@élIﬁlar ' od
pr ot ect [ t he . equent _am. | can oupl e
2s 1 b o £ o ool @i Sl G IR o 0 R B P B o e
N- 0- pr ot ectiewhain$ rbersed oheaipin apieEstapdard@ardigryyonytmassay”. irefermed DMF.  The
acyl at It @Es AR, n@h&&d@nayghngrd%tdgmﬁﬁh&ti& fsk (@.@.r,%@fegﬁdeboﬁhcﬁﬂé,l(&r'a@l 0: deg to
preven c depr ion.durjng., es ) r.sen m Int. J.
Pept. Pr o?g‘?eﬁ ?g%“?,gs%’é,es t T%@%A)"FEAB@BF@ EIPPPS?? %?"'t’( REMr B ecti ng G oup
(Froc and meymdlizp tivt €L ofl amiscienib eel-iec teametlirt ithee Gtogaubstpntvely tiEesaheer med by
treatnent w 00 tdipe:d ; %r;gu() ] by
washi ng w }(’\‘ﬁﬁh%ﬁ/ﬁ&(ﬁ%%ﬂ%ﬁ%@ﬁg ér%il%\&de%%llﬁﬁﬁf nocﬁﬁuéevs %:g{otlr)ﬁ?r{@%oul d be
det ect ed aftPRPresEYiieaBINASICAPHPREISH the MR 20 AYr RIPHER apeseB8SF ot ecti on of
t he Pr otoectinfogjorobioCCis, Bowhatid réfBugd oepreih @eta "etanahrd datciudodndabel t Bu gr oup
was perfor ; e | % T | e x 30 mn)
fol | owed b?&é@ﬁ]‘%égﬁyt h_e%)%’%@si’q ferﬁ'%é@ﬁ%\ét@ﬁéﬁ%ﬁte '%2 X 2 mn)
treat ment ioPHuation Blowing in thp/rregerce(of yasousdpry ohmatabpliestisfs (281 owed by
w?sgi ng vm'PtiébFr;QMEa, Gopagiviiieia oidoRisp b Wikt icﬁgféérMAﬂr@?eiﬁBQa/‘g?bfdzar% s%ut i on
0 eq. , V. n_,15-. [ . : 2: was
added to tﬂéem%g%%ﬁ@g%@éiwfﬁd%ilj'%#em?tr;g%{%(r%gn s'\’\‘/ggcecdocn @%@3%’£q‘hree hours at
r oom t e¥per@anepasingde ebig aniesamt ispchingstanryditiosaieshavodeaigasen irothgh t he
m xture. Candiidridd offedi@larmi§thfiiss or in the size of an infarct zone observed in what is

referred to herein as a “standard ventricular reentry assay.”

in some embodiments, compounds of the present teachings can exhibit a good
20  half-life according to what is referred to herein as an "in vitro plasma stability
assay". Compounds that-show a good stability in the assay have in one
embodiment a half-life of more than about 48 hours, or more than 24 hours, or .more
than 12 hours, or more than 6 hours, or more than 3 hours, or more than 1 hour, or
more than 30 minutes, or more than 20 minutes, or more than 15 minutes, or more
25 than 10 minutes, or more than 5 minutes, or more than 1 minute. 'In these
embodiments, compounds of the present teachings can show enhanced stability in
the bloodstream.

Particular assays useful for identifying and optionaily quantifying the activity of

30 compounds of the present teachings are further described below.

1. Standard plasma stability assays
The present teachings provide compounds that have enhanced stability in vitro or in
vivo. By way of example, compounds of the present teachings that comprise a

35 peptide bond can be alkylated or otherwise modified to stabilize the compound
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3 eq NNa-am no protected am no acid was di ssolved in DVF together with 3
eq. 25HOBt and 3 eq. DIC and then added to the resin. Prefornmed Symmetri cal
Anhydride Six eq. N-a-am no protected am no acid was dissolved in DCM and
cooled to OC. DIC (3 eg.) was added and the reaction continued for 10

m nutes. The sol vent was 30 renoved in vacuo and the renai nder dissolved in
DVF. The solution was i medi ately added to the resin followed by 0.1 eq. of
DMAP. Cl eavage O the Compound fromthe resin using TFMSA The
Peptidyl-resin was treated with 90% trifluoroacetic acid (TFA R edel-de

Haen, 35Fr aawﬂﬁ"zvre%v%?gryd%wt AlteTnativaines aadiioal: $if omRqUAdS FEVBA,
Al dri ch) 2%ompridecord dsrhhode,D-é%rtd‘amnnslelpoysnma&terst Whethef a 36mpéurtl nut es. The
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ﬁgé Qnﬁ%%ex\@%ﬁ%l QancF Aéi S}Qg,mfy asg A

under reduced pressure ed with, ether and freeze-dried
fromtrifluoroacetic acid- water The crude freeze-dried product was
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under redu B""BF’%@S‘W’Q' ’°'?”?1 aﬂee%%raﬂﬁ%é‘ad\’/ﬁ'?%e'%tf‘@rf%ﬁﬂ’ﬁ freeze-dried
from adet i enalgset-anatestimatEddao enside tHat rezeonthouad ppalodnmthevw&-,nwﬁéakzed by
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15el ectrospray ionisation nass spectrometr ﬁ-iPLC
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and data acqul sition
15 manner, also is taken and evaluated. The samples can include, but are not limited

to, a blank, the compound at a suitable concentration (e.g., 0.1 mg/mL), plasma
without compound, one or more samples for t = 0, and one or more samples at
each regular interval. Preferably, multiple samples are taken in parallel. The
sample concentrations (peak height in mAU or ion counts) are plotted vs. time and
20 fitted to a function describing a mono exponential decay (e.g., using a standard
Excel package). Preferably, a compound according to the present teachings has a
half-life of more than about 30 minutes (e.g., more than about 1 hour, or more than
about 3 hours, or more than about 6 hours, or more than about 12 hours, or more
than about 24 hours, or more than about 48 hours) as determined using this aesay.
25
Plasma stability can be examined in vivo using standard assays. For example,
compounds can be administered to a mammal, such as a rat, by bolus injections in
volumes of about 1 mi/kg for both i.v. and p.o. dosing. Preferably, compounds are
tested in parallel with control samples such as buffer or an antiarrythmic peptide
30  with a known stability. Blood sarriples are collected at different time periods (e.g.,
at B.D. 5, 15, 30, 60, 90, 120, 180, and 240 minutes, where B.D. refers to before
dose). Amounts of compounds in samples can be quantified using methods of
routine in the art, such as LC/MS/MS. For example, the concentrations of
compounds in plasma samples can be calculated from an external standard curve
35 covering concentration ranges of compound from 1.00 to 1000 nM. The plasma
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Kromasi| (EKA Chem cal s) KR100-10-C8 100A, C8, 10 ilm CER 2230, 250 x
50,8 25 mmor a VYDAC 218TP101550, 300A, C-18, 10-15 ilr11, 250 x 50 nm
The buffer systemused included A: 0,1% TFA in MQV; B: 0,085% TFA, 10% MV,
90% MeCN. Flow rates were 35-40 mi/mn and the columm tenperature was 25C.
UV detection was perfornmed at 215 nmand 280 nm Suitable gradients were
optim zed for individual peptides. 30 Analytical HPLC Conditions G adient
HPLC anal ysis was done using a Hewl ett Packard HP 1100 HPLC system
consisting of a HP 1100 Quaternary Punp, a HP 1100 Aut Gsanpler a HP 1100
Col umm Ther norseatrationd vEiRus 1I0@ ddis tapbe uitid/fet pmgtracBdbetiztraodellidgvh et t Packar d
35Chenst at | : 6
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MeCN. Flow rates were 1 5 mi/mn. The preferred colum tenperature was 40C
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filter for Lg,h%g@fggﬁ\maThe resin was swelled in DM. The first am no acid
was coupled either as a preforned symretrical anhydride or as a .
preactivated HOBt ester as @éscribed—dpave. The fol |l owing am no acid
according to the 20 sequénc,guwas aoupked as a preforned HObt ester as
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means of DI
20

M) can be determined. Preferably, the compound provides a Gj, which is
substantially the same as the Gj (+ 10%) of an antiarrhythmic peptide such as AAP,
AAP10, HPS, and functional analogues thereof. In one example, the cell is an
ischemic cell, and the compound provides a Gj, which is substantially the same as
that of a non-ischemic cell (+20%, preferably, + 10%). Additional details concérning

25 performing cardiomyocyte assays are provided in WO 02/077017.

3. Standard calcium-induced arrhythmia assay
Peptides suitable for administration to cardiac cells can be identified in an in vivo
model of calcium-induced arrhythmias according to the model of Lynch et al. (1981)
30 J Cardiovasc. Pharmacol. 3: 49-60. Male CD-1 mice are anaesthetized with
Ketamine (75 mg/kg) and medetomidine (1 mg/kg) IP. Ani.v. cannula is inserted
into the tail vein. A lead Il ECG signal is recorded continuously by positioning
stainless steel ECG electrodes on the right forelimb and left forelimb. The ground
electrode is placed on the right hind limb. The signal'is amplified and filtered using
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30 All couplings were continued for at |east 2 hours. The acyl atlons wer e
checked by the ninhydrin test performed at 80 OC as earlier described.

After conpleted synthesis the peptide-resin was washed with DVF (3x 15 ml,
1 mn each), DCM (3x 15 m, 1 mn each), diethyl ether (3x 15 m, 1 mn
each) and dried in vacua The peptide was then cleaved fromthe resin as
descri bed above and freeze-dried. 35 After purification using preparative
HPLC as descri bed above, the peptide product was collected and the identity
of the peptide was confirned by ES-MS. Exenplary Sol uti on phase synthesis
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order to r % a?r ﬁ'ﬁé%‘é@% %U@éé I ﬂqe gorl"Ild%!.‘.th{ﬂ bHO(EkOI'rSgaP sqﬁﬁ.ﬁrs §R15t reat ed

with MpSO4 ess ered an SeVapor hess € remaini ng
prot ect ed dntendl dareerdhen or¢nual i 3 timge pn%&:mtaﬂva!u érpngthéﬂpne-wuneﬁt t he

pr ot ngllonglrQarriQHPThé filkeaeshtRiciRent E&uﬁml iOBRR R defcohagggieenvb&mlAf t

i peridine ore er
1I‘D i ﬁl shi ng t‘@%&@fﬁ?'&c@%%wéae&% 'Rn(:}éarfa‘rz% %%‘y ?%’W?‘éea‘?f‘p]ogﬁ xture is
evapor at ed concemnijard RS Jomepledgirdusecosd dagriae $ARIOEK @ralonged RR-Indervaind

di ssol ved i thdMoREQHRI IS w.‘t’HJu'E‘aJpr@te%ﬁmng’Eﬁa@é)d r«fésBéJwééé Agdeget&qa sol ution
of a substituted benzoic acid gﬁg% been preactivated by treatnent

with DI C ( 1EFfVelrdhrdBe Yril 20 ds b"’ﬂ’fé”&‘d&ﬁﬂ Nvghickersateimice: cont i nued

over nisght. 25 The reaction mxture is evaporated to dryness and the
residue is tﬁ' Ss%t\éﬁdal’dr}sgltam’d atrial strip model of metabolic stress induced

conduction slowing

Peptides suitable for administration to cardiac cells can be identified in an in vitro
model as described by Haugan et al. (J. Cardiovasc. Electrophysiol., 16, 537-545
20 (2005)).

Rats (300-400 g) are killed by a sharp biow on the neck. The heart is rapidly
excised and transferred to a small dish containing 37° oxygenated modified
Tyrodes buifer containing (in mM): NaCi 136, KCI 4, MgCl, 0.8, CaCl, 1.8 HEPES

25 5, MES 5, Glucose 6, pH 7.3. The left atrium is carefully dissected and a tissue
sample of approximately 2x8 mm is taken from the left atrial appendage and placed
in a tissue chamber (volume 5 ml), (Steiert Organ Bath, Hugo Sach Electronic,.
Germany). The chamber is perfused throughout the study with 37°C oxygenated
Tyrodes buffer at a rate of 10 mi/min.

30 _
A bipolar stimulation electrode (Teflon coated stainless steel, diameter 75 puM) is
placed at one end of the tissue. Stimulation is performed at 1 Hz using rectangular
puises at double threshold {(duration of stimulus 0.2 ms) delivered by a stimulator
(Hugo Sachs, Type 215) through an isolation unit (Universal Isolated Stimulator

35  Unit type 263, Hugo Sachs, Germany).
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acetate. The ethyl acetate phase is extracted with (1) an aqueous sol ution
of hydrochloric acid (0.1 M and (2) an aqueous solution of sodium
hydroxide (0.1 M (3) water in order to renove excess of starting nmaterial.
The organic phase is 30 treated with MgSO4 (dessicated) filtered and
evaporated to dryness. The remai ning protecting groups are deprotected
using TFADCMif the protection groups are based on tBu, Pd Cycl ohexen if
based on Benzyl, Piperidine/DCMif based on Fluorenyl, Hydrazine if based
Dde. After finishing the deprotection 35reaction (1-2 hours) the reaction
m xture i s Bvapepmiatednitmebiicirndsssof plikesiridiesi (Werld Breclshahestruments, ipet hyl et her

and di ssol vigfhetiancBFR6 W45 BI) aRslpiRgEd éri 8 tind!8ioRg tHY BRGRRE 'oVﬁxe'fé;Qrat/’J il €r
purificati O3r He%b 5&?@! @\} \’fﬁe Hri‘bcgg frgﬁ'ntst?lé Ispl%gla qo)r\-.(lgctro e eep % P N pr OdUCt

| I ect ed
> Sol 1 prel Sriy Blirasiaireds) B, et g

benzoy! &ni MBIS Wﬂaﬂwr@eetaﬁ Hbayﬁa%sa@mrmwhﬁersmﬁx emalitaatieniohent ech)
was swel | edsigmal€dVThe waeArenplifierstdre bétrkcteat to\d bid atentis appERYr moduRMhaard washed
wi th DVF undédnhetted YetneQits atqisitidystehetHidighel BdgEh@is AdbHes Dhbt - OH to

the draineds (2R BorrdAam Emala Qh¥Rs, coupl ed as symetri cal
anhydri de asl%isfows 3eq (284R) Boc- 4Anp Fm)%:) OH was di ssolved in DCM and

cool ed to gl-g Dl C 156 was added and the reaction continued for 10
mi nut es'® THPIOWINGA? Wé&“t?% Jibsetion ResiedoPasing atHdHs e dnitRied.gPyrng thed i n DIVF.
The sol uti difsheismingiRsdeaereing reded (Paselinenreriods ithe ¢hranbenisdodifpsed tvithq.  of
DVAP. The c¥iplaxpgenaed Tyoties igftbropte?.3niChhpounde ¢s4., aodifibd igineeagent was

renoved by wagdticr@mpolidd Biithe PRREABEAHIRYS, AP hﬁpE@Brscaﬁ%@av&% nerfor med
by treat W“&dd@ﬁﬁ@tr?eop/ rR:'sB‘?\rdu?’f Nr érﬁl?ti%\ﬂz 2d rh %(tjg? é‘H&g é@r?éjt? t)pe | | oned by

washi ng, W add| tion of

t owc o '8
Dhbt - OH 0 lb PIVVS‘P;{R 2 rF% 5'¥ pSEfHE‘BT'tS %F@F Fr'-:ﬁ'é‘if’ S6ut as
follows. 3 fé%F "B%ﬁzmed‘aéﬁa EV%%S wf@s(ﬂw&a (pith mwrth%wnmuwsm 3 eq. HOBt
and 3 eq. DnhtErestidfor #@ mirideetinetabdlicstrss pgriad). The coupling was conti nued
over night. Excess coupling reagent was

The change in conduction velocity during metabolic stress is compared to a group
20 . of untreated controls. In untreated preparations, conduction decreases by 15-45%
during the 40 minute period of metabolic stress. In some embodiments,
compounds according to the present teachings can prevent metabolic stress
induced conduction slowing during the 40 minutes period comparable to the
compounds AAP, AAP10, HP5, or a functional analogue theredf, i.e., the

25 compounds can preserve normal conduction during an episode of metabolic stress.

5. Haematologic assay
Compounds of the present teachings can also be tested to determine their effects in
accelerating recovery following 5-fluorouracil (5-FU) induced stress on bone

30 marrow proliferation. Male rats are treated with 5-FU (75-100 nmol/kg i.p.) for 4
days. Blood samples are collected from tail tip before 5-FU treatment (Day 0), .and
4,8, 12, 16, 20, 24, 28 days following first 5-FU dose. Measurement of peripheral
blood counts (granulocytes, lymphocytes, erythrocytes, thrombocytes, reticulocytes)
and plasma haemoglobin are taken. After identification of window with severe

35  pancytopenia, the study is repeatec_:l during concomitant treatment with a compound
of the present teachings.
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removed by -washing with DMF. Prior to the deprotection of the Boc group the
resin was treated with DCM Deprotection of the Boc group was perforned by
treatment with 50% TFA in DCMv/v (2 x 2min, 1 x 30 mn) foll owed by
washing with DCM and then with DM and then treatnment with 5% DI EA in DVF
v/iv and finally 30 followed by washing with DMF. Coupling of Boc-G y-OH was
carried out as follows. 3 eq. Boc-A3 y-OH was dissolved in DVF together with
3 eq. HOBt and 3 eq. DIG and then added to the resin. The coupling was
continued 2 hours. Excess coupling reagent was renoved 35by washing with
DVF. The cofpl i nrepatatiaspetexednpiany coompoyndsd over night. Before cleavage

of the peptTﬁ@foflé\ﬁﬁb%Bﬁ-nﬁﬂkdgcbxﬁh'\lﬂfé@raﬁ'eb%e%@%é@lyﬁr@&d@r%%%&hﬁg wi th DCM
and then with ether  an

der e of the
i pept 1 de- { PBRAEABREF RILP AR PRET indhe Bire 0 PTG Do RErS gt | de- r esi
was treat ednuierous eqdivalents apd varatioos doi e plifRbdobia] stitll ridpantofdhred af t er 10
mn a vod Ungeciithéspiiydi Ng to 10% of the TFA total volunme of
trifluoromethanesul fonic acid (TFMSA, Al drich) was added at room
tenperature and the reaction was continued for 2 hours. The filtered resins
wer e was hedbysinetmintstic chmpornags ofdhe pieatnttaachingsciapibesystiiesizetby neans

TFA-sol ut i off d¥d ?F’Qéen&' é@iltﬁﬁ:h%%é"@y’nthe%% Thenis evnegnt r%fér@fllcev@ﬁlvﬁﬁlté ected as a
brown oil. The ether solutig urt her extracted water and the

wat er phase2HBRISLMNEDY CHass F 'Qﬂ%e‘(% AT NSRRRANIRr s qfré?'@r PRASCREBIHUr i f i ed
usi ng pnep. syieSis( \§yhditetiCFeptideso|200m) )2ndBEditfom). A: 0. 1% . TFA in Water; Buffer
B: 90% AcCN; - 0. 1% TFA; 9.9% Water. Flow 35ml/min. Gadient: 0-47 mn 100%
Ato 75% A ng near) HPLC purity: 99% Ms; cal culated M+tH = 15291.12; found
MeH = 291. 75cheme,l dBpigls 35-@xeEPlify EYEss B2 eRRRHIICPT Fomraula Ik 2BARSA- of
NaHCGB (58. bénzgmidb-698-(4reldihyidro- waiirﬁﬁaﬁcﬂ&wﬁhbéab\bé@@pwaﬂ&e@ calrboxyllc

20am no-L-p t b ydr ride (50 g, 0.1745 nolt CNH
Technol ogi eégéj @%QR\PYJ § gf‘%ﬂp%rnt%?gk%ob ol | owned by Et0A6 (500 niL). The
m xture'®has cooled to 0 C A sol ution of benzoyl chloride (20.26 ni, 0.1745
nbl) in EtO86hdm&@ nML) was added over 25 min at 0 C. The reaction m xture
was stirred at 0 Cfor 1 h, .-The phases were separated and the aqueous phase

was extracted with 2x200 rﬁL/ Et OAc. gcomnbi ned organl c 8tion was
washed wi th 200 rrL ol N'HCT, 0 m_ q; s urated NaHCC3 o 100 nL
of brine, dried, NQSO;J,DB,%@ co 0 aicfHord of
(2S,4R) - 1- t@)ﬂﬁ rreﬂs;%—d—b nﬁdopylnrol"mm‘e’ d| carb‘ Iate as
a heavy oil 9.8%vyield Yoyi el d adj ust ed reS| dual Et OAc) . N’l

(cbCl'3, 6, ppm for two conforners): 7787 0O(m 2 H, 75674(m 3

H)7, 6. 25 6. pirferant N-&lbstitttdt 4mHé a(:ﬁllde&véﬁvas%aﬁ bedisdd td $Pn t%s%e'd()jraer‘lJ 34 g- gd 4J
H, o 6 H) c%’“@@’kja(ﬁ’fgﬁrm”'ii" &’H‘l’r ]Y Cg %”&) a"‘g A+ ’é‘%%"’(’%‘e@ 1.46 (s, 3.6
H, 1.430¢( sexﬂnmem-chlm-(hﬁimldamjg p[ §-peonms[iH- uﬂ'mazmpmy ‘be3pated with
E é g éllg%) 1- 2 L %‘2?‘6“ Watef fBPé)kBAr"\riplé’f é&@&aﬁ@tgﬂ-@%rb@éddu{?t ggtvén@m@&%ém%'llgg em
and t hegsol Gl a'\éﬁ%’?fgp%?mtqﬁi%%}v%@é%ﬁ% §) P°efﬁﬂvé (Sgéwﬂ%?'z%t 0Ac. The
resi dual oi ylamdre)aketis@cideat 3-¢1HEMRGZE 1B Plamina)a@NicHCld, sssbattively, whickica® ( 700
n) was addgghn(gd dedd to synthesize (25,4R)-1-(2-(1H-imidazol-2-ylamino)acetyl)-4-
25 benzamidopyrrolidine-2-carboxylic acid or (2S,4R)-1-(2-(1H-imidazo!-4-
ylamino)acetyl)-4-benzamidopyrrolidine-2-carboxylic acid in a manner similar to
Scheme 1. Compounds such as (2S,4R)-4-benzamido-1-(2-(pyridin-2-.
ylamino)acetyl)pyrrolidine-2-carboxylic acid, (2S,4R)-4-benzamido-1-(2-(pyrimidin-
4-ylamino)acetyl)pyrrolidine-2-carboxylic acid, and (28,4R)-4-benzamido-1-(2-
30 (pyrimidin-2-ylamino)acetyl)pyrrolidine-2-carboxylic acid can be similarly
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5 exotherm precipitation comrenced after about 5 mn). The m xture was
stirred at anbient tenperature for 21 h. At that point, 200 nL of 2N HCl
solution in Et20 was added, and the m xture was stirred for additional 24
h. The precipitate was filtered, washed with 500 nL of diethyl ether, and
dried in vacuum at anbi ent tenperature for 24 h to afford 46.03 g of (2S
4R) - met hyl 4-benzam dopyrroli di ne-2-carboxyl ate 10hydrochl ori de (99%
yield). 1H NWR (CD30D, 6, ppm: 7.91-7.84 (m 2 H), 7.6-7.44 (m 3H), 4.78
(t, J =85H, 1 H, 469-4.59 (m 1 H, 3.77 (dd, J =12, 6.6 Hz, 1 H, .
- 3.52 (dd, Jsynthesizedfrom, 2-(pyHbiin-2yl8MmirR)dceficaci@, HpyrivBli(-#-ampomicetiove ESI, for
MH) - 249, Jad @nd 258 %'Mﬁi'dmh glfanﬁ%‘atgtllf =i, (e%ﬁeét@le 0.1606 nol) and -
1- hydr.oxybenzotri azol e . 25.64 @ cont ains 11.12 wt % H20) in THF
(1.3 L) was added N-(3- dinethyl am nopropyl)-N -ethyl carbodiim de
hydr ochl or i Meeridlivél Sthe miylcine3riB2Bregln (del athedired b rdinyg taiSehamms2:sti rred at
anbi ent tenperature for 4 h, then the stirring was stopped and the oily
residue was allowed to settle. In a separate flask (Flask 20 B), NaCH
(0.1606 nolSchEmeR of 5N sol ution) was added to a suspension of (2S,
4R) - net hyl 4- ber']lt@\ dopyrro] i dine; Zifar boxyl ate hydrochl ori de (0. 1606 nol,

45.73 g) in THF wg L)aQuRr 15 nmjtiey m X rred at anbi ent
i ’ffg’g\t M rr'gg-}ll ossol ved. The

tenmperature for 10 m n, [

sol uti on of HOBt @ er plEpe™M®d in sk A wAf¥%dded to FlMask B at anbi ent
tenperature over grin, 25 leavingt oily residue behind. The residue in
Fl ask A was washed Vith 250 nL of THF,’ and the THF sol uti on was decanted
from t he helathe abgvemxampiad e 2-61H-hwarbh&-yiaminopadelia skid BhusTiteduced et on

m xture wasuoesLéerdrte@ymheai@(mR)tﬁ@ﬁrmbwafoffsqnarﬂmomc@tynmt er (500 nL) was
added, agnd the m X tur& was, conce trate 5@3 er vacu mto [empve THF (-550 nL

resi dual® voPHke 9oy’ rtes%ﬁarﬁe & M5t VRGN SENEPE de (300 nL) .

The phases were separated and t he aqueous phase was extracted with 2x300 niL

of EtOAc. Tb@m?&ms'?fﬁoﬁﬁtgémv@hérélﬁ% ﬁh%@aﬂ@ﬁd@'gﬂm\éﬂ&%qﬁﬂa% diﬁlta IN HCI,

2x250 nL of sa sol ut1 on rine en dri ed ‘over

MySO4, and F&HROURE FAMAIS+E mamRerad heterpary captajmng oneryr merer 2. o1 S
benzam do- lato@s(cae be-shhthexiyshatnih@it Sehearet uﬁlbzmy;rth@bbﬂbﬁﬁata car boxyl ate

cont or st o) Sl fad jg?%rﬁé%'sl? EURASE ES R o
0.8 H, 6. 2'5"@;0!632-53@0 )PyQoling-2-cgroggylictacid, §28 4R}~ benza38tda-17(4H(m 1 H),

4.65 (t, pyrdzdt&-5-chriddhyl)shriblidide BB xyhc &did, o (BS2RJ-8-HeMkarkidb)1-(18- 76 (s, 3
H) , 3693 positive

ESI, for ‘}AZNL? %‘cg%b'}y )pg?rg ?-Q?ﬁrbgf(yl_‘%:ﬁld gﬁ%ée éyn?hel_slzzed accérm ing 'to
met hyl - 4- beﬁefzﬂmejbuamg AH(imidazolstd-oxrbexip eniyd] HikipnaEraleci-garppxmiic ebiddeme- 2- car b
oxyl at eod 231@%932&9_@%&9@3&,@ ragideangy. (450 nl) was added NaOH (0.2875
nmol, 144 mL of 2N aqueous solution) at -1 to 1 C over 15 min. The mixture
was stirtred at -5 to -1 Cfor 2.5 h. HC (0.2875 nol, 144 nL 10 of 2N
agueous sol Sitherms 3 viapictaddetheatxerfplary SlmtﬁessefaZEmnrbmd dMFdimakglldi sti |l | ed

of f under V@ﬁél"émY’tlshﬂﬁ@QQdwléjrfnottﬁgl%ﬁe?{vaﬁ] tﬁ&%&gmp@?zs?‘ﬂﬁﬁwﬁn%é@ was
saturated with NaCl ? g arated._.The mjesoqs phase was
extracted wi$i(R '“ﬁ‘i’_'d@laﬁﬂ D%Vr'iﬂ" 'H%‘ ﬁﬁtff’}’%\é%a%‘? (ﬁds&@ was dried
over My&X4, and concentrated to afford 22.54 g of (2S, 4R

4- benzam do- 1-(2-(tert-

15but oxycar bonyl am no) acet yppyrrol i di ne-2-carboxylic acid as a white foany
solid (contains 6.6 wt % Et0Ac; 94%yield adjusted to residual EtOAc).1H
NVR (CD30D, 6, ppm: 7.87-7.79 (m 2 H), 7.58-7.42 (m 3 H, 4.81-4.7 (m1
H, 4,69-4.56 (m 1 H, 4.05-3.72 (m 3 H, 3.67-3.49 (m 1 H), 2.64-2.28
(m 2H, 1.43 (s, 9 H. M5 (mz, positive ESI) for MrH 392; for MtNa:
414. 20 (2S, 4R

4- Benzami do- 1- (2-(tert-but oxycar bonyl ani no)acetyl ) pyrrolidine-2- carboxylic
~acid (21.97 g; contains 6.6 w % EtO0Ac; 0.0524 nol, adjusted to residual

Et 0Ac) was di ssolved in dioxane (100 nL). The sol vent was evaporated under
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vacuumto renove residual Et0OAc. The residue was di ssol ved i n anhydrous
25di oxane (200 nL) and HCI (100 nmL of freshly prepared -3.6 N solution in
di oxane) was added at 10-12 C. The solution was allowed to warmto anbi ent
tenperature (precipitation cormenced after about 2 min). The reaction

m xture was stirred at anbient tenperature for 21 h, at which tine 30 nL of
-3.6N HCl solution was added, and the m xture was stirred for additional .
5.5 h. Precipitated solids were 30 filtered using N2 pressure, washed with
- 4x25 nmL of dioxane, and dried under vacuumat roomtenperature for 24 h to
afford 18. Belpeme Irude product as white solid. The crude product was
dissolved in i-PrOH (104 nl) and 210 nL of diethyl ether dded over 1 h
(precipitate forned nyedi ately upon eto ey addition). The nixtyre was
stirred for 1 h, fil ergd u.s¢|ng N2 ure, wasded with 2 @—/?L of 35 3:1
Et20-i-Pr'O-|soIU|o un r. m—aqq*?ro'or@ﬁr?méra e for 24 h
and at 40 C f “h t@d afford @f&@ of nf2S, 4R)-1-%2=am noack%cyl) 4-
benzam dopyrr d| ne- 2- g=% boxyl ie?aci d hydrochl ori de. 1H NVR TDMSO- d6, 6,
ppm for two conforner 8.77 (d, J =7 Hz, 0.8 H), 8.71 (d, 7 Hz, 0.2
Hy, 8.68-7.95 (br, 2 H, 7.92-7.83 (m 2 H), 7.59-7.43 (m 3 H), 4.87-4.79
(m 0.2 H, 4.68-4.54 (m EQHH), 4.54-4.44 (m 1 H, 4.0 -3.47 (m 4 H),
2.47-2.12 (m 2 H). HRIVB callc. o, for Cl4H 6N304 (M-H): 292.1297, found:

292.1294. 4. S%nt hesi s§of ounds 64-68 and 70-78

10(2S, 4R) - 4- berzani - (te¥'t -but oxycar bonyl am no) acetyl ) pyrrolidi ne- 2-
carboxylic acif (0.0 0.1 m}BP) 1- hydr oxybenzotri azol’'e nonohydrate
(Aldrich, 0.021 g, O. 15 nmol equi val ents) and

1- (3, 3-di net hyl am nopr opyl ) - 3- @ yl car bodi i m de hydr ochl ori de (AI drich,

0. 029 0.15 nmmol, 1.2 eq al ent wer e di ssol ve n tonitrile (15 nL
under gn| t r JYEReat RYYPREPR ‘?Mgt' H’anVZL%%BF?tﬁé’Ir 's?ﬁ@\‘/’!'ﬁo&ﬁ?ﬂﬂiétﬁ? :? Wlas g$ adual I)y

i ncreased templogdhit repysathesie od Beherfe Bdo prodiupeoiper ureds otinerntutrellinegt.ur e was
then stigr e(ésaéaﬁ h%&ﬁmﬂ-?é-w ﬁaeﬁMﬁ:‘?eﬂb&Q&etﬂﬂ%‘roﬁcﬁﬁ&b%&%o’i%d&d&& was again

cool ed to 5- 30% agueous sol ution e correspond g anm ne (prepared
froma pure ﬁé@érﬁe”é%&%kﬂz frerpiaPYrieidryacetNeyielid ’Wa%“‘%’& BCagdy stirring
was continued with cooling for 30 mnutes and then at room 20t enperat ure

for 2 Noursscael PRLILL B ERefbbrBinaliled (30 4RNE.defaghi@n @i xture, and the

vol atiles were re resi purified by
silica-gel m'sﬁowd@a@%}')W°'@WP@T§R’B‘@?Y5®H?d(ﬂé‘i’/@P?}ﬂ]dr‘Fﬁ §6‘P'\‘/‘§H{ 3-5%
gr adi erdg Mewhaealy @& BHRYAIRE kagy@)Rt.0 afford the correspondi ng am des in
80-87% yi el d. 25The product fromthe previous step was dissolved in dry

di chl oronet hane (10 nlL) under nitrogen atnosphere and 1 M ethereal solution
of hydrochl 8ehameidid (Al drich) (1 n) Was added whil e keeping the

tenperature bel ow 30,C. ,The reaction u,re was stirred o ry ght under
ni trogen at nosphere. >, Pr o p| tate wa f| | t gIs6Q washedg
di chl or onet hane ( (hd th I nd:-g—&nel— rigd er high
vacuumto aff@iﬂ‘h dr Qchl U‘Fci”de rresy Chdi Com‘rpou % 64-

O

2

OH
o 0
LioH N‘%_
D —— N
THF H HN O
=0

/
Starting with other sulfonyl chlorides (e.g., ethanesulfony! chloride or proane-2-
15-  sulfonyl chloride), different sulfonamides of Formula li (e.g., (2S,4R)-4-benzamido-
1-(2-(ethylsulfonamido)acetyl)pyrrolidine-2-carboxylic acid or (2S,4R)-4-benzamido-
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68 and 70-78 in 75-84%yield and at |east 98% purity. 5. Synthesis of
Compound 80: (2S,4R)-1-(2-acetam doacetyl)-4-

benzam dopyrrol i di ne-2-carboxylic acid 35 To a solution of (2S4R)

1- (2- Am no- acetyl) - 4-benzoyl am no-pyrrolidine-2-carboxylic acid (0.05g.
0.17 mmol ) and triethylamne (Al drich) (0.19 nL, 1.37 mmol, 8 equival ents)
in acetone (3 n.) was slowy added acetic anhydride (0.13 nL, 1.37 mmol, 8
equi valents) with stirring at roomtenperature under nitrogen atnosphere. 5
The m xture was stirred for 3 hours while nonitored by LCVS. Upon

conpl et i on,1-2A@-reethplethyiss!forangde)epeyliny riotidine-Crearzoxlic dnid)raasibgue was
purified béar@ﬁé?@@-[réﬁhb‘ﬂ?e HHBlHGd CROWA S cRdned 52 MBC18 50 x 250 mm 10u) using
40/ 60 to 90/10 nethanol /water gradient (0.1%formc acid in methanol and
0.1 formc acid in water) to afford 0.020 g (35%yield) of the desired
product as &bhh;bcﬂ.lrﬂélolf EomdlzﬁllllwmrélaCk na@&mlqurgl (28, 4R-1qBGAIhGPropancg i s.

6. Synt hesi S4. |.am no) acet yl)
pyrroli |ne car og@ |c'é%'z%l%l2 @%&ﬁfﬁgﬁgﬁp%é% fér%‘ta%
4- benzani do’ﬁ??ﬁdmgtal EMEAr boxy| ate (internmediate in the synt hesr s of _
Compound 2) (0.05 g, 0.20 mmol ), 1-(3, 3-dinethylam nopropyl) -

3- et hyl Carbﬁ)giéf;% e hydrochl oride (Aldrich) (0.043 g, 0.22 nmmol,. 1.1

equi val ent s) ydr oxybenzotri azol e m)nohydrate (Al drich) (0. 030 g, 0.22
mmol , 1.1 equival ente) and 2- (terbt ut oxycar% (et hyl )am no) acetic acid

(Aldrich) (0.038 g, 9. ggﬁmkzﬁd anhydr o jochl or omet hane (10 nl) was
at pesah@ls at 0 C. The

added N- net hyl nor ho e (0. chézmc) und

reaction mxtu@gv@s | | owed—to—warm dmte eragw;qg%m‘z hour tine
period and stiltged overni ght 8™ anbi ent terrpera e Vol itiles vere
removed in vacua and the residue was purified osr | i ca-gel (EMD,

0. 040-0. 063 m) chromat ogr aphy (devel opi ng sol v 253-5")/0 gradi ent

met hanol / di chl or onet h to afford 0.064 g (75% y| el d) of the coupling
product (2S, 4R)- rret hy ‘

4- benzam do- 1- ( 2- oxycar bonyl (et hyl ) am no) acet yl)

pyrrolidine-2- o{*yl at To a solution of the abovenenti oned am de (0.064
g, 0.15 nmmol) met hanoINHé5 30 nL) was added 2N aqueous sol ution of sodium
hydroxige (0.38 nL, 0.75 nmmol, 5 equivalents) at 0 C under nltrogen

at mosphere over 5_m nutes The reaction s noni t or

fini shed i n°29%,f §h °W'a6ﬁ%'8?}§rylf9'ﬂ{"8§'ﬁl icemeang ?f%d%?‘%@hqgﬁﬁg 1rrL 0.75
mmol , 5 equi2varhianbestywagpteshyiachiad) pyirdidipeed-carbosyfic adibf sarein Z\viss(CH 541 | | ed

of f under vacuumy ahlifyls gcetate (10 n) and water (1 mi) 35 were added. The
aqueous phas& was saturated w th sodi um chloride and the.

15 Scheme 6

° o Q OH
0
HZN‘\.E?;%O PhBr. Cul, K;CO3 Q 8; _(0_ DLOH. THF ©\ E,T _<
—Q— DMF u“ EO

2) Me,S0,, "2) MegSOy, THF

%
1) MeOH, HCI 5’ o 1) NaOH, MeOH
Q . N 2) HCY, 1,4-dioxane, DCM ©\ _g
H | .1 .

2 E o L

a0 g Ho HN | HaN

o)
HOB, EDCI \|/ =0
DCM .
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phases were separated. The aqueous phase was extracted with ethyl acetate
(2x10 mL). The conbi ned organic fractions were dried over nagnesium sul fate
and concentrated to afford a white foany product

(2S, 4R) - 4- benzam do- 1- (2- (tert but oxycar bonyl

(met hyl ) am no) acetyl ) pyrrolidi ne-2-carboxylic acid that was used in 5the
next step wi thout purification. The acid fromthe previous step was

di ssolved in dry dichloronethane (10 nL) under nitrogen atnosphere and 1 M
et hereal solution of hydrochloric acid (Aldrich) (1 nmL) was added while
keepi ng t heSimdiaper3chenme beeridts 30 emAlae syatiesisencabtrurt of Eomada 8Li rred

over ni ght up@eiRyY (2-88basttYRARBE Hlan IRE-RESBORIE kR, WRseld 2't er ed,
washed with, ({#E@' oéomat han V?-ng_)z? di Igtgﬁ; et her (2 %L) and dri ed under

hi gh vacuunf® a0 WA Fdrt her puri f| ed by preparative HPLC (col um:
Xterra MSC18 19 x 150 mm) using 5% to 95% net hanol /wat er gradient (0.1%
form c agi dgipefBtzhanol and 0.1%formc acid in water) to afford 0.026 g
(38% 150ver 3 steps) of the desired product 7. Synt hesi s of Corrpound 82:
(2S, 4R) - 4- benz 2,2,2- Q

trifluoroacetamo) @o‘éhgﬁ'ﬁwrol i di ne- -car bomgdmm:. acid 20T0>@?‘%® ution of

(2$4R) 1-(2-An{n - nzoyl am yrrol+dine= 2- carho acid

( Conpound 2,HM. 5_§L mobht MTITDT NErT etdyl & eH(%l .ﬁhH(o @48 nL, 0.34
mmol , 2 equi val ent in aceton rrL) was atelett” Sirqwl rifluor é’etr o
anhydride (0.024 ni, 0.17 nmol) with stirri ng,,oggEDgﬁgﬁterrperature)éunder
nitrogen at m)sphere. The m xture was stirredd¥r 1.5 hours with careful
nonitoring by LCMS. . 25Upon co tion, the volatiles were renoved in
vacuo and the §{QsdGhdof Was puri doby preparative HPLC (columm: Xterra
MSC18 50 x 250, 1y, . L0H). using 0 90% met hanol / wat er gradient (0.1%
formc acid |n ngxuhanol ”\ %frewmc acid in water) to afford 0.012 g
(18% vyield) of the desired product 308. Synt hesi s of Conpound 84: '
(2S, 4R) - 4- benzam do- 1- ( 2- (di met hyl am no) acetyl)pyrrolidine-2-carboxylic

acid  To goafpbHhdORnekin2%HH,).-5-20 membered het land m is O or 1 also
1-(2- Am no- agiﬁ ') -4- benlzoy aana‘?Hr?om- pyr rnz)elmdeir?le-%le&ogr ngIn?'g a%rl dafCOrrpound

2, 0.05 g, 6"“1‘7’e Rfﬁﬂa)'eq ‘I‘F"Pﬁafﬂ“ﬁéﬁﬁ'lw('%terﬁ_")m%ﬂ magsigistasrpEingtta e Ra¥ds added
37% aqueous of ¢hemhetehipde (Al drich) (0.1 nmL). The resulting m xture was
stirred at this tenperature for 3 hours, then cooled to 0 C, and sodi um
cyanobor ohydr i de %AI drich) (0.043 g, O. 69 nmol , 4 equival ents) was added
porti on-wi s&ChRrBe Bshews enExemplanesyniasis:af grompound Femrulalll, (BBARY:-arider at ur e,

the sol vent amgmatetynued- pH’én\ﬂaeéthnﬁlla)?bdeﬁdlﬁ@lzldirﬂ’c&?lith&j Waergiblzl isi ed by
preparatlve J‘(SH colum g erya M5 C18, 5u, 19x150mm using 5% to 95%
'rrethanol/wa r gr &ai & Eyb 1% Brmic acid in rrethanol and 0 1% formc acid
in watefy to afford 0.017 g (31% yield) of the desired product.

Scheme 8

ON-OH 1) LioH, THF 2 °/
8; —(o 2) Me, 804, THF g 1)MeOH HCI o Y _go
N 3) :nrﬁggl @\)\ - 2) H\. »
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o °7L
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9. Synt hesi s of Conpound 85: (2S,4R)-4-benzam do-1-(2-formam doacetyl)
10pyrrolidine-2-carboxylic acid Acetic anhydride (Acros) (0.32 n., 3.4
mol , 10 equi val ents) was added dropwi se to a solution of (2S4R)

1- (2- Am no- acetyl) - 4-benzoyl am no-pyrrolidi ne-2-carboxylic acid (Conpound
2, 0.1 g, 0.34 mol, 1 equivalent) in formc acid (J.T.Baker) (1 nL) 15 at
0 C After the addition was conplete, the reaction mxture was allowed to
warmto roomtenperature and stirred an additional 24 hours. The reaction
m xture was nonitored by TLC and LCVS. An additional anmount of acetic
anhydri de (QorBRourids vihedeimzbis, C(DNClm-Oad antl ahd wais 2add2ds &i0)(CRg+*Ract i on
mxture StisgflnbfeadtiiOblPaft mio? s gemee@nyésreggpe%q&@# Fhe(1 M) was

added and t atiles were renoved 20in vacuo an oily crude

product t hatPRIRRIS,FEREE Wripils QWW"WWWWSW% Atlantis 19 x 150
m) using 0.1%formc acid in H20/ I\/EOH 20-40% MeOH over 15 mi nute gradient

to affor O {.

pr ocedurscejs o&ﬁejl nedé%?gé(/ngme\chp\g’h%%@di @)f%gzggb’ﬁ?“rfésfysl o-r(l)-?&?)ﬁ@n‘gg’ exerrpl ary
conpounds | mgmegredietripany! gan belw'@smewmmlmom tb Sichemig/a:

cal cul at ed WhibCagpictstie rthabidbri2$ 2§$R)(2Jan(lRaa%elyﬁ)cu-mhyukmmamo)

nitro- benzog)}rraorlpdlgg)z ‘paséggxcg, i 9&.99 2- carboxylic acid

10 Scheme 9

o]
OH O, OH
N—{O 1) LIOH, THF o g o) 1)MeOH HCI ’
\
o 2D MeS0, THF 8P N~ —g

HoN 3) PhSOLCH, ©/ ~N o] 2) (o]
+ Y H —Q— H
pyridine Ho’u\/ )4 /EO

NYO
(o}
HOBt, EDCI

OH

o)

1) NaOH, MeOH %’0 N_g
2) HCI, 1,4-dioxane, “N" Y
DCM ©/ H HN

DCM
Scheme 10 shows an exemplary synthesis of (2S5,4R)-1-(2-aminoacetyl)-4-(4-

phenyloxazol-2-yi)pyrrolidine-2-carboxylic acid, a compound of Formula Il wherein
15 B is an amide bioisostere (see, e.9., Tetrahedron: Asymmetry, 14(20), 3141-3152;
2003).
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336.17 336.11 89 .18 3 (2$4R) 1-(2- Ami no-acetyl)-4-(4-

nmet hyl - benzoyl am no) - pyrrol i di ne-2- carboxylic acid 305.2 . 305.14 87 28 4
(254R) 1-(2- Am no-acetyl)-4-(4- nmethoxy-benzoyl am no)-pyrrolidine-
2-carboxylic acid 321.18 321.13 . 95 37 6 (2$4R) 1- (2- Ami no- 4- car boxy-
butyry1l) - 4- benzoyl am no-pyrrolidi ne2-carboxylic acid 363. 16

Scheme 10
' 0. / o] / -
o] HCI PhCHO N HCI N
———— ——— \ O. o
NC\" N‘% ether “_8N/H NaBH,. NC“ H2° %\ .
\ \ NG MeOH reflux OH

o]
HOBY, EDCI, Q@ _
acetonitrile AcONa AcOH o]

. d [} 2 (o]
Nod A J<
o O 0
. N
H YN e O
2 OH Ny

—_— N L NH Y

Pd, MeOH m © HOB, EDCI, o HN

\ DCM )

O

A
1) NaOH, MeOH g ~§

2) HCI, 1,4-dioxane 0 HoN

Scheme 11 depicts the synthesis of another compound of Formula 11, (2S,4R)-1-(2-

5  aminoacetyl)-4-(5-phenyloxazol-2-yl)pyrrolidine-2-carboxylic acid, wherein B is a
different amide bioisostere (see, e.g., Journal of Heterocyclic Chemistry (1998),
35(6), 1533-1534).

Scheme 11

0
o d o g
o na o] PhCOMe, No b N
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H, NH OH _MeOH L
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. MeOH N\ o] HgBt EDCI, 1 4-d|oxane 3 o HzN
10 . 7
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363. 14 97 18 11-(254S) 1-(2- Am no-acetyl)-4-(4- '
met hoxy- benzoyl am no) - pyrrol i di ne2-carboxylic acid 321.05 321.13. 99 35 12
(254S) 1-(2-Am no-acetyl)-4-(4- nethyl-benzoyl am no)-pyrrolidi ne-2-
carboxylic acid 305.27 305.14 99 37 13 (254S) 1-(2- Am no-acetyl)-4-(4-

ni tro- benzoyl am no) - pyrrolidine-2- carboxylic acid 336.18 336.11 99 40

The synthesis of yet another compound of Formula [i wherein B is an amide
bioisostere, (2S5,4R)-1-(2-aminoacetyl}-4-(4-phenyl-1H-imidazol-2-yl)pyrrolidine-2-
carboxylic acid, is shown in Scheme 12 (see, e.g., Tetrahedron: Asymmetry,
14(20), 3141-3152; 2003; Journal of Medicinal Chemistry, 44(18), 2990-3000; -

5 2001). i
Scheme 12
o, / 8o
: O Hcl PhCHO HC! N
0 O \‘. :
NC NN{) ether “.& NaBH,, NC* H0 Q‘\
51 NC MeOH reflux OH

1 Br Q 0
O\ o\
Cs,C0;3, EtOH N Ha N
o

Nﬁ‘.-- N H
Pd, MeOH =~
2) NH4OAg, xylene \ NH eo Q&?\JH
Q
O J< :
O, o,
AN
OY\HJLO 5 OH
OH Ne e N‘g 1) NaOH, MeOH P
oy
HOBt, EDCI, . MEH HN 2) HQC), 1,4-dioxane Nﬁ\‘"'
bDCM ):o \ NH HoN
pra '

10  Scheme 13 depicts an exemplary synthesis of a compound of Formula Il, N-
((3R,58)-1-(2-aminoacetyl)-5-(1H-tetrazol-5-yl) pyrrolidin-3-yl)benzamide, wherein E
is a carboxylic acid bioisostere.

Scheme 13

N
OH HN, z
o Nl 1) (NH4),COy, Boc,0 o
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;2
15
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14 (254S) 1-(2- Am no-acetyl)-4- (‘benzoyl am no)-pyrrolidine-2- carboxylic
acid 291.29 291.12 99 15 24 3-(2- Am no-acetyl am no)-5-(4-

et hyl - benzoyl am no) - benzoi ¢ acid 327.22 327.12 99 . 25 26

3-(2- Am no- acet yl am no) - 5- benzoyl am no- benzoic acid 313.13 313.11 99 10 28
(254R) {[4-(4-Nitro-benzoyl am no)- pyrrolidine-2-carbonyl]-am no}- acetic
acid '

Scheme 14 shows another method by which compounds of Formula I, wherein E is
a carboxylic acid bioisostere, can be synthesized (see, e.g., Journal of Medicinal
Chemistry, 44(18), 2990-3000; 2001).

5 Scheme 14

Q N\

_ oH 1) g N NH
o N o /U\/Br o o
N A% Cs,CO;,, EtOH i N‘/g
H N
HN>=O i ~ H HN
2) NH,OACc, xylene 2 >=o
o/ d,

~

N,
- NH
HC1 o o
1,4-dioxane 8 N
DCM Ny
H HoN

In addition to N-((3R,58)-1-(2-aminoacetyl)-5-(5-methyl-1H-imidazol-2-yl)pyrrolidin-
3-yDbenzamide shown in Scheme 14, compounds of Formula Il having different

10  carboxylic acid biocisosteres can be synthesized according to this method by using
different bromocarbonyl reagents (e.g., N-((3R,5S8)-1-(2-aminoacetyl)-5-(1H-
imidazol-2-yl)pyrrolidin-3-yl)benzamide or N-((3R,5S)-1-(2-aminoacetyl)-5-(5-
isopropyl-1H-imidazol-2-yl)pyrrolidin-3-yl)benzamide).

15 | Schemes 15-17 depict other exemplafy methods for sythesizing compounds of
Formula 1l wherein E is a carboxylic acid bioisostere.
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336. 19 336.11 97 39 29 (234R) {[4-(4-Methoxy- benzoyl am no)-pyrrolidine-2-
carbonyn-am nol -acetic acid 321.29 321.13 97 30 30 (2$4R)2-{[4-(4- Met hyl -
benzoyl am no) - pyrrolidi ne-2- carbonyl]-an no)-acetic acid 305.28 305.14 98
28 35 (2S4S) {[4-(benzoyl am no)- pyrrolidine-2-carbonyl]-anm no - acetic
acid 291.29 291.12

Scheme 15

[o]
ﬁ ;§ HOBY, EDCI AcONa, AcOH
).—_-o Acetonitrile ~

(4-methyloxazol-2-yl)pymrrolidin-3-

°> / N-((3R.55)-1-(2-aminoacetyl)-5-
yl)benzamide

Scheme 16
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N-{(3R,55)-1-(2-aminoacetyl)-5-(5-
i methyl-4H-1,2 4-triazol-3-yl)pyrrolidin-3-
5 yhbenzamide

Scheme 17

)L N-((3R,58)-1-(2-aminoacetyl)-5-(5-
methyi-1,3,4-oxadiazol-2-yi)pyrrolidin-
3-yl)benzamide
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95 24 36 (254S) {[4-(4-Methoxy- benzoyl am no)-pyrrolidine-2-

carbonyl] -am nol -acetic acid 321.35 321.13 97 . 33 37 (2$4S5)

{[4-(4-N tro-benzoyl am no)- pyrrolidine-2-carbonyl]-amno)- acetic acid
336.09 336.11 - 92 37 38 (254S) {[4-(4-Methyl- benzoyl am no)-pyrrolidine-2-
carbonyl]..am no}-acetic acid 305.29 305.14

In addition to the compounds shown in Schemes 15-17, compounds having
different carboxylic biocisosteres can be synthesized according to these methods by
varying the reagents. For example different bromide reagents can be used in
Scheme 15 (e.g., to produce N-((3R,SS)-1-(2—aminoacetyl)-5-(oxazol-2—yI)pyrrdlidin-
5  3-ylbenzamide); different dimethylaminoketals can be used in Scheme 16 (e.g., to
produce N-((3R,5S)-1-(2-aminoacetyl)-5-(4H-1,2 4-triazol-3-yl) pyrrolidin-3-
yh)benzamide or N-((3R,5S)-1-(2-aminoacetyl)-5-(5-isopropyl-4H-1,2 4-triazol-3-
yhpyrrolidin-3-yl)benzamide); and different ortho esters can be used in Scheme 17
(e.g., to produce N-((3R,55)-1-(2-aminoacetyl)-5-(1,3,4-oxadiazol-2-yl)pyrrolidin-3-
10  yi)benzamide). '

1. General peptide synthesis
Compounds of the present teachings can be prepared using the method of
synthesis disclosed, for example, in WO 98/11125 (the entire disciosure of which is
15  incorporated by reference herein). Said methods of synthesis will resultin a
primary peptide or peptide like product having a trifluoroacetate counterion and
which can be suitable for the preparation of a medicament. In some instances,
however, it can be advantageous to perform a counter ion exchange from
trifluoroacetate to a pharmaceutically acceptablé or preferred anion (e.g., acetate)
20 by, for example, ion.exchange chromatography. Alternatively, the primary peptide
or peptide like product can be repeatedly freeze dried and dissolved in diluted
hydrochloric acid to obtain the purified hydrochioride.

Apparatus and synthetic strategy

25  When using solid phase methodology, the modified peptides were synthesized
batchwise in a polyethylene vessel equipped with a polypropyiene filter for ﬂltra_tion
using 9-flucrenylimethyloxycarbony! (Fmoc) and tert.-butyloxycarbonyl (Boc) or
otherwise suitable protecting groups for the N-amino and the side chain
functionalities such as Allyl, Alloc, Dde, Z etc.. When using solution phase

30 techniques, the modified peptides were synthesized using standard equipment
throughout the syntheses.

Solvents

Solvent DMF (N,N-dimethylformamide, Riedel de-Haen, Germany) was purified by

passing through a column packed with a strong cation exchange resin (Lewatit S
35 100 MB/H strong acid, Bayer AG Leverkusen, Germany) and analyzed for _free
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95 41. 39 [2- Am no- 3-(4-benzoyl am no- phenyl)-acetyl arnino]-acetic acid
341.22 341.14 98 . 20 40 {2- Ami no- 344-( 4- met hoxy-

benzoyl am no) - phenyl | acet yl ami no)-acetic acid 371.28 . 371.15 93 56 41
{2- Am no-3-[4-(4-Nitro- benzoyl am no)-phenyl]- acetyl am no)-acetic acid
386. 28 386.12 93 :

10

15

20

25

30

35

amines prior to use by addition of 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine
(Dhbt-OH}) giving rise to a yellow colour (Dhbt-O- anion) if free amines are present.
Solvent DCM (dichloromethane, analytical grade, Riedel de-Haen, Germany) was
used directly without purification. Acetonitril ( HPLC-grade, Lab-Scan, Dublin
ireland) was used directly without purification.

Amino Acids
Fmoc- and Boc-protected amino acids were purchased from Advanced ChemTech
(ACT), Bachem and NeoMPS in suitable side-chain protected forms.

Benzoic acid Derivatives

Benzoic acid derivatives were purchased from Aldrich and used without further
purification,

Coupling Reagents
Coupling reagent diisopropylcarbodiimide (DIC) was purchased from (Riedel de-
Haen, Germany). '

Solid Supports

Peptides were synthesized on TentaGel (e.g. SRam) and Polystyrene (e.g. PAM
resin) from Advanced ChemTech and Rapp.

Catalysts and Other Reagents

Diisopropylethylamine (DIEA) was purchased from Aldrich, Germany, and
ethylenediamine from Fluka, hydrazine, piperidine and pyridine from Riedel-de
Haen, Frankfurt, Germany. 4-(N,N-dimethylamino)pyridine (DMAP) was purchased
from Fiuka, Switzerland and used as a catalyst in coupling reactions involving
symmetrical anhydrides. Ethandithiol and Thioanisol were purchased from Riedel-
de Haen, Frankfurt, Germany. 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine
(Dhbt-OH), 1-hydroxybenzotriazole (HOBt) (HOAt) were obtained from Fluka,
Switzerland.

Coupling Procedures ,

The first amino acid can be coupled as a symmetrical anhydride in DMF genergted
from the appropriate N-O-protected amino acid and the subsequent amino acids
can be coupled as in situ generated HOBt or HOAt esters made from appropriate

75



45 42 {2- Ami no- 344- (4-net hyl benzoyl am no) - phenyl]- acetyl am no}-aceti.c
acid 355.25 355.15 77 40 43 [(1-Benzoyl -i m dazol i di ne- 2-

carbonyl)-am no]-acetic acid 277.17 277.11 90 22 44 ..
([1-(4-nitro-benzoyl)-imdazolidine-2- carbonyl]-am no}-acetic acid 322.15
'322.09 95 24 '

N-O-protected amino acids and HOBt or HOAt by means of DIC in DMF. The
acylations were checked by the ninhydrin test performed. at 80°C in order to prevent
Fmoc deprotection during the test (B. D. Larsen, A. Holm, Int. J. Pept. Protein Res.,
43, 1-9 (1994)).

Deprotection of the Protecting Group (Fmoc and Fm)

Deprotection of the Fmoc and the Fm group was performed by treatment with 20%

piperidine in DMF (1x5 and 1x10 min.), followed by washing with DMF (5 x 15 fnl. 5

min. each) until no yellow colour could be detected after addition of Dhbt-OH to the
10  drained DMF.

Deprotection of the Protecting Group (Boc and tBu)

Deprotection of the Boc and tBu group was performed by treatment with 50% TFA

in DCM v/v (2 x 2min, 1 x 30 min) followed by washing with DCM (6 x 2 min) and
15 then with DMF (2 x 2 min) treatment with 5% DIEA in DMF v/v ( 3 x 2min) and

finally followed by washing with DMF (6 x 2min).

Deprotection of the Aloc and Allyl _
A solution of 3 eq. Pd(PPhs), dissolved in 15-20 ml CHCI;, AcOH, NMM (37:2:1)

20 was added to the peptid resin. The treatment was continued for three hours at room
temperature accompanied by bubbling a stream of N; through the mixture.

Coupling Of Hobt-Esters
3 eq N-g-amino protected amino acid was dissolved in DMF together with 3 eq.
25 HOBt and 3 eq. DIC and then added to the resin. '

Preformed Symmetrical Anhydride

Six eq. N-o-amino protected amino acid was dissoived in DCM and cooled to 0°C.

DIC (3 eq.) was added and the reaction continued for 10 minutes. The solvent was
30 removed in vacuo and the remainder dissolved in DMF. The solution was

immediately added to the resin followed by 0.1 eq. of DMAP.

Cleavage Of the Compound from the resin using TFMSA

The Peptidyl-resin was treated with 90% trifluoroacetic acid (TFA, Riedel-de Haen,
35  Frankiurt, Germany) 4% trifluoromethanesulfonic acid (TFMSA, Aldrich) 2%
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48 (3-Am i no-5-benzoyl am no- benzoyl am no)-acetic acid 313.33 313.11 98 22
49 (3- Am no-5-(4-net hoxy- benzoyl am no) - benzoyl am no)- acetic acid 343. 29
343.12 89 45 50 (3-Amino-5-(4-nethyl- benzoyl am no)-benzoyl am no)- acetic
acid 327.21 327.12 96 40 51 (3, 5-di-Am no-benzoyl am no)-acetic acid 209. 11

ethandithiol, 4% thioanisol viv at r.t. for 30-60 minutes. The filtered resin was
washed with TFA and filtrates and washings evaporated undér reduced pressure.
The residue was washed with.ether and freeze-dried from trifluoroacetic acid-water.
The crude freeze-dried product was analyzed by high-performance liquid

5  chromatography (HPLC) and identified by electrospray ionisation mass
spectrometry (ESMS). ' '

Cleavage Of the Compound from Resin using TFA
The Peptidyl-resin was treated with 95% trifluoroacetic acid (TFA, Riedel-de Haen,
10 Frankfurt, Germany)-water v/iv or with 95% TFA and 5% ethandithiol v/v at r.t. for 2
hours. The filtered resin was washed with 95% TFA-water and filtrates and
washings evaporated under reduced pressure. The residue was washed with ether
and freeze-dried from acetic acid-water. The crude freeze-dried product was
analyzed by high-performance liquid chromatography (HPLC) and identified by
15  electrospray ionisation mass spectrometry (ESMS).

Preparative HPLGC conditions
Preparative chromatography was carried out using a VISION Workstation
(PerSeptive Biosystem) equipped with AFC2000 automatic fraction

20 colléctorlautosampler. VISION-3 software was used for instrument controi and data

acquisition.

Column
Kromasil (EKA Chemicals) K§100-10-CS 100A, C-8, 10 um; CER 2230, 250 x 50,8
25 mm ora VYDAC 218TP101550, 300A, C-18, 10-15 um, 250 x 50 mm. The buffer
system used included A: 0,1% TFA in MQV; B: 0,085% TFA, 10% MQV, 90%
MeCN. Flow rates were 35-40 mi/min and the column temperature was-25°C. UV
detection was performed at 215 nm and 280 nm. Suitable gradients were optimized
for individual peptides.
30
Analytical HPLC Conditions
Gradient HPLC analysis was done using a Hewlett Packard HP 1100 HPLC system
consisting of a HP 1100 Quaternary Pump, a HP 1100 Autbsampler a HP 1100
Column Thermostat and HP 1100 Multiple Wavelength Detector, Hewlett Packard
35. Chemstation for LC software (rev. A.06.01) was Qsed for instrument control and
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209.08 98 51 52 (264R) 4-Benzoyl am no-1-(2- hydroxy-acetyl)-pyrrolidine-2-
carboxylic acid 292.15 292..29 93 25 54 3-Benzoyl am no-5-( 2- hydr.oxy-

acet yl am no) - benzoic acid 314.10 314.09 96 12 56 1

- Benzoyl- 3- (2- hydroxy-acetyl)- i m dazolidine-2-carboxylic acid am de 278. 12
278.09 95

data écquisition. For analytical HPLC, different columns were used as appropriate,
such as VYDAC 238TP5415, C-18, 5um, 300A, or é Jupiter, Phenomenex 00F-
4053-E0; 5 um C-18, 300A 150 x 4,6 mm and others. The buffer sy;stem included
A: 0,1% TFA in MQV; B: 0,085% TFA, 10% MQV, 90% MeCN. Flow rates were 1

5 ml/imin. The preferred column temperature was 40°C. UV detection was performed

at 215 nm. As above, suitable gradients were optimized for the individual peptides.

Mass Spectroscopy

The peptides were dissolved in super gradient methanol (Labscan, Dublin, lreland),
10 Milli-Q water (Millipore, Bedford, MA) and formic acid (Merck, Damstadt, Germany)

(50:50:0.1 v/viv) to give concentrations between 1 and 10 mg/ml. The peptide

solutions (20 mi) were analysed in positive polarity mode by ESI-TOF-MS using a

LCT mass spectrometer (Micromass, Manchester, UK) accuracy of +/- 0.1 m/z.

15  Solid phase synthesis
In all syntheses, dry resin was placed in a polyethylene vessel equipped with a
polypropylene filter for filtration. The resin was swelled in DMF. The first amino
acid was coupled either as a preformed symmetrical anhydride or as a preactivated
HOBt ester as described above. The following amino acid according to the

20 sequence was coubled as a preformed HObt ester as described above. All
couplings were continued for at least 2 hours unless otherwise specified. Coupling
of the benzoic acid derivative to the side-chain amino functionality on the lysine
rﬁimetic amino acid was in all cases performed using a preformed HObt-ester. ' The
final peptide product were cleaved from the solid support and analysed by HPLC

25 and MS as described above.

In all cases the benzoic acid derivative is functionalised as a carboxylic acid and
was coupled as an in situ generated HOBt ester by means of DIC in THF.

30  All couplings were continued for at least 2 hours. The acylations were checked by

the ninhydrin test performed at 80 °C as earlier described. After completed
synthesis the peptide-resin was washed with DMF (3x 15 ml, 1 min each), DCM (3x
15 ml, 1 min each), diethyl ether (3x 15 mi, 1 min each) and dried in vacuo. The
peptide was then cleaved from the resin as described above and freeze-dried. -

35

78



.17 64 (2S,4R) 1-(2-am noacetyl)-4- benzam dopyrrolidi ne-2- carboxam de 291
291.1 98 77 65 (2S,4R) 1-(2-am noacetyl)-4-

benzam do- N- net hyl pyrrol i di ne-2- carboxam de 305 305.1 >99 82 66 (2S, 4R)

1- (2- am noacetyl)-4- benzam do- N-et hyl pyrrolidine-2- carboxam de 317.1
318.1 >99 76

After purification using preparative HPLC as described above, the peptide product
was collected and the identity of the peptide was confirmed by ES-MS .

Exemplary Solution phase synthesis _

5 A suitable protected amino acid or a hydroxy- or thiohydroxy acetic acid with a non-
protected carboxylic acid (1 eq) is dissolved in DMF together with DIC (1 eq) and
HOBt (1 eq). After 1 hour of pre-activation a suitable protected lysine mimetic
building block (LM) is added with a non-protected amino group (1.1 eq) together
with TEA (1.3 eq) and the mixture is stirred over night at room temperature

10
The reaction mixture is evaporated to dryness and the residue is dissolved in ethyl
acetate. The ethyl acetate phase is extracted with (1) an agueous solution of
hydrochloric acid (0.1 M) and (2) an aqueous solution of sodium hydroxide (0.1 M)
(3) water in order to remove excess of starting material. The organic phase is

15 treated with MgSO, (dessicated) filtered and evaporated to dryness.

The remaining protected amino group of the LM is deprotected using TFA/DCM if
the protecting group is based on tBu, Pd cyclohexen if based on benzyl, |
piperidine/DCM if based on fluorenyl, hydrazine if based on Dde. After finishing the

20  deprotection reaction (1-2 hours) the reaction mixture is evaporated to dryness.
The residue is washed with diethy! ether and dissolved in DMF together with 1.3 eq
TEA and finally added to a solution of a substituted benzoic acid (1eq) that has
been preactivated by treatment with DIC (1eq) and HOBt (1eq) in DMF. The
coupling reaction is continued over night. '

25
The reaction mixture is evaporated to dryness and the residue is dissolved in ethyl
acetate. The ethyl acetate phase is extracted with (1) an agueous solution of
hydrochloric acid (0.1 M) and (2) an aqueous solution of sodium hydroxide (0.1 M)
(3) water in order to remove excess of starting material. The organic phase is

30 treated with MgSO, (dessicated) filtered and evaporated to dryness.

The remaining protecting groups are deprotected using TFA/DCM if the protection
groups are based on tBu, Pd Cyclohexen if based on Benzyl, Piperidine/DCM if
based on Fluorenyl, Hydrazine if based Dde. After finishing the deprotection

35 - reaction (1-2 hours) the reaction mixture is evaporated to dryness. The residue is
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67 (25,4R) 1-(2-am noacetyl)-4- benzam do- N-i sopropyl pyrrolidine-2-
carboxam de 333.2 333.2 >99 81 68 (2S,4R) 1-(2-am noacetyl)-4-

benzam do-N- cycl opropyl pyrrolidine-2- carboxam de 331.3 331.2 99 84 69
(2S, 4R) 4-benzam do- 1-(2-(tertbutoxycarbonyl am no)acetyl)

pyrrolidi ne-2-carboxam de 391 391.2 >99 . 80 70

washed with diethyl ether and dissolved in TFA/Water and purified using
preparative HPLC. After purification using preparative HPLC as described above,
the peptide product was collected and the identity of the peptide was confirmed by
ES-MS. '

2. Solid Phase Synthesis of Compound 2: (2S4R) 1-(2-Amino-acety!)-4-
benzoylamino-pyrrolidine-2-carboxylic acid

PAM-resin (Advanced Chemtech) was swelled in DMF, washed with 5% Triethy!

10 amine (TEA) in DMF and washed with DMF until no yellow color could be detected
after adding Dhbt-OH to the drained DMF. (2S4R) Boc-4Amp(Fmoc)-OH was
coupled as symmetrical anhydride as follows.

3eq (254R) Boc-4Amp(Fmoc)-OH was dissolved in DCM and cooled to 0°C. DIC

15 (1.5 eq.) was added and the reaction continued for 10 minutes. The solvent was
removed in vacuo and the residue dissolved in DMF. The solution was immediétely
added to the resin followed by 0.1 eq. of DMAP. The coupling was continued over
night. Excess coupling reagent was removed by washing with DMF. Deprotection
of the Fmoc group was performed by treatment with 20% pipéridiné in DMF (1x5

20 and 1x10 min.), followed by washing with DMF until no yellow colour could be
detected after addition of Dhbt-OH to the drained DMF.

Coupling of benzoic acid was carried out as follows. 3 eq. benzoiq acid was
dissolved in DMF together with 3 eq. HOBt and 3 eq. DIC and then added to the

25 resin. The coupling was continued over night. Excess coupling reagent was
removed by washing with DMF. Prior to the deprotection of the Boc group the resin
was treated with DCM. Deprotection of the Boc group was performed by treatment
with 50% TFA in DCM viv (2 x 2min, 1 x 30 min) followed by washing with DCM
and then with DMF and tﬁen treatment with 5% DIEA in DMF v/v and finally

30 followed by washing with DMF,

Coupling of Boc-Gly-OH was carried out as follows. 3 eq. Boc-Gly-OH.was

dissolved in DMF together with 3 eq. HOBt and 3 eq. DIC and then added to th-e

resin. The coupling was continued 2 hours. Excess coupling reagent was removed.
35 by washing with DMF. The coupling was repeated and continuéd over night. Before
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(2S,4R) 1-(2-am noacetyl)-4- benzam-do- N-( pent an- 3-
yl ) pyrrolidi ne-2-carboxam de 361.1 361.2 >99 81 71 (2S, 4R
1- (2-am noacetyl)-4- benzam do- N cycl opentyl pyrrolidi ne- 2-carboxam de 359
359.2 99 81 72 (25,4R) 1-(2-am noacetyl)-4-
benzam do- N-i sobut yl pyrrolidi ne-2- carboxam de . 347 347.2 99 79 73
(2S,4R) 1-(2-am noacetyl)-4- benzam do- N-cycl obutyl pyrrolidine-
2- car boxam de 345
cleavage of the peptide from the solid support the peptide resin was washed with

DCM and then with ether and finally dried under vacuum.

Cleavage of the dipeptide from the PAM-Resin was carried out as follows. The

5 peptide-resin was treated with trifluoroacetic acid (TFA, Riedel-de Héen) and after
10 min a volume corresponding to 10% of the TFA total volume of
trifluoromethanesulfonic acid (TFMSA, Aldrich) was added at room temperature and
the reaction was continued for 2 hours. The filtered resins were washed with TFA.
The raw material was precipitated from the TFA-solution by adding diethylether.

10  The raw material was collected as a brown oil. The ether solution was further
extracted with water and the water phase was evaporated. The total amount of raw
material was purified using prep. HPLC (Vydac C18 — column): Buffer A: 0.1% TFA
in Water; Buffer B: 90% AcCN; 0.1% TFA; 9.9% Water. Flow: 35ml/min. Gradient:
0 -47 min 100% A to 75% A (Linear). HPLC purity: 99%. MS: calculated M+H =

15 291.12; found M+H = 291.7.

3. Solution Phase Synthesis of Compound 2

To a solution of NaHCO; (58.64 g; 0.698 mol} in water (625 mL) N-BOC-trans-4-

20  amino-L~-proline methyl ester hydrochloride (50 g, 0.1745 mol, CNH Technologies,
98%) was added in portions, followed by EtOA¢ (500 mL). The mixture was cooled
to 0 °C. A solution of benzoyl chloride (20.26 mL, 0.1745 mol) in EtOAc (100 mL)
was added over 25 min at 0 °C. The reaction mixture was stirred at 0 °C for 1 h.
The phases were separated and the agueous phase was extracted with 2x200 mL

25 of EtOAc. The combined organic fraction was washed with 200 mL of 1N HCI, 100
mL of saturated NaHCO; solution, 100 mL. of brine, dried over MgSQOy, and
concentrated to afford 60.67 g of (2S,4R)-1-tert-butyl-2-methyl-4-~
benzamidopyrrolidine-1,2-dicarboxylate as a heavy oil (99.8% vyield; 94% yield
adjusted to residual EtOAc). 'H NMR (CDCls, 8, ppm; for two conformers): 7.78-7.7

30 (m,2H), 7.56-7.4 (m, 3 H), 6.25-6.1 (m, 1 H), 4.8-4.67 (m, 1 H), 4.51-4.41 (m, 0.4
H), 4.34 (dd, J=7, 7 Hz, 0.6 H), 3.97-3.84 (m, 1 H), 3. 76 (s, 3H), 3.52 (dd, J = 11,
4 Hz, 0.6 H), 3.39 (dd, J = 11, 4 Hz, 0.4 H), 2.47-2.21 (m 2 H), 1.46 (s, 3.6 H), 1.43
(s, 5.4 RH). MS (m/z, positive ESI, for M+Na): 371.
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345.2 >99 78 74 (2S14R) 1-(2-am noacetyl)-4-

benzam do-N-tert-butyl pyrrolidine-2- carboxam de 346.9 347.2 >99 83
(2S,4R) 1-(2-am noacetyl)-4- benzam do- N-(tetrahydro-2H pyran-

4-yl ) pyrrolidine-2-carboxam de 374-9 375.2 >99 75 76 (2S, 4R

1- (2-am noacetyl)-4- benzam do- N ((R)-3-nethyl but an- 2-

yl ) pyrrolidi ne-2-carboxam de 361 361. 2

10
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35

(2S,4R)-1 -ter"t-Butyl—2-m_ethyl-4-benzamidopyrrolidine-1 ,2-dicarboxylate (60.19 g,
contains 5.6% EtOAc; 0.1631 mol) was dissolved in Et;O (100 mL), and the solvent
was evaporated under vacuum to remove residual EtOAc. The residual oil was
dissolved in Et,O (100 mL). 2N HCI solution in Et,O (700 mL) was added (mild
exotherm; precipitation commenced after about 5 min). “i’he mixture was stirred at
ambient temperature for 21 h. At that point, 200 mL of 2N HCI solution in Et,O was
added, and the mixture was stirred for additional 24 h, The precipitate was filtered,
washed with 500 mL of diethyl ether, and dried in vacuum at ambient temperature
for 24 h to afford 46.03 g of (2S, 4R)-methyl 4-benzamidopyrrolidine-2-carboxylate
hydrochloride (99% yield); '"H NMR (CD30D, &8, ppm): 7.91-7.84 (m, 2 H), 7.6-7.44
(m, 3H), 4.78 (t, J = 8.5 Hz, 1 H), 4.69-4.59 (m, 1 H), 3.77 (dd, /= 12, 6.6 Hz, 1 H),
3.52 (dd, J = 12, § Hz, 1 H), 2.67-2.5 (m, 2 H). MS (m/z, positive ESI, for M+H):

249,

To a solution of BOC-Gly-OH (28.‘i3 g, 0.1606 mol) and 1-hydroxybenzotriazole
(0.1686 mol, 25.64 g; contains 11.12 wt% H,0) in THF (1.3 L) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.1686 mol, 32.328 a)
(Flask A). The mixture was stirred at ambient temperature for 4 h, then the stirring
was stopped and the oily residue was allowed to settle. In a separate flask (Flask
B), NaOH (0.1606 mol; 32 mL of 5N solution) was added to a suspension of (2S,
4R)-methyl 4-benzamidopyrrolidine-2-carboxylate hydrochloride (0.1606 mol, 45.73
@) in THF (0.52 L) over 16 min. The mixture was stirred at ambient temperature for
10 min, during which time the solids mostly dissolved. The solution of HOBt ester
prepared in Flask A was added to Flask B at ambient temperature over 15 min,
leaving the oily residue behind. The residue in Flask A was washed with 250 mL of
THF, and the THF solution was decanted from the heavy oil and added to the
mixture in Flask B. The reaction mixture was stirred at ambient temperature for 40
min. Water (500 mL) was added, and the mixture was concentrated under vacuum
to remove THF (~550 mL residual volume). EtOAc (500 mL) was added, followed
by brine (300 mL). The phases were separated and the aqueous phase was
extracted with 2x300 mL of EtOAc. The combined organic fraction was washed
with 2x250 mbL of 1N HCI, 2x250 mL of sat. NaHCO; solution, and 150 }nL of brine,
then dried over MgSQ,, and concentrated to afford 48.31 g of (2S, 4R) methyl-4-
benzamido-1-(2-(tert-butoxycarbonylamino)acetyl)pyrrolidine-2-carboxylate as a
foamy solid (74% yield). 'H NMR (CDCl;, &, ppm,; for two conformers): 7.81-7.72
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99. 80 77 (2S,4R) 1-(2-am noacetyl)-4- benzam do-N((R)-3, 3-
di met hyl but an- 2-yl ) pyrrolidi ne-2- carboxam de 374.9 375.2 99 83 78 (2S, 4R
1- (2-am noacetyl)-4- benzam do- N-phenyl pyrrolidi ne-2- carboxam de 367. 2
366.9 ' 99 82 79 (2S,4R) 1-(2-am noacetyl)-4-
benzam do- N-((R)-tetrahydrofuran- 3-yl)pyrrolidine-2-carboxam de 360. 3
360.2 >99 13

(m, 2 H), 7.57-7.32 (m, 3 H), 6.41 (d, J= 6 Hz, 0.8 H), 6.25 (d, J = 6 Hz, 0.2 H),
5.32 (br. s, 1 H), 4.88-4.74 (m, 1 H), 4.65 (t, J= 7 Hz, 1 H), 4.11-3.86 (m, 2 H),
3.83-3.78 (m, 1 H), 3.76 (s, 3 H), 3.69-3.56 (M, 1 H), 2.65-2.3 (m, 2 H), 1.43 (s, 9
H). MS (m/z, positive ESI, for M+Na): 428. '

To a solution of (2S, 4R) methyl-4-benzamido-1-(2-(tert-butoxycarbonyi-

amino)acetyl)pyrrolidine-2-carboxylate (23.33 g, 0.0575 mol) in methanol (450 mL)
was added NaOH (0.2875 mol, 144 mL of 2N aqueous solution) at -1 to 1 °C over
15 min. The mixture was stirred at -5 to -1 °C for 2.5 h. HCI (0.2875 mol, 144 mL

10 of 2N aqueous solution) was added at -3 to 1 °C over 25 min. MeOH was distiiled
off under vacuum, then 500 mL of EtOAc was added. The aqueous phase was
saturated with NaCl and the phases were separated. The aqueous phase was
extracted with 2x250 mL EtOAc and the combined EtOAc solution was dried over

‘ MgSQ,, and concentrated to afford 22.54 g of (2S, 4R) 4-benzamido-1-(2-(tert-

15 butoxycarbonylamino)acetyl)pyrrolidine-2-carboxylic acid as a white foamy solid
(contains 6.6 wt % EtOACc; 94% yield adjusted to residual EtOAC). "H NMR (CD;0D,
6, ppm): 7.87-7.79 (m, 2 H), 7.58-7.42 (m, 3 H), 4.81-4.7 (m 1 H), 4.69-4.56 (m, 1
H), 4.05-3.72 (m, 3 H), 3.67-3.49 (m, 1 H), 2.64-2.28 (m, 2 H), 1.43 (s, 9 H). MS
(m/z, positive ESI) for M+H: 382; for M+Na: 414.

20
(28, 4R) 4-Benzamido-1-(2-(terf-butoxycarbonylamino)acetyl)pyrrolidine-2-
carboxylic acid (21.97 g; contains 6.6 wt % EtOAc; 0.0524 mol, .adjusted to residual
EtOACc) was dissolved in dioxane (100 mL). The solvent was evaporated under
vacuum to remove residual EtOAc. The residue was dissolved in anhydrous .

25 dioxane (200 mL) and HCI (100 mL of freshly prepared ~3.6 N solution in dioxane)
was added at 10-12 °C The solution was allowed to warm to ambient temperature
(précipitatic_:n commenced after about 2 min). The reaction mixture was stirred 'at _
ambient temperature for 21 h, at which time 30 mL of ~3.6N HCI solution was |
add_ed, and the mixture was stirred for additional 5.5 h. Precipitated solids were

30 filtered using N pressure, washed with 4x25 mL of dioxane, and dried under
vacuum at room temperature for 24 h to afford 18.7 g of crude product as white
solid. The crude product was dissolved in i-PrOH (104 mL) and 210 mL of diethyl
ether was added over 1 h (precipitate formed immediately upon ether addition):
The mixture was stirred for 1 h, filtered using N, pressure, washed with 2x50 mL of

35  3:1 Et;0-i-PrOH solution, and dried under vacuum at room temperature for 24 h
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80 (2S,4R) 1-(2-acetam doacetyl)-4- benzam dopyrroli d| ne- 2- carboxylic acid

334.1 334.1 >99 35 81 (2S,4R) 4-benzam do-1-(2-

(et hyl am no) acetyl) - pyrrolidine-2- carboxylic acid 306.2 306.1 >99 38 . 82

(28 4R) 4-benzam do-1-(2-(2,2,2- trifluoroacetam do)acetyl)pyrrol i di ne-
2-carboxylic acid 388 388.1 >99 18

10
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30

35

and at 40 °C for 48 h to afford 15.7 g of (2S, 4R)-1-(2-aminoacetyl)-4-
benzamidopyrrolidine-2-carboxylic acid hydrochloride. 'H NMR (DMSO-d8, 5, ppm,
for two conformers): 8.77 (d, J =7 Hz, 0.8 H), 8.71 (d, /=7 Hz, 0.2 H), 8.68-7.95
(br, 2 H), 7.92-7.83 (m, 2 H), 7.59-7.43 (m, 3 H), 4.87-4.79 (m, 0.2 H), 4.68-4.54 (m,
0.8 H), 4.54-4.44 (m, 1 H), 4.0 — 3.47 (m, 4 H), 2.47-2.12 (m, 2H) HRMS calc_ for
C14H1sN304 (M+H): 292.1297, found: 292.1294. '

4, Synthesis of Compounds 64-68 and 70-78

(28,4R)-4-benzamido-1-(2-(tert-butoxycarbonylamino)acetyl)pyrrolidine-2-
carboxyiic acid (0.05 g, 0.1 mmol), 1-hydroxybenzotriazole monohydrate (Afdrich,
0.021 g, 0.15 mmol, 1.2 equivalents) and 1-(3,3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochioride (Aldrich, 0.029 g, 0.15 mmol, 1.2 equivalents) were
dissoived in acetonitrile (15 mL) under nitrogen atmosphere with ice cooling. The
temperature was gradually increased to room temperature over 2 hour time period,
and the mixture was then stirred at room temperature overnight. The reaction

solution was again cooled to 0 °C, 25-30% aqueous solution of the corresponding

amine (prepared from a pure reagent obtained from Aidrich) (0.1 mL) was added,
and stirring was continued with cooling for 30 minutes and then at room
temperature for 2 hours. Acetonirile (5 mL) was added to the reaction mixture, and
the volatiles were removed in vacuo. The semi-solid residue was purified by silica-
gel (EMD, 0.040-0.063 mm) chromatography (developing solvent: 3-5% gradient
methanol-dichloromethane) to afford the corresponding amides in 80-87% yield.

The product from the previous step was dissolved in dry dichloromethane (10 mL)
under nitrogen atmosphere and 1 M ethereal solution of hydrochloric acid (Aldrich)
(1 mL) was added while keeping the temperature below 30 °C. The reaction
mixture was stirred overnight under nitrogen atmdsphere. The precipitate was.-
filtered, washed with dichloromethane (2 mL) and diethyl ether (2 mL) and dried
under high vacuum to afford a hydrochloride salt of corresponding compounds 64-
68 and 70-78 in 75-84% yield and at least 98% purity.

5. Synthesis of Compound 80: (2S5, 4R)-1-(2-acetamidoacetyl)-4-
benzamidopyrrolidine-2-carboxylic acid
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83 (2S,4R) 4-benzam do-1-(2-(tertbutoxycarbonyl am no)acetyl)
pyrrolidine-2-carboxylic acid 392.3 392.2 >99 30 84 (2S,4R)

4- benzam do- 1- ( 2-

(di net hyl am no) acetyl ) pyrrolidine-2- carboxylic acid 320

320.1 >99 31 85 (2S,4R) 4-benzam do-1-(2- formnmam doacetyl)pyrrolidine-2-

carboxylic acid 320.1 320.1 >99 . 29

10-
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35

To a solution of (254R) 1-(2-Amino-acetyl)-4-benzoylamino-pyrrolidine-2-carboxylic
acid (0.05 g, 0.17 mmol) and triethylamine (Aldrich) (0.19 mL, 1.37 mmol, 8
equivalents) in acetone (3 mL) was slowly added acetic anhydride (0.13 mL, 1.37
mmol, 8 equivalents) with stirring at room temperature under nitrogen atmosphere.
The mixture was stirred for 3 hours while monitored by LCMS. Upon completion,
the volatiles were removed in vacuo and the residue was purified by preparative
HPLC (column: Xterra MSC18 50 x 250 mm, 10u) using 40/60 to 90/10
methanol/water gradient (0.1% formic acid in methanol and 0.1 formic acid in water)
to afford 0.020 g (35% yield) of the desired product as white solid with limited
solubility in organic solvents.

6. Synthesis of Compound 81: (2S,4R)-4-benzamido-1-(2-
(methylamino)acetyl) pyrrolidine-2-carboxylic acid

To a solution of (2S,4R)-methyl 4-benzamidopyrrolidine-2-carboxylate (intermediate
in the synthesis of Compound 2) (0.05 g; 0.20 mmol), 1-(3,3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (Aldrich) (0.043 g, 0.22 mmol, 1.1 equivalents),
1-hydroxybenzotriazole monohydrate (Aldrich) (0.030 g, 0.22 mmaol, 1.1 )
equivalents) and 2-(tert-butoxycarbonyl(methyl)amino)acetic acid (Aldrich) (0.038 g,
0.20 mmol) in anhydrous dichloromethane (10 mL) was added N-methylmorpholine
(0.05 mL) under nitrogen atmosphere at 0 °C. The reaction mixture was allowed to
warm to room temperature during 2 hour time period and stirred overnight at
ambient temperature. The volitiles were removed in vacuo and the residue was
purified by silica-gel (EMD, 0.040-0.063 mm) chromatography (developing solvent:
3-5% gradient methanol/dichloromethane) to afford 0.064 g (75% yield) of the
coupling product (2S,4R)-methyl 4-benzamido-1-(2-(tert-

butoxycarbonyl(methyl)amino)acetyl) pyrrolidine-2-carboxylate.

To a solution of the abovementioned amide (0.064 g, 0.15 mmol) in methanol (5
mL) was added 2N aqueous solution of sodium hydroxide (0.38 mL, 0.75 mmol, 5
equivalents) at 0 °C under nitrogen atmosphere over 5 minutes. The reaction was
monitored by LCMS and was finished in 2 hours. 2N aqueous hydrochloric acid
(Aldrich) (0.38 mL, 0.75 mmol, 5 equivalents) was added at 0 °C over 5 min.

" Methanol was distilled off under vacuum. Ethyl acetate (10 mL) and water (1 mL)

were added. The agqueous phase was saturated with sodium chioride and the
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G Bi ol ogi cal assay data 1.Effect of the conpounds on cal ci um i nduced
arrhythmas 5 The anti-arrhythm c effect of conpounds according to the
present teachings was tested in a nodel of calciuminduced arrhythm as
according to the nodel of Lynch et al., J. Cardiovasc. Pharmacol. (1981),
3: 49-60. Male CD-1 mice were anaesthetized with Ketam ne (75 ng/kg) and
medetom dine (1 ng/kg) IP. An iv. cannula was inserted into the tail vein.
A lead Il ECG signal was recorded 10continuously by positioning stainless
steel ECG el ectrodes on the right forelinb and left forelinb. The ground
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precedi ng RAndenfigh V%@UWMB@MDQUMN@&theMmhﬁe@w weparGBveORPEal i ne) were
tested on q&&uurqa»&eﬁs nﬁs@ww&esémm)q%g'@} t&gy%lmétnawmaf‘é? pebigR! mal .

I njection vy to-onset of

ar r hyt hmi aégﬂ/%"g%ﬁg'tcearcﬁ{) 'Hé%EH'é%"q ﬂ'éé P|1%(rfgf°f"?‘[‘}rﬁ°ﬂdr1‘§ "‘éatt%fH ® 9i(A8%si on
until tthe foves? stepenef tod desirdwededush bl ock defined as 5 intermttent failure
of the SA or AV conduction characterized by del ayed P-wave activation (SA
bl ock) or hy a P-wave wi thout the concom tant ORS conplex (AV block). The
time |ag tgyonseqty"&l'e%‘?/%PBE}P‘ﬁ%dgﬁzv@s HR)-tRenzrmige1d242.2abl e 2 Conpound
Time to AVtifiuoedacEsmtidd)aSetllprerolidineRrair)ox§Re acid 8

20 To a solution of (2S4R) 1-(2-Amino-acetyl)-4-benzoylamino-pyrrolidine-2-carboxylic
acid (Compound 2, 0.05 g, 0.17 mmol) and triethylamine (Aldrich) (0.048 mL, 0.34 |
mmol, 2 equivalents) in acetone (3 mL) was added slowly. trifluoroacetic anhydride
(0.024 mL, 0.17 mmol) with stirring at room temperature under nitrogen
atmosphere. The mixture was stirred for 1.5 hours with careful monitoring by LCMS.

.25  Upon completion, the volatiles were removed in vacuo and the residue was purified
by preparative HPLC (column: Xterra MSC18 50 x 250 mm, 10u) using 5% to 90%
methanol/water gradient (0.1% formic acid in methanol and 0.1% formic acid in
water) to afford 0.012 g (18% yield) of the desired product.

30 8. Synthesis of Compound 84: (25 4R)-4-benzamido-1-(2-(dimethylamino)
acetyl)pyrrolidine-2-carboxylic acid

To a solution of (254R) 1-(2-Amino-acetyl)-4-benzoylamino-pyrrolidine-2-carboxylic

acid (Compound 2, 0.05 g, 0.17 mmaol) in methano! (3 mL) at room temperature was
35 added 37% aqueous formaldehyde (Aldrich) (0.1 mL). The resulting mixture was
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2 134.7 6 117.9 26 122.8 52 135.6 54 121.7 56 128.1 64 111.7.

10

15

20

25

stirred at this temperature for 3 hours, then cooled to 0 °C, and sodium
cyanoborohydride (Aldrich) (0.043 g, 0.69 mmol, 4 equivalents) was added portion-
wise over 5 minutes. After stirring for 1 hour at room temperature, the solvent was
removed in vacuo and the solid residue was purified by preparative HPLC (column:
XTerra MS C18, 5u, 19x150mm) using 5% to 95% methanol/water gradient (0.1%
formic acid in methano! and 0.1% formic acid in water) to afford 0.017 g (31% yield)
of the desired product. )

9. Synthesis of Compound 85: (2S5 4R)-4-benzamido-1-(2-formamidoacetyl)
pyrrolidine-2-carboxylic acid

Acetic anhydride (Acros) (0.32 mL, 3.4 mmol, 10 equivalents) was added dropwise
to a solution of (254R) 1-(2-Amino—acetyl)-4-benzoylaminb-pyrrolidine—2—carboxylic
acid (Compound 2, 0.1 g, 0.34 mmol, 1 equivalent) in formic acid (J.T.Baker) (1 mL)
at 0 °C. After the addition was complete, the reaction mixture was allowed to warm
to room temperature and stirred an additional 24 hours. The reaction mixture was
monitored by TLC and LCMS. An additional amount of acetic anhydride (0.32 mL,
3.4 mmol, 10 equivalents) was added and the reaction mixture stirred for 24 hours
at room temperature. lce-water (1 mL) was added and the volatiles were removed
in vacuo to yield an oily crude product that was further purified by HPLC (column:
Waters Atlantis 19 x 150 mm) using 0.1% formic acid in H20/MeOH 20-40% MeOH
over 15 minute gradient to afford 0.031 g (29%) of the desired product.

The general procedures outlined above were used for the synthesis of the
exemplary compounds listed in Table 1.
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65 115.2 66 122.7 67 134.4 68 143.8. 80 111.5 . 81 123.2 82 113.8

Table 1
Compound Name MH+ MH+ HPLC | Yield
found | calculated | purity %
1 (254R) 1-(2-Amino-acetyl)-4-(4- 336.17 336.11 89 | 18

nitro-benzoylamino)-pyrrolidine-2-
carboxylic acid

3 (254R) 1-(2-Amino-acetyl)-4-(4- 305.2 305.14 87 28
" | methyl-benzoylamino)-pyrrolidine-2-
carboxylic acid

4 (254R) 1-(2-Amino-acetyl)-4-(4- 321.18 321.13 95 37
methoxy-benzoylamino)-pyrrolidine-
2-carboxylic acid

6 (254R)1-(2-Amino-4-carboxy- 363.16 363.14 97 18
butyryl}-4-benzoyiamino-pyrrolidine-
2-carboxylic acid

11 (254S) 1-(2-Amino-acetyl)-4-(4- 321.05 321.13 - 99 35
methoxy-benzoylamino)-pyrrolidine-
2-carboxylic acid '

12 (2848) 1-(2-Amino-acetyl)-4-(4- 305.27 305.14 99 37
methyl-benzoylamino)-pyrrolidine-2-
carboxylic acid

13 (284S) 1-(2-Amino-acetyl)-4-(4- 336.18 336.11 99 40
. nitro-benzoylamino)-pyrrolidine-2-
carboxylic acid

14 (2548) 1-(2-Amino-acetyl)-4- 291.29 291.12 99 15
{benzoylamino)-pyrrolidine-2-
carboxylic acid

24 3-(2-Amino-acetylamino)-5-(4- 327.22 327.12 99 . 25
methyl-benzoylamino)-benzoic acid

26 3-(2-Amino-acetylamino)-5- 313.13 313.11 99 10
benzoylamino-benzoic acid

28 (254R) {[4-(4-Nitro-benzoylamino)- 336.19 336.11 97 39
pyrrolidine-2-carbonyl}-amino}- .
acetic acid

29 (254R) {[4-(4-Methoxy- 321.29 321.13 97 30
benzoylamino)-pyrrolidine-2- '
carbonyll-amino}-acetic acid

30 (284R)2-{[4-(4-Methyl- 305.28 305.14 98 28
benzoylamino)-pyrrolidine-2- :
carbonyl]-amino}-acetic acid

35 (2548) {[4-(benzoylamino)- 291.29 291.12 85 | 24
pyrrolidine-2-carbonyi}-amino}- ‘
acetic acid

36 (2548S) {[4-(4-Methoxy- 321.35 321.13 97 "33

benzoylamino)-pyrrolidine-2-
carbonyl}-amino}-acetic acid
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83 110.9 84 108.8 10 It follows fromthe data presented in Table 2 that
pre-treatnment of a nouse with a range of conpounds of the present teachings

resulted in a consi stent

after

anti-arrhythm c properties.
I nduced atri al

met abolic stress was tested in an in vitro 5nodel

increase in the time to an AV bl ock in the nouse

i nfusion of CaC 2. Conpounds of the present teachings thus exhibit

2. Effect of the conpounds on netabolic stress
conduction slowing The ability to maintain conduction during

as descri bed by Haugan et

al (J. Cardiovasc. Electrophysiol., 2005:16:537- 545). Rats (300-400 Q)
were kill jed bgra shasashiiow-wite-bEeonsaino)- THessbear(t awsi1rapi dhy [exgi Jed and
transferred to a siayrolidingR-cetomydiamineg- 370 [oxygenat ed nodj fi ed |Tyrodes
buf fer comtaini ng (PPEYARAY NaCl 136, KC 4] Myd 2 0.8, Cad 2 1.8 HERES 5,
MES 5, d yicosesé, pl(isZsB{m [Ergethpf t atrium Wessearjefadsliy df ssectledarld a
ti ssue 10|sanpl e of beqzpvlaineryebidi®® nm was taken fromthe leflt atrfial
appendage tand pl acée@2PeVi- aﬂ'@ka‘@“éﬁ‘aﬁber (yolume |5 m), (Bteient Ordan
Bath, Hugo Saeh El ¢(2-Aminba;(4-Genzomayiho- The dreamber] ves.iper f used |t Riwolghout
t he study|[w th 37C|Phegresctiderninelracatic agidr at ¢ of 1Q nml / m n. | 15A bi pol gr
stinul ati on ebkect r ogeAhiheRlau-gembad St ai nlless.o8tleedz @ apeber | 7sepN) was
placed at |one end ¢Penzapamingsprenyilst i mul ati on was |perfornmed at j{ Hz usi ng
rect angul ar_pul ses | aeetdynippleacetfrasdhol d (durati on jof stinujus 042 ns)| -
del i vered|by a1sti mg-anhab-3(Hugrirdachs, Typée Rdop |t hdgguah angs sal asl dn uni t
(Uni versall Isol at eédb@!ﬂowam?aobmhﬁzm]_-t type 263, Hudo Sachs, | Ger many). [20 Two
separ at e ficroel ect PERIESRMBP-356YASY | di um (Wrl d Preci si on| | nst junent]s,
ti p-i npedance43. 5- 4{23Amvf[ﬁ)>33 [wd-@etpllaced on 4 dssne |al msgist hp Fong- awi § of the
preparation for re¢8ptHoN rgmtap)-%r@rwlhl CV. The distgnces fromthe|stimjl ating
el ectrode lto the fi Ia&elztyla ino}-acetic acid
43 [(1-Benzoyl-imidazolidine-2- 27747 | 27711 90 22
. carbonyl)-amino}-acetic acid
44 {[1-(4-nitro-benzoy!)-imidazolidine-2- | 322.15 322.09 95 24 .
carbonyl}-amino}-acetic acid
48 {3-Amino-5-benzoylamino- 313.33 313.11 98 + 22
benzoylamino)-acetic acid .
49 (3-Amino-5-(4-methoxy- 343.29 | 343.12 89 45
benzoylamino)-benzoylamino)-
acetic acid
50 (3-Amino-5-(4-methyl- 327.21 327.12 g6 40
benzoylamino)-benzoylamino)-
acetic acid
51 (3,5- dl-Amlno-benzoylamlno) acetic | 209.11 208.08 98 " 51
acid
52 (2S4R)4-Benzoylamino-1-(2- 202.15 | 292.29 93 25
hydroxy-acetyi)-pyrrolidine-2- ,
carboxylic acid
54 3-Benzoylamino-5-(2-hydroxy- 314.10 314.08 96 12
acetylamino)-benzoic acid |
56 1-Benzoyl-3-(2-hydroxy-acetyl)- 278.12 278.09 95 |. 17
imidazolidine-2-carboxylic acid
amide
64 (25,4R) 1-(2-aminoacetyl)-4-
benzamidopyrrolidine-2- 291 291.1 98 77
carboxamide _
65 (28,4R) 1-(2-aminoacetyl)-4-
benzamido-N-methylpyrrolidine-2- 305 305.1 >99 82
carboxamide
66 (2S,4R) 1-(2-aminoacetyl)-4-
benzamido-N-ethylpyrrolidine-2- 3171 318.1 >99 76
carboxamide .
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and second mcroelectrode is 1.5-2.0 mmand 3.0-4.0 mm

25m croel ectrode was connected to a head-stage preanplifier
anplification of the signals).

potenti al

anplifier

respectively. Each

(10x
The preanplifiers were connected to a bi 0

nodul e that was connected to the data acquisition-
system t hrough a Hugo Sachs PLUGSYS. Signals were filtered at 1 kHz and
sanpled at 10 kHz. 30Following a 30 m nute equilibration period, pacing at
1 Hz was initiated. During the first 20 m nute recordi ng period (baseline

period), the chanber was perfused with 37C oxygenated Tyrodes buffer, pH
7.3. Then |t hegkest |gagpRel-CGamaBad)-£) or dontrol) was addgd to [the
per fusi on|buffer fgroearmotidren-isafropgipyabidinees-i| 083 priet SEAE ment>YPerji o) .
Fol | owi ng [t he 20 ni|rratbexemide pretreat nent, perfusijon was 3bchanged to a 37C
gl ucose-f nee, eson- gxyserpt-@kmindatstass-buf ferl, pH 4. 3 (w thjor without
conpounds |of i nt er gdehzdmido-M0 mi nut es (et gbesds st sgps periggd)| ghhe
results off these e&ﬂ?‘?ﬁm%”ﬁ'ﬂ@eéhom graphicallly in Figure 1. Refkarri ng
to Figure|ll—in pr rE?lEbﬁﬁnH % _containing thd contrlol, cond ction velofity
decr eased by B99% Ir(2%6|ﬁ14-mamlﬂ¢r11bz 8exar at ijons.t rleat eg {h, Conpound| 2,
atrial conduction véﬂ“&?&‘}’f‘gmﬂw 'H@?CE(EM‘?ange go n% re Basel 1 5% foll ows
fromtheﬁ 48 ¢ pnat nrp'rrprmnn'r nleanl ol at eld rat
atrial stnip ViPth 4 @% bbﬁdanmoat‘-ﬁé) -Br esent hi ighificdgnt]y
prevent ed {net abol i ¢ tg‘g : eﬁgﬂ car di ac céﬁﬁﬁc %§1 gl oy >ndgf. 1Ca4r1d| ac
di seases Jueh—as—atiPt ol P Brit] 2P a) _flutlter ventricullar
t achycar dija arfd ventg?\séﬁ] h@ aingeretydi on arle al| chgg&gt efizgd (bygt he
presence qf abnor | egéﬁ"@i"%*(‘bﬂ?ﬂ'ﬂf&'f"f’fﬂ’i“'ﬁ? dwi‘ng. [Thus; <10t hrdugh thel ef fect
on cardi ag cef;l%u% u(gs w?* 'm'“‘ theprdasent xvae-m—ng&n L are-gxpectied to
exert antij-arr'fyt hni gbidbty Asgay Tp pgediclyilts
pl asna st dbi | i ty, benza N" o?H%yrr %Ee t eachi|ngs Wer e|i ncubat od 15i n
mal e rat ptaste (1 : " +—4 bﬁ‘rfer) at——+H—3—M-eceheentration| at
37C. After 3 Hours, ben A '}.e_'_c obut "gﬁ%nche%w tih gl d aceipni tr-}g e; The
solution Jas centriff ¥ch Atant was janal yzed{w th |LC- M§ usi ng
the foll owng '4'PL\, s IITCT 'per sH—Keystenre—Aguas+-H-&18—ol um
(50mm x 2.{1. 511 a%&& 1’;&}?@ re34r§@| veniy A 0..19¢ florgg c| aci d
in water; |Sol vent B¢ acetonitrile; sol vent. gragi ent :
0, B965A
-100% A to 50 707 OV (2§.4R) Hz-dmlnoacetyl)-tk- .
benzamido-N-(tetrahydro-2H-pyran- | 374.9 375.2 >89 75
4-yhpyrrolidine-2-carboxamide
76 (25,4R) 1-(2-aminoacetyl)-4-
benzamido-N-((R)-3-methylbutan-2- 361 361.2 99 | 80
yhpyrrolidine-2-carboxamide '
77 (2S,4R) 1-(2-aminoacetyl)-4-
benzamido-N~((R)-3,3- 3749 | 3752 | 99 | 83
dimethylbutan-2-yhpyrrolidine-2-
carboxamide
78 (25,4R) 1-(2-aminoacetyl)-4- :
benzamido-N-phenylpyrrolidine-2- 367.2 366.9 99 82
carboxamide
79 (2S,4R) 1-(2-amincacetyl)-4- ’
‘benzamido-N-((R)-tetrahydrofuran- 360.3 360.2 >99 13
3-yhpyrrolidine-2-carboxamide )
80 (25,4R) 1-(2-acetamidoacetyl)-4- .
benzamidopyrrolidine-2-carboxylic 334.1 334.1 >898 35
acid
81 (2S,4R) 4-benzamido-1-(2-
(methylamino)acetyl)-pyrrolidine-2- 308.2 306.1 >99 38
carboxylic acid

20



10% A over 1.5 min, and returning to 100% A and re-equilibrating for 1.5
mn; flowate: 0.8 nL/mn. The percent of the conpound renai ning was

cal cul ated by dividing the 3-hour incubation sanple LC-Ms signal area

counts by the time = 0 area counts. The results of these experinents are
summarized in Table 3 below. 25 Table 3 Conpound A Renmining 2 93 64 27 65
87 66 100 67 100 68 96 69 92 70 '

82 {2S,4R) 4-benzamido-1-(2-(2,2,2-
: trifluoroacetamido)acetyl)pyrrolidine- | 388 388.1 >899 18
2-carboxylic acid - ' )

83 (28,4R) 4-benzamido-1-(2-(tert-
- butoxycarbonylamino)acety!) 392.3 382.2 >99 30
pyrrolidine-2-carboxylic acid

84 (2S.4R) 4-benzamido-1-(2-
(dimethylamino)acetyl)pyrrolidine-2- 320 320.1 >99 31
carboxylic acid

85 (25,4R) 4-benzamido-1-(2- .
formamidoacetyl)pyrrolidine-2- 3201 320.1 >99 29
carboxylic acid :

G. Biological assay data
1. Effect of the compounds on calcium induced arrhythmias

5  The anti-arrhythmic effect of compounds according to the present teachings was
tested in a model of calcium-induced arrhythmias according to the mode! of Lynch
et al., J. Cardiovasc. Pharmacol. (1981), 3. 48-60. Male CD-1 mice were
anaesthetized with Ketamine (75 mg/kg) and medetomidine (1 mg/kg) IP. Aniv.
cannula was inserted into the tail vein. A lead Il ECG signal was recorded

10  continuously by positioning stainless steel ECG electrodes on the right forelimb and
left forelimb. The ground electrode was placed on the right hind limb. The signél
waé amplified and filtered using Gould physiograph components and po-ne-mah
data acquisition software. After a 90 sec equilibration period test compound was
injected into the tail vein (over 30 seconds). Mice pre-treated with vehicle (0.9%

15 . saline) were tested as control animals. The injection volume was 100p1 / 30g mice
in all experiments. Infusion of CaCl; (30 mg/mL, 0.1 mL/min/30g mice, 100
mg/kg/min) was started 3 min after IV administration of drug or vehicle. The time
lag to onset of cardiac conduction block was determined as the time from the start
of CaCl, infusion until the first arrhythmic event occured. The first conduction block

20 was defined as the first RR-interval,. larger/or equal to, 3 times one RR-interval from
the pre-treatment period. The first arrhythmic event occurring was either a second
degree AV-block (intermittent failure of the AV conduction characterized by a P-
wave without the concomitant QRS complex) or a second degree SA block
(prolonged RR-interval and a QRS-complex without a preceding P-wave).

25
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93 71 90 72 88 73 95 80 100 81 100 82 .34 83 100 84 100 85 107 4. Metabolic
Stability Assay

Mice pre-treated with vehicle (0.9% saline) were tested on all days as a measure )
for control level in untreated animal. Injection volume was 100 pL in all
experiments. The time lag to onset of arrhythmias was determined as the time from
the start of CaCl, infusion until the first event of conduction block defined as

5 intermittent failure of the SA or AV conduction characterized by delayed P-wave
activation (SA block) or by a P-wave without the concomitant QRS complex (AV
block). The time lag to onset of AV block is given below in Table 2.

Table 2
Compound Time to AV block (sec.)
Saline (control) 62-78
2 134.7
6 117.9
26 122.8
52 1356
54 121.7
56 128.1
64 111.7
65 115.2
66 122.7
67 ' 134.4
68 143.8 |
80 111.5
81 1232
82 1138
83 110.9
84 | 108.8

10
It follows from the data presented in Table 2 that pre-treatment of a meuse with a
range of compounds of the present teachings resulted in a consistent increase in
the time to an AV block in the mouse after infusion of CaCl,. Compounds of the
present teachings thus exhibit anti-arrhythmic properties.
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To predict the stability of the conpound under first pass (Phase |)

nmet abol i sm 5 conpounds of the present teachings were incubated with nale
rat liver mcrosones at 1 |I.LM concentration and 0.5 ng/nL protein
concentration at 37C. After 15 min, the reaction was quenched with cold
acetonitrile. The solution was centrifuged and the supernatant was anal yzed
with LCM using the HPLC conditions described in section 3 above. The
percent remaining was cal cul ated by dividing the 15-m nute 10i ncubati on
sanple LC-Ms area counts by the tine = 0 area counts, and the half-life of
t he conpound was derived using first-order reaction kinetics. Based on this
assay, Co und 6 8 /3, 80, 81, 82,83
and 84 had "hal f%Iﬂl?e’\%gﬁhree‘g?meﬁg?'Illégb%g‘em&% cesstg‘lés #g égdr g%r'aill ver m crosomnes.
5. Canine Infar @P"SPE@'&HU’VREEerfua on Arrhythm a Mddel Conpound 2 was

testegl in dt&@fabﬁmoeﬁélﬁﬁldébrﬂuﬁmmmgﬁﬂéliéﬁﬂhg s&ééﬁwsb %%fé&ﬁlaﬁrh and 4 grl ;
reper f usi on SCI al,. . . ar | r., ,
236- 43 (2008 ‘ﬁa"'coes‘:” egg’%%uga Hetiaale ?’8@%%/5%38?’!¥3£5’é?%‘$°%-?6e Ffusion as
a 5bol us + 514‘5') i Ratg S3QUM4CA gnweredKilet: by@ Q@rmglbklg)rﬁbb eche T(Dleleapg\/alsg/ hr

i nfusion (r}aﬁaﬂ e%c@edDQr‘nckgaRQéHéd io) a]-sr%alp&iéilfgérﬁémln'afd#s 'oQ%e(nQ}é modied?9/ kg
bolus + 19 i nfusion 59'%&{3 %hr I nfusi on
(n=5); vehﬂg’? g(?h'ff? 'Sfonia|ning (i Iﬂi"@irﬁ{a&‘é By B’l&’lcé@roé 'ei@ BRRRC s) were
guant i fi ed SMENG, Glepesef &iH-ON.3. Fbe lefodtrinm wascansoiidisssetdd\dodsa wsae def | ned

as ventyyi Cllgfnd ?Qb%ﬂ%rqét@ly(%)mm%qglééﬁﬁrg g{oécl@ﬂ Qe c?l %9?%(1-5?§@§ nd €duced

S|gn|f|cantl vm he two hest dos 2.21. 4

events; p<(PAF5S it HpstHecdhanpes Yﬂ"t"ﬁ?é“{'éés'@t?“l?rgaﬂ'cﬁaéﬂ' Hyge Seclier e r educed

si gni fi cantEtlyctffomreramaay)Gﬁrme I&hﬁmBérW@és peHuEBd thrb@ghdulthe StadytnlaBE. 8% af ter
the two hi glh Infarct size, expressed as percent of

odtes%o t go ﬂ )
left ventricl®, %cfu gWTICantnyrole 03.5 in controls to-
7.91.5 and 15 7. 10.8%(p<0 05) at the two highest doses of Conpound 2.
These rwssulA bipdenststiatdreeltteddeqTemoistdteddtaihizes plees eRimdteemNIMPTadr €
pot ent ant';ﬁéc%méft Bnéen@amu@el& VéirRurgdril &%&a@u\éﬁ@fzf&mgs 6. In Vitro

Cel | Swel | ' e %‘t%h 8£ho?r00§1%p$tfoq%§ il |062 8%) geql regtbr %,tl ng

cyt opr ot ectl on r} e 1? moge] ?l nduced
cell swel l ifig 8° Q?(e %‘%H‘?“@bﬁ&ﬂ?%f?ﬂ“ “"E*HH"@??S@UFNBP Oorrpound 2
on cal cein %WE\'}B&‘dR'étYPﬁ&?é"eHU%SﬁﬁSaﬁérm@wnh| bition in cultured C6 gliom
cell's dperexpressi ng connexi n43 was studied. Cells were incubated under
control cormid separata Atlcrdelecodes dfpluat iadiunSENEI— RretiSioh |hfunttits? bpd nut es in

the presengg glsrdeal it 12) QehMiacdPdd ngl hgwef%ah%gre %Pﬁqecpt? +a

subj ected tQ cal cein.

1 fluore
| ncubat i on fS?reg ding| qf aﬁ'aﬁ&gﬁTﬁ]ﬁgis?ﬁﬂc?g}é?ggg%at' 'gl"l‘ﬁp?lﬁ éo“tjg @‘%%‘F‘d above
control val3EsecanhminieelRerageds dgse0 aun and dfrd-§ mmniespedivelyy Eespound 2,
and m rdSnurmigiselgicliod@was ispangniet tota HEE-PIrgcQurpoalifibr 21 pCRoplificdtani of ¢he
reduction ofigrtalt. $he plianchlitiolal veers esmasse) to o Bbtevisal anediified Byduldmat r ol
cel I's exhi hidsegbnabtbd SMHe! dba) adylliditith éygt%nfl@\rd'ﬂdﬂ §Flﬁ§'§§a&%r#’l%swer eas

cells treat§grI Pregﬂ@%éﬁd@%?%%ﬂeyg“&& ? modi fications, and other

i npl ement at erein w occur to those of ordi nary
skill in the art wthout departing fromthe spirit and the
30 Following a 30 minute equilibration period, pacing at 1 Hz was initiated. During the

first 20 minute recording period (baseline period), the chamber was perfused with
37°C oxygenated Tyrodes buffer, pH 7.3. Then the test sample (Compound 2) or
control was added to the perfusion buffer for another 20 minute period (pre-
treatment period). Following the 20 minutes of pretreatment, perfusion was

35 changed to a 37°C glucose-free, non-oxygenated Tyrodes buffer, pH 7.3 (with or
without compounds of interest) for 40 minutes (metabalic stress period). The .
results of these experiments are shown graphically in Figure 1.
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35essential characteristics of the present teachings. Accordingly, the
scope of the present teachings is to be defined not by the preceding
illustrative description but instead by the follow ng clainms, and all
changes that cone within the neaning and range of equival ency of the clains
are intended to be enbraced therein. Cdains: 1. A conpound having the
Formula I: O .1l Y-- (CH2)k-CGCX R or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof; wherein: Y is selected fromOX, OR2,
NXR2, and NR2R3; k is 0, 1, or 2; Xis Hor a lysine mnetic; 10X . is

sel ect ed f ReferiRBto FNER3, irgprdparatigres comtaihing thetontrol, conductn Vslostgl ect ed from
H an Optlaa&ebyecsu,bﬁi%tuﬁaﬂm% inlftephrarbns t?éhtéHD@vltﬁﬁaHpﬁuﬁé’EséthéIUt ed C6-20

aryl, an oBbhANAbh VeSURSA hif %Zy Iga{eatgx%sedﬁgroan am no acid side

chain; R2 and eac epen sel ec m H, an optionally
substituted 15Cl1..10 al kyl, an optionall ¥ substituted C3_20 cycl oal kyl, an
opt i onaf | y ltdatavs fram & ‘@?a presgptgr iy Figugm1 Bist Pirigaatyertigieniisaiated rats. 20 aryl ,
an opti onalatrial smbsmthtauécﬁ-ﬁboama(bfwﬂrewd t&g{;ainghgzaire@my revs%ﬂad)ptY I Og(aJOl)gRG
substitute e et I 0 R
and S(0) 2N %&Q.cgﬁ@s ir"? fesl ca%'%écynda' © %l°w'h9he|? )doact %'S%\é)s r?Rq? 1 8%en atomto
whi ch they afriab fi fibrillation, atrial flutter ventricular tachycard|a and ventricular fibrillation are all _

characterized by the presence of abnormal cardiac conduction slowing. Thus,

10  through the effect on cardiac conduction, compounds of the present teachings are
expected to exert anti-arrhythmic effects. '

3. Plasma Stability Assay
To predict its plasma stability, compounds of the present teachings were incubated

15 in male rat plasma (1:1 plasma: pH 7.4 buffer) at 1 uM concentration at 37°C. After
3 hours, the reaction was quenched with cold acetonitrile. The solution was
centrifuged and the supernatant was analyzed with LC-MS using the following
HPLC conditions: Thermo Hypersil-Keystone Aquasit C18 column (50mm x 2.1mm,

- 5uM) at ambient temperature; Solvent A: 0.1% formic acid in water; Solvent B:

20 0.1% formic acid in acetonitrile; solvent gradient: 100% A to 50% A over 2;5 min, to
10% A over 1.5 min, and returning to 100% A and re-equilibrating for 1.5 min;
flowrate: 0.8 mL/min. The percent of the compound remaining was calculated by
dividing the 3-hour incubation sample LC-MS signal area counts by the time = 0
aréa counts. The resulis of these experiments are summarized in Table 3 beldv&.

25
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20bound form a3-20 nmenbered heterocycle optionally containing 1-4 ring
het er oat ons i ndependently selected fromO, N orS and optionally substituted
R6 and R7 each independently is selected from

irvith 1-5 Q groups;

H, an optionally substi
cycl oal kyl,
substltuted C2_10 al kyn
optional |y substituted
menber ed cycl ohet er oal k
het er oaryl ,
t oget her mﬁth the nitrg
menber ed het erocycl e op
i ndependent |y sel ected
groups; Re and

C(0)R8, C(0)ORS,

tuted C1..10 al kyl,

yl,
C7-20 aral kyl,

yl,

an optionally substituted CB 20 aryl,

an optionally substituted 3-20

an optlonally substituted 5-20 nenbered
and C(OT&E&RE alternatlvely,

an optionally substituted C3-20
an optionally substituted C2-10 25al kenyl ,

an optionally
an

get—atom-to—whi
tlcnﬁﬁm9°5%%talr

AarT \)UUUU

l:lnél:"ljﬁﬁf“ﬂ“f'&ﬂ het

Re and RY
tnd form a 3-20
er oat ons

romoO, oN or S 4

ind optigpally su

bstituted ith 1-5 Q -

RO each I ndepeng

ent Iv\/ Ls selecte

d fromH, an

optionally substituted |Cl.10 aﬁkyl anloptionaBTy substfituted C. zO
cycl oal kyl, an opti onalf y’suusé toted—¢2 10 —=atkenyt—amn optionally
substituted C2.10 al kynyl, an Optionallly substTtuted C6-20 aryl, an
optionally substituted [C7-20 ageal kyl, an optiomal |y substituted 3-20
menber ed 5cycl ohet er oal kyt—and—=an Gpt.aﬁa"“ sghst+uted 5- 20 nenber ed
het er oaryl ; Q ‘jat each®ccurrenc in endentlly is selected from
an optlonally substitutled Cl. 1&g al kyl, an optighalTy substituted C2-10
al kenyl, an optionally : ionally substituted
C3. 20 cycloalkyl an optlonall§95ubst|tuted C6920 aryl,| an optionally
substituted C7_20 ar al klyt5—amn &Llundlly substtuted—163- 20 nenber ed
cycl ohet eroal kyl, an optionally substit/uted 5-%% nenbered heteroaryl, F,
a, Br, I, CN CF3, 3, NO2,70R8, SR8, S4R82g0S(0)R8,| S(0)2R8, S(0)20H
S(0) 2NR8R9, NR8S(0) 2R9, -e(0)-R8—C(-6)-0R8—C(-0)-NR8RI3—OC({0) R8, NR3R9,
NR8C(0) R9, NR8C(0) OR9, NR8C(O)NP8R9 and N+R9338prOV|ded 15a)when Y is OX
or NXR2 and X'is H X [s aTysine mnagtirc; bjghgen v 15| ORZ or NR2R3, X is
a lysine mnetic; and Q-+the conpound i g not
1-(2-aninopropanoyl)-4-benzan1&mpyrrol|d|ne- ZHEHrboxyI c acid or
1- (2- am nopr opanoyl ) - 4- UHZdHInglpE||Hrnc 2= gﬂ;UUAyllc aci d.

82 34

83 100

84 100

85 107

4, Metabolic

Stability Assay

To predict the stability of the compound under first pass (Phase 1) metabolism,

compounds of the present teachings were incubated with male rat liver microsomes

at 1 uM concentration and 0.5 mg/mL protein concentration at 37°C. After 15 min,

the reaction was quenched with cold acetonitrile. The solution was centrifuged and
the supernatant was analyzed with LC-MS using the HPLC conditions described in

section 3 above. The percent remaining was calculated by dividing the 15-minute

10

incubation sémple LC-MS area counts by the time = 0 area counts, and the half-iife

of the compound was derived using first-order reaction kinetics. Based on this
assay, Compounds 2, 64, 65, 66, 67,.68, 69, 70, 71, 72, 73, 80, 81, 82, 83 and 84

had half-lives greater than 30 minutes in male rat liver microsomes.
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202. The conpound according to claim1l, or a pharmaceutically acceptable
salt, ester, hydrate or prodrug thereof, wherein Y is OX or NXR2. 3. The
conmpound according to claim1 or 2, or a pharnaceutically acceptable salt,
ester, hydrate or prod rug thereof, wherein X is OR3 or NR2R3. 25 4. The
conpound according to any one of clainms 1 to 3, or a pharmaceutically
acceptabl e salt, ester, hydrate or prodrug thereof, wherein X is OH or
NH2. 5. The conpound according to any one of clainms 1 to 4, or a
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein X i% a |Gaimeinfamne Size andhRe mErfusdide Argigitin@iamedel c 1S sel ected from

wherein: Z'q( CH2) - 20, ar oS- nenbered -
het er oar yl Cd@@@??&%&ﬁ%@%g&%wme% 07(6@?{17% qrgé%}ing@roecgigﬁ'gﬁer oaryl,
( CH2) nC( 0) -and-4 rapsyfusioncep Faggribpd by bennemeleslel. fse.dtheamggol. Ther., 317, _
S(0) 2( CH2) m36%1320008)).| Complurt Dha GtfAinisters8-12Q DEFEIHSF:S%_?&Q répifasioARsla, wherein
each of _th -20, apnd _5-20 ered heteroar 1S .qpt.i onal.|.
ubst i t &t eq e vinwbind doded o B3F LERERAE B 38 btar T IR e oo
al kyl ; 15mu’@<sﬂqolq§,+ &9 ma/kg/higinfusios (coNpARngkabousdi TRyud/ko/ol influmicb, or a
phar maceut igad)l y5 pekg BbRBI-E55ah/kg/nEibfuiion (RS diifici8coRfA¢H. PRek&AGTe
wherein: Z ehfr-c%o cg CI—%}ensﬂr (Q;Q,@q V\z’ierrgl ugr%tf.l gréal.l a/ sutr)fst.l t u}:ed with 1-5 Q
gr oups: and’ehfricdiap rBP s q ied during reperfusion. Four or more |
consecutive PVC's was defined as ventricular tachycardia (VT). Total incidence of
10 VT was reduced significantly with the two highest doses of Compound 2 (1.7+0.8; '
2.211.4 events; p<0.05) compared to controls (23.0+6.1). Total PVC's were
reduced significantly from 11.1£1.6% in control animals to 2.0+0.7% and 1.8+0.8%
after the two highest doses of Compound 2. Infarct size, expressed as percent of
left ventricle, was reduced significantly from 19.0+3.5 in controls to 7.9+1.5 and
15  7.1x0.8% (p<0.05) at the two highest doses of Compound 2. These results

demonstrate that compounds of the present teachings are potent antiarrhythmic

compounds with cardioprotective effects.

6. - In Vitro Cell Swelling and Dye Uptake Model

20  Peptides capable of demonstrating cytoprotection can be identified in an in vitro
model of ischemia induced cell swelling and dye uptake. In this experiment, the
effect-of Compound 2 on calcein dye—uptéke induced by metabolic inhibition in
cultured C6 glioma cells overexpressing connexin43 was studied. Cells were
incubated under control conditions and during'simulated ischemia (Sl) for 40

25 minutes in the presence of calcein (200 uM). Following incubation the cells were
subjected to epifluorescence microscopy to determine the uptake of calcein. '
Incubation of C6 cells in Sl medium increased dye-uptake to 5-fold above control
values, The uptake was dose—debendently inhibited by Compound 2, and minimum
uptake was obtained at 100 pM Compound 2 (32% relative reduction of the Si

30 inducible response; p<0.05 vs. vehicle). Control cells exhibited cell swelling during
the 40 min stress period, whereas cells freated with Compound 2 did not.

Variations, modifications, and other implementations of what is described herein will

occur to those of erdinary skill in the art without departing from the spirit and the
35 essential characteristics of the present teachings. Accordingly, the scope of the
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7. The conpound according to claim5 or 6, or a pharnmaceutically acceptable
salt, ester, hydrate or prodrug thereof, wherein Z' is benzoyl. B. The
conmpound according to any one of clainms 1 to 7, or a pharmaceutically
10acceptabl e salt, ester, hydrate or prodrug thereof, wherein RL is H.

9. The conpound according to any one of clains 1 to 7, or a pharmaceutically
acceptable salt, ester, hydrate or prodrug thereof, wherein Rl is an am no
acid side chain, wherein the amino acid is selected fromvaline, norvaline,
| euci ne, 15norl eucine, isol eucine, nethionine, alanine, phenylalanine,
tyrosine, PFFERIIBARNINISIE 9 b definedaohbythe mresddinigidystiayiss descripigesitne,

hi sti di ne, irssgardyitee &Mb@ingHlaina B M LHANgES Qg ni thi ne,
1 " oD uﬂé{@&ﬁéﬁéh.ﬂ%é %% coérpound

2,4-diamn Vil i am no |rreI|caC|

accordi ng ?%é%nol% wg&%&yﬁq erréb'qut%eg’e Sdfo pRAMRIEaR hewin.y acceptabl e
salt, ester, hydrate or prodrug thereof, wherein k is 0. 11. The conpound
according to any one of clains 1 to 9, or a pharnaceutically acceptable

- salt, ester, hydrate or prodrug thereof, wherein k is 1. 25 12, The
corrpound according to claim1l, or a phar maceutical ly acceptable salt, .
ester, hydrate or prodrug thereof wherein X. is.a lysine mnetic. 13 ‘The
corrpound according to claim 12, or a pharmaceutically accept abl e sal t,
ester, hydrate or ‘prodrug.thereof, wherein the IyS| ne mnetic is sel ect ed
from ' .
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wher ei n: Z' is selected fromH, (CH2),-C6_20 aryl, (CH2)m 5-20
menbered heteroaryl, C(0)(CH2)mC6_20 aryl, C(0)(CH2) m5-20 nenbered

het eroaryl, (CH2)nC(0)-C6-20 10aryl, (CH2)ntC(0)-5-20 nenbered heteroaryl,
S(0) (CH1c --6-20 aryl, and S(0)2(CH2) m5-20 nenbered heteroaryl, wherein
each of the Ce, 20 aryl and 5-20 nenbered heteroaryl is optionally o
substituted with 1-5 Q groups; R5 is Hor an optionally substituted C1.10
alkyl; mis 0, 1, or 2; 15E is selected from C(0)0OR6, C(0)NR6R7, and a
carboxylic acid bioisostere, : provi ded that the conpound is not

1- ( 2- ami nopel@imaoy| ) - 4- benzami dopyrrolidi ne-2-carboxylic acid or

1- (2- am nopf.opang¥bhpdundieFthd #BHRGLIIdI ne- 2- carboxylic acid. 14.The
conmpound according to claimI2 or 13, or pharmaceutically acceptabl e
salt, ester, hydrate or prodrug thereof, ergin Y is ORZ or NR2R3.

515. The conpound according tg any_one of Iad 12 to 14, or a

phar maceutical |y acceptabl e gérfﬂcg§¥er,‘%ydﬂéte Br prodrug thereof,
wherein Y is OH or NH2. 16. The conpdund'according to claim12 or 13,
or a pharmaceutically. 10acceptable saltf”ester,,hydrate or prodrug . -
thereof ;. wherein Y is NR2R3, 'R2.is H ahd R3-is C(0)R6. - 17. The

. conpound acery ghaigateutieay aeptable@alt] &ierl Bydrite P pradirudtHehamaceut i cal Iy

accept abl e sggg .ester, hydrate or prodrug thereof, erein E-is 15-
C(0) OR6. f@..?ﬁe conpound according to claim17, or a pharmaceutically,
accept abl e sal t Y ésstaigctedfyain X QR®, PX&drarg NR@ER eof , wherein E i s C(0)OH.
2019. The conpoungisacqogdi-ng to any one of clains 13 to 16, or a
pharmaceuti cal | y,acceptabl e salt, ester, hydrate or prodrug thereof,
wherein E is C(d§ﬁﬂgﬁg?%sﬁﬁfnﬁﬁﬁcbonpound according to claim19, or a
phar mac®ut i cal | yX'de seipttedhfremsaRl NR’R®, and a lysine mimetic;

_R1 is selected from H, an optionally substituted C,..o alkyl, an optionally
sUbsti_tu’ted Cs20 ary'l,, an 6ptionally substituted C;.5 aralkyl, and an amino acid side
chain; - ' | . o 4 |

| R? and R?® each independently is selected from H, an optionally substituted
15 Ci-10alkyl, an optionally substituted Cs.50 cycloalkyl, an optioﬁally substituted Cr,0
-aralkyl, an optionally substi_tuted Coz0 aryl, an optionally substituted 3-20 membered
cycloheteroalkyl, an optionally substituted 5-20 membered heteroaryl, C(O)R®,
C(O)ORG, C(O)NR°R’, S(0).R®, and S(0),NR°R’;
_ ' -alternatively, R? and R?® together with the nitrogen atom to which they are.
20 - ‘bound form a 3-20 membered heterocycle optionél!y containing 1-4'ring' |
' heteroatoms independently selected from O, N or: S and optionally substituted with
1-5 Q groups; o ' _ o . o
R®and R” each independently is selected from H, an optionélly substituted
C1-10 alkyl, an optionally substituted Cs 5 cycloalkyl, an 6ptionally subétituted Cz.10
25  alkenyl, an optionally substituted C,.1o alkynyl, an optionally substituted Ce_ aryl, an
optionally substituted Cy.5, aralkyl, an optionally substituted 3-20 membered
cycloheteroalkyl, an optiohally substituted 5-20 membered heteroaryl, C(O)Ra,'
C(O)OR®, and C(O)NR®R®: | |
alternatively, R® and R” together with the nitrogen atom to which they are
.30 bound form a 3-20 membered heterocycle optionally containing 1-4 ring
" heteroatoms independently selected from O, N or S and optionalfy substituted : ith
1-5 Q groups; '
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25ester, hydrate or prodrug thereof, wherein Eis C(O)NHR7. 21. The
conpound according to claim19 or 20, or a pharmaceutically acceptable
salt, ester, hydrate or prodrug thereof, wherein R7 is selected fromH, an
optionalfy substituted Cl1..10 al kyl, an optionally substituted C3_20

cycl oal kyl, an 30optionally substituted C6-20 aryl and an optionally
substituted 3-20 nenbered cycl oheteroal kyl. 22. The conpound according to
any one of clainms 13 to 21, or a pharmaceutically acceptable salt, ester,
hydrate or prodrug thereof, wherein: Z' is C(0)(QH2)m C6-20 aryl optionally
substituted witR*ar@ R} gpebinpispeahtiyis seléctedfroddH, aRuptionapeubstitaegor di ng t o
any one of ¢l ai . r i |y .. | t, ester,
hydrate or &F%%I%béff%@rag%% s%tétrﬂtee}%rﬁ@ ggf('gé%*e\ﬁzSyﬁlgt'gﬁﬁg%&ggﬁ"gteéoﬁﬁbund

accor di ng t3reml 28 setignally pubstitutad Cp.p alikgnyloan aptisivalheubstitutasatd.y ant @apt abl e
sal t, est ergptibwyallyaubstitep 06 argikiihen opfionand Shrtititdils b6 mémbeted The conpound

accordigg t f..¢clai t.0 har maceutical |y acceptabl e
sal t, egt erc??lﬁ%t?at g(-yg'ra n;&)ra ggﬁ%éﬁ%ﬁgtg%%?qte%@?)éﬁﬁnﬁareﬁS\e%%ﬁ{ylam- no acid side
chai'n, whereéin tRet&aFMecoEencs, sndapeadentl i selestechiromean aptipwallyi ne, . | euci ne,

- nor | euci ne,substliet G, HealkyTRIMbRIBhER; sUBADILAEE, P BREMN PSRNt YT 0Si ne, -

hshar 1o acuRSs cy, RRA. 3R opflSRIE shRunield CaanmRioaRgl ar praraly

2, 4- di am noastiteted Gred 2!, andpirlly ditatituiepCanlaraky cardoptdfpityosbeidtedhat  t he
o or 1 e R b S e 96,
The conpour¥ teér%rgfg.r ﬁg%{gyéﬁyégh&@fﬁ @'Pai ‘ﬁgelsfat §DF§85,5(99RaS(3 zRgr ' '
25phar mac e B(PeAH. 5 (QENIRANRIS$Q)-R?, GXOHRY, C(bYORRIROMRIRCoDCUYREher eof ,
wherei n k iNR%®®, NR®C(O)R®, NR®*C(O)OR®, NR* C(O)NR®R?, and N'R%; |

provided: )
15 . a) . whenYis OX.or NXR?and X is H, X' is a lysine mimetic;
'b) - whenY is OR? or NR*R?, X' is a lysine mimetic; and '
c) the compound is not 1-(2-amin_opropanqyl)—4-benzamidbpyrrolidine—

2-carboxylic acid or 1-(2-amihopropanoyl)-4—bénzamidopiperidine-2-carboxylic acid.

20 2. The compound according to claim 1, or a pharmaceutically acceptable éalt,
ester, hydrate or prodrug thereof, wherein Y is OX or NXRZ?,

3. The compound according to claim 1 or 2, or a pharmaceutically acceptable
~_ salt, ester, hydrate or ‘prodrug'therepf. wherein X'.is OR? or NR?ZR?, - -
25 | o ' .
4. The compound according to any one of claims 1 to 3, or a pharmaceutically
acceptable salt, ester, hydrate or prodrug thereof, wherein X’ is OH or NH,. |
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27. The conpound according to any one of clains 12 to 25, or a
phar maceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein k is 1. 28. A conpound having the Forrmula I1: |1 or a
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,
S5wherein: Ais (CF12)k-Y; kis O, 1, or 2; Y is OR2Z or NR2R3; Rl is
selected fromH, an optionally substl t ut ed Cl 10 al kyl, an optionally
10substituted C6.20 aryl, an optionally substituted C7.20 aral kyl, and an
am no acid 'side chain; alternatively, A and Rl together with the
carbon at o t o Tivaicompohey aacwdibg tndny oneot clirdd 1rtenh) er acbHaehatstatly
cont ai ni ng e, tg or S and
opt | onal | yaéaeﬁ%%".'%‘ﬁ?'Edé&é"’"”“f%E o DEORSL ko) BESH &e oMb omitest
NR5( CF12) n#giein éxsdﬁﬂ@et?‘séﬁ'ﬁmﬁﬁ "®M'de bi oi sostere; nis 0, 1, or 2;
Zis selected fromH, (C-12)mC6_20 aryl optionally substituted W|th 1-5 Q
209roups and (CF12)",-5-20 nmenbered heteroaryd opﬁzifonally substituted with
Qgroups mis 0, 1, or 2; _ o

z, PR |

z o
>““©‘( N
R? NH JJ\{J RS '

z NH,
\N . I
I . Z—N NH
5 RS N
0
RS HoN
/ ~
zZ—N

- wherein:
2' is selected from H, (CH2)m-Cs20 aryl, (CHz),-5-20 membered heteroaryl,
10  C(OXCH2)m-Ce.20 aryl, C(OXCH2)m-5-20 membered heteroaryl, (CH.)mC(O)-Cs.20
aryl, (CHz)mC(0)-5-20 membered heteroaryl, S(O)2(CHz)n-Cs20 ary!, and |
S(0)2(CH2)m-5-20 membered heteroaryl, wherein each of the Cg 5 aryl and 5-20
membered heteroaryl is optionally substituted with 1 5 Q groups;
R® is H or an optionally substituted Ci-10 alkyl;
15 ' misQ,1,or2.-



E is selected from C(0)0OR6, C(0)NR6R7, a carboxylic acid bioisostere and an
am de bioisostere; 25 Q at each occurrence, independently is selected from
an optionally substituted CL..10 al kyl, an optionally substituted C2.10

al kenyl, an optionally substi tut ed C2. 10 al kynyl, an optionally substituted
C3.20 cycloal kyl, an optionally substituted C6- 20 aryl, an optionally
substituted C7 20 aral kyl, an optionally substituted 3-20 nenbered :
cycl oheteroal kyl, an opti onal | y substituted 5-20 nenbered 30heteroaryl, F,

-~ d, Br, I, CN, CF3 OCF3, N2, ORB, SR5, S+R52, S(0)R5, S(0)2R5, S(0) 20H
S( 0) 2NR8R9, 6- NR8 () Rpound @pemdingtaieiRg 5, @(0pHIRBRSS UHEEI03de8ptabiRGRY,

NRBC(0) PO, SEHCRIALAES: pma&g@oew%&%erand N+R83; R2 and R3 each

i ndependent |y | an optionally substituted C | oal kyl, an
optional Iy substl fsu @2@2)'2&56@'0%%9 "y sHRSteR SRR 15 QeBYRs: lided C7 20

5aral kyl, an optmdé@l |y substituted C6. 20 aryl, an optionally substituted
3-20 rrergbered cycl ohet er oal kyI an optionally. substitut ed 5-20 nenbered

het er oaryl , 0?_\5? %'?éu C( Q) NR6R7, S(%)nZRG and - S(0) 2NR6R7;- '
alternatively, NdRRsPrNg Riclim S Rr pta@germ@raemaﬂnammm hey are -
bound f or msalt3e€r, hydrbter @ pridte (Heeatt| eherphi 20 Raddngo@ont ai ning 1-4 ring :
.10het eroat ons i ndependently selected fromO, N or S and optionally
substituted with 1-5 Q groups; R6 is H or an optionally substituted Cl. 10
al kyl ; 8. RhesomARrnd aeerriing dpamdens picldimsddb dc bea pharorackltically

opti onald y substhbls bkt Bidie\ot praudplel<dn alHereis WS Ht ut ed C3- 20
~cycloal kyl, an optionally substituted C2. _10 15al kenyl, an optionally

substituted C2-10al kynyl, an optionally substituted C6-20 aryl, ‘an
opti onal | y Substihefogpaend agcasding ky/any ene ofisiaimadltoy, st phartateatical?0

menber ed cyaﬂce;hemersamléeyén hﬁﬂa@mr Rk mesééb%&ﬂewmﬁéa@g?mm%@aﬁ{ %

het er oaryl , h%p%’ a)nhu ﬁ] %ﬁ% al ternatlve

toget her wit e nlntrog 2PEHT ’PH@VeaPBNQUEfOLﬁ#H‘”Form a 3- 20
menber €@ hetodpedys; lispleysireo methignices mianing, pyedyidaning gyloeiner Bptapian,

| ndependents]eYnéQhr%@ﬁiﬁg éyrs&ﬁﬁ@’IysNeOErggnﬁ\@dhl%ﬁé)%@Hﬁ‘lc §HgsélbttaH1 egckw th 1-5Q

gr oups; and
asparagine, glutamine, ornithine, 2,4-diaminobutyric acid, and 2, 6- dlamlnopxmehc
acid.

20 10. The compound according to any one of claims 1t0 9, or a pharmaceutically
acceptable salt, ester, hydrate or prodrug thereof, wherein k is 0. '

11. The compound according to any one of claims 1 to 9, or a pharmaceutically

acceptable salt, ester, hydrate or prodrug thereof, wherein k is 1.
25 '

12. The compound according to claim 1, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein X' is a lysine mimetic.
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R8 and R9 each independently is selected fromH, an optionally substituted
C110 al kyl, an optionally substituted C3.20 cycloal kyl, an optionally
substituted C2_10 25al kenyl, an optionally substituted C2.10al kynyl, an
optionally substituted C6-20 aryl, an optionally substituted C7_20 aral kyl,
an optionally substituted 3-20 nmenbered cycl oheteroal kyl, and an optionally -
substituted 5-20 nenbered heteroaryl, . provi ded that the conpound is
not 1-(2-am nopropanoyl)-4- benzarni dopyrrolidine-2-carboxylic acid. 30
29. The conpound according to claim 28, or a pharmaceutically acceptable
salt, ester 13hydihe eompoyndoatcaginder ataiin, 12Wbes ehmm%cesnc(aﬂrlaa;d@piém@m Y is

NR2R3.  30. EQ@:‘ Hﬁw&%rﬁ&gg"tﬁérg& &Iﬂe d%@lfshﬂgrrg me ic \)\ﬁq%‘?l‘g& c? E&mcal Ly

accept abl e salt, ester rate or is H and
R3 is selected froan an optlonally substltutedEC110 al kyl, C(0)R6, and'" 5
- C(0)0OR6. 31. The conpound according to claim 30, or a pharnmaceutically
acceptabl e salt, .ester hydrate or . prodrug the ‘wherein R3is H
1032: The conpound accorﬁqng t | aim 30, or .ceutlcally accept abl e
- salt, ester, hydrate or ug t fz\Mhe S 23\(s C(0)R6 and R6 is H
or an optionally substigguted \C,_1 I kyl . ? The conpgund according to -
claim 28, or a pharmaceutically apgeptable §alt 15e§?§r hydrate or
prodrug. thereof, wherein Ais (CH2)k Y, YRis OR2 and R2:is H.or Cl 10
al kyl. 34. The conpound accg .n, Bne of clainms 28 to 33; or a
pharmaceutical |y acceptable hydrat e - orEprodrug t her eof ,

wherein k is 0. 20 //l\\
HN
\N }‘Jj z—N ' N—%-—

N, and o N\
wherein:
Z'is selected from H, (CH2)m-Ce0 aryl, (CHz)m 5-20 membered heteroary!,
C(ONCHz)m-Ce.2p aryl, C(O)(CHa2)m-5-20 membered heteroaryl, (CH,)nC(0)-Cg 2o
10 arylr (CH,),C(0)-5-20 r_nembered heteroaryl, S(0)2(CH2)m-Ce.20 aryl, and
5(0)(CH2)m-5-20 membered heteroaryl; wherein each of the Cs 5, aryl and 5-20
membered heteroaryl is optionally substituted with 1-5 Q group's;
R®is H or an optionally substltuted Ci1wo alkyl
mis0, 1, or 2;
15 E is selected from C(O)OR®, C(O)NR®R’, and a carboxylic acid bioisostere;
prov:ded that the compound is not 1- (2 -aminopropanoyl)-4- -

benzamldopyrrohdlne-z-carboxyhc amd or 1- (2-am|nopropanoyl)-4-
benzamidopiperidine- 2—carboxyl|c ac1d
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35. The conpound according to any one of clains 28 to 33, or a

phar maceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein k is 1. 36. The conpound according to any one of clainms 28 to 35,
or a 25pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein RL is H 37. The conpound according to any one of clainms 28 to 35,
or a pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein: RL is an am no acid side chain; and the amno acid is sel ected
fromvaline, norvaline, |eucine, norleucine, 5isoleucine, nethionine,

al ani ne, phenyl al ani ne, tyrosine, tryptophan, serine, threonine, cysteine,
| ysi ne, ar in i.stidi artic.acid | utam c aci d, asparagine,

gl utam ne, g’(;Ftir?ni ﬁq%ﬂ%%agfgﬁgﬁgﬁﬁﬁﬂ’? gbg ﬂg,or RMeIeceHiS M Ynopi mel i ¢ aci d,
provi ded t hBAceptRBleSaiRRieldhydsater plodrag therensprtuaein oy ORE or NR2R®, |

1r) benzam dopyrrol i di ne-2-carboxylic acid. 38. The conpound according to
claim?28, o-a ropaceutical |y acceptable salt, ester, hydrate or prodrug
thereof% vthsr'ei %?ﬁ'&?oﬁfdﬁ?@%‘%ﬁg% ﬁF‘f Ang AECRESHGHC dfoPhd 0 which they are
bound f or mrhagmaceuticallyesrceepthble @ath castdrehybateair prddgudl thérdolf, WghelSIR &L igr oat ons

i ndependentdy opfigcted from N, O, or S and optionally substituted with 1-5
Q groups. 39. The conpound according to claim38,- or a pharnmaceutically
acceptabl e salt, ester, hydrate or  prodrug thereof, wherein the 5-20
menber ed hetfer ochhe @nipud set@dingdo tlaonm piopes,idliaharmbgeriadiyne, mor phol i ne,
t hi onorhol iReptal¥/saR! dfiN el i i qdjne,...g gdazol i dine,
pyrrol e, i rs%ada%g#ﬁ;agﬁsgézrbﬁgrgﬁé%ggdoﬁqjlégﬁerétogtvgﬁe%' (?,'s lﬁgn',%ﬁﬁ?lom? an,
oxazol e, i SOXAZOPE “thiazole, isothiazole, oxadiazole, thiadiazole,

pyridi ne, pyridazine, pyrimdine, pyrazine, indole, benzofuran, and
benzot hi ophgne, -{a [ [ @I is substityted with 1-5 Q groups.
25 40. The conpoun %8%3?%&9% tcg% %%%o%la'@sj%&%qéfrtao 39, or a
phar maceut ORI Myce ticallasperiakigsalt, astarehydratp o aragru thpreofimigrein & ie of | '
wher ei nsB iGONBRE.CH2) "C(0) and Z is (CH2) m C&0 aryl optionally 'substituted
with 1-5 Q groups or {CH2) m5-20 nenbered heteroaryl optionally substituted
with 1-5 Q%;oups. 30 41. The conpound according to claim40, or a
phar maceut i ®al | yrhecosrosnd ecearting tesiaien 17,hy drpttaemaceuticaltyracgeptasieeat,,
wherein n it hydidate bR BroaAiPPUART, AREALHIEN (8)&ikai m 40 or 41, or a
pharmaceutical ly :

20 19. The compound according to any one of claims 13 to 18, or a

pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein E i's
C(O)NR®R’. '

20. The compound according to claim 19, or a pharmaceutically acceptable salt,
25  ester, hydrate or prodrug thereof, wherein E is C(O)NHR’.

21. The compound according to claim 19 or 20, or a pharmaceutically
acceptable salt, ester, hydrate or prodrug thereof, wherein R’ is selected from H, an
optionally substituted C4.1p alkyl, an optionally substituted C; 5 cycloalkyl, an

30  optionally substituted Cs.0 aryl and an optionally substituted 3-20 membered
cycloheteroalkyl. '
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35accept abl e salt, ester, hydrate or prodrug thereof, wherein R5 is H

43. The conpound according to any one of clains 40 to 42, or a
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein mis 0. 5 44. The conpound according to any one of clainms 40 to 43,
or a pharmaceutically acceptable salt, ester; hydrate or prodrug thereof,
wherein Z is optionally- substituted phenyl. 45. The conpound according to
any one of clainms 40 to 42, or a 10pharmaceutically acceptable salt, ester,
hydrate or prodrug thereof, wherein mis 1 or 2. 46. The conpound accordi ng
to any one 28. cl thersordBoura dddorditg t8 any one oPBBIMEFEWIJCR}L LY acceptable salt,

ester, hydr eof,, _wherein B is 5h@%¥0 and Z is
optionally @taﬁrgtg F?Lﬁicgﬂf y%eeh%%.{e. sgif?‘.as{elrhéy%rﬁ‘}ﬁ)%t?ﬁ e %‘%fn‘@h‘irﬁ'”any one of
clains 28 to 39,4d% Céoﬁgéklm‘éeu?Wb@ntloylaac@é‘pti'@tﬁcbmiﬁm-15,Q gsilups; andydr at e -or
prodrug thereof,muberein Bis NR5, R is H Zis (CH),,,-C6_20 aryl

- optionaldy substituted with 1-5 Q groups or 20(CH2) m5-20 menber ed
heteroaryl optionally substituted with 1-5 Q groups, and mis 0 or 1. 48.
The conpountf- accdhgicampound agcondieg tof anyl anenss cR8nsé 03 8922 @F aa phar maceutical |y
accept abl e grakthacaficBiiy adiéfidleSaf e r g, t er.ejn B is.

25NR5( CHR) %?]% gnd Z s (CH2) m b, z%érgﬁﬁ'/#gtgpét?%ﬁ{‘? §/“\Ms]%°5's"t"i"’t'%'f‘ezc$i'sm th 1-5 Q
groups or ( ?,"-5-20 menbered heteroaryl optionally substituted with 1-5
Q groups. 49. The conpound according to any one of clains 28 to 39, or a
phar maceut i2al | YTReeaRbacactaluing 1§8hPhne BYALAE AL AT QAL U0 thereof ,
wher ei n B.I% an'%%&nn e bi oj sostere. 8. e conpound d%cordlng to claim
49, or a phHaPhHREHIFRH F§rerEREselntstershydrate or prodrug thereof, wherein R is H.

25. The compound according to any one of claims 12 to 23, ora
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein R' is

15 an amino acid side chain, wherein the amino acid is selected from valine, norvaline,
leucine, norleucine, isoleucine, methionine, alanine, phenylalanine, tyrosine,
tryptophan, serine, threonine, cysteine, lysine, argenine, histidine, aspartic acid,
glutamic acid, asparagine, glutamine, ornithine, 2,4-diaminobutyric acid, and 2,56-
diaminopimelic acid,

20 provided that the compound is not 1-(2-aminopropanoyl)-4-
bepzamidopyrrolidine-z-carboxylic acid or 1-(2-aminopropanoyl)-4-
benzamidopiperidine-2-carboxylic acid. '

286. The compound éccording to any one of claims 12 to 25, or a
25  pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein k is 0.

27. The compound according to any one of claims 12 to 25, 0ra

pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein k i‘s 1.
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ester, hydrate or prodrug thereof, wherein Z is phenyl optionally
substituted with 1-5 Q groups. 35 51. The conpound according to any one of
claims 28 to 50, or a pharmaceutically acceptable salt, ester, hydrate or
prodrug thereof, wherein Eis C(0)OR6. 552. The conpound according to claim
51, or a pharnmaceutically acceptable salt, ester, hydrate or prodrug

t hereof, wherein E is C(0)OH. 53. The conpound according to any one of
clains 28 to 50, or a pharnaceutically acceptable salt, ester, hydrate or
prodrug thereof, wherein E is 10C(0) NR6R7. 54. The conpound according to
claim 53, o#8.a phaempcend hadrd the Fomeyaabl e salt, ester, hydrate -or prodrug
thereof, wherein E is C(0)NH2. 1555 The chpound accordlng to claimb53, or
a pharnaceutlcally acceptabl e salt, hydrate or prodrug thereof,
wherein R6 is H and R7 is sel aR_optionally substituted O__lo

al kyl, an optionally substitute . 20nCyclwal kyl, an optionally
substltuted 3-20. nenber ed cycl ohdt er oal nd an optionally substituted
C6.20 aryl. 20 56. The conpound a&tordi ng any one of clainms 28 to 50, or
a pharmaceutically acceptable salt, ester, h $ e or prodrug thereof,
wherein Eis a carboxyllc acid b|0|$05ﬁpre - 57. A conmpound havi ng the

FormJIaIII “IN-Z' RS ||
r a pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,

5  wherein:
A is (CHo)\-Y";
kis 0, 1, or 2
Y' is OR? or NR2R*:
R' is selected from H, an optionally substituted Cy.1o alkyl, an optionally

10 substituted Cg.z aryl, an optionally subststuted C7.20 aralkyl, and an amino acid side
chain;

alternatively, A and R together with the carbon atom to-which they are
bound form a 5-20 membered heteroaryl containing 1-4 ring heteroatoms-
independently selected from N, O, or S and optionally substituted with 1-5 Q

15 groups;

B is selected from NR®, NR*(CH,),C(O), NR*(CH.),SO,, and an amide
bioisostere;

nis 0,1, or2;

Zis selected from H, (CH2)m-Cs.20 aryl optionally substituted with 1-5 Q

20 groups, and (CH;)n-5-20 membered heteroary! optionally substituted with 1-5 Q
groups;

mis 0, 1, or2;
E is selected from C(O)0R5 C(O)NR°R’, a carboxyhc acid bioisostere and
an amide bioisostere:

25 Q, at each occurrence, independently is selected from an optionally
substituted C4_q9 aIky]. an optionally substituted C,.4 alkenyl, an optionally
substituted Cx.1o alkynyl, an optionally substituted Ca.s0 cycloalkyl, an optionally
substituted Cg 2 aryl, an optionally substituted C+.20 aralkyl, an optionally substituted

- 3-20 membered cycloheteroalkyl, an optionally substituted 5-20 membered
30 heteroaryl, F, Cl, Br, I, CN, CF;, OCF,, NO,, OR®, SR®, S*R®,, S(O)R?, S(O),R?,
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50r a pharnmaceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein: Y is OR2, or NR2R3; k is 0, 1, or 2; Z is selected fromH,
(CH2).-Ce,-20 aryl, (CH2)m 5720 nenbered heteroaryl, 10C(0)(CH2) m C6_20
aryl, C(0)(CH2) m5-20 nenbered heteroaryl, (CH2)nC(0)-C6-20 aryl,

(CH2) nC(0) - 5- 20 nenbered heteroaryl, S(0)2(CH2)m Cs_20 aryl, and

S(0) 2(CH2) m 5- 20 nenbered heteroaryl wherein each of the C6_20 aii/l and
5-20 nmenbered heteroaryl is optlonally substituted with 1-5 Q groups; mis
0, 1, or 2; 15Q - at each occurrence, independently is selected from an
opti onal | y SO, SOBNRER®, NRUS(@QYR®, C(@)RhIC(0)aR!Y, C(@INBIR® 0CethRER- 10

al kenyl, annmpe] ored (bYRS WrSEIDIE I NREC y ~aB.optional ly substituted
. C3-20 cycl oal kylﬁ)ag‘ﬁ éptlona )‘ﬁsubstle&t ed‘lé %é(yﬂ , an optionally

substituted C7 "éi’r?pﬁﬂ?%'ﬁéﬁ ?%}ecé%g?mt"btaécppyogﬂlyrﬁel Byted
cycl ohet er ks kaikyl, a{mpjphallyrmjbbmumdt&tzb twmyﬁaa%mna@rsadsta&laetoegooar yl, F,

-d, Br, Q5 s NSBr (0) 20H,
S(0) 2NR8R9 N%g%?pztm C(O) R te% 26%?':5 %&Bﬁ@ﬁ;@gg@?&’gﬁ RIRBRIS d

NRSC( 0) R9, MR8tttk @zf@}'wﬁsmtut%a mlmmbered heteroaryl, CR)R’s sel ect ed

fromH, an Q(px)oaﬁm(byNBiRisS(cbykétinﬁi]s(d)gNaFkyI an optionally substituted

0620 aryl. an opLialall ey LbRd B0 Rl o RS0 e 2cid si de

25chai n; epen Yy TS'S
opt i onal | y boypdfarma 340 elenlfeﬁraqi hy!erocaﬁle@pt@wabpmamm #rraped C3_20

cycl oaltiy!l he@&?oﬁtbhb@ft@pbﬁd@ﬂlb%blebtﬂd@%n% Rbr & sl dtionaiy %Eiltg@alubl%
substi t ut ed, y% an optionally substituted 3-20 nenbered
h

cycloheteroa optlonally substituted 5-20 nenbered heteroaryl,
C(0)R6, C(0)ORS, R® @% B)oReRPpliosty REbstiuted SORNRGRT ;

R® and R” each independently is selected from H, an optionally substituted
Ci-roalkyl, an optionally substituted C; ., cycloalkyl, an optionally substituted C,.4o
15 alkenyl, an optionally spbstituted Ca.0alkynyl, an optionally substituted Cg.z ary!, an
optionally substituted Cy.50 aralkyl, an optionally substituted 3-20 membered
“cycloheteroalkyl, an optionally substituted 5-20 membered heteroaryl, C(O)R®,
C(O)OR®, and C(O)NR®R®; -
alternatively, R® and R together with the nitrogen atom to which they are
20  bound form a 3-20 membered heterocycle optionally containing 1-4 ring -
heteroatoms independently selected from O, N or S and optionally substituted with
1-5 Q groups; and .
R® and R® each independently is selected from H, an optionally substituted
Ci.10alkyl, an optionally substituted C;.50 cycloalkyl, an optionally substituted C,.qo
25 alkenyl, an optionally substituted C,.,palkynyl, an optionally substituted Ce20 aryl, an
optionally substituted C;_5 aralkyl, an optionally substituted 3-20 membered
cycloheteroalkyl, and an optionally substituted 5-20 membered heteroaryl,
provided that the compound is not 1-(2-aminopropanoy!)-4-
benzamidopyrrolidine-2-carboxylic acid.
30 |
29. The compound Iaccording to claim 28, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein A is (CH.)-Y’ and Y’ is NR?R3,
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alternatively, R2 and R3 together with the nitrogen atomto which they are
bound forma 3-20 nenbered heterocycle optionally containing 1-4 ring

5het er oat ons i ndependently selected fromO, N or S and optionally
substituted with 1-5 Q groups; R4 is OR6 or NR6R7; R6 is Hor optionally
substituted Cl1-10 al kyl; R6 and R7 each independently is selected fromH,
an optionally substituted 10C. .10 al kyl, an optionally substituted C3-20
cycl oal kyl, an optionally substituted C2_10 al kenyl, an optionally
substituted C2_10al kynyl, an optionally substituted C6.20 aryl, an

opti onal | y 3®ubstiiheutosdoGid 36cadiag kydlaimaeo, ap b phamhioeutitdly tdctaptasle 3a120
menber ed C%i@.ﬁ%%t@%tfé&dru@ﬂe@%' pg)i,l,y substituted 5-20 ' menbered
‘heteroaryl, C(0)RB, 0) ORS, andl“%go NRBR9; 15alternatively, R6 and R7
toget her with t fe M #%Yen atomto which they are bound forma 3-20

menber ed het er o®Pd$ selegbdl el HyarcsplibRAIY B sthuted’d.NGake! GIHAL KB -

i ndepengentd(b)éﬂé_ect ed fromO, Nor S and optionally substituted with 1-5 Q
-groups; and Re and RO each independently is selected fromH, an optionally
substituted 20C1_10 al kyl, an optionally substituted C3.20 cycl oal kyl, an

opt i onal | y a3ubs tTinslgoftpoGrd a&@aik@w&uamasb,wgipﬂaaﬁéaéuﬁmgtg f‘f}*ﬁ%&g’.’ tlgt o

al kynyl, a td |ly substituted C6-2Q.aryl, an optio

C7-20 aral %;%P ; (r%p%%f)?(grﬁgflf%/‘h?ﬁﬂgt“ihfa[ﬁ"éga ¥70 nenbered cycl ohet eroal kyl ,
and an optionally substituted 5-20 nenbered heteroaryl, provided that the
compound | 2ot The(cmpBLAYBERRARPN diaiflr 32 20 8RR SRRNCH P LIRS 22 G DOXY ! 1 ©
acid. 58.The, ?q,]r{;@%tsénd acaordthnrg {)o claimb7, or_a cE)h(@t_r ceut’i ca Py"
accept abl e 351 " YORAE 8F Prof{Hg thersoh whersiRuls ¢ReaRd Riysdd e #n retiosally

3059. The ceoHptimtdd fsa@lidi.ng to claim57, or a pharnaceutically acceptable
salt, ester, hydrate or prodrug thereof, wherein k is 1. 112.

[%]

33. The compound according to claim 2'8, or a pharmaceutically acceptable salt,
15 ester, hydrate or prodrug thereof, wherein A is (CH,)-Y’, Y' is OR? and R?is H .or
C1-1o alkyl B ’ -

34. The compound according to any one of claims 28 to 33, or a

pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein k is 0.
20

35. The compound according to any one of claims 28 to 33, or a

pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein k is 1.

36. The compound according to any one of claims 28 to 35, ora

25  pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein R' is H.
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60. The conpound according to any one of clainms 57 to 59, or a

phar maceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein: Y is NR2R3; R2 is H and 5R3 is selected fromH, an optionally
substituted C110 al kyl, C(0)R6, and C(0)OR6. 61. The conpound according to
claim 60, or a pharmaceutically acceptable salt, ester, hydrate or prodrug
thereof, wherein R3is H 10 62. The conpound according to claim®60, or a
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,
wherein R3is C(0)R6 and R6 is H or an optionally substituted CI10 al kyl .
15 63. The c¥hpoulie: cooemouid rgedrding fy amnenebf dhiris™B t6 851 & H9, or a

phar maceut ighalh¥cAGEQR | € drate or. orodr t.her eof,
wherein Y #Ihg C]R’CZI 65’.%?h@?@g_r?%%ueﬁg%é@gé%éioﬁa}%déugcﬁhgf%gég,%r%?' a
phar maceut i cal | YR 48 @8ATB? acid side chaipeandr ;| hydrate or prodrug thereof,
- wherein R2 i s Hthe Ghindlied Gasepeteddrons 0S| ﬁ&vbmeqle@biﬁb,ﬁa;orle%inﬁ,” f
phar macgut i;&ad |l hl e ~nester.. hydrate or prodrug. thereof,
wher ei n R2.li§53qé a%n b%ﬁ@%@ﬁ%f%ﬁjﬁéf P?Waglah'ﬁ' t5r°§|"|?ywpt§‘§"a@6.s & conpound
accordi ng t‘BreSH'y‘eo%@t‘iWevc‘)lsm%fgsmm?ohismine)rasaarphacidwemmm:adidi.y accept abl e -
salt, est erasphdinal gluimipe,asifithihd, DEL@8inoBlIGFE bBSarkd 2,6 &ifamidlEmefePound
accordi ng E@kﬁny one of clains 57 to 65, or a pharmaceutically acceptable
salt, ester, hydrate or prodrug thereof, wherein: Rl is an am no acid side
chai n; and the &iPvidedhatithesompbenst ischot t Pravamomepanogli-dat i ne, | euci ne,

nor | eucione behkafidopgrrdiRineBERbORIIEGeidal ani ne, phenyl al ani ne, tyrosine,
trypt ophan, serine, threonine, cysteine, |ysine, argenine, histidine,
aspartic acid, glutam c acid, asparagine, glutam ne, ornithine, .

2, 4- di ani nca¥ut yriine caotpbundadcdifg th clairmadiarel prarmasdeditically acceptable salt,

ester, hydrate or prodrug thereof, wherein A and R together with the carbon atom
to which they are bound form a 5-20 membered heterocycle containing 1-4 ring

15 heteroatoms independently selected from N, O, or S and optionally substituted with
1-5 Q groups. ' ’

39. The compound according to claim 38, or a pharmaceutically acceptable salt,
gster, hydrate or prodrug thereof, wherein the 5-20 membered heterocycle is

20  selected from piperidine, piperaziné, morpholine, thiomorpholine, pyrrolidine,
oxazolidine, thiazolidine, imidazolidine, pyrrole, imidazole, pyrazole, triazole, .
tetrazole, furan, thiofuran, oxazole, isoxazole, thiazole, isothiazole, oxadiazole,
thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine, indole, benzofuran, and

| benzothiophene, each of which optionally is substituted with 1-5 Q groups.
25

40. The combound accordihg to any oné of claimé 2810 39, 0ra
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein B is
NRS(CHz)nC(O) and Z is (CHz)m-Cs.20 aryt optionally substituted with 1-5 Q groups or °
(CH2)m-5-20 membered heteroary! optionally substituted with 1-5 Q groups. ‘

30

41. The compound according to claim 40, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein n is 0.

42, -The compound according to claim 40 or 41, or a pharmaceutically
35 acceptable salt, ester, hydrate or prodrug thereof, wherein RS is H.
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provi ded that the conpound is not 1-(2-am nopropanoyl)-4-

10benzam dopyrrolidi ne-2-carboxylic acid. 68. The conpound according to
any one of clainms 57 to 67, or a 'pharnaceutically acceptable salt, ester,
hydrate or prodrug thereof, wherein R4 is OR6. 15 69. The conpound
according to claim68, or a pharnmaceutically acceptable salt, ester,
hydrate or prodrug thereof, wherein R4 is OH 70. The conpound according to
any one of claims 57 to 67, or a 20pharmaceutically acceptable salt, ester,
hydrate or prodrug thereof, wherein R4 is NR6GR7. 71. The conpound.
according to claim70, or a pharnmaceutically acceptable salt, ester,

hydrate or gy odr : [ 4 is NH2. 25 72. The conpound
according to cl aﬁ% é&&%o&ﬁigc g{rn t‘ggﬁ ?'&%?gl\lﬁ}a'g'&f@ptf’é%t & &alt, ester,
hydrate or Fﬁ%@?%ﬁytlﬁﬁlb’rqyﬁﬁwa Sabi asteRohydsatelor anmiirug thereof, wherd®d m 8 sel ect ed

froman optionally substituted C110 al kyl, an optionally 30substituted

C3_2D cycl ogl kyl+,..a ignal | y. substituted 3-20 nmenbered cycl ohet eroal kyl
and an )(gsgti%{hal I{/hes%bngp?olt“[ngtaéxdoré@?g%a@fW? of claims 4fa 430RBund according to

cl ai m 70, otharmpiritinalycasceptableysakh ot airate abtqdrasthereof WitHréih @ i9r  pr odr ug
t hereof , whgstiehdlly substituted phBgy1and R7 together with the nitrogen atomto
whi ch they are bound forma 3- 20 nenbered heterocycle optionall.y
containing 1-4 ring heteroatons independently 5selected fromO, N or S and
opti onal | y €ubstTheutaetbonnt! lacder8in@tgamu@ss ofadlims 40 to 42, e 3- 20 nenber ed

het er ocyc! GHafmS@d REAIFhLERTDRIsAR dsfl | | ey JOF ROOL i ne.
t hi oror phol i ne, pyrr oﬁi di n‘g, oxazol | é?lﬁygrﬂ%%?g%r? hSECh WME TS 1ol i di ne.

74. The compound according to any one of clains 57 to 73, or a
10phar maceuti cal |y acceptable salt, ester, hydrate or prodrug thereof,

Wher ei n: 46.  The compound according to any one of claims 28 to 40, or a

) pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein B is
16 NHC(O) and Z is optionally substituted phenyl.

47. The compound according to -any one of claims 28 to 39, or a
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein B is
NR®, R® is H, Z is (CH2)m-Cs2o aryl optionally substituted with 1-5 Q groups or -

20 (CHz)m-5-20 membered heteroaryl optionally substituted-with 1-5 Q groups, and m
is 0 or 1.

48. The compound according to any one of claims 28 to 39, ora

pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein B is
25 NR*(CH2)SO; and Z is (CHy)m-Ca.20 aryl optionally substituted with 1-5 Q groups or

(CH2)m-5-20 membered heteroaryl optionally substituted with 1-5 Q groups.

49, The compound according to any one of claims 28 to 39,0ra

pharmageutically acceptable salt, ester, hydrate or prodrug thereof, wherein B is an
30 amide bioisostere. ‘

50. The compound according to claim 49, or a pharmaceutically acceptable salt,

ester, hydrate or prodrug thereof, wherein Z is phenyl optionally substituted with 1-5
Q groups. |
35
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Z' is C(0)(CH2)m C6_20 aryl optionally substituted with 1-5 Q groups; and m
is.0. 75. The conpound according to any one of clains 57 to 74, or a '
15pharmaceutically acceptable salt, ester, hydrate or prodrug thereof,

wherein Z' is benzoyl. 76. The conmpound according to any one of clainms 57
to 75 having the follow ng structure: 77. RAY ( Rl 20Rs or a
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof. 77.

The conpound according to any one of clains 57 to 75 having the foll ow ng
structure: RS or a pharmaceutically acceptable salt, ester, hydrate or
prodrug the¥kof . Thei®mpbued aasqraingdo ang oriélbingaiing 2@y soner #f clains 57 to 75

havi ng the Si%lrrhgé’guﬂgal@gcggﬁtgglg:salt, ester, hydrate or prodrug thereof, wherein E is
C(O)ORS®,

5 52 The compound according to claim 51, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein E is C(O)OH.

53. The compound according to any one of claims 28 to 50, ora

pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein E is
10 C(O)NRER.

54. The compound according to claim 53, or a pharméceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein E is C(O)NH,.

15  55. The compound according to claim 53, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein R® is H and R” is selected from an
optionally substituted C..40 alkyl, an optionally substituted C .o cycloalkyl, an
optionally substituted 3-20 membered cycloheteroalkyl and an optionally substituted
Cs.20 aryl.

20
56. The compound according to any one of claims 28 to 50, or a
pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein E is a
carboxylic acid bioisostere.
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-Z° R5 or a pharmaceutically acceptable salt, ester, ‘hydrate or prodrug
thereof. 79. The conpound according to any one of clains 57 to 75 having
the follow ng structure: or a pharmaceutically acceptable salt, ester,
hydrate or prodrug thereof. 80. The conpound according to claim1, claim
28 or claim57, selected from

1- (2- Am no-acetyl)-4-(4-nitro-benzoyl am no)-pyrrolidine-2-carboxylic acid;
1- (2- Am no- acetyl) - 4- benzoyl am no- pyrrolidi ne-2-carboxylic acid,

1- (2- Am no- acetyl) - 4- (4-nmet hyl - benzoyl am no) - pyrrolidi ne-2-carboxylic acid,
1- ( 2- Ani no-2cet yA Fompeundmavingtie Fermda i no) - pyrrol i di ne- 2- car boxyl i C

aci d; '

1- (2- Am no- acetyl) - 4- (4- hydr oxy- benzoyl ar(r)i no) - R}/rrol i di ne-2-carboxylic

aci d;

1- (3- Am no- propi onyl) - 4- benzoyl am no- gyrrol i}di ne- 2- carboxylic acid; and
104- Benzoyl ar ni no- 1- ( 2- hydroxy-(@,_p)et yit pyrral i di ne-2-carboxylic acid, and
phar maceutical | y accept abl e,.sdl T s € ates, and prodrugs thereof.
81. The conpound according to claim80 seh\ect from (2S,
4R) 1-(2- Ami no-acetyl)-4-(4-nitro-benzoyl am -pyrrolidine-2- 15carboxylic
aci d; (2S, 4R) R
1- (2- Ami no- acetyl)-4-benzoyl am no- pyrrolidine-2-carboxylic acid; (2S, 4R
1- (2- Ami no- acetyl) - 4- (4-net hyl - benzoyl a m no) Rpyrrol i di ne-2- carboxylic
aci d; (2S5, 4R n

L (2 Aicno- Gefiihid kida RIS RANR U TR or gt 20carboxvlie
1- ( 3- Ami no-WP®Iginony | ) - 4- benzoyl ami no- pyrrol i di ne- 2-car boxyli ¢ acid;

(2S, 4R) 1-(2- AnynooreadrNR2rd- (4- hydr oxy- benzoyl am no) - pyrrol i di ne- 2-
carboxylic aci d;kiso 1 or 2

Z' is selected from H, (CHz),-Ce20 aryl, (Cszm-5720 membered heteroaryl,
10 C(O)(CHz)m-Cs-z0 aryl, C(O)(CHz)m-5-20 membered heteroaryl, (CH2)mC(O)-Co .20
aryl, (CH2)mC(0)-5-20 membered heteroaryl, S(O)2(CHz)m-Cs.ao aryl, and
8(0)2(CH2)m-5-20 membered heteroaryl, wherein each of the-Cs.zo aryl and 5-20

membered heteroaryl is optionally substituted with 1-5 Q groups;
mis 0, 1, or 2;

15 Q, at each occurrence, independently is selected from an optionally
substituted C,.4 alkyl, an optionally substituted C,.1o alkenyl, an optionally
substituted C,..p alkynyl, an optionally substituted C;.0 cycloalkyl, an opt'ionally'
substituted Cso0 aryl, an optionally substituted C;.,, aralkyl, an optionally substituted
3-20 membered cycloheteroalkyl, an optionally substituted 5-20 membered

20  heteroaryl, F, Cl, Br, I, CN, CF3, OCF3, NO,, OR®, SR®, S'R®,, S(O)R?, S(O),R?,
S(0):0H, 5(0)NR°R?, NR®S(0);R®, C(O)R?, C(0)OR®, C(O)NR®R®, OC(O)R?,
NRER®, NREC(O)R®, NREC(O)ORS®, NRBC(O)NRBRQ. and N'RY;;

R!is selected from H, an optionally substituted C,.1¢ alkyl, an optionally
substituted Cs.20 aryl, an optionally substituted C;.50 aralkyl, and an amino écid side

25  chain;

R? and R® each independently is selected from H, an optionally substituted
Ci.i0alkyl, an optionally substituted Cj.20 cycloalkyl, an optionally substituted C;.50

aralkyl, an optionally substituted Cg 2, aryl, an optionally substituted 3-20 membered
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| 25(2S, 4S) 1-(2- Ami no-acetyl)-4-(4-nmethoxy-benzoyl am no) - pyrrolidine-2-
car boxylic acid; (2S, 49) . o .

1- (2- Ami no- acetyl ) - 4- (4- net hyl - benzoyl ani no) - pyrrol i di ne-2- carboxylic

aci d; (2S, 49) _ . :

1- (2- Am no- acetyl) 74- (4-ni tro-benzoyl am no) - pyrrol i di ne-2- 30carboxylic
acid; (2S, 4S) 1-(2-Am no-acetyl)-4-benzoyl am no-pyrrolidine-2-carboxylic
acid; and (2S, 4R o _ _

4- Benzoyl am no- 1- ( 2- hydr oxy-acetyl)-pyrrolidine-2-carboxylic acid, and
phar maceut i eyslahyteacalieyl: abomiosallyt sibstitateers20 hmdmal _ tazegqet@:adrlypmdgfgs t Iher ;301; :
35 82. ThecgreUBORGERT HAlgkst thddE! 7. cl aim or claimb57,-selected
from 1-(2- Aﬁ?no- 4- ?iar boxxgdbuztg{xg %/I - 4z-liﬁéﬁrq$zbyl am no-pyrrolidi ne-2-carboxylic
aci d: alternatively, R* and R? together with the nitrogen atom to which they are

1- [ 2- Ami no- BeunHeinmd Gi2Bmghperiddiztarddide dptlRBIRCIONERIRG 1 AYHHgo! | di ne- 2-

car boxyld c L : . . . .
51-(2- Arg no‘?ﬁ%ﬁg’g%omﬁ ot S%%?ngﬁgtl 13e-leéf-t%defrﬁ%%y ’a'\lmorn%-a Bc;/ ro?tbqnﬁﬂﬁ 'ﬁléb-sﬁsuct,%dr ‘6'(5}§<yl e
acid: and 1-5 Q groups; , .

1- ( 2- Am no- 3- pheRYis-QRO@ NRAR") - 4- benzoyl am no- pyrrol i di ne-2-carboxylia

aci d; and phar eyt C alts, esters, hydrates, and prodrugs
t hereof . 10 83@%1% *‘gg%%ﬁ*ﬁ %’asg@%@ l|e§ig(§"f‘ﬁ)aI(E:Wai m 82 sel ected from

(2S, 4R) 1-(2- ARnBodRc gaguiRgensndenty is salebied froyi dnameptiopailyodubstitared?-
car boxytd ¢ @gjo€ikyl, an optionally substituted Cs.o0 cycloalkyl, an optionally substituted Cs 4o
alkenyl, an optionally substituted C,.,o alkynyl, an optionally substituted Cg .4 aryl, an
optionally substituted C;.,; aralkyl, an optionally substituted. 3-20 membered
cycloheteroalkyl, an optionally substituted 5-20 membered heteroaryl.' C(O)RE, -
C(O)OR?®, and C(O)NR®R?: _
15 alternatively, R® and R together with the nitrogen atom to which they are
" bound form a 3-20 membered heterocycle 'optionally containing 1-4 ring
heteroatoms independently selected from O, N or S and optionally substituted with
1-5 Q groups; and
R® and R® each independently is selected from H, an optionally substituted
20  Ci.oalkyl, an optionally substituted C;_,q cycloalkyl, an optionally substituted C,_qp
alkenyl, an optionally substituted C,.1o alkynyl, an optionally substituted Cg 5 aryl, an
optionally substituted C;.5, aralkyl, an optionally substituted 3-20 membered
cycloheteroalkyl, and an optionally substituted 5-20 membered heteroaryl,
provided that the compound is not 1-(2-aminopropanoyl)-4-
25  benzamidopyrrolidine-2-carboxylic acid.

58. The compound according to claim 57, or a pharmaceutically acceptable salt, -
ester, hydrate or prodrug thereof, wherein k is 0.

30 59. The compound according to claim 57, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein k is 1.
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(2S, 4R ' .
1-[ 2- Am no- 3- (1Hi ndol- 3-y1) - propi onyl ] - 4- benzoyl am no- pyrrol i di ne-

152- car boxyl i ¢ aci d; (28, 4R)
1- (2- Am no- 4- net hyl - pent anoyl ) - 4- benzoyl am no- pyrrol i di ne-2- carboxylic
acid; and - (2S, 4R

1- (2- Am no- 3- phenyl - propi onyl ) - 4- benzoyl am no- pyrrol i di ne-2-. carboxylic
acid, 20and pharnmaceutically acceptable salts, esters, .hydrates, and
prodrugs thereof. 118 84. The conpound according to claim1, claim 28 or
claim57, sBPect dhe rpppund according to any one of claims 57 to 59, ora

1- ( 2- ani noapgrintacedtidaty ZeEhaBRYIHitOL i} R ke in:

1-(2-am noaget yl ){; iﬂf-,ﬁglp{zgdrﬁpdo- N- et hyl E’g?'%%%‘?ﬁﬁ@%ﬁ?ﬁb%%e%;

1- (2- am noacetyl) - %-Behzam do- N- et hyl py' rrol i di ne-2- car boxam de; .

51- (2- am noacet yB)ziS4H;meizam' do- N-i sopr opyl pyrrolidi ne-2-car boxam de;

1- (2- am soacet y1R3 4 Qesta v : i di_ner 2-6akdgxam de;

4- benzam do- ke -{tert-but 0‘5532%@%%}%#?%#%%‘%@ 35?%?5%}(9?%&?9

car boxam de? QP ani noacet y1) - 4- benzam do.

-N-(pentan-3-yl)pyrrolidi ne-2-carboxam de; 101-(2-am noacetyl)-4-benzam do

-N-cycl opengy! py Lhdibpes 2~ de;~1-(2-am noacetyl) - 4- zam do
N T Sobut yl “’gr Col F%@'P%a‘%‘%%&if%@aqﬁ-ifz,?é%rﬁ%@@gﬁncfEfm%%csnfai% il
-N-cycl obutg 180 Myveiateipirrodrug sesepfaherein R2is 2 ani noacet y1) - 4- benzani do-
N-tert-hbutyl pyrrolidine-2-carboxam de;
1- (2-am noaget yl el 1 do- ( . dro-21-1-pyr.an- 4- rrolidine-2-
15car boxami gg‘; iné cgﬁaél-ﬁfz%g%dﬁ%a%gcﬁ@)@bﬁ ét;aeﬁé%{ﬁllagém'ca"y adcaBblc sl
N- ( 3- et hy| BEiPahYSalR 9iRiPEEY tharers. wherely Ruig £(OIRT; and R® is H or an optionally
1- ( 2- am noaseisyiitedichgakar do N- (3, 3-di et hyl but an- 2-yQopyrrol i di ne- 2-
‘car boxam de; 201-(2-am noacetyl)-4-benzam do- -
N- phenylgyrrol i di ne-2-car boxam de; and
1- ( 2- anihoaB@t y1Yba compeund arsordig(toeny ang of chimsa-18-58, ppyrrol i di ne- 2-
car boxam depharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein Y’ is

OR?

64. The compound according to claim 63, or a pharmaceutically acceptable salt,
20  ester, hydrate or prodrug thereof, wherein R?is H. '

65. The compound according to claim 63, or a pharmaceutically acceptable sait,
ester, hydrate or prodrug thereof, wherein R? is an optionally substituted C,.o alkyl.

25 66. The compound according to any one of claims 57 to 65, or a

pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein R'is H.
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and pharmaceutically acceptable salts, esters, hydrates, and prodrugs
thereof. 85. The conpound according to claim 84 sel ect ed from (2S, 4R)
1- (2- ami noacet yl) - 4- benzamni dopyrrol i di ne- 2- car boxani de; (2S, 4R)

1- (2-am noacetyl)-4-benzam do- N- et hyl pyrroli di ne-2- carboxam de; 5(2S, 4R)
1- (2- am noacet yl) - 4- benzam do- N- et hyl pyrrol i di ne- 2- car boxam de;

(2S, 4R) 1-(2-am noacetyl)-4-benzam do- N-i sopropyl pyrrolidine-2-

car boxam de; (2S, 4R)

~1-(2-am noacetyl E-4 benzam do- N-cycl opropyl pyrrolidi ne-2- carboxam de;
10(2S, 4R) &%ben qiopound accerding 10 ety rye af daimgl Snto16s) acet y| ) pyrrol i di ne- 2-

car boxam depharmaceutlcal(yza%ceﬂtg%le salt, ester, hydrate or prodrug thereof, wherein:
- 1-(2-am noacetyln% -benzam d 85&%@“ an- 3-yl) pyrro? di ne- 22" 2 ar boxam de;

(2S, 4R) 1-(2-a '855'&'??5’ ag RS ‘N—cycl opentyl pyrrolidine-2-
15car boxam de; the amino §d&js sticted from valine, norvaline, leucine, norleucine,

1-(2- b d
L amoeaasbiids hlseing donth YUY SR, i e 0

car boxani de ref@tngscysﬁwe lysine, argenine, histidine, aspartlc acsd glutamlc acid,

1- ( 2- ani noaaphadgjnel ghtamaiae] aoitting, @ 4-diarindoyit akiddbRe 2 2-diganbsiait de;
(2S, 4R) 1-{f5am noacetyl)-4- benzam do- N-(tetrahydro 2H pyr an- 4-
yl)pyrrolidine-2- car boxam de; (2S, 4R
1- ( 2- ami noacet yIBrovided iak e RomeopNeRis Rt fetaminenraparmyl)-4-
25yl ) pytor ol bedizamiddpgasiines?rica®oxylic acid.  (2S, 4R)
1- (2- am noacetyl ) - 4- benzam do- N- ((R) - 3, 3- di met hyl but an- 2
yI )pyrrolidine-2-carboxam de; (2SS, 4R
1- (2- ani nod&t y| Thescasappuadiageoming e ApY pye pitlsittisrig-ta 67cardoxani de; and

pharmaceutlcally acceptable salt, ester, hydrate or prodrug thereof, wherein R® is
ORS®,

15
69. The compound according to claim 68, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein R* is OH.

70. The compound accordiné to any one of claims 57 to 67,0ra

20 pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein R* is
NR°R’.

71. The compound according to claim 70, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein R? is NH..
25 '
72. The compound according to claim 70, or a pharmaceutically acceptable salt,
ester, hydrate or prodrug thereof, wherein
R®is H; and
R’ is selected from an optionally substituted C,_4o alkyl, an optionally
30  substituted Cy.s cycloalkyl, an optionally substituted 3-20 membered
cycloheteroalkyl and an optionally substituted Cg.po ary).
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30(2S, 4R) 1-(2-am noacetyl)-4-benzam do-N ((R)-tetrahydrofuran-3-
yl ) pyrrolidi ne-2-carboxam de, and pharnaceutically acceptable salts,
esters, hydrates, and prodrugs thereof. 86. The conpound according to
claim1l, claim28 or claim57, selected front
1- (2-acet am doacetyl) - 4- benzam dopyrrol i di ne-2-carboxylic acid;
4- benzam do- 1- ( 2- (et hyl am no) acetyl) - pyrrolidi ne-2-carboxylic acid,
4- benzam do- 1-(2-(2,2,2-trifluoroacetam d o)acetyl)pyrrolidine-2-carboxylic
5aci d; acid; '
4- benzam do-31- ( Xhete@Mraynd grgsding tmglbien? oy aqdtEyhaguticalyixdbagatie gak boxyl i c
4- benzam desier(Rrste 5 bibdhainBRbEGMe)dia PYT r ol i di ne-2- car boxylic acid; and
4- benzam do- | - ( 2;¢ or i do cet_?/ptggr[ol i di ne-2-carboxylic acid, 10and
phar maceut i cal | g;%’{pgg?tge@& h&e nittogep atormp iqiwhich they el bpnsifiety @ I-her eof .
87. The corfSonembered dethirogyctecoptibedlincBhitatreme tdathgf Hetdroatb@S indbBkndently
1- (2- acet argegl | Ol LA Ne- 2:.C xylic acid; (2S, 4R
4- benzam do- 1- ?ﬁ%ﬁﬁﬂﬁ?ﬁ%@@%‘w%ﬁ%ﬁ \@fhng%%%él“ﬁ%@' i ¢ 15acid;
(2S, 4R) 4- benzdh¥ dFOrembered heterqaypipliviaelecied fram ripgriinet pipmzineol i di ne- 2-
car boxyl i ¢ re@pbgline, thiomorp{diBe, giplidine, oxazolidine, thiazdlidine, and imidazolidine.
4- benzam do-.1- (2-(tert-butoxycarbonyl am no) acetyl ) pyrrolidine-2-.carboxylic
acid; 20(2S, 4R _ :
4- benzam dd41- ( ZhedomRoH)? aRsadipateany gnsefciingshids 23.camboxyl i ¢ aci d: and
(2S, 4Rp 4-phenzaveutically-aCcediasieasrt, dore Hyntat®¥F pW Y tREredr, GARRMXY! i ¢ aci d,
and phar maceut i Gald ¢()REAPS B2k r Bphsia§ SRt Yh A1 $3 grctna; bad O 19°

m is-0.

75. - The compound according to any one of claims 57 to 74, or a

15 pharmaceutically acceptable salt, ester, hydrate or prodrug thereof, wherein Z' is
benzoyl.

76. The compound according to any one of claims 57 to 75 having the following
structure:

N—=—2'
/

20 R®
or a pharmaceutically acceptable salt, ester, hydrate or prodrug thereof.
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25 88. A prodrug of a conpound according to any one of clains 1 to 87,
wherein. the prodrug is an oxazolidinone or imdazolidinone prodrug. 89. A
pharmaceutical conposition conprising -a conpound according to any one

of clainms 1 to 88 or a pharnmaceutically acceptable salt, ester, hydrate or
prodrug 30t hereof, and a pharnaceutically acceptable carrier. 90. A nmethod
of treating or preventing a pathol ogical condition conprising adm nistering
to a subject in need thereof a therapeutically effective anmount of a
conpound or- a pharmaceutical composition according to any one of clains 1
to 89. 35 '77. 9Thekvmpuehdadcarding tdnydorietoftlaihEs9 @ 79M8YiRY theliBwitiP] ect i's
a human beiggeturd2. The nethod according to claim?90, wherein the :

pat hol ogi cal condition is selected from cardi ovascul ar di sease;
osteoporosis; inflammati on of airway 5ep? iRfm  di sorders of al veol ar

ti ssue; bl adder incontinence; inpaire ng; endothelial |esions; Type |
or Type |1 diabetes; diabetic Q%tinop t hy; Wi abetic neuropathy.;

at heroscl erosis; CNS relateﬂ/fbnaﬁ NSy i2yres; ischema; dental tissue
di sorders; kidney di seases; anaem q; |eukopeni/a; thronbocytopeni a; .
pancyt openi a; superficial wounds; deep wo resulting fromtrauma; bone
10fractures; erectile dysfunction; urinary bl &lder_incontinence;

neur opat hi ¢ pai n; subchronic and chronic inflqﬁﬁﬁffon; cancer; failure of
bone marrow, stemcell transplantation; condigsi ons arising during

transpl ant &k eQRafhadetitAlyHbethisic Y96 ;esf\e‘P,qu%tQ'aﬁ Rlak gedpr | Ng medi cal
procedu%es; condi tions caused by an excess 0 reBcti ve oxygen species, free
radical § or nitric oxide; diseases or disorders of 15pregnancy; fenale
infertility8 andhstoooleund 88ordihgtomtyhoe: dctimssngo 6 having he3NaNingd 1,
wher ei n t hetyrpatfe! ogi cal condition-is cardi ovascul ar di sease. 20 94. The
met hod according to claim93, wherein the cardi ovascul ar di sease is

selected fromatrial fibrillation, atriaPxfluti'er, ventricular tachycardia
and ventricular fibrillation. 95. Thg use pf a conpound according to any
one of claims 1 to 88 for the .. : _ _
/( 2)k
Y N
R1
N—2z'
/
RS

ora pharmaceutically acceptable salt, ester, hydrate or prodrug thereof.

10
79. The compound according to any one of claims 57 to 75 having the following
- sftructure;
o R*
o \=/
(CHij -
e N; 7
R ..
l”,
N—2'
/
RS
or a pharmaceutically acceptable salt, ester, hydrate or prodrug thereof.
.15
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25manuf acture of a medi canent for the prevention or treatnment of a

pat hol ogi cal condition that responds to admnistration of the conpound.

96. The nmethod or use according to any one of clainms 90 to 95, wherein the
conpound is fornulated for parenteral or oral admnistration. 30

80. The compbund according to claim 1, claim 28 or claim 57, selected from:
1;(2-Amino-acetyl)-4-(4—nitro-.benzoylamino)-pyrrolidine-2-carboxylic acid;
1-(2-Amino-acetyl)-4-benzoylamino-pyrrolidine-2-carboxylic acid;
1-(2—Amino-acetyl)-4-(4-methyl—benzoylamino)-pyrrolidine-2-carboxylic acid;

5 1-(2-Amino-acetyl)—4-(4-methoxy-benzoylamino)-pyrrolidine-Z-carboxylib

acid; .
1-(2-Amino-acetyl)-4-(4-hyd roxy-benzoylamino)-pyrrolidine-2-carboxylic

acid; .
1-(3-Amino-propionyl)-4-benzoylamino-pyrrolidine-2-carboxylic acid; and

10 4-Benzoylamino-1-(2-hydroxy-acetyl)-pyrrolidine-2-carboxylic acid, '
and pharmaceutically acceptable salts, esters, hydrates, and prodrugs thereof.

81. The compound according to claim 80 selected from:
(28, 4R) 1-(2-Amino-acetyl)-4-(4-nitro-benzoylamino)-pyrrolidine-2-
15  carboxylic acid; _ :
(2S, 4R) 1-(Z-Amino-acetyI)-4-benzoy|amino-pyrrolidine-2-carboxylic acid;
(25, 4R) '1-(2-Amino-acetyl)-4-(4-methyl-benzoyl_a mino)-pyrrolidine-2-
carboxylic acid;
(2S, 4R) 1-(2-Amino-acetyl)-4-(4-methoxy-benzoylamino)-pyrrolidine-2-
20  carboxylic acid;
. (28, 4R) 1-(3-Amino-propionyl)-4-benzoylamino-pyrrolidine-2-carboxylic
acid; ' ' '
(2S, 4R) 1-(2-Amino-acetyl)-4—(4-hydroxy-benzoylamino)-pyrrolid_ine-z-
carboxylic acid;
25 (28, 48) 1-(2-Amino-acetyl)-4-(4-methoxy-benzoylamino)-pyrrolidine-2-
carboxylic acid;
(28, 45) 1-(2-Amino-acetyl)-4-(4-methyl-benzoylamino)-pyrrolidine-2-
carboxylic acid; :
(25, 45) 1-(2-Amino-acetyl);4—(4-nitro-benzbylamino)-pyrroiidine-2-
30 carboxylic acid; _ .
(2S5, 45) 1-(2-Amino-acetyl)-4-benzoylamino-pyrrolidine-2-carboxylic acid;
and _
(28, 4R) 4-Benzoylamino-1 -(2-hydroxy-acetyl)-pyrrolidine-2-carboxylic acid,
and pharmaceutically' acceptable salts, esters, hydrates, and prodrugs thereof.
35
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82. The compound according to claim 1, claim 28 or claim 57, selected from:
1-(2-Amino-4—carboxy-butyryl)-4—benzoylamino-pyrroIidine—2-carboxylic acid;
~ 1-[2-Amino-3-(1 H-indol-3-yl)-propionyl]-4-benzoylamino-pyrrolidine-2-
carboxylic acid; ’
1-(2-Amino-4-methyl-pentanoyl)-4-benzoylamino-pyrrolidine—2-carboxylic
acid; and
1-(2—Amino-3—pheny|—propionyl)-4-benzoyIamino—pyrrolidin'e-z'-carboxyiii:
acid; '

and pharmaceutically acceptable salts, esters, hydrates, and prodrugs thereof.

83. The compound according to claim 82 selected from:

(2S, 4R) 1-(2-Amino-4-carboxy-butyryl)-4-benzoylamino-pyrrolidine-2-
carboxylic acid; ) .

(2S, 4R) 1 -[2-Amino-34(1 H-indol-3-yl)-propionyl]-4-benzoylamino-pyrrolidine-
2-carboxylic acid; : |

(2S, 4R) 1-(2—Amino—4-methyl-pentanoyl)-4-benz’oylamino-pyrrolidine-2-
carboxylic acid; and

(2S, 4R) 1-(2-Amino-3-phenyl-propionyl)-4-benzoylamino-pyrrolidine-2-.
carbbxylic acid,

and pharmaceutically acceptable salts, esters, hydrates, and prodrugs thereof.
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84.  The compound according to claim 1, claim 28 or cléim.57, selected from:
1-(Z-aminoacetyI)-4—benzamidopyrrolidine-2-carboxamide;
1 -(2-aminoacetyl)-4—benzamido—N-methylpyrrolidine-2—carboxamide;
1-(2-aminoacetyl)-4-benzamido-N-ethylp;}rrolidine—2-carboxamide;
1-(2-aminoacetyl)-4-benzamido-N-isopropylpyrrolidine—é-carboxamide;
1-(2-aminoacetyI)-4-benzamido-N-cyclopropylpyrrolidine-z-carboxamide;
4-benzamido-1-(2-(tert-butoxyca rbonylamino)acetyl)pyrrolidine-2-
carboxamide;
1-(2~aminoacetyl)-4—benzamido-N-(pentan-3-yl)pyrrolidine-2-carboxamide;
1-(2-aminoacetyl)-4-benzamido-N-cyclopentylpyrroIidine-z-carboxamide;
1-(2-aminoacetyl)-4-benzamido-N-isobutylpyrrolidine-z-éarboxamide;
1-(Z-aminoacetyI)-4-benzamido-N-cycIobutylpyrrolidine—Z-carboxamide;
1 -(2—aminoacety|)-4-benzamido-N-tert-butyIpyrrolidine-2-carboxamide;
1 -(2-aminoacetyl)—4—benzamido—N-(tetréhydro-2H-pyran-4-yl)pyrrolidine-—2-
carboxamide; - '
1-(2-aminoa_cetyl)-4-benzamido-N-(3-methbeutan-2-yl)pyrroiidine-Z- '
carboxamide;
1 -(2-aminoacetyl)-4—benzamido-N-(3,3-dimethylbutan-2-yl)pyrrolidine-2-
carboxamide; '
1-(2-aminoacetyl)—4-benzamido-N-phenylpyrrolidine—2-carboxamide; and
. 1-(2-aminoac_etyl)-4-benzamido-N-(tetrahydrofuran-S—yI)pyrrolidine-2-
carboxamide,

and pharmaceutically acceptable salts, esters, hydrates, and prodri.ngs thereof.
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85. The compound according to claim 84 selected from: _

(28, 4R) 1-(2-aminoacetyl)-4-benzamidopyrrolidine-2-carboxamide:;

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-methylpyrrolidine-2-
carboxamide; ' ' ' .

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-ethylpyrrolidine-2-carboxamide;

(2S, 4R) 1-(2-aminoacétyl)-4—benzamido—N-isopropylpyrfolidine—2-
carboxamide;

(25, 4R) 1-(2-aminoacetyl)-4—benzamido—N-cycIopropylbyrrolidine—z-
carboxamide; . _

(28, 4R) 4-benzamido-1-(2-(tert-butoxycarbonylamino)acety!)pyrrolidine-2-
carboxamide;

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-(pentan-3-yl)pyrrolidine-2-
carboxamide;

(25, 4R) 1-(2—ai’ninoacetyl)-4-benzamido—N-cyclopentylpyrrolidine-2-
carboxamide;

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-isobutylpyrrolidine-2-
carboxamide;

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-cyclobutylpyrrolidine-2-
carboxamide; | ' 2

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-tert-butylpyrrolidine-2-
carboxamide;

(28, 4R) 1-(2—amino'a_cetyl)-4-benzamido-N-(tetrahydro-2H-pyran-4~
ylpyrrolidine-2-carboxamide;

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-((R)-3-methylbutan-2-
yhpyrrolidine-2-carboxamide;

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-((R)-3,3-dimethylbutan-2
yl)pyrrolidine-2-carboxamide;

(28, 4R) 1-(2-aminoacetyl)-4-benzamido-N-phenylpyrrolidine-2-
carboxamide; and '

(2S, 4R) ‘I-(2-aminoacetyl)-4-behzamido-N-((R)-tetrahydrofuran-3-
yI)pyrrolidine—2-carboxamide,

and pharmaceutically acceptable salts, esters, hydrates, and prodrugs thereof.
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86. The compound according to claim 1, claim 28 or claim 57, selected from:

' 1-(2—acetamidoacetyl)-4—benzamidopyrrolidine—2—carboxylic acid;
4~benzamido-1-(2-(methylamino)acetyl)-pyrrolidine-2-carboxylic acid;
4-benzamido-1-(2-(2,2,2-trifluoroacetamid o)acetyl)pyrrolidine-2-carboxylic

acid;

4-benzamido-1 -(2-(tert-butoxycarbonylamind)acetyl) pyrrolidine-2-carboxylic

acid;

4—benzamido-1-(2—(dimethylamin_o)acetyl)pyrrolidine-z-carboxylic acid; and
4-benzamido-1-(2-formamidoacetyl)pyrrolidine-z-carboxylic acid,
and pharmaceutically acceptable salts, esters, hydrates, and prodrugs‘thereof.

B7. The compound according to claim 86 selected from:

(2S, 4R) 1-(2-acetamidqacetyl)—4-benzamidopyrrolidine-2-carboxylic acid;

(2S, 4R) 4-benzamido-1-(2-(methylamino)acetyl)—pyrrolidine-2-carboxylic
acid;

(2S, 4R) '4-benzamido-1-(2-(2,2,2—trifluoroacetamido)apetyl)pyrrolidine-Z-
carboxylic acid; |

(28, 4R) 4-benzamido-1 -(2-(tert-butoxycarbonylamino)acetyl)pyrroliding-2-
carboxylic acid; :

(2S, 4R) 4—benzamido-1-(2-(dimethylamino)acetyl)pyrrolidine—z-carboxylic
acid; and

(28, 4R) 4—benzamido-1-(2-formamidoacety‘)pyrrolidine-z-carboxylic acid,
and pharmaceutically acceptable salts, esters, hydrates. and prodrugs thereof..

88. A prodrug of a compound according to any one of claims 1 to 87, wherein
the prodrug is an oxazolidinone or imidazolidinone prodrug.

89. A pharmaceutical composition comprising-a compound according to any one
of claims 1 to 88 or a pharmaceutically acceptable salt, ester, hydrate or prodrug
thereof, and a pharmaceutically_ acceptable carrier.

90. A method of treating or preventing a pathological condition comprising

administering to a subject in need thereof a therapeutically eff_ective amount of a
compound or a pharmaceutical composition according to any one of claims 1 to 89.
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91.  The method according to claim 90, wherein the subject is a human being.
g2. 'The method according to claim 90, wherein the pathological condiﬁon is
selected from cardiovascular disease; osteoporosis; inflammation of airway
epitheliurﬁ; disorders of alveolar tissue; bladder incontinence; impaired hearing‘;
endothelial lesions; Type | or Type li diabetes; diabetic retinopathy; diabetic
neuropathy; atherosclerosis; CNS related conditions; seizures; ischemia; dental
tissue disorders; kidney diseases; anaemia; leukopenia; thrombocytopenia;
pancytopenia; superficial wounds; deep wounds resulting from trauma; bone
fractures; erectile dysfunction; urinary bladder incontinence; neuropathic pain,; .

subchronic and chronic inflammation; cancer; failure of bone marrow; stem cell

transplantation; conditions arising during transplantation of cells and tissues;

conditions arising during medical procedures; conditions caused by an excess of
reactive dbxygen species, free radicals or nitric oxide; diseases or disorders of
pregnancy, female infertility; and stroke.

93. The method aécording to claim 90 or 81, wherein the pathological condition
is cardiovascular disease.

94, The method according to claim 93, wherein the cardiovascular disease is
selected from atrial fibrillation, atrial flutter, ventricular tachycardia and ventricular
fibrillation. '

95. The use of a compound according to any one of claims 1 to 88 for the
manufacture of a medicament for the prevention or treatment of a pathological

condition that responds to administration of the compound.

96.  The method or use according to any one of claims 90 to 95, wherein the
compound' is formulated for parenteral or oral administration.
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