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and treatnent of cardiovascul ar di sease. See for

exanple, Wi et al. "Cardioprotection of
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the role of the potent kappa opioid receptor agonist,
hEMazoc| ne I.n L7RR 30k 178501 AOI3Y Havcribé B eicachbiiU-
:mg| seki gg‘y‘g}?aﬁqéfe 'ejg{% by nor bi(nal ?or phi rni ne
50( 483 iBMorphifidi@dmted poiritsiin dle tkendpr opi oi d recept or
ant agoni st; and_Dortch-Car.nes etal
(0RRQ12) - AgBication pbpBBEL PR SHRE e g Rt for Tdhument of
armehe discl ases b BedtS& éthivkanpacwdl. Ged fagaainplss to -
_..P?t%r%%g%g%%g?lggspal nr.a SOdg pai\r_151ha‘l_2r al so been _shown to be :
LénieaDajs eDioy2 4228 (2096) futr b cliscussiona)b pee A ePHIds BFBATRPEOT
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ptmidcsgiamhxprgg@ peptide; Cﬁgjugptes ﬁrq’a{ gc'tper}[@efau Rﬁfe’: no ’tm recepion,

wpﬁiﬁree}]agée\&n ol'b%s nct %gn %@%ﬁﬁ%p@tﬁ@ Peckftdr. 1 See: D. R. Kapusta,

y selecte he group consisting o
L&Y StlBot 15-21, ¢927;00én Pylent Ng.dd, land Byt iPagignt Apgli- Blgy |
and thiazolyl; each Xaa2 is independently sel ected
~group consisting of (A) (A )D Phe,
(a-Me) D-Phe, D-1Nal, D-2Nal, D-Tyr, (EfD-Ala, and

seMiikry

[0012a] In a first aspect, there is provided a sy
Xaa,-Xaa,-Xaag-(Xazay),

nthetic peptide amide having the formula:

G

or a stereoisomer, mixture of stereoisomess, prodrug, pharmaceutically acceptable salt,
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each Xaa3 is independently selected fromthe group
consisting of DNl e, D Phe, cyclopentyl-D A a, D Leu,
(a-Me)D-Leu, D-Val, and D-Met; each Xani is

i ndependent |y sel ected fromthe group consisting of

( @}%@&i@\r é&lva(@h@i@‘sﬁﬁhﬂdra{@ﬂ@ﬂ&hbn isemGphio-drystallinDf@apthereof,
s-(B)D-Lys, s-(B)2-D-Lys, D Anf, arni di no- D- Anf,

wherm(B)ZDDbu & (B)2a- (B5D- O n, D- 2- ani no- 3(4-

ri.d N
each &ag %{leg) gcze?ag r%nlﬁzcgtsg ‘rﬁ'rog} thg ﬁrguﬁjrconslgt}ﬁlgcof a(é)&A D Ph_e,
anﬂanﬁfeﬁﬁ-ﬁm OiTe; Prup) Bphenyglydine, D-neopentylg]ycme
- a-am no- 4- pi peri di neacet.ic acid, CI(E%
di Emhqgﬁglﬂcmqe};@ah@ug@é{ly élﬁg}é]iedand B D-Ala, wherein each (A) and
tran oc
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tr dhi9 | oh t d,
%Egohexén}éﬁr?c{yé)h% {c}laﬁﬁéi {(;j%;{l ohexane acetic aci

I's”1 ndependeéent |y sel ected from t he
each Q’Iaﬁili@ isdpehddntin gelatted Hoanthe Groupt coablkiyﬂlg oﬂmd(ﬁg B>YPhies

Me ted f
oS RBe PG DN ST s A G TRy, o R O
t
each %S{Jlg']ﬂc% g%lczetn?i?{gs ?éal} )ﬁﬁ@gﬂne g&g@dnﬁgﬁ@domm bephe,
D-dyelbpﬁnt@BIBAid B)-DeDr{e:; Ma)ﬂi}j-Leu, D- Hle D-Val, and D-Met;

cach ggao U TEPISHIE SHEPEY Boatios b ennes B d-Ar” 'S
e@g‘@gﬁ ch){D %@mﬂmﬁemap al(B)bing, Hesprodlys/B-Amf,

oi ety are N wherein Y and Z aré each

i nateidéme e B AnfCy-8 )R-l 2. oriR \Rrdiracertapingg @t ons;

pravi d t hat .whe h tin _
orPIE? REHpar é‘ﬁlﬁ ﬁ% am?loa%@ %lﬁalr)%S soglp pé{(?e{;dp Iﬁé 548 Do
| 6380l iRnIdiGpRpRiTEs adllCh- Qfﬂ@iﬁ—d@ﬁ)ehlimbacwhemﬁiumh-a 4-
ring noiety has a single heteroatomwhich is N,  then

s ubmitioeyclnlizeny a¢eficreil gp@%ﬁr@ammocyclohexancacetlc ac1d c1s-t-
amino-4-methyl-aminocyclo-hexane acetic acid, frans-o-amino-4-

methylaminocyclohexane acetic acid, a—an_u'no-1~amidin0—4—piperidineacetic acid,
cis-a-amino-4-guanidino-cyclohexane acetic acid, and trans-a-amino-4-
guanidinocyclohexane acetic acid, wherein each (B) is independently selected
from the group consisting of -H and C;-C; alkyl, and (B') is -H or (e-Me), and p is
Zero or 1;
G is selected from one of the following moieties:
(i) G1s
7N

-W-Y Z

R—l'(v)e"R2
wherem p 1s 1;

Xaas-Xaas- is selected from the group consisting of D-Nie-(B),D-Arg-,



and Gis Rl-(V)cR2 wherein pis 1; and the noiety Y
Z is an optionally substituted 4 to 8-nenbered

het erocyclic ring noiety wherein Yis Cor Nand Zis
C N 0, S SO or SO2; provided that when such ring
noiety is a six-, seven- or eight-nenbered ring, Y
and Z aPelsepBateB)DyOat-, ArdqaiMeD LEL-BBRMSD-Om-: and
provi deﬂjthat when such ring noiety is non-aromatic
and Z i §°E@YFYN then such ring noiety conprises at

| east one S or O ri/p«g\Qreter oat om and. provi ded
further that when/such Ying noiety is-aromatic, then
Yis C wherein W's sellected fromthe group _
consi sting of null) vided that when Wis null, Y

is N -NH( - W th Db yal ,to,zeraq, 1, 2, 3, 4,
5, or 6; ang - EIP—E? )SB@%%##EO E-mgRiared bptgrocysgic ging
wher ein V i anéibtyGshaabi)ll rirdNibi@oiiSme &f 95 @find LRI
when e is zero, then V.is null and, 12.1 and are ’
directly bofdsacg mKeZ semachindgpsridenent ardhendatrenst -

wherein (a) ,RL.Ls -H_.-OH _halo 3, -N142, - COOH, )
Cl- 06 al kyl ,aﬁ%‘r%é irﬁg,atﬁ%j&ovéwyﬁh%%%ﬂt e Flagmoiety is a six-,
anmi di no, ar ytvenopt tighiainkybeidbsinict Vtagd et 6

Pro-am de, Pro,, dy, A a, Val Eeu, e, L)Pg;gd%r%%aﬂe%t
Om Ser, Thi™o ERE sloonbEn nd propided g Rhen GEMRIRE mNAGOR's, 2
OR, or SO2NRgR'Hetpbabsi Wikt Bkl QRALY SYbSLL Lt ed

aromatic;
and
(ii) G is A
-W-Y Z
RI (V. ::"R2
wherein p is 1; and '
the moiety g
TN
Y Z
N

1s an optionally substituted 4 to 8-membered heterocycﬁc ring
moiety wherein Y is Cor N and Z is C, N, 0,8, SO, or SO,;
provided that when such ring moiéty 1s a six-, seven- or eight-
membered ring, Y and Z are separateci by at least two ring atoms;
provided that when such ring moiety is noz-aromatic and Z is C or
N then such ring moiety comprises at lezst one S or O rng
heteroatom; and provided further that when such ring moiety is
aromatic, then Y is C;
.wk_xerein W is selected from the group consisting of:-
 null, provided that when W is nﬁﬂ, YisN; |
-NH~(CHy)p- with b equal to zero, 1, 2, 3, 4, 5, or 6; and
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heterocyclyl is optionally singly or doubly

substituted with substituents independently sel ected

fromthe group consisting of ClL-C6 al kyl, -0Cl-C6

al kyl, oxo, -014, -d, -F, -NH, -NO2, -CN, -COOH,

and am di no; wherein R and R' are each independently

-H, —m—{Cﬂzﬁid)&Mthafeiﬁal wetsrpeyclyl or R and R' are

combi-ned to forma to 8-nenbered ring, which ring
wharginghis leneh R vh @bd il Tarear & Watrginoyhageub legrovitem V is null and,

Cond) IS AL RPERRR ) the Gl A Bk Al O
wherdin (E)NHZLS -HINQIH, k4D, CBY CNHQOO@OHMICICB mﬂﬁ?&; ICS -t alkyl-

am di no, singly or doubly Ci- al k stituted
anisHpsiBited enpdinga Pt GENmISHD SW‘!@@%{@T@TQ%@E]N@@HM& Pro,

oﬁn‘% )Lbﬁt ﬂ?rl(ij i?grété’% gérfrg%g?%m%r ocyélgloéR

no WIR";:NMCG)RC PRi a¢ S0,MR RYivéieyeimbiic bptisndigrdegitited
e r ng atomof the Y and Z-containi ng ring

rm?‘%tte Cyela’ FOPURPAEhENRY OF SREA Y 1SSbRIHET VlibrsH Sémgqn.t@ e
(i Dep&RnOf salét@edYﬁ&ﬁ%eZorengﬂiﬂuﬁg of g]%:é ﬁrmgag? DGR, alkyl,

forman optionally substit
he?é?»o@% FEl .- h@bnﬁ\i@t yCNaG@@H andsyphidnos wheeilR &ind R" are

&) k vvlth two or nore
aar SR B B bR S o SRR fgormbined
NDicefoytn GalN td BmidrAer QPG D %&é}yné% hglgfdsuﬂsﬁtﬁtgd cs)mgly or
menber ed, heter ocyclic monocyclic of bicyclic rin

‘ilfé{b%f Vifs sebstignentsandepandin iy solettail rﬁrongﬂmegnglprmnattmg of

B NP3 PR e B R oo

amimBBlol; sndR} IsaNadnhiding] HEE1Y of Hoﬁiﬁjﬂ'@ §C6 tshlg hﬁgd amidino,
Wi t&ﬂﬁgSUbSt ituents i ndeﬁendentl sel ect ed from

Ret2s tGAYRAY", ANHCHRAI-RPLNRRICEr €CBOG@HKe

- om RN %&% &R%il{dgte%n&hg%%%ﬁp{é?%ly Sﬁ%ﬁ:&é tpr?a{nembered l,

when t fieteYogwlic Zronoticlit bf BigyElid@ndRlotdy whithds SdntleQ%o a
seven menbered ring,  conprising a single ring

het er o wawtbmf 8y DycorRaining ring@neinty; the ot her

Of(‘(?\RF%l n%’ B not gﬁlﬁgﬁ%ﬂé%&n& gé}efi Ff"ﬁg Coflﬁ’é?mg

when t hmg&hcaatgf cZntf@Im ai sptiogally Bgbstiait@l 4 th B-Befibted
two ring heteroatonms, both Y

nmenbered ri ngl CQITPI‘I Si nfq
and Z &Y W%quy Ogﬁﬁnﬁ\?@(fmsﬂfmﬂ)e DIS attached
t EH)ZRl ahﬁ?ﬂ tﬁﬁé%(t%%ﬁ 2%"18{;1{?%& fU{Be Y and 7-

consisting of a

ani di neentainingding mxdamhéorm %ﬁﬁﬂly&ﬁb&tﬁ@b@ﬂt@)ﬂ%

and | ast | rovi ded.that if_the Y and Z-containing '
ring nb¥ Q%Veaéeéer%‘fyfhﬁﬁ’ﬁiﬂ%‘fyégcﬁ Risyelsisng Bieyy sediogthe Y

Ori ngm{@ez.%@@kggﬁ@ mbfet} he Y and Z-containing ring
nojety is a six nenbered ring conprising two ring

h@h@?@eﬁa@h@f saph eponallip eubsumtah 4- @ Samemberd Gedfdcsclic ring
nul |, the Y.an nIalnln ri-ng noiety is a

six ne lglflgsdcom%rﬁ%% ?’ﬁ‘ IC?C%‘BP? Prigpddy s iiF@-}bi)’ $ybsetuted
het er oaitloBabstiRicats ih@ipRARALIQ @bﬂeétealﬁowﬁe g#@%ngsﬁ of Cp-

zero, Rl and R2 are not both -H. prese

di scl deaatkylprvi-teslksl aptieaally Spbfmmtdépha:nyﬁmop@H -Cl, -F,
Formul fr: RB2LeXRa2n8fR 3 L5aa00,.

provided that when the Y and Z-containing ring moiety is a six or seven membered ring.
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Formula | and stereoi soners, m xtures of

st ereoi soners, prodrugs, pharnmaceutically acceptable
salts, hydrates, solvates, acid salt hydrates

N-oxi des and isonorphic crystalline forns thereof.
[0014]In formula |I. each Xaal is |ndependently chosen

E ,&%%plﬂg’g%ll;%ghﬁwwea{l%ﬁgo nt]oxrl]loan% wgen one of Y and Z 1s C and the other

(Abf & FR-RNENI 1P hgBYthad RNiset -OHL ¥ADR| &8 R, are not both -H;
D-1,2,3,4-tetra- hydr oi soqui nol i ne- 3carboxyI|c aci d,

p’"ovﬁﬁetdémhq:réhmwi@n tn ¥ - yingpipieR Eg mlphfeﬁylsgl meihered ring

D-h I d.f E
eagﬁg%% ﬁ%ogggﬁHfﬁm‘%%;gmgheag Zr|ng sugsmﬁfzg%ﬁgaiacR°
i n@keaeaﬂanblzv ﬂ@dhOSJ%ﬂ{J(RQJHE s#lectef mnﬁlhe ordﬂ@:ons@n% of

and wherein each
i né@ﬁ@%&ltq:walkﬂo@éﬁﬂﬂﬁeé Wecy@ndbmcywmé%nl% peHryPOH, and
gﬁgékg{ i dyl, thienyl and thiazolyl. Each Xaa2
|s in en y chosen fronw(ﬁ0(1013 phenylalanine,
lastlg, K%Vl@é&ﬂﬁhﬁf €Dy phe Aydoatadtiih i fing moiety is a six membered ring
) (A) (a- Nb)D—phenyIaIanlne D- 1- napht hyl al ani ne,
D— qammm ﬁy ar errgehet@oww@ gy Hhe Y pROLAtoniNag ragdoorety 1s
D- N . n 0l S&
D%(‘cﬁl}r((ﬁ%uc Te dn S mx‘%ﬁaﬂ’ gici “Jﬁ*egﬁ‘?%&g% al g‘%%ﬁ% KA Z are
D-Newaiwes nﬂi e E}the YCirideZ -cdxthiaing| renganoiety iDs i inaebered
and D-nethlonlne Each Xaa4 js |ndep n%ﬁntl chos%P
fr @rﬁm(agy Dipg gpglipﬁﬁlﬁ.g a SP:B@_ R }éeft@"o O W eterdatom is N, then
| ysi ne,
D%%i bamaal g %E%t afe AP Qgﬁ‘ilﬂo

diam ropr opi gnic acl s-(B) D-1 ysi ne,
(B) 2- D-I S|ne DanlnonethyIFhenyIaIanlne

[0013] ;T s ﬁlem?‘ﬂ?ﬂS SPHEHS Fealidgvdss of formula &
V- ( B) 2D Yehia@uRlQMLYT | € 2cCi d,
8- ( B) 2a- (i &%§n|t4¥ne
D- 2- am no- 3(4 pi peridyl)-propionic acid,
D- 2- am no- 3( 2- an1nonyrro||dylhg§ﬁglqnlc aci d,
D-a-am no-fl -am di nopropi oni ¢ aci
a- am no- 4- pi peri di neacetic acid,
ci s-a, 4-di am nocycl o--hexane acetic aci d,
trans-a, 4-di am nocycl ohexaneaceti c acid,
ci s-a-am no- 4- net hyl - am nocycl ohexane acetic acid,
t rans- a- am no- 4- met hyl am nocycl ohexane acetic acid,
a- am no-1- am di no-4- pi peri di neacetic acid,
ci s-a-am no-4-gpnni ainn-ryrinhew e nrPtir acid, and
t rans-a- am no- 4- guani di nocycl ohexane acetic aci d,
wherein each (B) is independently chosen from-H and
Cl-A4 alkyl, and (B') is -Hor (a-Me); and p is zero
or 1. [00151The noiety Gis selected fromone of the
followwng nmoieties (i)- (iv): (i) Gis (Xaa
) g4Xaa2), - (Xaa3), - (Xaad)t wherein p, q, r, s
and t are each independently zero or 1, provided that
at least one of s andt are 1. The noiety L is a
i nker chosen frome-DLys, e-Lys, 8-D0m &Om
y-am nobutyric acid, 8-am nooctanoic acid,
11- am no- undecanoi ¢ acid, 8- am no- 3, 6-di oxaoct anoi c
acid, 4-am no-4-carboxylic piperidine and (D-Lys-Qy
lactam2, R -(V)e-R2 wherein p is 1, and Xaa3- Xaa4-
is chosen from D norl euci ne- (B) 2D ar gi ni ne-,
Dl euci ne-8-(13)2a-(3')D-omthine-, and
a-nmet hyl -D- 1 euci ne-8(13)2-a(3")D-ornithine-; and the
nmoiety Y Z

_3d -



Is an optionally substituted 4 to 8-nenbered
heterocyclic ring noiety wherein all .ring heteroatons
in said ring noiety are nitrogen atons; wherein Y and
Z are each independently carbon or nitrogen atons;
provi ded that when_ such rin S a si. seven, ..

AR A R R S e o
' salltg,qg/ﬁra eﬁ\ﬂof\ﬂaﬁg RHQYE h ?%%er%‘{de@%ﬂd {sBAbrpMetysisiahe forms
rrng noiety 5 e 7

ds a single heteroatomwhich is
thaiebirogen then such ring noiety is non-aronatic.

iii) Gis -WYZ
[8 Jet yin oy 1. i s misre g Shdhel by B r e S
E'E g&‘%ﬁﬁtp% Mi&hihe (Ab(ﬁ%ﬂ%@}lm Yh&typiishige, Dotydosine,
a'nitr gen at om and | S car bOﬂ nitr ogen,
Dd%@m&a&ﬁdfamogumullﬁeakmxylma@ I&@ﬁyﬂbﬂcﬂm&n ded t hat

when such I a Six
nedpaRE s & Bl B e, Db AR, 4 T HEp-deine.
whePas EachWR) kAR AN Bre pREMY hﬂg ﬁiﬁshﬁknﬁé\ﬁlﬁﬁpﬁiﬂ@m)f tHogen
nol ety i's"non-aromati ¢ and is a carbon or

from: tH 051 alNoy -GtherC IS udiN, rmb&hmr@t\yheme P@Rke@ Bt
olsSERaRASH S 8 PSR BRSNS e A o
mi%&ﬁmﬂa&i Xb4)@independentiyahben o)A )Y phéayildaride, 84
dichloro-D-phenylalanine, (A} A’)(a-Me)D-phenylalanine, D-1-naphthylalanine, D-2-
néghth’yla‘lanine, D-tyrosine, (E)D-alanine, and _D-tryptophan._' Each Xaa; is
independently chosen from D-norleucine, D-phenylalanine, (E)-D-alanine, D-leucine, .
a-MeD-leucine, D-homoleucine,_- D-valine, and D—methionme.: Each Xaa, is
indepcndently chosen frorﬁ' (B);D-argi’nine, (B).D-norarginine, (B);D-homoargnine,
£-(B )D-hoﬁloly‘sine Dr 2.3-diaminopropionic acid, e-(B )D—Iyéinc &-(B),-D-lysine, D-
ammomethylphenylalamne. amidino-D- ammomethyl-phenylalamne y—(B)zD—u;y-
dlammobutync ac:ld 8-(B)0-(B")D-ornithine, D-2-amino- 3(4—p1pendyl)~prop10mc
acid, D—Z—ame-B(Z—ammopyrrohdyl)propiomc acid, D-a-amino-B-amidino-
prcﬁ_ﬁonic acid, u~amin6—4—pip§:ridineacctic acid, cis-ﬁ,4-diammocyclo—hcxane acetic
acid, trans-a,4-diaminocyclohexaneacetic acid, cis—u»ammo—4~ziiethyl-aminoéyclo—
hexane acetic acid, trané.-u—aminu—4-methylaminocyclohcxane acetic acid, a-amino-1-

ineridineacetic acid. cis-o- nmmn_d...mmmdmn-r‘vnlnh ane acefic acid
il ¥ ANy o) S & S - -- - — e F=hratay

and trans-a-amino-4-guanidinocyclohexane acetic acid, wherein each (B) is
independently chosen from -H and C-C4 alkyl, and (B") is -H or (c-Me); and p is zero
or L. _ ' ‘
[0015]  The moiety G is selected from one of the following moieties (i) — (v):
@ Gis
L

(Xaa )y (Xazy),-(Xaas)-(Xaag)



wherein J is a 5-, 6-, or 7-nmenbered heterocyclic

ring noiety conprising 1, 2, or 3 heteroatons in the

ring wherein R3 and R4 are each independently

“é%%ﬂg%f?@éﬁzf romCr C3 alkyl, halo, -OH -CF3, -RQAS2007/023874
-COCH and ami dino; and R5 and R6 are each i
i ndependently sel ected from Cl -C3 al kyl , .oxo, | o,
O RS ol oo G st kel Bors vl Pl e east
oM of sariesen ThOMoRNEL & a idkRr Elfﬂsérpﬂbxﬁgz-lﬁh!y@,%—ﬁgs{ 5 PL&m,
nul l; -NH(CH2)b- with b equal to zero, 1,7 2, 3, 4,
S rngy-aginohngric meid( Spminpoctangit a¢id.cl leapuiap-undec2naic 3cid, 8-

1 | et r n 1:.C6. al. kvl t he
oS ISR el RO B i RiePufte aniLiT By
‘lend;, then Vis null and, RI and R2 are directly

bonded to the sane or different ring atons. The
grougp ®lis and R2 can be any one of (a), (b), (c) or
(d) as follows: (a) R is H OH -halo, CF3, -NH2,
-COOH, C1-05 al kyl, am_dino, C-C6 al kyl -substituted
anmi dino, aryl, optiowdl [3\substituted heterocyclyl,

Pre-am de, Pro, |iWwyy a Val, Lea, Ile, Lys, M,
Om Ser, Thr, CN, ) , SO2R, CONR R',
NHCOR , OR, or SO2NR R'\ wherein said optionally

substi tuted heterocyclgy(v§$gptionalIy singly or
doubly substituted with suﬁstituents i ndependently -
wherkeingt 8d, frdiXiadsieaagh io tippse fisindd-nbdeRine @B BB ahind-, D-

- Cl- | K X - - -F, -NH2, - -
* el BBt rmibine i et Thlacipe SU g iy omithine-;
mkﬂﬂ@ﬁ%ﬁ%fnt|y H, C1-C8 al kyl; aryl, heterocyclyl or
R and R' are conbined to forth- a 4- to 8-nenbered
ring, which ring iz,ep{iona[ly substituted singly or
- doubly with substitgents}independently selected from-
t-he group consisting of -C6 al kyl, -C1-C6 al koxy,
-OH, -d, -F, -NH2, »® , - CN, and -COOH, am di no;
and R2 is H, am dino, singly or doubly Cl-C6

is aim %@,}lg’ ?ﬁs‘%‘ék*%?%‘?‘,‘ ﬁg@rﬂie%%gg'a ﬁglﬁrdc%?ﬁg xﬁﬁgﬁgle@n all ring

heterpasoms oyraidmng marety oe mitsogen poimsahdryins) st Z tusteach 4-

. 1o 9:menbered heterocyclic manocyclic or bicyclic . |
i e TR0 o BRSSOV Wiindur HEE Bt e six,

sevdteor ighitanefbeast dig) YehdIZ &8 sepkREYby RNeast twol§le FMmaRHd

R2 taken together wth a single ring atom of ﬁhe Y :
prayidedthatorkes syrlh ging meietybasea single heteropiomawhich is mimegenythen

] A -menbered heterocyclic ring noiety

suégng%?%géfgééPé&g?éﬁg?ure; or- - (d) RL and R2 taken

together with two or -nore adjacent ring atons of the

Y arffi)Asd¢ont ai ning ring noiety can forman optionally

substituted 4- to 9-nenbered heterocyclic nonocyclic

or bicyclic ring noiety. fused to the Y and

1-containing ring ety [0018] Each of the

af or ement i oned op¥-&nal\i' ¥ substituted 4- to

9- nenber ed het erocycMN ing noieties that include R

and R2 is optionally singly or doubly substituted

with substituents inddhelYdeR;ly chosen from Cl-C6

al kyl, -C -C6 al koxy, optionally substituted phenyl

: defj.ned .above oxo, -OH -d, -F, -NH2, -NO2,
Wh%%li[’p-ls&ﬁef?ﬂ%?ﬁﬂmg?% di no. [0019] The above fornula I
definitions are subject to the follow ng three
provi sos: (1)~ That when the Y and Z-containing
ring noiety is a six or -seven membered ring
conprising a single_ring heteroatom and when one of Y
and Zis Cand the ottér of Yand Zis N, and e is
zero, then Rl is not OH and RI and R2 are not both
H; ;
_5-



(2) That when the Y and Z-containing ring noiety is a
si X nmenbered ring conprising two ring heteroatons,
both Y and Z are nitrogen atons; Wis null, and the
moi ety -Ye(RO(R2) is attached to Z, then -Ve(Rl)(R2)
_is chosen from am di no, Cl-C6 al kyl -substitut
is apPRitopdly suhishiyigd bios-membsired heteropirdeng My ™! %%2‘651 NH2;
and - ..., (3) That if the Y a - SRRt Wl i ng
cafRop % @“‘F%geﬁgtg‘%‘ﬁn%%g&%% m(r%rioi%eé]’ c ﬁeéf i Sl hgﬂighgﬂ IO{‘: ur or
sulfBnxprgaided thagvinatsecontpmpieoy isiafsix, bevel oneight-membered ring,
Z-containing ring noiety is a non-aromatic Si ) .
Y e areegparatpg) by paeast e W&E’eémmx?r?\"%é] #vdieB gbdhng moiety

is YA&F@%@&P 94&? E aar%ﬂ)o% éﬁ‘%%it?d b QR0 ukh QS xﬁr{t?dmg}éiy_sincludes
nul I, or 1 e and Z-containing ring notety’is a .
at Beast-one widfir edosygenEing beteioagnt;lzad proveled dethenthei whtnesuch
.ring heteroato ich heteroatomis a nitrogen atom
IIng LY \RhERmALS. g"i‘gﬁ,a Cﬁfq’oé'r?&“ﬁz are not both '
hydrogen. [0020] The di scl osure al so provides a
sel eg} Gve kappa opioid receptor agoni st
(i nterchangeably referred to herein as a kappa
receptor agoni st of sinply as a kgppa agoni st) which

is a synthetic pep \g?'.n ele~Qf~the di sclosure, as
descri bed above. [%% 1] THE | osure al so provides a
pharnaceuticar—ﬂﬁ Siti ch includes a
synthetic peptide '\e heé~di scl osure and a

phar maceutical |y agcépfabl e diludst, excipient or
carrier. [0021a]|ﬁ3a second aspect, there is provided
a pharmaceuti cal conposition conprising an effective -

whareuhis a6, G-her yamheret betgrysyrliferngmelety £emgasipadd2, or 3

' a. : Il : oYl
e R TR RO b B e AE R RGP B
G h]ggl. lhsi?; @H;L—EF;,SMB?hﬂO@:H pﬁ?amﬂﬁnta!ajuﬂﬁs asl Riedre aedi

. above for the nman ctyre of a nmedj.c n or
independenbhielasted Sroar e alivberg. e ~§ﬁo-31¥§1 -ﬁ?’ﬁz» c088 and
amiBREPt or - associ at ed di sease or condition in a manal .
[0022] Al so provided is a nethod of treating or :

- ve . : 1 - ' - di.S e
B A e S e s
-NHd@Ha)ys wih bregudl ¢o dre, hidnded, Saoc®rpd N O -xtwith c equal

] %ng%udes an effective anount of a synthetic peptide
O affite of the disclosure. The disclosure al so provides

[00FFES ofhetnn)?ef‘.%y ?e%pﬁbgéﬂtscc ;R,eﬁgﬁlétyf,j %ndqﬂé 51)@1%5)9,]:6 i§ Jﬁer ZEero oa

di scl osure grepara I'on of "medi canents  an

1, whreaginaden eiiczero,dempY é$ Bulbans. Bs and/R: gre diredily bopdask tonent

sl O NE EBEA DRI 9 LB R Ry p
- (d)ps follodles a nethod of treating or preventing a kappa

@) R, is H, OH, halo, CF3, -NH,, <COOH, C;-Cs alkyl, amidino, C1-Ce alkyl- = -
substituted amidino, aryl, optionally substituted heterocyclyl, Pre-amide, Pro, Gly,
Ala, Val, Leu, He, Lys, Arg, Om, Ser, Thr, CN, CONH,, COR’, SO,R’, CONRR", -
NHCOR', OR’, or SO,NR'R"; wherein said optionally substituté_d heterocyclvl is

o

optionally singly or doubly substituted with substituents independently selected from
the group consisting of C-Cs alkyl, -Ci-Cs alkoxy, 0%0, -OH, -Cl, -F, -NH,, -NO,, -
CN, -COOH, and amidino; wherein R’ and R" are each independently H, C;-Cg alkyl,

aryl, heterocyclyl or R" and R" are combined to form 2 4- to 8-membered ring, which

_6-



opi oi d receptor-associ ated di sease or condition in a
mamal , wherein a synthetic peptide am de of the
.disclosure is co-adninistered with a reduced dose of

- WO HISBY5Bi d agoni st anal gesi ¢ conpound to pr FETEES2907/023874
therapeutic anal gesic effect, the nmu opioid " agonist

005 8530 n S CTBBHRS SRN BB ATRE SR GES dEnRHRE setecten
festn ey dréup @nbisih LIS Gy alAUER T s M@ IOH,-Cl, -F, -NH,, -NO,, -
COﬂStIE&tI on, and phgl cal tol erance, dependence, and

G- LOPH. amiding;cand Re ds Hoxaidip, singly o depilnCo Cagliil-st
T & . .' g :
OGS L ARTRON EAM, TCOIRIRE DR, SSORRRT 2 oom or

as@)®,ahe &, vkt tdgbtherdasn omd ad bgionalpaibitiuitdce sxsRménibered
achi eve the sane therapeutic_anal gesic effect when
REFRIGYFAE BPRIFYSIGAPICCHD SRg oty Peichds bended faspsingle ring atom
- PR RS Zao Rl mbeRabE Ng O preventing -
peri pheral hyperal.dgesia,” wherein the nethod includes
t ofs) Rakhd Rataptn/ioggharwilog sihgly riagatom of the iYrndtAcantaining
rglgr%r(%%téllﬁg% Eq%%dag(rgp{ihrgaﬁi yltshﬁs]atl%lggsg Ilgﬂ%ﬂmgrfn &%& ime\:/tgro%)rf‘{;? ilcjz rllltng
n@;}étymmrﬁgqegﬁgﬁhﬂeyoﬁffective amount of a synthetic
pepiti de am de, of the disclosure in a vehicle

 andR2 fakien toaptheravituys Qranare efjagmnt ripg sloms of the Y and

f
L.ni.stratioF -di.s¢! rovi des a

ARG FRE Py 06 i BsHeAE AR EE 28 o e
hbwgrekeicmonayclans bidyelietiyg mokay fusgl @rthoYeme Ttéohgising ring

di,sease or ~condi tion associated with hyponatreni a or
MRI¥kal emi a, such as congestive heart failure, liver
(0018 NOSERh - oF BRAFRE mEnt RUBA bRl P YRRHHRRAN. 959 nPmbered

edeima, and preferably where i ncreased vasopressin
hetercpelicming moiagesdbatanadutioR t dnd Kaiisloptioneliy sngly or doubly

i sorder. wherein the method.includes i ni st.erjn |
s{ls i PO St PG o S Bt oy,
optiorall@ btk tinmdd pHaeyland dined abdve), &ix6 CIORE UCE -F,NN#,, -NO;, -CN,

har maceutically acceptabl e diluent, excipient or
-€QPH, and amidiaen 7° DESCRI PTI ON OF THE FI GURES

[dtﬁafes] Ftrg%gv'elfonﬁmgefwgo&%@wje&fohﬁér?onmﬁg metpl;l&isos;-
synthesi s of conpoun . :
D- Phél) Ot @hEn thel¥ End X wontdinhgaimgneietyyib j sik-or aevennyittiered

hyl pi per.azi nel,-QH (SEQ | D : St - . .
il PR B S o hEerosl b it ong ok N il 1% B e othe
o£PNEH 17 i9RS andPg is zero, then R; is not OH, and R, and R; are not both H;

Froe- 4- (2-am noet hyl ) - 1- car boxyl net hyl - pi per azi ne,
DEA, ( t whenahey sind &r ¢adiaieinpRIAE mojety is 2 six membered ring

: - D Boc) - 01 Dl DVE.  d) Fnoc-[D-L CH

e i D oot gl Rl g8 Witk 58 e

_ mBi;;y J‘Zy E?F]g(?ﬁs akth€hed OB theNF(R OIR ) FsA¥hbden/ fHddh) amidino, C-C
aIStyl-s'ub'stitthe'd azn'idino, dihydroimidazole, _¥CH2COOH, and ~CH,C(O)NHj,; and

(3) That if the Y and Z-containing ring moiety is a six membered ring

comprising a sulfur or an oxygen ring heteroatom, or if the Y and Z-containing ring '
moiety is a non-aromatic six membered ring that includes two ring heteroatoms,
wherein both Y and Z are nitrogen atoms and W is nuil, or if the Y and Z;containing
ring moiety is a six-membcred. aromatic ring that includes a single ring heteroatom,
which heteroatom is a nitrogen atom, then, when e is zéro, R, and R, are not béth

hydrogen.



[0027] Figure 2: Shows the general schene used in the
synthesis of conpound (13):
D- Phe- D- Phe- D- Leu- D- Om 14- ( 2- am noet hyl ) - 1- car boxynet
hyl pi perazinel N142 (SEQID NO 1). Steps .a - h were
carrled out wwth the follow ng reactants or

B89} i ondre d&?‘%’%’:@/@%@lpﬁ@rqem W@Ctl\@ﬂﬂﬁppa lQ)JlOId receptor agomst

B e AL Wl B B PSR P
F%E!S%@Iﬁ %0& nt%—gc P e arﬂ%{g}f th%\_ﬂraoblﬁ%: aE %lb@& ﬁ# (}I
B’@G

D Phert@discIBbuG aléd@iwdeﬂ MaFaachjticdl torfpobtiSh, H26kh mcludes
(95:2.5:2.5). [0028]Figure 3: Shows the general
sohateicyspiic amidelvéths yint dresiasd ophapredopiivaltacetptable diluent,
hatipipt @ehaid-ne derivatives such as conpound (11).

St eps a - s were carried out with the foll ow ng

F—Iﬁ@q ;Inl%{‘/sl?ﬁ)gﬁl g§ Edt QE]E?E‘: ?‘) %5_1% %%i&cg gtqnggM(m Qamprlsmg an

FaRet Rl oftl OF @€ Qyn@s‘nd%fe tide ARGt ROFEArd S¥dv@dnd a pharmaceutically acceptable
Frmoc- D- Lys( Dde) - Ipzm)c D Arg(Pb0O-0H, DI G HOBt,

DIVEPIERYOr SEHET | per | d| ne in DMF; d) Frrioc-D-1 eu- OH or
Fror-n-Nle-OH4, DIG HPRt, DM~ e) Fnoc-D-Phe-OH DG
HQIBth] DIVAD aﬁl)lrdzsmctpﬁere cHrovBledsthemeee thepwathetis peptige gmidgas defined

(Neébr tl@ maA)@,}F 53 pﬁ[%cqnﬁ[%ﬁﬁgh@% a%&a% Q;F;h%\seﬂtmn.o% a Eappa opioid

@depar aﬁﬁﬂzh{eﬂlmg'éase or OrdiBRS-iCA amohal. | di ne, i)
di net hyl sul fate, DBU, NWVR, k) mercapt oet hanol

11)Z AR
W) By i gt O Pl
Qecep®r-afRBoiaiePriisehickr ,corRﬂHmHn aMi‘ammE’k ThamhathoaticlRGA

c7r Hif R4 is amdi 0) 50%TFA.% i)f
& %Wnﬂr\@ﬁ%?t*ﬁe %ﬁ?raii{ﬂslé@nﬁlwﬁl&i ¥l aw cifestimnament of 2
q, tgettggéﬂzég H’Hd@ f%&c&ﬁr@ JF% %%Ef%?g%rgnﬁgz}s géeg’AfthPNF

(s?ntl?etla béptiBe ami@es&)f tiB%lsEloéuFJ for APprepdndtion of ned@mentd ind

gmrgxl %mlﬁzﬁ §°81pﬁ§/l&?’6§ usgful fﬂr géeztéffatxge%; |0f a kappa opioid receptor-

hixbtibiet aaeda b obalavdn in[0R4RhE gure 4: Shows the
Eeneral schene used in the synthesis of conpounds

(Thg isclGespfyrtser proi dwerrreeﬂnxﬁ rolf tr@dn g)tutprmmﬂmgfa litﬁppa

PR e el sl 258 B ingal s ¢

e e € 1Y CO- (S w1 Ja re L, O;I'BTQ D)
PhEA: bl bR B i) qdﬁ% VSR a%lﬁm & W@@

ist fhaliase COMEONBE b Prods B s |
ﬁ@ﬁ H}a compg% prf;@{gg@]tipqr@qﬁugc @ﬂgﬁ@\@eﬁh@e mu opioid

SO SRS A O 1B

BEFIPH sKdation) eu@@epsmadnmsxsmm aomited, cubtipatibh) ahile

PRSP ErES bRt i ABinient) Do Blrensprea rmnppiond

agbnﬁtmiﬁ@sﬂcﬁﬁxﬁﬁﬁﬂd Qﬂ:ﬂams@}’dﬂcﬁf thlel o s 10wl associated side
c DLet% DI EA, DVF; e) 4% hydrazi ne, DW;
‘-%éct#ﬁlﬁ’& $idg ﬂ@FFtS Eppnicd pitkAhe g of g csmpewﬂr@n@s@;o

) TFATE@QI%%PWEW%P p[[e‘ﬁ‘%lﬁ@‘é‘geﬁdéj‘m%h ovs

[09%d] genehadisciRtie ARo Piided AmdthR of ¥oiResH prevehiing RERALAM

h&’&? %Llﬁrsd?"s‘”‘(’ﬁ‘&ﬁlée Betppd insiudss, lopiodly prriing g6 loselyr aseviyibtering
t€a RiaRGd] Gh ﬁ@ed(ﬁﬁe rEAci, B) effeShiOP SmBusi o a \é@&lﬁosﬁ%rma?d
out with the follow ng reactants or conditio

Ig:g%eb ) @tp-amalvmllytgffectwe amount of a synthetic pcpnde amide of the
dME:]@QEe 1(14& v%ﬁﬁ 2\ T@Hf'uﬁ%)i @dr@ o é@xﬁ%;?%ﬁ&%hﬁn%ﬁ%& on.

Boc D Dab( Fm)c) OH, PyB . DIEA, DMF; e)

Boc- D- Leu- OH, PyBOP, DI EA, DWVF; f) Boc- D Phe- OH,

PyB(P DI EA DI\/F g) Boc-[}Phe-}]—L F’yBOD_, DLEA _[I)]YF;




[ 0033] Fi gure 8: Shows the general schene used in the
synthesis of conpound (53):

D- Phe- D- Phe- D- Leu- D- On4R/ S- 2- car boxynor pholi nel - OH
(SEQID NGO 1). Steps a - g were carried out with the
foll owi ng reactants or conditions: a)

Frocnor phol i ne- 2-carboxylic acid, D EA, DCM b) 25%
pi peri di ne/ DM, c¢) Fnoc-DOrn(Boc)-0H DI C, HOBt, DM,

= -xLeu- OH | C, HOBt ; . F - - 10 -
0L o oSl oS ST bR eTe,  Hom
PMonag} mibFVh Tbsi Ateia( SR (Berdb Purdakin [0991%4&1%%% lé,rcﬁse%%e or

Shows the general scheme used in the synthésis o
EWSQ@@@ with hyponatremia or bypokalemia, such as congestive heart
D Phe- D-Ley-.D- NGhonmopor phol.i ne SEQ BD NO
R G R R S R o BP0 e gy
where immtSed rasopriih sk@h&iond) adzoferd MRMQkiiNBseafsde disorder,
FgBt, THF;, b) H2, Pd/C, MeQH «c) _ o
BEECB- BhEEBoBRaciples efmipisems o empmalpqugpiql effective
DCM [0035] Figure 10: Dose response curves for
compound (17) in ICR mce in the acetic acid-induced
writhing assay (open circles) and the nean (cl osed
circles) and error bars; and in the | oconotion assay
(open squares) and the nean (cl osed squares) and
error bars. [0036] Figure 11: Plasnma concentrations
after intravenous adm nistration of a single bolus of
compound (19) to cynonol gus nonkeys. Pl asma was
sanpled at 2, 5, 10, 15, 30, 60, 120, and 240 m nutes
post injection. DETAILED DESCRI PTI ON [ 0037] As used
t hroughout this specification, the term"synthetic
pepti de am de" nmeans a conpound of the invention
conformng to fornula I, or a stereoisonmer, mxture
of stereoisoners, prodrug, pharnaceutically
acceptable salt, hydrate, solvate, acid salt hydrate,
N- oxi de or isonorphic crystalline formthereof. The
desi gnations Xaa, , Xaa2, Xaa3, and Xaa4 represent
D-amino acids in the synthetic peptide am des of the
i nvention. Stereoisoners of the synthetic peptide
am des of the invention conformng to fornula |I are
limted to those conmpounds having am no acids in the
D-configurati on where so specified in Formula I
St ereoi sonmers of the synthetic peptide am des of the
i nvention include conpounds having either a D or L-
configuration at chiral centers other than the al pha
carbons of the four am no acids at Xaai, Xaa2, Xaa3,
and Xaaj. The term ' m xtures of stereoisoners' refer
to m xtures of such stereoi soners of the invention.
As used herein "racemates' refers to m xtures of
st ereoi somers havi ng equal proportions of compounds
with D- and L- configuration at one or nore of the
chiral centers other than the al pha carbons of Xaaj
Xaa2, Xaa3,

-Qa-



- and Xaa4 w thout varying the chirality of the al pha
carbons of Xaal, Xaa2, Xaa3, and Xaa4. [0038] The
nonencl ature used to define peptides herein is

speci fied by Schroder & Lubke, The Pepti des, Academ c
Press, 1965, wherein, in accordance with

conventional representation. the N-termnu pear

G kI e b R e e LT
adtivax, &eipdert 65t4H&. has isomeric forns, both the

L-i somer formand the D-isonmer formof the amno acid
are intended to be covered unless otherw se

i FRAEE R RIRH Y QfeTdE HEERESmonl y i dentified herein
T
(D). ADPhe BRPIEHD +pr iR Cané-( Damheatiybd 1acir e ymethgIpiperazine|-OH

- ] f phenylal anine. Simlarly,. the L-isomer
ijléﬁ-@ﬁ@ﬁ?ii g Sl £t e erpid puenvitiitnp fpliopipg, astants or
Repditislas ¢ hers ERYI98ipetatife b ;
R Bt HEA, DO
raSgrpiperNinedP M nasFmec-C-OmfBoari s, RIR) BOBLOPNEY, d) Emoc-D-Leu-

BTy ki o P B i, e O AR BGR Pepne-on

8s, OB dVENaI TF mes/pRDNYE.eme2. g oup | onger than
and D-Nar represents D-norarginine, which has

D Ar g,
4007He dhainn ZoRbowetinygEs Shasuseh By e Fyrthasis dBoamgound

el | | i N . .
BUT P b P Bt R3S P Py B o Ay piperacine)
DA SEQEBNE0: D alSasps ae, h Werf\chrrive answith thy folowiag rddftants or
nmeans D-tr %{Qphan, and_D-Ti ¢ neans . o ,
Epmizong: 5) 25ty Ryt EIMERD) FeRac oG amipestyyi-d cagoaylmethyl-

pYaLintBAEPU LhMA | HeFaRth s gﬁl&aﬂﬁé} VR TR Qﬁl@zﬁﬁBoc)‘OH,
- Pro neans D-proline, Pro- e means the 5— or L-

03¢ hiOBL, PINIF ;i a) Frane [0 4 o O HPrIICa QRS PMIT, EsEmosD-Phe-OH, DIC,

' .t h .d i ] '
TP b P b Do ) ot ) WO LR TRk e 5
f0028N - RgaRb3: Sheweihs oRiterd Rehdmik BEEInERE bynthesis of tetrapeptide
I ndependent|y a Cl-C6 al kyl group, or one of Ra and ]
RpRPRIDErIEINS VAR KR SUE SAGORPOLES (1d). nitapic D Wer Q@ieqdat with

e ) r .
R R e e e T
BapsthidelrOdHotmotB-Bati silldel &t or(Heroceld-QheAlbt)-OHr dyFmoc-D-

B I ECTEP 1 By CPBH L AHE q . PR pME;
R R O it AR 08 Bl bbby BT At B

SIS piberzdnyd in NS 8) Bi6d-DPest $H-PPFMR-IBan®H, Mc, HOR:,
D-i somer of alanine which is substituted b

y
BYET: eblemeyD-Bhe-©He DIT. H@Bb GMMFES) i PdiheyDE, DIC, HOBt, DMF; n

DAl-a62- 1. A nd «{ 2- t-hi enyl aare ]

PR RE R ERY PO ARG b DAL T 2B R GhCor e e o

mbatrietig DoGF;al) PARPHY4; anbcom_/mammmgg Q%I-ANSHWL gﬁliidinc,
ache t. the 2-_rin Itlon. use
éﬁﬁ}mﬁwip%ﬁ?wt RIS ssipioshanganBRe NME; Z-Osu,

%ﬁffﬂ%ﬁm@ hxop@mm%m%,tﬂmﬁ,«sqmﬁﬁuoﬁ%_w@%o Rithe,

substit ut ed al ani ne wherein the attachnent

RIEAq A ek Bned; iIR3=aiPr, e BX p &k M, g, aiditve PGHgZ, H if R4 is
LuCt Al . ht.hyl - subst it yt ed..
e S S

DNVIE; d).2-pediyichio D -afidhARing h@rofldidéC DI DIBY: r)iedoethane, DIEA,
I§A%(A‘ D-Phe is meant D-phenyl al ani ne substituted on
M ’%HWTWWW%%OW' ‘b DRI Stbs ks BBRRS = H, Me, iPr,

i ndependently chosen fromhalo, nitro, nethyl,

hal omet hyl (such as, for exanple, trifluoronethyl),
per hal onet hyl , cyano and carboxam de. By D- (4-F)Phe
i s meant D phenyl al ani ne which is fluoro-substituted
in the 4-position of the pher®+ ring. By D-(2-F)Phe
i s meant D-phenyl al ani ne which is fluoro-substituted
in the 2-position of the phenyl ring. By D (4-COPhe




[ 0043] Al kyl nmeans an al kane radi cal which can be a

strai ght, branched, and cyclic al kyl group such as,

but not limted to, nethyl, ethyl, propyl, |sopropyl
WQyWEBeHE oyl , butyl, t-butyl, sec-butyl pent9¢T“32meIWT4

cycl opentyl, hexyl, cycl ohexyl, cyclohexylethyl Ci

tqg. C5_ al kyl _refers r.ou avi ng between one
afﬁ'ﬁaweﬁgmg«:%r%‘ﬁi%{ﬁé%@%ﬁq ZOI%ﬂ]O “al kyl refers
mgmy@lcul@xllmglﬁgﬂps havi ng between one and - 13- six
cai bon atons” Likew se, Cl-C4 al kyl -refers to al kyl

[082%¥ups Figavd 41 gsm&/té%ﬁen@rﬁé sehemerusert indhg Hohesis @ﬁﬁomBymdS
(2%8“%’8% gbéﬁ I L \Hé% %m%ngeaﬂi JﬁX lfoll %ﬁ{x%étac{a&g or J: d{thogs.

4re TRr&re y use represen

Q) EDOEHOBL, DIEAQTHEPS) Tm,th cEBOYD: Pmr@ﬂyEDC HOBt, DIEA
isogaggy butyl , and pent I es ectlveI¥ Al t hou

Ayt RSP 53 o)t T BER S DR D5t pxiRbne:
)%%%.ﬁﬁh@f{?'}iﬁ’fu%ﬁﬁh) hibe dhdxﬁh@ge may be e' sewher e

int arn pentyl which may al so be
[083G]er r EggutedS: a%cn*tsrtw perepl scheore vedbinhipd pmiigsis of bompound

fl i PP AED- ORdE DRE P & B P S aR NGB

Stepinst | iwbke@eridti it ARB Y folTOW Rig akdciantsQit @biRitions: a) Fmoc- L
[0044] Where a specified noiety is null, the noi eté

LysglaéatORAAEA, hbh1% piperidine AN ) Emoe D-Sun@BoehPRe
%onnec edb(ti)))i/F ) gg%%gga ent EJXB? %%;Dgﬁég%%%gl a‘ime,
D i, é)tlimmcstJmMHhBy&(Dﬂ, DK A ME he A ntco-12- PheGH, eﬁyB&Hy

oft vt Koyt e o Be BB Bt Pt DB o529

[003’1]” ecFi %2& GTOSIRIWE thé oS kéet Us€d Mehdnthesik b€ Borhpdind
noi eti es can each be independent|ly attached

i wNams@faprrbﬁh@ ReLgy- warpﬂmwmrb%ﬁwmmdme SEQ

D N6t 8 Osgaqﬁ' &k wellRhE ARy hiufl el 310w AR eachils s %sycﬁhyrils 2)
are use |natercﬁan eab erein and Fef oari

3596 prplen@nem])MFyb)‘M\Bou:g(4d¥m<boemmo}mmnﬁun—40mrmyhc Iadflg

PRy By Sl OGS thiish Rborianr ymor,

DA, e §)imsd-83 havii ey ORI 1Ea), DMETPBLc-OE PHEOPEPSROP,
the nunber defines the number of ri 33 at oms W t hout

Dm ddFice Bas-BrRheSotsRYRQR AIE Ao DME;dY 3GcRBL{IOME'; x)l 1H-
P RRRET sl Babbronpl i DEb B UL Rar B APY T €

Dmﬁit@@kpmmme'ﬁm&dent I y selected from nitrogen,
sul fur, or ox gen atomin the rin Ri ngs nmay be

[003d)s+ i Figped/a hoyyithe general srhemsass inghe SWS@%F&?}P@’“‘“’

(59#” D"Pﬁeh el ‘ﬂegi‘b' OR-GR1.a888), DRI PRAD PHEQSSt@ﬂs% h
often su stltute Inthe’4- ring position and

wére gmied pedwith dgdobBewing mmmntswr sotBugsud)dundrGlyhme 3DIEA,

DERF 5h 28 minergieFy ) Fng R o O G aR P BRI D
Fméaburat oH, PyBOR! BIRA, WFa@}SlHﬁkﬁﬁquhem m@cm HIEIADDMF

bonds and the use of the termin connection

f)nBlOﬁxj%Ph%vQH PHBOT: DHgA, R sy THO MR h«bPYBQPpDEEA DMF;
d

(OBSY'?, Mo S5y e Bl R0 B SO of ShfipStnd

(53): t BFthe d-Phe DhEeu-DAQm-[FIS- zrmrhsnxypmmnmmm C(SECEEN®: 1),

in the context. of a ular ring to an absen of
StepsohaBivErg e ?tﬁa*flﬂlrtﬁﬁéol OtiRe KFae ﬁB&COﬁ‘BE’B%d@C‘f
mBipRSBRCE cahofRielicR, PIRASDIM; QQS% hperidi/DIMECbudhHID-

doubl e bonds which are part of an aromatic ring fused

OtgBed)eOH| R, iIHOBL&MT ol FHM@rDﬂ&HaDH i1M§ , HCdih BME; €) Fmoc-
saturated heterocyclic ring noiety precluded from
bei ng doubl e-bonded to a non-ring atom - 14 - such
as for instance a ring sul U0 -at om bej ng
doubl e- bonded to an oxygen atom substituent. As used
herei n, heterocycles, heterocyclic rings and



residue Xaa, in Formula |I. The phenyl ring can be
substituted at any of the 2-, 3- and/or 4-positions.
Particul ar exanples of pernmitted substitutions

wW¢ oBedss2 f or i nstance, chlorine or fluorine BET/UMS0Z023874
or 4- positions. Also the al pha-carbon atom may be

o B0t} P oBkiipel oot atabi sl These
TRAEISvdeo b 3 %cl opentyl), D-Ala(thienyl), D Tyr and

D-Tic. The residue at the second position. Xaa2 can
(08440 begmePhdhows Shetgenemlischempusddn ietsyntbesghof compound

t 0
(55 TERpE PRI il Lith Mt SRS BT SEG IO RS 1y, Sreppa—
we3c caﬁtﬂ@lzl dut A the ClBwidY fe@fudt bv&inditioXead t@ﬁfambﬁpﬂahﬁé P,
r or D-al anine substituted by naphth The third
0 HOB TR B) Bodh S aMeObh ) Beo BrihergRhed] koG, ST,

h as for instance, D N e, D Leu,
Hc?ﬁaﬂ %eﬁlﬁu& %@F‘é D-Met or D-Val. However,
[0E3SA a(logakdpr ye respyst olowesy/for carppdupd € hl)yih IGR mice in the
cl ohe D- Phe an al sp be ed as Xaa3.. The
s e R TRl RGN (R 8 S B (R il and
enﬁh@afrﬂ%ﬁd fﬂﬁh@ ‘Poc%ﬁioﬁoﬁ ﬁ%‘ag HHen §é]i€ﬂ|i’es§1§n(f QE nieBS LANEE s%[uares)
gb and Har, which can be optionally substitu
anc}qur agwer aI kyl groups, such as one or two ethyl
[O(FyGEUSSFl etl‘fr ?ats}nx%éé{(:engétﬁ!ﬁls aﬁ&dinég%n sm%%ir%%tﬁ)%lo?gt
ue&'&an e US€ f'or 1’ nstance, ys or
single@ulisaif thepoald (\Nh) tOl’tryﬁ(&ﬁollg&s moﬂaays NBlagh®was sampled at 2, 5,

a e fo exa | e by methyl or |sopropyl
109%%3%0’ g?oﬁg‘% Hﬂ}f?'é'ewsa’c%‘t 4% ar bon group) .
Moreover, D-Dbu, D-4-Ainf (which can be optionally

DME&DES@RWﬁIOI\am dino), and DHys are al so
suitabl e anino acids at this position.

[0({351)48]@0’1‘\5456 ifneashent thissppelieationohie tamt aymhesicepiidenide”

me‘iﬁ§ H& Of ﬁrc 1 noﬁ’ Eoriﬂ'&'n‘ﬁn% mrﬁlﬁﬂ I p&%%kc%&somer
ree- nen3|ona spatl ngenent s

migtoendfisgueaatonens pragiug, Iphammacut&‘albmactpmbit salghpdmet, $dieate,

central car.bon atom ese ar
i 30} hBraE S e g nE B Sl A5 8o, The:degigmstions
XaﬁﬁM&af Maﬁﬁ hn@XE&QE?reédﬁV Brirgidd a@lﬁs ey @@Eﬁﬁlﬁﬁb %We%mlldes
two or nore C I ra Centers eaSt one C Ira )

of dennention nBierepisgmerie! élmwpthem p@tlslp ewides of betogniiemt

) ' i
coftgrrhll§ o R 30 s RTHOS BALHaARac e IRES iBisifFoe p
coﬁfﬁzuMnoB—vamm spetified in Formulaie So@rpeisdrheds 6Oihé lsgmheeticltﬁpude
e general found in mamml s. Referen 0 .
eé PE&%W@P%B B‘Fl“@ﬁ sompoRKs hpyng efier ad-giid é%ffeflwttwa at
chx'raﬂ \é&'i}&x‘s Qbhef A6 B Wpied Uakiins ©F [He%n?r aﬁﬁlﬂ(%m&ﬂﬁ '3(atah§(aag
al pha carbons of tﬁe D-am no acid make up
Xaxpand Xazmd Theiers ngxlersoif s@msemfs squth enmrqwﬁsmcdie
m des that are . .enbadi nents .of t ton ere
siefeshgye o e R G o A EEChciei s focg Yeieks P ittH B "
stefl@isoflersi H&Ginlgd:gui}-pwpdﬁﬁbrﬂ@f dempdunda SANITE- ant X1 uﬁﬂSgu@Jtnon at
the ami no acids at these positions. Simlarly

ong @i weTE e ghe urplbeeaty eBeribiihg alRb cabags of Xoeniia Gier

Sy
ond 338 (AL BYDL T SRARLAr ol SRR FRLASR, K. and
Xapept i de an1des of the invention for which a
reqj,somer tak e|t er the Ror S configuration
OPRET & clrearmear e 40 fefTErmepiss valwﬁ%rfw%o‘icﬁwéer
& CARBORNe P& LS %%a&gmlg@%s 89, Ph&nGliat &) dsfh%@tw?tﬁs in
any am no acid side chain substituents o{ Xaal - Xaa4.
[ 0049] The synthetic peptide am des of the invention
descri bed herein (also interchangeably referred to as
synthetic peptide am de compbunds, conpounds of the

i nvention, conpound (nunber), or sinply "the
conpounds”) can be used or prepared in alternate



and a stereoi soners, mxture of stereoisoners,
prodrugs, pharmaceutically acceptable salts,
hydrates, solvates, acid salt hydrates, N oxides and
WO ER6(553 c cryst al | | ne formns thereof, vvhere| PCBEHBI07/023874
Xaal is independently chosen from

(A) (A" ) D phenyl al anine, (A)( 2]1 phenyl al ani ne,
cqg_vgrg;roggh rgeresentation, the N-terminus appears to the left and the C-terminus to

thp'né : éretaﬁkﬁxﬁtl;\’&§d3ée§l‘aﬂéih5},% rH&r%Cf@{n*?sOB t{[}'tﬁ’e Qo%er form
D- hen

gl ycine, D-neopentylg yC| ne, phenyl g yC| ne,
axﬂtbtrﬁph@ngﬂ fatranf the arrmmacitsax(a E)té)ad&kim btwtmnemdrun(eA‘) othemvise

kA aE b PRE Y b bl Mo SRR S Sl DdepenTentLy.

codeOhd B-isaner offaa raﬁinﬁb ﬁ,@&h spEifi¢dShy e gﬁﬁ&d‘gm h%nc‘mnp&w
fromcycl obutyl, cyclopentyl, cycl ohexyl, érl dy

whigh sapgeseain §-phenylabinine, thedd-lomsndl nhenylpiaripen @ntalrly the L-
R LRy D ety B aih oL e epdes progegrespphoren

acoeqditghy thedishaialoavdntien abaminoasidsequepitgsrah bfii toeigha M

D-tr han. Each Xaa3 is indepgendently chosen from
(TS SRS GRS ATIERY SR ISETCRE) D. al ani ne.

[0@3 Je ucial @sed(RrdYR) B2 A8 lt'@;ir&%nts D-heimhe WHQIQ’EP!@S% i ne,

nmet hi oni ne. Each Xaa4 is independently chosen

thOW(gB)IQ@“dn@! hiis nside(oBpinong orethydgngignaup longer than D-Arg, and

( %2%' %%gﬁ?ﬂ gé)t:?a n;%he Wl“lé% Tag t}tosrﬂ%(%%ﬂr}ﬁe meﬁhg}ene group shorter

theén DBAZ: |311|11jl§t113n® Laﬁ Ne2€sH2 1guehe NNk amafeD-norleucine, and D-
am di no- D&NHZCHZ hen | al anlr] . y-(B) 2D-di am no
'{9[}?@)’??‘?}‘5&% amo@u%xgi 2 :‘(u fgngagﬁ B fl]eﬁleng Tyr means D-tyrosine, D-

| I | -
T no%ﬁﬁ@a BRI qyd ﬁme&em QDiLs. ?eﬁlaﬂydrasgqumohne

nopyr rol i dyl ) propi oni ¢ acl d
3cBxbmx plid ;n:@d FD el mqags Prapne mdDadéetdpeans D- methionine. D-Pro

aami er neace acid, . . N
g Tl A B O ORE R el PE" g . B o amide
reﬁﬁe@éﬂtmfp)‘ﬂhféhﬁﬁﬁﬁﬁﬂﬁﬁb férn@iaflits carboxy moiety wherein the amide

ci s-a-ani no- 4- net hyl - am nocycl o- hexane acetic acid,

nirpgapdnay bedikg 5!4b%ttﬁi»|aam ot Whasiade agd v pre egeh d,

e RIBO LA oL OISR LI 25 o vy -

[l¢ mags- lhasniaumni l@ﬁannﬂamd@ymﬁwhemb&ﬁé“ hacetnscDdlmiednine. (E)D-
ere ndent -17-- 0. .17--

Al driaet e T et HEM SRS CETTISI5Y Ui Rl ucat (Bion the

ﬂaérlsaﬁ qu)tés%f)suaﬁsubﬁnq&nt@) %@hps iaflddPcycRobREA,Qy elbpénz¥1

[ 0052] I n ‘anot her enbodi nment is selected fromone o
cyclpbex i nysisyh ghienslh andrihiazoyle SFhug, gycigpensyl-D-Ala means the D-

) q,
oLl o SRR Ty YRV OFLE D et Sufedy p-
AB(Z—U%@I) and €2- (lﬁclﬁylmdld ar@lirterthargesbld ariboth inbliethe D -isomer

chosen rom‘i ﬁ -I%s ne, 6-D-onilthine, 8-
of AN bsived i the D rattgh et bieay! tatdnathstid s = rﬁlﬁi d,
pokitiogM no- undecanoi ¢ aci d, 8- am no- 3, 6-di oxa-octanoic

acid, 4-am no-4-carboxylic piperidine and (D-Lys-Qy
[0p4@t an)ﬁz usenmrsg,rﬁmﬂl neapeiht isomed ef edangfe subitiuted by

oGO Ao R ANAELET pa UG SRTL e i in e

atfaelthérl €0 AdphtiRicie PdtShe Spb&ifot Hethe iridg stt@ure\Wad D-1Nal means
ntheti c peptide am de conponents | oi ned by the

nqp%ggk-] ﬂﬁ)swyegtlg,alagmc vhergin/fhe_aiochiprat qﬂpbth!algflqgs at the 1-
p%_ﬁ ﬁ l?i%f%ﬁee %g Sct%@?é eﬁ{’?&;{@ D teﬁls ﬁ)&gﬁﬁél%ﬁe substituted

or( the bhord! Hog eithens cB)vb aubiiRudiis matamdndan}y; chasva ftdme hMe, nitro,
and Z-containing ring noiety, t"--\

-12 -



Is an optionally substituted 4 to 8-nenbered

heterocyclic ring noiety wherein all ring heteroatons

in said ring noiety are nitrogen atons; wherein Y and
wQ@2@Becissch | ndependently a carbon atom or- a POT/USIHETIN23874

atom provi ded that when such ring noiety is a six,

seven or 9(t menmbered ring, Y a Z are separ at ed

mﬁt}’yhthalloé’&@ty steh 1% FY carBps; tﬂ&'ﬁamﬁre&wl)deﬁ HlAmegh g¥ano and
H&&nﬁ&@ B I%QtF%jﬁllﬂaaﬁ n?caﬁﬂ ﬁ%@nﬁﬁ&ﬁﬁ@@hﬁmm&g sh@stﬁlted in

nltrogen en such ri'ng ‘noiety 1s non-aromati c.
the idkpokitiGnio thebh&n)(l Ying- BY IMi2EFthe ipmeant D-plaomglaldméne which is

gt el aBption o he bRt ByREEs it s et

DbraRfakéning whichak Qﬂﬁroastuﬁmtut@d i dhe QOftRNL I‘PKQ pAAflicAX YIGAR-
atom a sulfur atom a sulfoxide }grou a sul fonyl

Mgii&rinpe IWWIF Bephenylataningerhiduis meth gutwtm'éqd;ﬁt the adphgj carbon.
R Pl PP RREL A kRS REARAR Son

(G041 nuheﬁgslgr&tmmﬁa{mmg | (B)AnNaz] ahd (B, 10 3Hap o¢prevem or
anit rgﬁen at om t hen such ri ng nmoi ety COI’TprI ses at
Draggigine gimozsginme apd Doherpepsininigreprectebncar haying two

suBbQULARH) gﬂa[lém{ tht BRE HORN DG nEn - gahswd DSmys means

aromat i c, IS a carbon atom an
Dittosroysine] (HB)B-Hys, ﬁ(B)DaLySZ anén%%héﬁLNete@rst@ hgmolysme

'anrdl Iggysrlr}l)v%kegtt?lgh%w%ﬁlg ﬁ]&le%kalg raginéo rﬁg’ Pugytétgr 83? oﬂe or wo

s@@dxtﬁ@ﬁt@ﬂ) érbﬁp@ @5l ind(cdted] D‘Dm madim D~aﬁir!h1m:@ﬁ$6 (BM@ YD-Orn
-COCH and. am di no; and R5 gg

e dheribineisybsinasd iith (B e %F*k’??“ ar&@abstwg% with (B) at

the 9t chails 3 -COOH and ami di no; wherein W is
ggosgnal‘gg mm%\% p- -NH(0-12)b- with b equal to zer o,

[0042]2, B-Ddp mBansdp- 26} -diamgnoprdghbriCidd., PdDbunieplesenteteaal
Dzigon‘?fer%q’ af;’)ha, gamrma-diamino butyric acid and (B),D-Dbu represents alpha, .
gamma-diamino butyric acid which is substituted with two substituent (B) groups at
the gamma amino group. Unless otherwise stated, each of the (B) groups of such
doubly substituted residues are independently chosen from H- and C;-Cy-alkyl. As
used herein, D-Amf means D-(NH;CH;-)Phe, i.c., the D-isomer of phenylalanine
substituted with aminomethyl on its phenyl ring and D-4Amf represents the particular
D-Amf in which the aminomethyl is attached at the 4- position of the ring. D-Gmf
means D-Amf(amidino) which represents D-Phe wherein the phenyl ring is
substituted with —CHZNHC(NH)NHZ. Amd represents amidino,-C(NH)NH;, and the
designations {Amd)D-Amf and D-Amf(Amd) are also interchangeably used for D-
Gmf. The designations Ily and Yor are respectivelby used to mean isopropyl Lys and
isopropyl Orn, wherein the side chain amino group is alkylated with an isopropyl
group. '

[0043] Alkyl means an alkane radical which can be a straight, branched, and
cyclic alkyl group such as, but not limited to, methyl, ethyl, propyl, isopropyl,

~ cyclopropyl, butyl, t-butyl, sec-butyl, pentyl, cyclopentyl, hexyl, cyclohexyl,
cyclohexylethyl. C, to Cgalkyl refers to alkyl groups having between one and eight

carbon atoms. Similarly, C-Cg alkyl refers to alkyl groups having between one and
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[0053] I n anot her enbodinent, Vis C-C6 alkyl, and e

is zero or 1, wherein when e is zero, then Vis null

and, RI and R2 are directly bonded to the sanme or
wolpdoRieé0ss®t ring atons; wherein (a) R FPGI/URN07/023874

O—I hal o, CF3, -NH2, -COCH, C -C6 al kyl, am dino,

C1- al kyl - bstl m di no, opti.o
Si¥ GHEPR fgbyL %yé ST Tl &L Hop DRy etyfep one
T
aclfour éﬂ%&%‘&*‘%ﬁsﬁmﬂ%ﬁe&@?@ Tty S84 £OG . B, and
Pwireigterchsmgeablp psdddn mnrgsesubscwmmpeelkwegreumﬁcmtw ¢yl

ti bl
iRy RP e oRl, Sltounie Bhale et B MR s e fos g ats
gr@%b‘l gl t?iﬁ_tzﬂg( D bndbndCE aa|all<lw1 chaify, th@nlalgk amay, bg @bsewherﬂril the
am di n
chijfe £ & %PW%‘HHCWMWESO@%F&F%@p%r?&l’é’}ﬂfi’k}/yl 91 1-¢hylprop-1-yL
I
Apég%br%@ge&asucpgg e Q&Mneg d&ﬁ?)lstﬁugtea mﬂjﬁ%o ?Iir;(g%a@‘gsrmatraﬁed
refpytuitonaibly s subliiietl wigcoreiangioye alkylpoiglsy wi t h

DR SoroBRRERAR R HaE BB E o A MR oy
. indfcated Mo atcablidd to védlotiRP fhoicie IductPilotitng imaidtibs BR: dodnddied
am di no, b@m?l y or doubly Ci1-C6 al kyl -substituted

bgamecnqw@lent. Wherg-pconngxtigy rroiety-inphopm herein gptigrbed to a
R ot I o BN GRAGRRENSE e,

inhké¢ &450 omellelme mwmlm@e@ns bpecifiet] ikebe il thenitked |, sl Rh
is bonded to a_si nﬁ%‘[ﬂ ri nqﬁat omof the Y and
mgieHgyRicAThe ndepgndatiy@jtachse to any P‘““’PE)"“F‘Q@ 3 R2
[00FXEN TRYRLRE Fhdbrbblycle S R@rBeyclib Bin@t 211 “BbtefdR§clylF addked
Z- contal ning ri ncg noi ety can forman optionall
msaa@@ngetabtydmrmn andreferte ﬁm@g@d ring meicsy havingatl¢asgoneoiost y
z%r q(nf o ngg nelt Seor ca\}&%{l ﬁﬂ?te% ?C}m SrLDl}lcéh a be Q g%lro:éen %rgq fﬁz or an
0x0fgeit BOmY Wﬂ&e 41ingns gievified as hﬁhgngm) t:mayn mﬁrbefrbf mcﬁlbers the
optionally substituted 4- tq ered hete ocxcllc
%lmsé%mqs éheorrurlﬂ-‘reéyfﬂm%atppﬁ g‘“H’B%‘F renge MRRYSUPHEUSRSRTg
t A HBGERE eRRECRE iR dhd
h)ﬁgét;%r?gdrﬁg %&%%%g?g%h%mst ; member gd hetcergc%cl i C
hatqzrnqu}ajurm:twt@s caoinohuids immafipre h@tn@amsusdappmdeaﬂﬁmlycted from

r doub ubsti,t ut ed bst LS
o S dr AP eth AUPab U b BB LT B apor
availabl&foatidy | Foreﬂlmﬁ@ 1t kathput lﬁmiteitibﬁ% |ay’1d9kkb6rhbérad ﬁdgs are

henyl, oxo, -OH, -F, -NH2, - N2, - COOH,
ofigrcrubsHtelesh &1 the f‘oWS:IE%FWMh%“%@ﬁ“‘PPF@d singsaye commonly
sub 3 h et phifich, Flefeif el i beocht BN EpepBE ARG Shain
atahe Vrmgqboﬂnms C and the other of Yand Zis N, and e

[ thenR OH, .and R R2 are nqt
(09366 fine tetgsatirated; ora et RS ERATE RHER I aTyand the
uRyt u%@ﬁﬁ]hﬁddﬂhéwlohlmm s @feycribSs ﬁn%%vﬁi"g‘hﬂ%h&e ot Kiple

menbered ring conprising two ring heteroatons, both Y

bendd withiry de King\uit dogsyiot preghide donjde mvw@ﬂﬂﬁ%framt@mmesem
S(l)lHS%i[u nlgs zﬂtac %(tg lng %f:ct%g? glf(ﬁx%r&q) L trPf?Lsgé gljtéocontext of a

z&mﬂnm g td Iah ﬁﬁh’eﬁtmﬁﬁélﬁh@cltyﬂﬁjﬂﬂl@% buadsksnot preclude the
CH2C(O and | astl pravi ded th if the Y and
PIESEIGH P qiwbkgbqnflwnhﬁa the yﬂs,sm%lwgp& ki bgnd ighgpre part of an
ar%ﬂﬁHE hﬁ% ABe®D e ﬁﬁﬁgh gﬁé@gorh eN6f 9 @trfﬁ@atdﬁ{ oit { saulified and
Z-contarning ring ety I's a six nenbered ring

haenopydlisiring noiety mirfrq:gldaéthDMIQgréQubNﬁmﬁdl tchondn-¥ngatdmz
are Nand Wis null, or if the Y and Z-contai ni ng

ring noiety is a six nenbered aromatic ring

conprising a single ring het ¥toat om whi ch het eroat om

is N, then, when e is zero, Rl and R2 are not both
- H. [00_541A| so provided in another enbodi nent are



Xaal is chosen from (A) (A )D Phe, (a-MW)D- Phe, D Tyr,
D-Tic, D phenylglycine, D honophenyl al ani ne, and
[3-(E)D-Ala, wherein (A) and (A) are each phenyl

wa boogeamskrst i t uent s i ndependent |y chosen from pddus207/023874
-d, -N®2, -CH3, -CF3, -CN, and rnNH2 nrid (F) is
chnsen frnmrirlnhuitul ryol opent ryrl nhexyl ,

sugly a3 toylinstanke @ ipg selfd atdan being 91>ubl meii 0 ¥he)SiEan AtoBm

sopel iy s i r Pl ik R el

m&ef‘ﬂ:ﬁtl{cﬁhaﬂdﬂz@xrateﬂ)hﬁmﬁ}y(uﬁ)nﬁam(eﬂ ahﬂ)h%toaromd rmgs and
(a-Me) D- Leu-8(B)2-a(13")D Om; V\,hereln each Bg
f“F?‘i’dé@é&‘fﬁéWﬂW“%WG% Bressharw e spepiegd: dyhejpnegycle gigrocyclic

rugf% Shghe??ciyﬂrﬁﬁlo(éi‘y Mibe fWéd%'i:Q@ccﬁ‘l@ M8, WREAUIALd Ssaturated,

one of the follow ng three options:
pafiigllyNulsdtpragdoer atemiatiduang, wherh ntig eanrbglalhetexodysle Ny aor

cag | oic%cl;: I\l}#h%lr_c':zi)ngic\yt.(e{l B e%ﬂ@lﬁq%cangae o%ndlrﬁnli% ’taé(gﬁ gc]g’e‘h(gt ‘f
fofth ad additioNdl digg. Riids méayite sabstiitbd i aal amilabRblibA. ane
enbodi ment the Y- and Z containing noiety in the

h%@wief, betepkxelicgingring heteensaslylmeighstan: where ingigged, be
%H@W sﬁl:ﬂstﬁelteﬂ b {u?edor Rex mg hoﬁh@ﬁ s HB&IE d??ﬁcﬁ ﬁj dgnt

no ring atom ot
seknabdZulbssiumntsetwhaafmnmstm‘nce,sC |€C@alkw, CZCig sycﬁbabkyl,l\(;l @m d

t I st e.of Y.an s. N, . an d th
it BEE 03t sSh oSSyl AR BBY Rl . -0, -
CBLE, hﬁHQYNUz £NSCO0HBMY Aftidide SiREhle @f)tléhaﬁsdlisﬁﬁz@lﬁﬁfﬂf the
het'erocycle, Y and Z are separated by two or nore

phenylgubstitbrm ingluskngor ipgss] hut valwuhidmitatipoeieras waore grasps
ted
oA Yoy F IR P P ER Gl Bod B, -

Nb@,t-el\baﬂom;{audlacrhdmoe both N and Wis null, then Z is

057 t nbodi ment t.h
By BB TR LT S TR i o or
reﬁaﬁéJXaé hﬁ @-m\{mm Mphd prafdh rifd caad sREstis sliahpef iy 2-, 3-

bonded he sane or different ring atons. Rl is H,
angfdr 4-pq|s|210ns AN ul@l exasples lof permungddivhgsitut@ns @sclude, for

mg?%ééaﬁqslargﬁ I tfpu()%%e gtn&l%? & 4\,%0*3%?1[130' K@F? ﬂ)%%lp%’a carRron atom

mQﬂ’be Sethylaldd. ,Othdy, eq@ﬁﬂdﬂt reGAMR Wiich NipEeeBit comervative changes
SO2NR R', wherein R an War each in end ntl

toa? Phy cangilsn g used oFhgse | AT RABIe A BORISPID D Tyr
tI(?c STEEPTSH%@Q thd &Qoeéﬂlhd%ﬁmﬁm' RYa, cGn 9Rb bQﬁ)ai’ﬁé/or substituted

stlt singly or ubly W th substituents
D+thepmlm stbstighiosemciudipgmaGubgBueat Ry the 4-@ijtion@arbon Bf the

- N -NQO2, ., - d,- COQN, 1 di ; R2 i
plighy Frings 01 63 o phesF g agestione AR bRl Xati Gap b Byree, D-
i R 1 FEST
T %) Banive F‘%”SE&%@“@?& - (hird PPHIBR sesidGE 20, & be any

nasHpleraming agideesistugyiush as farinstagserP-Ne Drlande- Me)D-Leu, D-
t
i, BOREP AL BBl Gl SoBpDbl. QUSRI LERPORIER
cyRlohiesylnot D@He camadis&Rbe ased aRXaaj elrdbuttio pdsitidn rasidue Xady can
bR eI e oV kT 91 R . e ang sar
_ wh{c}{)c%l-bggpdo%a@ EM%@dtv@tlﬁloWef‘glk@t AGURLARE al Bﬁ({b&wo ethyl

if els zero, then and R2” are not both
groups Alternatively, D- Nar and any other equivalent residues can be used, such as,

for instance, D-Lys or D-Orn (either of which can be w-amino group alkylated, for
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RI USYJin certain enbodi nents ne synthetic peptide
am des of ne invention have the formula: "tr.\
, XaalXaa2Xaa3Xaa4-WYZ Rl1l-(V)e-R2 wherein Xamis
W@ pw8e¢55Y om (A) (A ) D Phe, (a-Me)D- Phe, D TyrPCINI1087/023874
and (E)DAl a, wherein A and A" are each phenyl ri ng
subst | tuents i ndependently chosgl] from -

exapply by methyl ordsepropybriaps. anmeiiiylated 3 e %ca@@v gaoelela
Mfoﬁe%%rt PeDQJ B &zﬂf‘ﬁ/lﬁ&l e ﬁbf&iﬂg’@ﬁﬁgt hted R¥H Sgﬂdmo) and

i'enyl” ‘and thi'azo sen rom -
D{Hily{ A‘e)aBol@h&ablf( anm)aadphgms[poman D-2Nal , D Tyr,
R RSl 0 B R e
whiEK hid WRtpossiBR Mhreb-AirkdioRaR s%ﬁt@dnafrﬁ)g%%eﬁ{sgconﬁguranons) of the
(B)ZDnArg (B)2D-Har, (-(B)D-H

four s(u[g;t[puq:_rys arognc( By zcx@rqugbowmm ”lyh@m e imow;l Agdtereoisomers,
ré nPCCI cg ng c)n%.o ers)(%)lrp('%l%l ccnters mvgrted) or diastereoisomers
(e B mbieddirdl &ntcasnankew ohethitly bérmdérﬁﬁﬂnmhlng (acsiathe). Ina

SPBS B PRUPSIEGgh e PR iOne 18 S 51 e DR O W drapeptide
baRknle CX & da, xah AOR; %e%)edi’i‘léﬂrfb B Y ShAREXRNEAC fle 'o%posue

acl d, cis-a-amno-4-nethylam nocycl ohexane acetic
coafieration @rthow-@mmkby found ihymimiatio Rejutuieds siarsoncweisof
ridi nea

th Furither B Bo A B oo Bk RaCnlets Ak tpghe

alpHaddafoons of he 'lﬂaﬂmcdjs RAGC SO EXIEn ;- FCRS. | Th@g$t&e0150mers
wher ei n each H% i s independently selected fromthe

of sywhigticRsntile pmiies drat pre galpodiments of s inventiqy whereyn gagh of
x%{) |>§aa4 Mekpeclfi€t (SWe G- ¥mMlo a%;d% h@&s&h lﬂam@@%@fmfd@ 8¢ racemic

oW Nng three options: (1) null; (i1)
mwtllrbs &f thqmainotwldz @t heselpoitioBs. ﬂxmlEylymefeﬁqncatcdra(mmatgs
i ded Y .i

heglh ekt arenitboter e e s il BragRe args St

méRI B ¥aa, XBay €hiral centers in the synthetic peptide amides of the invention
for which a stereoisomer may take either the R or S configuration include chiral
centers in the moiety attached to the carboxy-terminus of Xaay, and also chiral centers
in any amino acid side chain substituents of Xaa;-Xaas.

[0049]  The synthetic peptide amides of the invention described herein (also
interchangeably referred to as synthetic peptide amide compounds, compounds of the
invention, compound (ﬂumber), or simply “the compounds”) can be used or prepared
in alternate forms. For example, many amino-containing compounds can be used or
prepared as an acid salt. Often such salts improve isolation and handling properties of
the ;:ompound. For example, depending on the reagents, reaction conditions and the
like, compounds such as the synthetic peptide amides described herein can be used or
prepared, for example, as the hydrochloride or tosylate salts. Isomorphic crystalline
forms, all chifal and racemic forms, N-oxide, hydrates, solvates, and acid salt
hydrates, are also contemplated to be within the scope of the present invention.
[0059] Certain acidic or basic synthetic peptide amides of the present invention

may exist as zwitterions. All forms of these synthetic peptide amide compounds,
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is an optionally substituted 6-8 nenbered saturated
heterocyclic ring noiety, wherein no ring atom ot her
than Y and Z is a heteroatom Y and Z are separated

whyooateos®ast two carbon ring atonms, Y is C orpdd/useou7/@3s74
is S 0 or N [0061] The noiety Vis C-Cs alkyl, and
e is zero or_ 1, wherein when e is zero, then V

inglyfling 4xcg acify frephpsmrandypvtienons 2 gonemalaled e be w@hgléhéscope
f%fi @ng n‘% tidol s %\tle‘ﬁr%fwgé hﬁka'f'] th:g?,lom s é:g&ggﬂﬁlg both

, am di no subs I tut
andifid dhmcarbmjdyh yrbups oftelaexddt én quulEbTm,m @htly theld zA¥igeridpioarms.

D-Leu, DIle, Lys D-Om. DQer, D-Th - CN,
ThRescRnY CoRRRoRIS T RgsERt N Ul ORGP TSRl s igio and
ca%ﬁﬁg%rogse itSAf leo%%@éﬁ%ﬁ@ toVinclke Be c@res%mﬁhg Y\Mtteﬁbn

'""are conbined to forma 4- nmber ed
[OBSHg whi @it enihediment ghe prssralt Iuveswsnrp‘fld@wn@nehgpﬁpﬁdﬁ

‘Eﬁ té ¥ Véﬂt}gh sub tltuents mdependently chosen from
- -NH2, - NQO2, CN and

- COOH, amdlno andx X ’x (X, di no,
al kyl -substituted amﬁglg% M%N 413CO\|H2 CO\lRR'

-NHCOR , -S2NR R', or - COCH. WO
20081060552PCT/ US20071023874 [006(2] In certain
enbodi nents one of the follow ng three provisos

ar?mmrsltatemymﬁﬁs @nik e 6f mrecbxkkﬁﬂerRlprﬁthﬂgsRﬁhzgﬁEcmtalh(ﬂcheﬁthble
en Wis -N thep Y.is C.and c.is 2 or, 3;
sait, hyflsafes, %"P’aiesv %C“%\Palfttwélﬁ“‘ﬁ soxies\apgt Ssomprphic ?fﬂgaﬁmﬁﬁﬁms
thgreﬁlger e fH &% 'Xaﬁglé m\?g%r%/_dfiil;’f)(! Bh RN FraMQUAHIA 1D - ﬁl’léﬁyla,lanénr::d

ring, R2) is attached to
(AERMER2Yhanglabingee B-tyrosime 2l 162, 5 d; tet@hyd@isoquinoline-

R e e

hoadphen yIE adise, ahe@ PSEND ek | hepeip AT endN Xtes ewh phieyl ring
i nvention are diners that incl]ude t(go &%nt het i
)

eSO er T Fet IpgNGe. 1 Gt o e eGoNH:,
and- wHDAO A TED RndgRAGn Y RoR¥ %ﬁ{e&ycfoba téy@l%p&f@ldes

ave t | a: "Xaal- Xaa2- Xaa3-
cy(:béhw@l,opy@&ahﬂ)wn}(l XacaBl):azo(yXaEdgu X@a@ @aaﬁiidmnddwyabwa from

o Brofto o PRl B BRER T FARRER- LG anine,
nalpEhi- AR alaiie Bitfrofid, (BIDLalahink, ﬁfdﬂ)@@pf@pﬁhﬁ rﬁﬂch Maags
substituents independently chosen from -

indegepdentlgiqBosen Grom ncqjqucm@@qpbenyml% é@)& ﬁlaqlpﬁ l? geucmc
' . I

BT Ry TRy e AR DB Ea Ko

indepefiden)iipchbeen ffoan (B)ID-drkieine [IBNAD- po@gitltdaé (BEDlemnowgldme

bbb 2050 e A g SRE A

(Mﬁdi%))@a i»hlan@ie"“aﬁudlﬁb VRN AL )an lalaRiRgl yS(H)ﬁ)-Eﬁa'hﬁno

Xaa. 4 is i ndependent] 3y osen from
bL(tB*}‘Q@MdB)(ﬂBDBZ)@ amiigine( By2mniar3 4@1p@8§1ﬂ)nquﬂgmc acid, D-2-

alﬁ_nm-allnﬂlrgg?o Rgg?ﬂl&tl%%lﬂ%_%b% E(IE%Q- (ﬁg@ﬁm (B 285} lﬁé{lﬁ a-

arkind-4apthéerafifehoficReid, disGps-apintndcycbéxhne acetic ac1d trans-o,4-
D- 2- am no- 3( 2- am nopyrrol i dyl propl onj ¢ acid,
dl@la@ﬁyq%@lqsue&ﬁetm% FispryRine-GEetyl-HREreydo-erne pesyic

aéé : “lﬁH an%ﬂ?:?‘??)t"%’é{gﬁg‘lﬁ%% dﬂez‘%ﬁ% 5‘],3@9 %rl% tﬁpfzrﬁﬁ’l% %Bid{}&»cp

piaeritlipgaceic acjd, sisaneminoad-guaadho-cydeps marreliyacd mod gans-o-
1, [ dt t | . fq, . { 1.
oo B eSS R b o 0D el

sandt is 1.

L



[0066] The nmoiety L is a linker chosen fromn-D-Lys,

E-Lys, 8-D-Om 8-0m y-am nobutyric acid,

8- am nooct anoi ¢ acid, 11-am noundecanoi c acid,
WQ2HRIHISB, 6- - 24 - di oxaoctanoi ¢ aci d, PCT/US2007/023874

anm di no- 4- am no- 4- car boxyl i ¢ pi peridi ne and

D Lys-Q& Iacta 067 I re f
seleple Sk are BRudinagt -1 ghd Cntealoncan 1 Rtk Eid:
anddl it seroloydrates, solvates, acid salt hydrates,

N- oxi des and isonorphic crystalline forms of these
(8853t heln anopepeinbediamnide ss whosted ey ensnfdhpiodowinadpeni n
msggescope of the present invention. [0068]In another

peCt the present invention provides a synthetic

pept(de iam de having the fornul a:

Xaal- Xaa2- Xaa3- (Xaad)p wherein Gis

(Xaal) g- (Xaa2)r-(Xaa3), - (Xaad)t andimhereln is zero

or 1; r is zero or 1; s is zero or and t are
each i ndependent | y (Far10y-GFaag)- ()é?fth(Ké@ it hat at | east
one of q, ,, s and t are 1; and is a linker chosen

WITBAPS Q5 1 1 2 38 ndspERdsly Bereﬁf Lyprayifier¥ah 3 fqet one of s
an@$ a%:' gn@m@ghgﬁg%gﬁeﬁ @0l D- ]Jygme §1Qe, Lﬁﬁg%‘flﬁﬁf?ﬁec -

aci I oxaoct anol'c aci
orditlang, yexdinc-hutycx ytld;:S pmpmoctdnme acidol 1( milnpsm®o;moic acid, 8-

|.ac 36% 0069% nother %ﬁ Jrent e |
et TR S R S AR A N G
lactam);. The synthetic peptide amides of this embodiment are also herein
interchangeably referred to as ‘dimers,” “dimeric structures’ or ‘synthetic peptide
amide dimers’ since they include two synthetic peptide amide components joined by

the linking moiety, L.
(i) Gis

7N
WY | Z

Rl'(v)e'RZ
wherein p is 1; Xaas-Xaag- is chosen from D-Nle-(B);D-arginine-, D-leucine-6-(B),0-
(B)D-ornithine-, and (a-Me)D-leucine-&(B ),-0(B")D-ormnithine-; and the Y- and
Z-containing ring moiety,
77N\

Y Z

N’

is an optionally substituted 4 to 8-membered heterocyclic ring moiety wherein all ring
heteroatoms in said ring moiety are nitfogen atoms; wherein Y and Z are each
independently a carbon atom or a nitrogen atom; provided that when such ring moiety
is a six, seven or eight-membered ring, Y and Z are separated by at least two ring
atoms; and provided that when such ring moiety has a single heteroatom which is a

nitrogen atom, then such ring moiety is non-aromatic.

— 18-



Xaai - Xaa2- Xaa3-(Xaad)p wherein Gis - 25 - wherein
Jis ab-, 6-, or 7-nenbered heterocyclic ring noiety
having 1, 2, or 3 heteroatons in the ring wherein R3 ,
WAYWSBP58Y e each i ndependently chosen from Cl1PERUS2007/023874
al kyl, halo, -OH, -CF), -NH2, -COOH and am di no; and
R5 a{}ﬁl) %ﬁisare each independently chosen fromCl-C3
al kyt,” oxo, halo, -OH, -CF 3, -NH2, -COOH and
am di no. [0070] I n anot her enbodi nent, the invention
" provides a synthetic pEpt de anm de having the
formul a: Xaa - XaadyXaa3- (Xak4)p wherein Gis
R1-(V)e-R2 and Wis Rul\,, Y is Nand Zis C. |In one
aspect, the Y and Z-co ining ring noiety is a
si x- menber ed saturatedgriypg gonprising a single ring
het eroatom [0071]In aﬁbmgrfgzenbodi ment, Gis

wherein p is 1;

and the moiety
77N\
Y Z
N

is an optionally substituted 4 to 8-membered heterocyclic ring moiety wherein Y is C
or N and Z is a carbon atom, a nitrogen atom, an oxygen atom, a sulfur atom, a
sulfoxide group, or a sulfonyl group; provided that when such ring moiety is a six-,
seven- or eight-membered ring, Y and Z are separated by at least two ring atoms;
provided that when such ring moiety is non-aromatic and Z is a carbon atom or a
nitrogen atomn then such ring moiety comprises at least one sulfur or oxygen ring
heteroatom; and provided further that when such ring moiety is aromatic, then Y is a

carbon atom; and

(iv) G is
E\WHS
YR I I
w
N
Hs/ e

wherein J is a 5-, 6-, or 7-membered heterocyclic ring moiety comprisihg I,2,0r3
heteroatoms in the ring, wherein R; and R4 are each independently selected from C-
Cs alky!, halo, -OH, -CF3, -NH,, -COOH and amidino; and Rs and R are each
independently chosen from C-Cs alkyl, oxo, hale, -OH, -CF3, -NH,, -COOH and - _
amidino; wherein W’ is chosen from:

nuil;

-NH-(CH)- with b equal to zero, 1, 2, 3, 4, 5, or 6; and
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RI-01)e-R2 and Y and Z are both N and are the only

ring heteroatons in the Y and Z-containing ring

noi ety. I n another enbodinent, e is zero, and
wWQyWEPsstent s R1L and R2 taken toget her with zBEBEUSHRHEI2IST4

or two ring atons of the Y and Z-containing ring

noi e ri.se.a nono lig or bicyclic 4-9 nenbered
het e&ﬁ%‘@@%eq i Crﬁﬂ“@f'écz ‘i one aspect of this
[0859Pdi 1R BlothdRbndRginRRat, ek e -Cmefi R e Ldto @R, Whdiin when

atomof the Y and Z-containing ring noiety conprise a
e ¢ zetoo tignritistratiadd Hit ad doypet dicccHy hgndedite the same ohdiffierent
and Z-containing ring noiety forns a Spiro
mé%?m%’tsu‘?’ FT8Ad Wis null. [0072]1n one embodinent, G

-(af R is -H, FOH( hlg,, CIRZ2-NIf -@OOH, CCp akkyt] ath1ﬁsﬁ1d3|R25
are bonded dlrectl to the sane ring

allylrsupsiiuted amyding, T ISR S S hfeterORyépws Pyg-argide. Pro,
GQNE%T Va9 e, %&k&%@'éﬁﬂmﬁ%%@ﬁ SE,RG3

substi t Ut "di hydr0| m dazol e, D-Pro,
CDNR’Ru" NHCBR', OR' @@SIEENaij whencisi saidriptiogally, subiDOel o

NRIANEOIER A e
selected from the group consisting of C,-Cs alkyl, -C1-Cg alkoxy, oxo, -OH, -C1, -F, -
NH;, -NO3, -CN, -COOH, and amidino; wherein R’ and R" are each independently -H,
C,-C;y alkyl, aryl, heterocyclyl or R’ and R" are combined to form a 4- to $-membered
ring, which ring is optionally substituted singly or doubly with substituents
independently selected from the group consisting of C,-Cg alkyl, -C;-Cg alkoxy, -OH,
-Cl, -F, -NH;, -NQs, -CN, and -COOH, amidino; and R; is H, amidino, singly or
doubly C,-Cg alkyl-substituted amidino, -CN, -CONH,, -CONRR", -NHCOR, -
SO;NRR", or -COOH,; or

(b} R; and R; taken together can form an optionally substituted 4-'t0 9-
membered heterocyclic monocyclic or bicyclic ring moiety which is bonded to a
single ring atom of the Y and Z-containing ring moiety; or

(¢) Ry and R, taken together with a single ring atom of the Y and Z-containing
ring moiety can form an optionally substituted 4- to 8-membered heterocyclic ring
moiety to form a spiro structure; or

(d) R, and R; taken together with two or more adjacent ring atoms of the Y
and Z-containing ring moiety can form an optionally substituted 4- to 9-membered
heterocyclic monocyclic or bicyclic ring moiety fused to the Y and Z-containing ring
moiety; and wherein each of said optionally substituted 4- to 9-membered
heterocyclic ring moieties comprising R; and R, is optionally singly or doubly
substituted with substituents independently selected from the group consisting of C,-
Cs alkyl, -C;-Cg alkoxy, optionally substituted phenyl, oxo, -OH, -Cl, -F, -NH,, -NOg,
-CN, -COOH, and amidino;
provided that when the Y and Z-containing ring moiety is a six or seven membered
ring comprising a single ring heteroatom and when one of Y and Z is C and the other

of Y and Z is N, and e is zero, then R, is not -CH, and R and R; are not both -H;
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- 27 - [0074] I n one enbodi nent, the invention
provi des a synthetic peptide am de wherein each Xaa2
is D-Phe, each Xaa3 is DN e, and each Xaa4 is D Arg.
W g Her enbodi nent, each Xaat is D Al a(2-RHI/EYPY70123874
[0075]In one enbodinent, Gis R -(V)cR2 and the

ey REC sy R0V R R S T Rk SR g atc sx
mbnb&ed Rnf %@Wﬁwgn&a@a&mm& Yaal 7i sbe R % £hbieand -
and Xaa2'is -Cl)Phe. [0076] 1 n another enbodi nent

VéBd(Rq)Xa‘aattaﬁlscdDo 2h che@ rVERAKR) 3s seftctadyfrom thedremdenyistine of
oy LY G 5. SRS Db g
CH,C(O)NHj. and lastly, provided that if the Y and Z-containing ring moiety is a six
membered ring comprising an S or O ring beteroatom, or if the Y and Z-containing
ring moiety is a six membered ring comprising two ring heteroatoms, wherein both Y
and Z are N and W is null, or if the Y and Z-containing ring moiety is a six membered
aromatic ring comprising a single ring heteroatom, which heteroatom is N, then, when
e is zero, R and R, are not both -H.
[0054]  Also provided in another embodiment are synthetic peptide amides having
the formula:

VR

Xaa;Xaa,Xaa;Xaa,-W-Y Z

X

Rl‘(v)c"R?.

and stercoisomers, mixtures of stereoisomers, racemates, prodrugs, pharmaceutically
acceptable salts, hydrates, solvates, acid salt hydrates, N-oxides and isomorphic
crystalline forms thereof; wherein
Xaa; is chosen from (A)A"D-Phe, (a-Me)D-Phe, D-Tyr, D-Tic, D-phenylglycine,
D homophenylalanine, and -(E)D-Ala, wherein (A) and (A') are each phenyl ring
substituents independently chosen from -H, -F, -Cl, -NO,, -CHj3, -CF;, -CN, and
ntyl, cyclohexyl, pyridyl, thienyl
and thiazolyl. Xaa; is chosen from (A)(A)D-Phe, (a-Me)D-Phe, D-1Nal, D-2Nal, D-
Tyr, (E)D-Ala and D-Trp; and Xaa3-Xaag- is chosen from f D-Nle-(B),D-Arg-, D-
Leu-8-(B )0~(BND-Om-, and (a-Me)D-Leu-8(BY-a(B')D-Orn-; wherein each (B) is
independently chosen from -H and C;-C4 alkyl, and (B") is -H or (a-Me). W inthe
above formula is chosen from one of the following three options:

(i) Nuli, provided that when W is null, Y is N; or

(ii) -N-(CHjy), with b equal to zero, 1, 2, 3, 4, 5, or 6; or

(ii1) -N-(CH,).-O- with ¢ equal to 2, or 3, provided that Y is a carbon atom.

[6055] In one embodiment the Y- and Z-containing moiety in the above formula

is an optionally substituted 4-8 membered saturated mono- or dinitrogen heterocyclic
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R -(V)e-R2 and Xaa, is chosen from D-Phe, D-(4-F)Phe,

D- (2-F)Phe, cyclopentyl D-Ala, 2- thienyl D A a, Xaa2

is chosen fromD- (4-F)Phe, D (4-Cl)Phe, D 1Nal,
WEREESS2and D- Trp, and Xaa3- Xaa4 is chosen fFREHS2067/4023874

D-Nle-D-Arg and D-Leu-D-Orn. [0077]1 n one enbodi nment

s el TP gh K Reagt Rpr e DR sl o or . 2

il e, anlint REQLAEHf THAAD iFBN hnd MACIdcAAABin the 6ROSLN4 or 5
from DNIe and D-Leu. In another enbodi nent each

my@hared Betelogycic rmgowﬂ@( ) I 4. ©6. ardinthaease of mdigieogen
okh

R, YA SR pred B} 610 AP R REBod Bonfet each
[0BAS1 | $n anoBer emb()dB)I%EDE @hen thetter aid iZ-coneaigiBy ring nidietpiscth

t he ot her el ected fromthe gro consi st of
Safsplg learﬂﬁn‘i’%}i%%ﬁw inghyd %*rfaiﬁwog%ﬁ@é FOUSER WA oth
N%@w,s,{ugog@ﬂlkqgﬁgmher enbodi nent each Xaas is
chosen from (B)2D-Arg, and 5- B) 20- Orn. In one

[085Tiect Ireanothekambodimephibs emwidty dris BiAlsglkyl.BO2 Bisrego onhd
whSrbienin SP b Vi it o e B gk KRG fo e same
o (&G ringaitehdI ER, BIH @ BIM,, GOGH, C,-Cg alkyl, amidino, Ci-Cs
alkyl-substituted amidino, dihydréimidazole, Pro-amide, Pro, Gly, Ala, Val, Leu, lle,
Lys, Arg, O, Ser, Thr, CN, CONH,, CONR'R", NHCOR', or SO,NRR", wherein R’
and R" are each independently H, or C;-Cg alkyl, or R' and R" are combined to form a
4- to 8-membered ring which ring is optionally substituted singly or doubly with
substituents independently chosen from C,-Cs alkyl, -OH, -Cl, -F, -NH;, -NO,, -CN,
and -COOH, amidino; and R, is H, amidino, singly or doubly C|~C6 alkyl-substituted
amidino, -CN, -CONH,, -CONR'R", -NHCOR', -SO,NR'R", or ~COOH.

[0058] In one embodiment, formula I is subject to two provisos: (i) when th;a Y
and Z-containing ring motiety is a six or seven membered ring and when one of Y and
Z is C and e is zero, then R, is not OH, and R, and R, are not both H; and (ii) when
the Y and Z-containing ring moiety is a six membered ring, both Y and Z are N and
W is null, th'en (V)RR is attached to a ring atom other than Z; and if ¢ is zero, then
R, and R; are not both -H.

[6059] In certain embodiments the synthetic peptide amides of the invention have

the formula:

77N

Xaa, Xaa,Xaa; Xaa-W-Y Z

\L<

R | '(V)e'"R2

wherein Xaa, is chosen from (A)(A"D-Phe, {«-Me)D-Phe, D-Tyr, D-Tic, and (E)D-
Ala, wherein A and A' are each phenyl ring substituents independently chosen from -
H, -F, -Cl, -NQ,, -CH;, -CF;, -CN, -CONH;, and wherein E is selected from the group

consisting of cyclopentyl, pyridyl, thienyl and thiazolyl. Xaa is chosen from
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R-(V)e-R2 and Wis -N(CH2)b with b equal to 0, 1,

2, 3, or 4. In one aspect b is zero and Y is a carbon

atom In another aspect bis | or 2 and Yis a
WhRHB/H@ST? at om | n anot her enbodi nent Wi s  PCT/US2007/023874

-N-(CH2),-0-. In one aspect c is 1 or 2. In another

DRRE b deBothe PRV RSP, <€ﬁ%§é% o rhip faaa i

ch%EBi’ltfhﬁﬁ DRRROBL ﬁ@ﬂ&yél&tﬁnaﬂ @ﬁﬂlazncpai &d-NeN-1euno- mal Bival,

is a four of five menbered ring and Y i s a carbo
andtlyMet | BO& 1} thosembromdB)dhbogli(FRtnAige(ByIadthr, C- (B)D Hlys,

DERer LI iR o ahf alube PRt e B
(BAMOORE D-2labn@idI3U i pigeridyDpropichitchcld, CoODamint-R@- I | ng
noiety is a six nmenbered rin In one aspect the Y

arginePYZElgDRIPRIORIG 2F1dn B-%rd - AmdANOPEQRIPNIF AFHERY @-amino-4-
p1£;érmnealzé?lc§lﬁd, Lig %@Hi‘ﬁﬁﬁncﬁéﬂgﬁ&aﬁ@@ce\fc gﬂ@ tfanSQ-ai ni ng

S a sIx or Seven nenb ring and both
danmodch}MRmemdtm mgﬂncx&h&nmno{@ﬁ&ﬁﬂhmmyﬂlﬁmmne acetic acid,

i ARG B HEm S e e 4. S s aE oS
pip&idneal¥iciadid; Hs0diRo-4 Zguahmrkdﬁsicldherxeﬁé dc¥tit @a@ #Ha1RAN-

ring atom adJ acent to | n anot her Eect is H,
angifp-digvenidomeydohexiyd acstip atid.tvhesrin gaabdBhis m@pﬂ@mﬂy

0
selef§firorb ¥ e hianR St RICPe, R BB IEH oMo The
malﬁtthGE claspefbmitheiof theHpllawingithree optionse(iydtl; (i 2N-(CHo),
I n one .aspect th Y and Z-containing ring
W'ﬁ‘bnl’é faszezo-fli % %’esnﬁ r| ng, eis zero and Rl is
(m) HZP 098%]th B egi k12 br ?Emﬁr‘iheﬁeﬁfs a@ai‘b%n almi.(V) e- R2
Is D-Phé, Xaa2 is D Phe, Xaa3 is D Leu, Xaa4

[006,0]8 (@Qb@ﬂzm@tﬁwng I("mmim!}t%H met hyl , or
i sopropyl; further wherein Wis nul the Y and
Z-containing ring noiety is a siXx or S ven menber ed

ring, Yis a nitrogen atom elsz\s\ng( is -NH2,
am di no, Cl1-C3 al kyl, Cl1-C3 al kyl ituted

anmi di no, di hydroi m dazole, D-Pro, or D-Pro amide, and

R2 is Hor -COOH [0084]1n certajn enbodi nents of the
is &y APEemally s%ﬁ{qtqﬂié megg]g:r%if sa{%c(% ]'Re\;gﬂﬁc Al ring moiety, wherein

no ring atom other than Y and Z is a heteroatom, Y and Z are separated by at least two
carbon ring atoms, YisCorN,and Zis S, O or N.

[0061] The moiety V is C|-Cg alkyl, and e is zero or 1, wherein when e is zero,
then V is null and, R, and R; are directly bonded to the same or different ring atoms;
R, is H, OH, -NH,, -COOH, C;-Cs alkyl, amidino, C{-Cs alkyl-substituted amidino,
dihydroimidazole, D-Pro, Gly, D-Ala, D-Val, D-Leu, D-lle, D-Lys, D-Arg, D-Om, D-
Ser, D-Thr, -CN, -CONH,, -CONR'R", -NHCOR', or -SO;NR'R", wherein R’ and R"
are each independently -H, or C,~Cs alkyl, or R' and R" are combined to form a 4- to
8-membered ring which ring is optionally substituted singly or doubly with
substituents independently chosen from C;-Cg alkyl, -OH, -Cl, -F, -NH;, -NO,, -CN,
and -COOH, amidino; and R; is -H, amidino, C,-C¢ alkyl-substituted amidino, -CN, - ~
CONH;,, -CONR'R", -NHCOR', -SO;NR'R", or -COOH.
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there are two i ndependent occurrences of the residues
Xaal , Xaa2, Xaa3 and Xaa4. For instance, in
enbodi ments having the fornmul a:

WOK2W8/0068322- Xaa3- (Xaad)p wherein Gis: (Xaa  PCT/US2007/623874
)q-(Xaa2)r-(Xaa3)' (Xaa4)t and one or nore of q, r,

[Oﬁg%uf r bﬁ%‘%@g’gqmq:)@ gms?é?f%z‘}f %@gbg %E?Or‘”esoggl(’eply when ¢
is E&%Eﬁ@ﬁ RY Shd/R, A8 ndHsdh BPRAHNNENE SN- (@%@O—,ﬁﬁé@ﬂﬁﬁc%d cis

eac the residues Xaal , Xaa2, Xaa3 and Xaa4 can
2 txe3;iod & 1f§£ais N Tltm,le st W b neil, dhe ¥ and Z-craminiepmngaoiety is a

i denti cal. sfor I I | :
S BBl kol SE0GR80 s QMY 2 Yt o
choSer ﬁ@ﬁtamﬂho RCd @]Eyl@l{mmitai are Rk, mgammﬂame, -

%é(a ;;phe al anl each Xaa3 can be D-leuci ne and
CH dﬂ? ’-’ar gi ni ne. [0085]Alternatively, and
ot h . . of
[OhEBe] paiﬁ{ %e‘fﬁplor el %éﬁts &@%ﬁnha&tﬁkgﬁé’e 2hideNSr (B¢ in¥PAtR e

Xaa3 or Xaa4 can
dibversdthitfineledw twoRgntheticaprptide amitie compbratsiomed Kua linking
be D-phenyl al ani ne, while the second i nstance of Xaal
mPt%h fe sane ol ecule can be a different Xaai residue,
[(09643h asn &:e(aé ﬁﬁiﬂléﬂl@ﬁﬁ![ﬁﬁe aideh havel thi fopmalat nst ance
of Xaa2 can e Dp enyl al ani ne \A{;I | e the second
i nstance of - 30 -X3a %A X4d-{Fdbame nol ecul e can be
D-Al a(2-thienyl). Likew se, one ilnstance of Xaa3 can
be D-norleucine, while the secondq i nstance of Xaa3 in
t he same nol ecul e can be D1 euci mg. In the sane
manner, one instance of Xaa4 canibe D-om thine, while
t he second i nstance of Xaa4 in ti%e same nol ecul e can
be D-arginine, and so on. [0086]lin one enbodi ment,

the invention pray W&ZE -(Xynp)pldag), pepti de ami de
wherein Xaal is a(2-thienyl). In another

enbodi nent Xaal is D-(4- F)phenyl al anine and Xaa2 is
[006514 COpthenpbal farivie, cath Xanois irdependeaity ehosen feena kA XAaD-

hs VS R i (ERE AL, Jop i i S35k iaR2
NeinoBstitferdes DA hak@mhaamtfrcphemyﬂ:alcambr@z -CHjs, -CF3, -
B?gsq\ll n one enbo??rent each Xaa3 is chosen from
CH. (g NHpcind evhsrein ) 1echasereromdhigays swstoreniyh awﬂiﬂt and

m%%gzl XBad ki, F&lﬁg&gaﬁhi%h&%n FRAENERHS-PhS, (x-Me)D-Phe, D-

| ‘euci ne; aad 1s D arginine. ITn ano
1 KaibDdl N D-Taacind Xadd; aadr beze drelu cﬁmh Xan3 lﬁ)mﬁepeuicmlm

%gogg‘mgﬁﬂgﬂﬁﬁac &génmirﬁ A)faeB‘r Leu, (ct g)fﬁLgur, %le, D-Val,
and D-Met; and s is zero or 1. Each Xaa, is independently chosen from (B),D-Arg,
(B):D-nArg, (B),D-Har, £-(B)D-Hlys, D-2,3-diaminopropionic acid, e-(B)D-Lys, &-
(B)-D-Lys, D-Amf, amidino-D-Amf, (B),D-Dbu, §-(B)a-(B)D-Om, D-2-amino-
3(4-piperidyl)propionic acid, D-2-amino-3(2-aminopyrrolidyl)propionic acid, D-a-
amino-B-amidinopropionic acid, wherein each (B) is independently selected from the
group consisting of H and C,-C, alkyl, and (B") is H or (a-Me); and'p, q, r, s and t are
each independently zero or 1, provided that at least one ofq, r, s and tare 1. In certain
aspects of the invention, at least one of s and t is 1.

[0066] The moiety L. is a linker chosen from &-D-Lys, g-Lys, §-D-Om, 8-Orm,

y-aminobutyric acid, 8-aminooctanoic acid, 11-aminoundecanoic acid, 8-amino-3,6-
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arginine. Alternatively, each Xaa4 is

6(B) 2D-orni thine and each (B) is chosen from- H,

nmet hyl and isopropyl. In still another enbodi nent,
W@AWH0MaE4 i s (B)2D-ornithine, wherein one (BJCT/YS20§/023874

and the other (B) chosen from nethyl and isopropyl.

.I'n one aspect,, .each Xaa4 is, (B).2D-ar.ginin r
digRApEAE Bt AR e T e A AN
laG&f),Pe a residue chosen from D-arginine,

(EOfO- argi nine, and 8-(B)Dom thine, and wherein '(Ezbh
[0067]- H, Stemplsginers| mipwep 9f sterepisgruery) prodrgh phararboicaknt

th i ti de Xaa3- Xaa4 . . .
st PG BT RSl B ERARAG N:le agd omorbic
cr} <28 formoOaehrlsihtaetipepeidd aslides ie alsoeoayniphedd within the

peptide am de of the invention has the fornula Xaa
scopeR{Zho@rasent MAKHUIOH- wherein Gis: RI-(V)e-R2 - 3 -

b is r ' S ’ . .
10368] g iEinBEioGaBEe, KepiesPhuiicha O 4 SuBARL BEpudc amide
hasingalid focablar aspect of the invention, b is 2.

[0090] I n anot her enbodinment Gis 121-(V)e-R2 and the
Y- and Z-contai ni ng Rmi eXah)-Xaa;(Xaay),

[ W 4- am nopi peri di ne-4-carboxylic]acid)]-0H [0091]In
one particul ar enbodi nent Xaal is' chosen from D Phe,
D- (4- F) Phe, G

wherein G is
L

(Xaa))-(Xaay)~(Xaaz);-(Xaag),

and wherein q is zero or 1; r is zero or 1; s is zero or 1; p and t are each independcntly
zero or 1, provided that at Jeast one of q, 1, s‘and t are 1; and L is a linker chosen from
g-D-Lys, &-Lys, 6-D-Om, §-Om, y-aminobutyric acid, 8-amino-octanoic acid, 11-
amino-undecanoic acid, 8-amino-3,6-dioxaoctanoic acid, 4-amino-4-carboxylic
piperidine and (D-Lys-Gly lactam);.

[0069]  In another embodiment, the invention provides synthetic peptide amides

having the formula:

Xaa,-Xaay-Xazs;-(Xaag,

G

wherein G is

K
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D- (2- F) Phe, cyclopentyl D-Ala, 2-thienyl DAl a, Xaa2
is chosen fromD- (4-F)Phe, D (4-Cl)Phe, D 1Nal,
D-2Nal, and D-Trp, and Xaa3-Xaa4 is chosen from
WEeob/es0BRr g and D-Leu-D-Orn. [0092] I n anot herPCT/US2007/023874
enbodinent Wis an N-al koxyl linker of the fornula
CH2)e-0-. In one aspect, c is 1. or 2. In an

wlaﬁf@iér A Py & RBoBemesed Wﬁi@cw|ﬂﬂ§rﬁ!&1ﬂ§€5§§‘xa&i>8aé’3§(aa4
g ESSh bt QNI Ry A ROERR A 5 BB g

alkWHd €108 -CF{, Q0H3 ] C@O}hmtdmmdpm andcy ad Re;rdmchche nt,

RN Ry ALY Ch N Ao rBlor Oty S N -CB0M b

anfiglRr natively, the Y- and Z-containing ring noiety
can be a four or five nenbered ring wherein Y is a
[0 b on Imanswher pribedignient, drednyention penvifen e syntheticypeptide amide

g ring noiety is a six or seven-nenbered
‘mv"ﬁgﬁéé”F%*b nitrogen atomand Z is a carbon atom In

one aspect of tgé g the Y and Z-contai ni ng
ring noiety is &4 ‘Hg%ﬁgﬁgioPlng Al ternatively,
the Y and Z-containing ring iety can be a seven
menbered ring. In one aspectgof this enbodi nent, the
Y and Z-containing ring nnlety is a six or seven

&? %%ed ring and both Y and Z are nitrogen atomns.
W F% gtlvely, the Y- and Z-containing ring noiety

can be a six ne ed ring. In still another

al ternative, Y and Z-containing ring noiety is a
seven nenber@@ﬁﬁ .Z[0094] I n anot her particul ar
enbodi nent the d Z-containing ring noiety is a

si x or seven nenberad ring. Y is a carbon atom and Z
IS a nitrogen atoRy-(¥)3-Fopne aspect of this enbodi nent,
the Y- and Z-containing ring noiety is a six nenbered
ring. Alternatively, the Y- and Z-containing rin

andoV gt pul 3 isphb and Zé3onIn Qe Hpecdi tgﬁ%f W Fpendnipg ﬁgg mojety is
b
@ GREARREE salrdiBd inf S‘%‘?@%‘e i 2 ARl nelcuhy 02T 000 e

a nitrogen atom - 32 -
[Oﬁﬁﬂ81060552mﬁﬁﬁmﬁm@@ﬁﬁ@28874 [ 0095] I n anot her
particul ar enbodi nent the Y- and Z-containing ring
noi ety is an optionally substijptied 4 to 8-nenbered
heterocyclic ring noiety wheyin YZs a carbon or a
nitrogen atomand Z is carbon, ni gen, oxygen,
sul fur, sul foxide, or sulfonyl; the 4 to
8- menber ed het erocyclic ring nnlﬁt N @ optionally
singly or doubly substituted with' gubs fituents
arldng %ﬂ?ﬂ‘?&nﬁdtﬂ Ncc{}ﬂﬁl%@thf: %ﬁm '\&l@er@édﬂ}k in the¥- a@@ @Edﬁﬁﬁiﬂmg
oxo, -OH, COOH,
riegringietss. Inlanotbnreeralsqﬁel@cmmmsr%erm endﬁubat#uerzs Bomchﬁ(n'iah‘@l
ot L 7% 15 o o0 fng SBHE Y e P oL 2 BRAREL i By
coitI¥8 a hdnodpdiche bicgsipety, memiimad geryeyatid ridg amidtai i oig
ring iety i.S non-a c and. Zis a carbon or a
aSH G 06 0t HBRIIo R B o R ok GBSt §h PURCRIEan & e ¥ and
I ey £
I Ay TR M AZID 8 R o ke iy
wtmh atith the Yaandr?accmammg emg Yndiely Jomzsraspiro atrogture[200 ¥6 s null.
one enbodinent of the synt hetic peptide am de of the
ntlon L ~~OH, -NH2, -COCH, C1-C3 alkyl,
[dg%]e ?fle%o l§/tl gslsubst i tut ed am di no,
dlhydr0|n1dazole D-Pro, D-Pro amde, or -CONH2. In
anot her particular enbodinment R2 is -H, -COOH, or
Cl-C3 alkyl. In one aspect, only one of Rl and R2 is
a hydrogen atom In a particular enbodinent Rl is -H,
D-Pro, D-Pro amide, or -NH>2d R2 is Hor -COOH. In
one aspect of this enbodinent, RLis -NH2 and 2 is -
COOH



[0097] I n one enbodi nent, the operator, e is zero and

Ri and R2 are bonded directly to the sane ring atom

In a particular enbodinent, e is zero, RR is -H and
WERWB/e60BENded directly to a carbon ring at om Ry E28¥0235874

to Z. In another particular enbodinment, R is -H,

am di no, Cl-C3 al kyl substitu%p’ dino, C-C3

al kyl, di hydroi mi dazole, D-Prof D-Rro am de, or

-CON-H-2 and e is zero and-R2Yis -4 [0098]In one

embodi nent of the synthetic pe\su'_}% am de of the

invention, Xaal is D-Phe, Xaa2 is Phe, Xaa3 is

D-Leu, Xaad4 is 6-(B)2D-On, wherky-(V)(B) is -H,

nmet hyl , or isopropyl; such that wherein Wis null,

the Y and Z-containing ring noiety is a six or seven
anderib e¢rednd Rmgnd R; prs bangid diggdntoghe pameripgatomy d\liematively,

. -N i di 1- k - tht d
in o e DG &1 G K SEHCH. BRSO LD
arMdinoSC HCQ blkyCaBstitulddQa8dihe, dingirpiatidizolel BrPre/iduo omitle, or

G represents one of thefollovviﬁ(%' - 33 - 0 OH
CQlNgig and whegeip Ry H, -COOH, or C-Cy 2 1.

[0073] In another embodiment, G is chosen from:

~ ~
™~
o OH N

L o o

N & \-""\/’u\
L/ o/ o
N
- T
NH Nﬁ
l\_/“\/ﬁ\ \N/\(’j\OH
O‘\’ﬁ‘uuz Mz '\,NH

H OH i, OH o
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N, \--J Fr NNe"\ 21H 1.12 ---Narro 00 NH

[00100] A variety of assays may be enployed to test

whet her the synthetic peptide am des of the invention
weexlos/bioss2hi gh affinity and selectivity for thRCKERE7/023874

opioid receptor, long duration of in vivo
Dbioactivity, and lack of CNS side effects. Receptor
Mssa are well known in the art and kappa opioid

ers from severak speci es have been-cloned, as

hav and delta opiald pept ors. Kapgéﬁgpioid

rec ors as well as nutand del ta opioi d>T &Eeptors

are assical, seven tr nsnenbrane-spanninQ&KS
tei n-coupl ed receptors. Al though these cloned
eceptors readily ak] ’ articul ar candidé{sg\(p
C nd, e.g., a peﬁ?$%2%§2 pepti de derivatirve{to
be=screened, natural sour of n@ffmal i an opi oi doH-
: eptprs ar |l so eful for [ : o s I
oo F TP dBE b end Hpr S S by e ke,
 whaintehéh Xk, idBlPHR, erAKaiaiRaNdgiand eachotapisd-Arg. In another

identified froma singhg m xture based tetrapeptide

engpslimentearh LeansthlaGHemAk orial 1ibrary. J. Biol.
m 2738848 imbht d%98) . Thus, screening agai nst

m@%@h kgﬁgg angﬁﬁu éﬂ%oid receptors, whether of

i may be carried out in

ity of the synthetic

reconbi nant or natural ori
order to determ ne the
pepti de am des of the’i for the kappa over
the nmu opioid receptor. In a particul ar

enbodi ment, the synthetic peptide am des of the

i nvention are selective kappa(eRai d receptor

agoni sts. The potency of the synthetic peptide am des

of the inyventi as oni.st s..f.or arti r
anabe Qpgpidl e e shiren o 185 iR ahd PENRR-Atg; i
ano@let emBdifht 24, 0Gk, isD-BabDePRd IRxpsRasRtbodindn Xa656 D-

val ue. Potency of the synthetic peptide am des of the
(4 bntand aasis ikafb&DBP% 0i d agoni sts, expressed as the

cen . N R ( . .

(R0 i Bl BB RAE LN Do BEE o PR 20 ey s cach
Xadtis DIdeCIfRhe. dix anghe enthodment, each Xhas is DIG@, or BhNémt

Anti noci ceptive, Effects of TRK-820, a Novel K-Opioid

RecetBta8P A‘S‘Eﬂﬂ‘i’%“c‘{““ﬁ‘ie(?& Sci. 65 (16) 1685-94: and

Kumar V et al., Synthesis and ;Ha#ugtion of Novel

Peri pherally Restricted K—Cﬂ%g}d Recept or Agoni sts,

2005 Bioorg Med Chem Letts 1 :\égg?§1095. [00102]

Exanpl es of such assay techniqu or determ nation

of EC50 val ues are provided belo%n:%gﬁ% st andard

assay nethods for characterizati rOok pi oid |igands

wel I, k t Kial b vy
o K Fethof i AP PhO T3 RIREB (ool Byl BER1a, 501
thichy PB3A 9 Kaa 28 ¢h&rh FondDNUrRhe, (1 8O6)PIRY) & t NalcD- N rand

68(3):343-364 and referenc cited erei
D-Trp, a)md Xaas-Xaay is chosen from D-l\eﬂsé—D-Arg an -Leu-B-Om.

[0077] in one embodiment Xaa, can be (A)(A")D-Phe, and in one aspect, each

Xaa, is D-Phe. In another embodiment each Xaa, is D-Phe. In another embodiment,
each Xaay is chosen from D-Nle, and D-Leu. In another embodiment each Xaay is
chosen from 8(B);D-Orn and D-Arg. In one aspect, each Xaa, is 8(B),D-Orn and

each (B) chosen from -H, methyl and isopropyl. In another aspect each Xaa, is

_28 -



[00103] In certain particular enbodinents, the

synthetic peptide am des of the invention are kappa

opi oi d receptor agonists with an EC50 of |ess than
waosnso520 nM | n ot her enbodi nents, the syntME/VE007/023874

pepti de am des have an EC50 of |ess than about 100 nM

oS B e APLSlo UL Sl b e Bt
of'%ﬁéﬁ)yl%d hsggrgmlhq{? 2ARRM aspE BIdhaGaak AIR®RPI Oi d :

receptor a sts. In particular enbodinments the
{06781t helr anoffepeintiedimeiichach &hrat ik ebospy EaM GrelhAy agh o-(B)D-

EC50 of |ess than abqut 1 .
Ofwin g papS b Mo diooet ot o B0 DA B:Orn.
ardQBY1s 194, ipMopBukappa opi oi d receptor agonists. The

conpounds of the foregoing enbodi nrent can have an
00280 t haanother ambpdimsnt G@s t i nes greater for a nu and a

delta opioid receptor than fon,a—kappa opi oi d

receptor, preferably at |lea Y100 I mes greater, and

nost preferably at |east 10 ti greater, such as

for instance, an EC50 of less t about 1 nMfor a

kappa opioid receptor, and EC50 values of greater

t han about 1000 nM for a nu opiJﬁdeégeptor and a

delta opioid receptor). [00104] In particular

enbodi nents, the synthetic peptide am des odndtWeds null.

invention are highly selective for kappa over nu
(088010 o I enoelior emBOdiRNLEiS ai n enbodi ments t he

synthetic peptide am des of the~tryention have EC50
val ues for the nmu opioid regegtor at are at | east
about a hundred tinmes highe an, the correspondi ng
EC50 val ues for the kappa opi oi ceptor. In

particul ar enbodi nents, the synégeé}c pepti de am des
of the invention have EC50 val uddf'g¢Rehe mu opi-oi d
receptor that are at |east about a thousand tines

anldl WHe ENY(OHR), Wi teapunkes o hdl, 3go=C5D onalspest i srzetorrnd Y is a

kappa opioid receptor, ter Lvel. the selectivity
caRor e RS G SO ATaE 1 TR AR S e
etRBodBHPHON S8 N-ASHR,-0- O kebneispélt E6Y 1 ar TUInQRbGELaspect the Y

receptor than for a kappa qpioid receptor. Thus, in
angad-consaining ringoveieiyen a fourop Bve pembeted singapt Yde 2 AR

f the i [ 3 y )
o Sy PP G B i DR v
méabeied riaf ah@¥sis hleahoahoui. 10 nM and in ot her

enbodi nents | ess than abqut O nM .or.even | ess tha
9800 O Bahr SPveHE AR B ZCa R i Bty oA St
R el ’ring,hcg Spglfﬂddgb&h RKorSHRANE i carbid8 Ridntl einaibier

can have an _less than . about 1 nMfor a
alkeappre gpé ¥ andrZe cenaining ding egietECo0sis fnegrhezadgaing: Haane aspect

akout . 1000 nMfor a .0pi_oi : 3
1Y i 2t ietie;Folty £B Sl hafiER Cine, Oh shifhudther aspect
tHeh€ afd/DicbRhintngh @Rt o tyainia dBsorat vdnhremerahiinganditeth Y and Z
their characteristic property of |ow inhibition of
mtméﬁﬁyﬂégﬁﬁbne_l)450 i sozynes. The cytochrone 13450
[ O%QH i aﬁ&ﬂétérﬁﬂtﬁhﬁnélt L3¢ 850 %&pﬁ[ §RIM ) e Bénded directly to the
aemthiolate proteins responsible for netabolic
sod dad hrom. ilnacd spattieon zab, RpiyyHtand Ra pehanided diggetly ¢ mearbon

- 36 --. bioagtive c ounds, .Usual lly, fhey ac S,.
ripg ARG s o2 o %SPF%M%%{PK‘@%{?{‘?& afth sufiiuea
2B -@ 981 f Bh RIr6 8 dd012 DRyl DGRb @fifde, or -CONH; and

P450- cont ai ril ng nonooxygenase systens. [00106] Over
whiefeinye iizefoeand Ry ig yHl.obrhansther pepsol R isis 2R nassid g 1hetby
identified and have been classified into famlies
grouped by genetic rel atedness as assessed by nucleic
aci d sequence honol ogy. Mist abundant anong the
cytochrone Paso isozynes i m&Uman cells are the 1A2
and 3A4 isozynes, although isozynes 2B6, 2C9, 2C19,
2D6, and 2E1 al so contribute significantly to

n
r



[00113] In another enbodi nent, the synthetic peptide
am des of the invention have an ED50 for a sedative
effect in a |oconotion-reduction assay in a nouse at
WO 2H80603fout ten tinmes the EE/ 50 of the synt h§¥/E52007/023874
peptide am de for an analgesic effect in a mﬁithing
assay 0 Anot her useful predi
args E‘Oe}‘i %‘i‘ﬁﬂs%“\?ﬁﬁ %% G? %e“’ PRt mEEht B 4dVE Y feé’f““g’
lsgg%ahgﬁeﬁ;tgﬂgnnuld be expected to cross the
bl ood-brain barrier is provided by the nenbrane
[0§83]neabi another embedimenfGtshe synt hetic peptide ami des
into a human cell or other mammalian cell when
del i vered at a therapeuticallysfergvant
concentration. In certain ewbgdi negts, the synthetic
peptide am des of the inventi t herapeutically
rel evant concentrations exhibit or essentially no
ability to penetrate a nDnoIayer sRitably cultured
human or other mammal i an cells. g p rneablllty

b d
arlckete e Phekoapigy PP oiie S Slfeﬁgxﬁ &5 ER AP vhgeg®)
ist lﬁemaﬂglt blcfﬁneﬁgﬁefulnhgpﬂﬁ’ér@meﬁf i{ SulR WEQG%mmg ring

intere ultably culturable mammal i an cel
meetydk aye&roreawnbee teg, els @maYreasn jatosn, Gdy mljat}hl 1p tiyH,,

o 2 2 SOPSURE PABR -

Db RAGR, afd®, ik BEéra0COEHL he Caco-2 cell line is a
hunman col on adenocarci noma that. can_be used as a

[0A%Ho! ajreseriain ahadimess olihs purhatiPeprisicdimiflos Af ithsrinygntion,
PRI %Qn@ﬁemp bédu}%n@e@ W?flﬂ%esqm &499Xa8f XahEind Xaas. For

Invention. 'In certaln enbodi nents, t heé synthetlc
inpleqpde] oiendwidthesntoliavitpshe forawia: on have a Papp of |ess
t han about 10-6 cnisec. In certain other enbodinents,
the synthetic peptide am des oKad,i¥naj-NugrKbq)), have a
Papp of | ess than about 10-7 cni sec. [00115p In one
enbodi nent, the synthetic peptide am des of’ the
invention at a dose of about 3 mg/ kg in ratGreaches a
peak plasnma concentration of the synthetic peptide
whereidds and exhi bits at |east about a five fold | ower
concentration in brain than such peak plasma
concentration. [00116] In another enbodi nedt, the
synthetic peptide am des of the invention ave at
| east about 50% of maxi rmu Al ~@Ka Whad hours
post adm nistration of a gg?e %% %outigﬂﬁg/Kg of t he
synthetic peptide, an.de [.001 . ! -
i F et Sehe: SFHT R ofubpiBbs A RgEdde 4 ocurmences

oﬂ)(':)ﬁ?"?tda? K8 BhdKbS, réspetingly. aBitsuctgerfibidihbns) eah iachn@of
a manmal, such as_a human. |In one aspect, the

6@9 ﬁf theresidysa papd Kagmirdes HslsXans 6ot b lﬂeﬁlcalr s borh imstapces
of ﬁaaﬂ tad GARENRRPL WhctPRY P%stﬁﬁ&%' eﬁi{lgfaﬁﬁ’xg Yifk r éach

adm ni'stratron o e synt
inpapte (e aasiXde, abdXananhbe 1mpait S¢ e esgmplheetaph Xaaz can be

ggélde de ha 99 dur of ac |on:%%$

ofigRopted Blfninpssih i tinhnisanfIne 20y o ‘argnine.

(oagsy ni ﬂlfcﬁ{ahoay OffndQH Stk Bodiehtd &ach BStance ofﬁﬂlﬁbhﬁi)t&of
pepti de am de. a particular aspect the synthetic

thp@plrs @fefeaﬁnlﬂié‘(d@as"‘(imdiﬂﬂa@t Bpasehn he diflgrent. hEqr example, one

R e PR Gt S 135, e
Samig rﬂ@lecdlﬂ cadh IEpedifferont Hﬁﬂ&e:hdud, nechsiy m-ﬁef)phemafbinmte

am de has a duratijon of hat | east, .about
ST PRI A0 2?‘3@%‘5‘8 %ﬂyéﬂtl Wiaﬁflwlsg?%tlvwce of

of 0.1 ng/kg of the synthetlc peptlde am de. [00118]

I n anot her enbodi nent, the invention provides a

phar maceut i cal conposition'Tﬂ%t i ncludes a synthetic

pepti de am de according to any of the above

enbodi nents and a pharmaceutically acceptable



dose"” of a mu opioid agoni st anal gesi c conpound

refers to a dose which when used in conbination with

a kappa opioid agonist, such as a synthetic peptide
WQRHEBs552 t he i nvention, is |ower than woul d ¥el7US2007/023874

ordinarily provided to a particular patient, for the

ur.pose of reduci ng, ope, pr re,shde effects of t
x BB s sar ERTARG ISR st B oo dpens
cah /b8 DIRGH@RTE, WHild e sdnd GRfne 6F XAl Rethe kiR MPRYLTe@an be
effect of the conmpound is an acceptabl e conprom se in
Du¢usineofin thesame sacser, enegdiasiandesd £4aaq canhgd-amithime, while the
decr.egse i S| t iy ts of
seb el o 5100 Ay e Jholpb e ar 35 8RRk oL B
[0086ISt DBdiel epibodinddnk, ak¢ inbyntidnepraviddsgesynthetir paptide amide

th ti ffect of th t het | tid i d f
o R A bl oA S A °
F)gghél@éa?%nfir?e{lﬁlldgﬁé'z £ IS QAR PpRhMIAdInG 15%ASBEL dntboRfRr: d6ch

e I nvention Wwhich acts as a"kggga opioid
Xag inDgiheslslenipe pnDiAla(Zabiangband povh ot is D-€HGDpdenyinlanine.

of the t het i ti.d n_de / 1 _opi oi d
inJnetirCeniarguerel SRt Dl SRR b d el
[0088r apiéricCnitfollBadnt aschaXdd; ghehosahtfsdn Dindrivaciay alidbtlewcine.
peptide am de or the nu_opioi d agoni st_anal gesic .
Insoahergrabadimeny ppeh e ﬁ%@‘lﬁﬁeﬁﬂg.m?%f@?(aﬁés ﬁs‘&ﬂleucme’ and
ealdft 5(%54[}5 cIj)—BJéﬁﬁleaclﬁ Sifidl drb RERER AR 1a; BT 8 15-16Rine or D-
conpounds, “naterials, conpositions, and/or dosage
ndrizbcme.whi ch are, within the scope of sound nedica

L.udgnent uitaple for.,contgct wth e~tissues. of
ohBfian Binedier sRodaeRbREa Aol bl pPErHRRE Y o
arpinide! 2llieuivaly! QB Xaal € SPPHBmidiinddddaach (B) is chosen from -
comgllcaplons, commensurate with a benefit-to-risk, .
Hymethy! anddsoprepy-e sl aspdicr epbadieitetiich Maacis (B)2Prespitbine,

L] + ed. , Ni s
wRERBob [E7Y% o snd ot 35 HORH OEH Fllhyl atORRAG A it one
aspedt] @cly Xdasiag@sDfaginmepard-(BulD-annithies h doethergmbodiment

condition to he treated. ch. unij cont ai n
cagh Krin oo WPFW‘?%F BRI ErRPnERR O F gD
or@ithidle, 4a rm@khﬁkd@)is o) fieth it Rdpilopylpooslitdle T bee dpisddiment the

therapeutic effect(s), optionally in association wth
digepsida Pimac Kand is shosea fromdp-leupine- Rpsirithinecand RyRotgicinerd:
mdos%ge unit fornms nmay be dictated by (a) the unique

eldtacteristics of the active conmpound or conpounds,
[0889] t hén P&y partidilatentbodinagme ttei syntbéticptitoarbile @f ticawredfion
~and (b) the limtations inherent in the art of
hasdhp®ERl®Ng such active conpound or compounds. The
dosage unit is often expressed as wei ght of conpound
per unit body wei ght XappXahrs@ab&8spin nilligrams of
compound per kil ogram of body wei ght of the subject
or patient (mg/kg). Alternatively, the dosage can be
expressed as the anount of the coﬁpound per unit body
wei ght per unit time, (ng/kg/day) in a particular
whgslda ik egi men. In a further alternative, the dosage
can be expressed as the anount of conpound per unit
body surface area (mg/nR2) or per/Unit body surface
area per unit tinme (ng/nk/dayW-YFor 741 - topica
formul ati ons, the dosage can be‘e&@&gssed in a manner

that is conventional for that fornulNtion, e.g., a

one-hal f inch ribbon of oi ntment gppiviye,to the eye,

where the concentration of conpound In the

formul ation is expressed as a percentage of the

formul ati on. [00124] As used herein,

"pharmaceutical ly acceptable salts" refer to

derivatives of conpounds wherein the parent conpound

is nodified by making aci d ot! base salts thereof.

Exanpl es of pharmaceutically acceptable salts

i nclude, but are not limted to, mneral or organic




[00129] The pharnmaceutical excipient or carrier can
be any conpati bl e, non-toxic substance suitable as a
vehicle for delivery the synthetic peptide am de of
wWQ ME8DWG®Nt i on. Suitabl e excipients or carri fQ/US2007/023874
include, but are not |limted to, sterile water
r.ef erably, .pyrogen-free), ' tie:
R S R e e L L
niMGdeRrat&ar i 4 plriici@taepdepof yeuhyeheme bgd y.col , propyl ene
| ycol, cetylstearyl alcohol, carboxynethylcellul ose,
[Ogﬂﬁn siraanetier pbedigient Gisucose, microcrystal line
cel l ul ose, magnesi um st earate, polyvinyl pyrrolidone
(PVP), citric acid, tartaric acid,Noils, fatty
subst ances, waxes or suitabWeYm xtdres of any of the
foregoi ng. [00130] The phar rrac\wﬁ{al preparation
according to the invention can be ormul ated as a
l'iquid, sem solid or solid dosagg-forRy For exanple
t he pharnmaceutical preparation can bé in the form of

nd 00 1 g S5 o BBep RR RR i i ot

[089POS it SeVpartRiult EBBbdinRhEHM, it SHds@fro@d)-Ph& IS FPhe,
aerosol or in a particulate forQ%asuch asfpellets or

Dg2-ddRhee syclensniybRah lay 2 Hiend &4 Al t B2 itAhetes fipm D-(4-F)Phe,

I ' u FO : ' _Nle-D-
R S R e
Arfj dndeni sy-DeOkor i ng agents, flavoring -43 - agents,

wetting agents and may, pbe e i c-coated tq surviye
0P ac ram@ﬁw F@ﬁﬂ%ﬂiﬁﬂ%?plﬁ ;e %ﬁ%ﬂzﬁé ﬁ"g%cﬁ’? HI"*?%I“II% '
(d}ﬂ?c-dil? [ oAk K @leb D@ iCPB. tinQiRSlefnatiCerhbdasiric Wlks Al

Al'ternatively, the tablets can be sugar-coated or )
X4 KeanXoatad: idinctly honded Los¥) bt aecpid plfernative embodiment, W is

R [ I epta adj uvants, buffering
m%ﬁ%@%@?S@%§§§#§¥ﬁ§ﬁ§g§%$§#%%%d the like, may al so be
{0098Jor pix atosiekr ipatiouahenphimonstc thetY aal Z-coxpiopigtringngoiety is a

[00131] Binders iq&Lgde for instancq sLaﬁch 47
fo e i sRembRPh NS %Y 1S3 RIN9EE" PRy iep{ixclyybp Yaand 2-
an?:liﬁin%I'i}ﬂg Q’Rﬁ’éﬂr HAA b BHRES)H V8 ABMADERS fibgMherein Y is a carbon

stearate/stearic acid. D luents include |actose,
atemc o 8 djfferen embotlimepaithe, Y and Zdontpimngaed maietyis eisingy

agent s .i ncl ude,, pr op: e I '
sl aieTosf ] 0 SBYREF 8z BNtatBhBloh i one aspectof
thadhbclahémnheol adyi-cimsdiniat iring niciéte isa ¢i0 membered ring.

adm ni stration of a pharmaceutical preparatio )
Aliemalivingha ¥ aph&-GoREHIS BAS ML eV fapmhged fing. In
oﬁéﬁsb@&%ﬁtkﬂisoé adithf! tgg era' Z-SorthRine 3B itlietd AU QX or seven

Inffamed condition. Such |ocal application”includes
miembe@fl oinptand both Y sl Z atermtrageni abarhsarAlgopdtivelyt therY,- anil Z-

i nj.ection, applicatian via catheter del i very as
Cp P0G TSRS D0 § O et ke s i SREshaVe, e
aPRlcbfatitidaheks it @ séRAlméaMdrelridg a discrete
internal area of the body, such _as, for exanple, a
[008¢ht , s emqthqrip@welaar:@ho%mhthaéf - A &t entajrdngidng moiety is a
1 i gament i_ntoraocyl. i
sy R ORI YD cRbof b, ahd 20 Gk fith. 1n one
agpatitaf chib ambodimens ¢ YWemdiZicoltaoml rmpphdianis osix mefrbesd
to applications_ that_provjde subsLantiaklg no .
ﬂﬁg«-s{\gﬁﬁnét'waiﬂ%f'e‘(ya%%‘?‘a’@%f&ﬁ RO AR PE B SR oPF Agyeight-
n{e%en%ﬁgin%? 1RIEMPedt ¥ RGiREEHm SRR AS] Edri@dSatort! BPone
as use erein, focal application is intended to
attehaivetembapiphant Xt dnd (sare eadhi switege a@mwas of t he body,
that is, other than the various |arge body cavities
(such as, for exanple, the peritoneal and/or pleura
cavities). [00133[ As used hgrein, topica

application refers to applitation to the surface of

t he body, such as to the skin, eyes, mucosa and li ps,
whi ch can be in or on any part of the body, including



[00136] For nasal admnistration, the peripherally

sel ective kappa opioid receptor agoni sts can be

fornmul ated as aerosols. The term "aerosol " includes
wargs/gass2bor ne suspended phase of the conpourRfS/GF2047a3374

i nstant invention which is capable of being inhal ed

1088510 ofi i s cH acrsbosbingg tud Lo BRoE S Bh By apgY s
arpépt%)hﬁ f&%&%@&'a 98- rhaﬁbér&ﬁﬁ@&bcycna fiRE ety dBefdRYY hea

produc In a netered dose inhal’er or nebulizer, or
carboreorr strogep rtone and Ady aehsin, pitogen, nwgﬁde&ﬂfar dldgpréﬂmér

0S 0 0 und _of th
S GTREENER S R SRERAL Bty WA R BYERL A o
ddidly éﬁ%tﬁdte@)énﬂh%&blsftftﬁe’hﬁ maegfenmmha;seﬁ aioercaey nngl,, - 0Cs
exanpl e. See Ganderton & Jgnes jvery to the

mmt@w Gty 6t NHE NG, 160¥, WBQ&H{ 54 aﬂ}vdn& N 1356
t A
LSRR TRBERREY 1 ol Pt Systene
thé@ X zmdlz arb/bépacdsd 27atlaB: @80ing 4003 7In afihder aspect, when the Y-
har maceut i cal com osi tions %CL i nvention.can

gk e GOREEIE AN MYFT BT BRTBLS b § O A ifeEen 4o,
thelf Lk HGInE mSiHG In@fdds Qf 1chft Dha Bafur Y ok yreh @M@ Rtefoatom. In a
subcut arieous, intranuscul ar, intraperitoneal,
particulamrapest, witen b Yeanthd-contaning g RIFLY 1§ aropytedhen Y is a
|ﬂtrﬁ§ulnnnary or oral delivery. Alternatively, the
Leut i cal conpositions of the invention can be
[0996] abliy ofiémbddahet of dic synthatic peptidy enide of dehinemtion &, is

f
HoPH raHs it el ety g, SRCE keSS uted Aoy
diﬁgdﬂomi’lﬁﬁﬂf@tlfﬁro“@ﬁmtalﬁﬁdé F @)Nﬂg OB ardfifér patiahlar

plicationto the joints, such as by intra-articular
cmmchunt:ntdh is fmmem@s@mlkﬂn@l @masmﬂt enbyeong of R, and Ry is

ni stration incl ude t
aFifragen . 17 EpPPEUEF SrBbhb & 1P s PR pLERMR L or N,
aPRDis 6k WEOOHA I8 Gha/ﬁpéctjdﬂﬁhs anbatimtw, ReB, N}mnddumg
hypoderm c tablets, sterile suspensions ready for
F%ﬁéction, sterile dry insoluble products ready to be
ﬁ)' ngd o4d %b&l%@&' ﬂe%ghﬂéﬁ)tr % 286 2h@ RYSHd RY HreHoBdldd €
enu si ons. e sol ufi be ei ther aqueous or
direniyqo eeisame aing atdner hbc}/pﬁmlmrl esbedintept, edekerg.diyis b and R,

RS 5Re LLh on ot AR TR SR B

emBBlitieat Rt -ON amitEed, Wt ;-C oalkp sabstiansl ahidtdoeCi-Ay alkyl, on
i ncl ude n1crocapsu|e preparations with controlled

dﬁ@d@a@@lam!@)ﬂbi’fq,&?{qamﬁw -CONE ange i rrangiltp 15 -H.

|d n
&8} TropR GbRlnCATh QshEhs OGid e CrRPiS iR i

D Pl XapEis D-Rhd, Xaapisdx émn,l)may lsfﬁathIb@mgNl}mmtly €Bhigl-Hne
coated |ipo are .kn art.to hav
A SRR FROLIEL WEHe s Pty PR T Goiet
iPaRa} sevIn me%@&d(f'ﬁig YQE ¥ nlt@ebn gk @Szefd, R, lid QNH,, Btidino,
target”, Drug D scov. Dev. 6, 49-50, 2003) - 46 -
q.emaag]l Gt dbﬁtmmtﬁvt@d amding. sildraiwidazelpdDBre 98 R-Pro
i nvent i N. RfQvi a method of treating glauconma or
a %?ﬁ@*ﬁ?@ 3lﬁ§g§§ i nfl ammati on, conpri sing
[G0D9i Ni Shehe p&*ﬁb@laﬁﬂnﬁgﬁﬁm@ﬁt G rgpadsc@nbne of the fdlowies: eof
a therapeutically effective anmount of a synthetic
pepti de am de of the invention. The synthetic peptide
am de can be adm nistered topically with an
eye-conpati bl e pharmaceutical carrier or
non-systemcally using a contact |ens or intraocul ar
i npl ant that can optionally contain polyners that
provide sustained rel ease of the synthetic peptide
ani de. Such eye-conpati bl e pA&rmaceutical carriers
can include adjuvants, antimcrobial preservatives,
surfactants, and viscolyzers etc. It is known in the



speci es or agents. Each el ectrode assenbly is
conpri sed of an electrically conductive el ectrode in
ion-transmtting relation with an ionically
WRYHH0PE Ve |iquid reservoir which in use is PUHEBR0T/ 173874
contact with the patient's skin. Gel reservoirs such
as those described in Wbster (U S. Patent 4,383, 529)
are e)fuy m of reservoi i sjn hydrated gels are
easi e l e and manu @ than |iqui dwfTY ] ed
containers. gfter is one |iquid sol vent thatkgan be
used in such reservoirs, in part because the salts of
the peptide conpounds of the invention are mater

solupl e _and in part becay IS non-irgi
to t skiq, thereby ena I|Ng<:jolonged cont ctu—<
bet we he hydr ogel reserv0|r and t he skin. r N

el ectrotransport, the synthetic peptides of the
i nvention can be fornmulated with fl ux enhancers such
as ionic surfactants or cos nts other than water

(See f ex US Ra , 722,726 and E:ngﬂean
Patenfi%bvtiggtlon 278, 4 3 espectlvely)

Al tern the outer >(|. e., the stratuﬁﬁ
coneum) of the -49 - sk|n°can be nechanical ly

di srupted prior to electrotransport delivery

t herethrough, for exanple as described in U S. Patent
5,250, 023. [00144] Peripherpl |l y=synthetic pe ekk
am are well suit & | ect rotransporit Gan
be sel edt el by neasuring the)%melectrotransport ol

t hr ough the body surface (e’g., the skin or nucos )
e.g., as conpared to a standardlzed test peptide with
known el ectrotransport flux characteristics, e.g.
thyrotropin rel easing honfope $R. Bunette et al. |
Pharm ScL (1986) 75:738) v@&ppre33|n (Nair et al.
Phar | %Ress, 48:175-82, 2008y. Transder na

eIectE ﬁ;ﬂ-sport flux can be d rmned using a
nunber of[_in vivo or in vitro ods well known in
the art. In vitro methods include clanping a piece of
skin® an appropriate mamual (e.g., human cadaver
ski n) t,ne donor and receptor conpartnents of
an el ectrotransport flux cell, with the stratum
conmeum si de of the skin pilece facing the donor

conpagd A l'i quid squFTBh’bw | containing the
drug t@fib livered is placed\y Rt act w eH
stratum and electric current is appl to

el ectrodes, one electrode in each conpartnment. The
transd Flalo flux is cal cul by sanplifigy t he anount
of drilig~T n the receptor cnp t T Ressful
nodel s usedf' to optim ze transd el ect r otoransport
drug dellvery are the isol ated plg skin flap node

(Heit NK:&“ g Transder. i ont ophor et e~ pept i de
del i very: tro and in vivg studies W
Iute|n|2|ng hefFtone releaS|ng rnone. J. Ann. Set

82:240- 243, 1993), and the use of |soLa ed hairl ess
skin fromhairless rodents or guinea pi f
exanpl e. See Fdeija BWet al. Effect o mé&wi Ng on

|ontophoret port h hairless r skin. J.
Pharm Pha 44, 387- k992, Conpou of the
i nvention for ansder mal | ophoretic delisery can

have one, or typically, two charged nitrogens, to
facilitate their delivery. [00145] O her useful
transdernmal delivery devices enploy high velocity
delivery under pressure to achieve skin penetration
wi t hout the use of a needle. Transdermal delivery
can be inproved, as is known in the art, by the use
of chenical enhancers, sonmet¥es referred to in the
art as "perneation enhancers”, i.e., conpounds that
are adm nistered along with the drug (or in sone



[00149] The active ingredient may be adm ni stered al
at once, or may be divided into a nunber of smaller
doses to be adm nistered at intervals of tinme, or as

W 208106053 | ed rel ease fornul ation. The term PCT/USZ007/023874
"controlled rel ease fornul ati on" enconpasses
formul atigng that allow.the continuous delivery of a

. . . ~ . . .
synt heti c fept i m de he;i nventi om a subj ect
over a peri ime, fo X l e, sev days to
weeks. Such f | ati ons nax)b@ agﬁiniste

subcut aneously or intranuscularly and allow for the

conti nual steady state rel ease of a predeternined

g nt of co ound in %g r g over tine. . .
[oBLRH oy vt asias may OJﬁ bt et ytherhet e swﬂ?%a@pude
arRiESIsE tﬁ@}hv%lonfe‘iﬁlb@t)ﬁﬁpifﬁmt?aﬁ@ie‘i@éh@itt} ﬁ‘ﬂ e ka?héjgpioid

contai ning polyneric m crocapsul es, such ose
red@wr lobg dutatiotoSin et bipgctiNgy, and 1§k Df {INS ad@leffects Receptor

4 I ncor.po her ei n. nce. The .
L o A L N
beefi cRERdISE BoveSAu hﬁta&eladjpsicmi sdceptbtsO K appoYpiRiseddtors as well

effectlve ampunt to produce a desired effect. The
asanuaand drdia opihesReniors Are Hessiggle SeVRR tgRYmephIaRc T RaRAING 13

t r I
prg{%ﬁ pa {%I% Crhfeg{org u%ﬁ@cgﬁ thsesggllobéd llég%}s Il‘é?idhg Igirlr%?]gsl palF idlilar
cabéidamljcusipedhdov.r, atpleptﬂiean"@epmﬂmg:nwm\tehm bersdieend, ahtural

need nd th rof SS|onaI ment. of the, person
SOl A eIy OGP PR 4 RERSOTALRY et FoR ot known
inltitearf @OdOIyaCT eNd. SdiRktsve IIARILCIORN AR MY, Akl And RAGADpRAd
forth herein are exenplary only and are not |ntended
regeptqr ieptitiofiramn g singly mixtue bped 'rapepiédeioitinpal scanning
COII’IHJ\{I%&SI'EEI(P ﬂbl‘ 5)0915{%} g’ﬁﬁl E 1859-‘%% @éﬁﬁntrﬁ{lsa%creemng agamst
preparation nc e pac agli ng 1nh an anpou
bqﬂl kqyme lad ek (]pmldt re;:yptorsgwhﬂﬂltﬂ"qf reconiitdno ot nasuralbeidlire may be

for d L ans r rentera .
cogfih i 1 e s SRRl pr pBMEE bl amiges e
intéhtiol €orahd kaﬂphbu&ttﬁ@hiu\bghd{d rdcBptbavenous infusion of a

sterile aqueous buffered solution containing an

[0AEAS] v e Inopgsiemar ambogdimentfthe synilictigpeptidsramides of the invention
o TRy i Bftio LRpABPAGHAL” THRHOMEEY oS L pepide,
an@idés ofeharial attioalas agcrmsbsfdr aj pﬁﬁtcﬁﬂlr E&elﬁleﬁﬁﬁﬁﬁhﬁea%m'ed asa

roduce t he .desi co effec [00151]
taHop M@& ME\ %@1@6@% .lSo«'ﬁgwas? ApECsS ol AsHES 0 ke
: ppka.&pd Sk QL RHe Q! ppHlE BhikEbeGe ichAUNEAASEY oioid ag

‘transdernmal 'y, transmucosally, intranasafly 101d agonists,
exgesendtaa theesdopt of mwmmmgﬂvablleyffe@r el by derermipil bamv;mety

h, as_f,or exa le t he e 0
of fiels S PRP VBRI, e ErGaRpPlE. E Ry T mine. Bpten
Anthdiicestual Efects®? TRK- sm Jaad v 0SB Riceftbr AbSikstOfifaSci. 65
di sease or_ a disorder. For therapeutic a$PI|cat|ons
o

(19) B¥arHaardKpear V eblp Santicgn apd Eyajyationiof Novel Peripherally
RGP kRS oD ELLP A fl 38969186,
[0} e nExamplesamfesluclmaﬂtyetetﬂuaquhssfera@eemnnamba of Hégo. vales are

R P e SRR b5y o it ancs
arPWe) FeRNtd ®ale &“@.H}quﬁltﬁé &Fss&f fdr fefeam;sw eRLIdAberRRL., R8004)
adm ni stered to a mammal for prophylactic or

Anih Eedpldigehesn. ﬁaﬂééé?é‘g and Satsh &Mk G980 :Pluenas. iThed
rl At 0 podes. The manmal can be
68 % el 3%4 aln8 r%ﬁrgﬁceg C“ea/glgﬁést icated or feral manmmal,
or even a wld mamual. The mammal can be any prinmate,
ungul ate, canine or feline. For instance, and w thout
limitation, the mammal nay—Bé-a pet or conpani on
animal, such as a dog or a cat; a high-val ue manma
such as a thoroughbred horse or a show animal; a farm




- 54 - fluvoxam ne; norepi nephrine-specific reuptake
i nhi bitors such as reboxetine; or dual-action
anti depressants such as nefazodone and mrtaza
WQ BOYSYFS2Sui t abl e neurol eptics that can be PC JuszoiT/oassra

co-adm nistered with or |ncorporated into the

oA nefresmapie R FRbRdERe: s “E R i o e

1n¢é?ﬂ@ﬂhﬁ%ab§&@[ﬂéa@&e&ﬁ&ﬁ@Q{b’ﬁlﬁ& withi tah WOk yofSets fhaSabout 500 nM.
onperi done, netacl opram de, |evosul piride

Insamep embeiments; the hyIthriicREPHAS amides haye g FEso (zfd%sé Hﬁ\ﬁ'élbo'-“
I

BRI s EEPARTIAbRSy  RESH PPRERAE e, e s

pepBdeghides have 3 B(iaaf 18s, thandtiond the ap &ngylaaupadd resgptor
pi nozi de, _pi peracet azi ne, pet[lchl or gam ne.e
agopiskr irieartisnar emhagimenteihe sYRRFA RFBRGT 2! the invention
havk bih b@gr&'i@sé Lt abBhPRHTREE, RRE1haRARSH 021 HM, or less than about 0.1
qui et api ne, mel perone, renoxipride, haloperidol,
an epven eniban ebam @@pmﬁé as kappa ppigist r@cepzor@ga@staoﬁbe

o iy L A AEEBE Lo R L LI SR 10 imes

grei@ st # i anBfhideitsl Gﬁleld ré&dphaamefpr mEappetobm&Uvet:eptde
| anot ri g?l ne, valproic acid, vigabatrin, fel
t

prefershhesifeast 100diraes greaten and mest PEELHAb A1 Irast 1 P@‘ﬁﬁ@sﬁs’a@ef
d
b BORP e P BT 620 Bl Ry o
EC{ealusy effireaer. th:ﬁroﬁbbﬁtl](}(]ﬂm\d fer a mh ap@it ©ceptwland g delta opioid
net hocar banol, orphenadrine, carisoprodol,
gt bbamat e, chl or phenesi n carbamate, di azepam

(08104 dupgeRQArdentRdanéIN, Hezg o iptidd hinidds of ME Mevention
agents such as sumtriptan, analeptics such as

are highs| mectwmiowmamm@v@pl%@ﬁ% HeCesiam GRppdiments the
t
Syg)[}’lﬁtl% ngptpt)% Imgcges Y rﬁ%rreﬁ? g?lll ﬁé@;ﬁ@ 0 ggﬁ/‘lﬁﬂf Fn thr? emu 0%101d rcceptor
thasar€ aylkasc isiuet htmlﬁ'ec$ tigles higheshdnythp I:aMpemfhnmECso values for
bet anet hasone, hydrocor

(g B arnad RAER e P gt SaPatATRES e SHRE nsptidsides of

e iRRRGGPRIve Fel0¢00ds 0} BB enu 6lBSIANE@PIor HRBAS alMREASBAR
di f| orasone, f uoci nol one, fl uoci noni de,

thblisand Hithes htgherdban beserewendieg ECsoyabirsdorthekappa opioid
hal ci noni de ob
reﬁ?pé%rn ngtgrrng%\{eéy %}%C?‘.‘S}g of érkllg:é fl&g: bt}ﬁlé;gglqﬁggsa&QH@xnventlon
cdnRQkPRERH @8l a lhrgher EQg fpham&mpmm re«:qbtox:tdmmﬁ:s iatkiappesopobid
the invention. [00162] 1on channel bl ockjn r??fé erlts

regeRipr- Ahus.fip PartigulnperEROdimERIS SBe S YIRGHS REIHiS ot the

QLR[S Gave BRLNRANRE 6P Eﬁ@wr 3 GOSUTI0 X1 3 @t thid opidRI receptor
treatment of tinnit ant hythm a, ischem c stroke

argiC palueps@/lexsahartm)oublthn% midsingithed cwbediments less than about

t.ed
L PrEF iR S B5hhoul P rRPT RE SR Tei AR R heftr
emmlﬁl@ﬁnﬂﬁlpamceﬁkWrﬁhetﬁtyebu@esamme ediotizve en E@;mofabmhme .
used, as can antagoni sts of the i on chann

abpys b sVhfos @ kappaonioid regupiet ped apEG of glraker Q@“ REPW R nM

fobAGHEo el‘f@%ﬁ& RS thi2lello rﬁ:&ﬁ%&e e _of these ion
chann I'0cKer’s can pote ate e anal gesic effects

[0®105] 5%Another phmwgpbmeagmhem peqtide arhideedlythe gchonteont ik gheir

o GE PrRaY Cblovamhib g RsprbEne Bis Sgme Bl o
cybétréik @45'(}@65?5@3 &ﬁxslﬂht&@i lafRRupRfalil of BERRUIIEReWbRins

anti-1nfla and/ or anal gesic activity, that can
rdsporsiblafiwinmtabobie edadwwmlnmtwah@rwfpmzmtb@rapwttlés #leother
phar maceuti cal conpositions of the invention include,
but are not l[imted to one or nore of the foll ow ng:
am noaryl carboxylic acid der #%at i ves such as

et of enamat e, necl of enam ¢ aci d, nefanam c acid,
niflumc acid; arylacetic acid derivatives such as



[ 00165] The kappa opioid receptor-associ at ed
hyponatren a can be any di sease or condition where
hyponatrenm a (|l ow sodi um condition) is present, e.dg.

W poBletasls, when the sodium concentration in PEEUS2007/023874
pl asma falls bel ow 135 mol /L, an abnormality that

can occur i isolation or, nore uently, .as a
bigmF PRt of Stlc ey Bt B el G HERt MyrSiufopent
el SRR HAHTOCAARE, 4§ RE:rARUD 68¢ it@MTorbd L -EdtitaifiAYS €

sodi um depl etion. [00166] A further enbodinent is
m@wmmwst@rmand/ or co-admi nistration of a

a t LeOl
offiedo s Qe APA e L HEThbiRe B Horysi B0 Rl Ghd
hap baﬁﬁfmaﬂcd g Girhigies golipedebysgenttivatelatedpeystas deeaed Ug

of the invention, for the ose of _enabl
nueleif peidegugice fpmolaey. pashd ﬂﬂgﬂ@ﬁlé?flgﬂﬁfd’m?hfé%?“gpﬁﬂ
is ORI bl hufn ééﬁ§ sreqﬁe $RH dndls AL %Bhﬁnéssalﬂﬁﬂgﬁ 8Qzfes 2B6,

nnimze hyperkal ema or netabol’ic aci dosi s, e. g., in
2@%&(:@9;05)64@@2% plao centdbute Bﬁesuﬁ@ant[yoe mm]atlvmtnactlvatnon of

articul odi tide am des
BBt Rafin ey R Bl SR Pabsnfole Bise SBrafeaF be

uséfl inOptohging adfimé ah@rig divondidhasiapion duard WiticheheMafiive
doses in vivo. For instance, in sone enmbodi ments, the

coggantirEen ef the pyrtrsicnepidesarpifles ofdhg Wyeniondnmaiiained, it also
PrEe pES Sl oIl R M Gl SR AP
- tookidyaon hpmterﬂi&mmaé’yso i hia mcaq:apamqprmtdlce may cause the co-
r-dependent as

SRS SERGRE o RS Eip 6 RETOLRES PRimeidor praoy. o

m&Y &btk ¢n PRBChA@naMsaS eQef,eeH AR deBiy@Iel a8 om%]i tolerated
adm nistered to a mamual at a dose of 0.1

levdle Srhtitrsedses ipapstsivrncapidfer lﬁaqemeailrhc%@em@a@tl a@bb'iflcult to
9 k

ac?l%ﬁ’é:gf %erH'E_ ?gl%@ gén ﬂegegéﬂéglh%l@eg ﬁ%@ﬁg&ﬂic? 'tlgat show little or no

miadmomosmeaicnm offthe cpshrommPed ﬁsoejmys dosn heveathisqrogintipl
efi neq as, the hi est L evel % tEflca determ.ﬁlcfe)d sk

PreRIpmaRd cbs O &S‘b BTSSP e ST O rapEpyiR quifpont i

of Be&Yngl (RE rd bf RBQNIBESof BE E@%m[r&@&@@ﬂhe*aﬁeﬁﬁfdoﬂi;ﬁund by

enbodiments, the synthetic peptide am des of the
th pytectrpon Puh&wzaded. ni stered to a rramml at a dose of

0B} P RiPoBlys oF BB AR S0 dG Bhick PR ntin

sheivhiew 1ﬁn‘mdn ﬁﬁﬂie&ytobhﬁn&:ﬂngmmzwmeﬁﬂﬂhﬂd@uaﬁhdlﬁfEn@iuons of
the invention when adm nistered to_a manmpl .at a dose
[h%FYf@heilchﬁF’tlk‘E? e Abile gihersshey eatsatitl owpingbitanat them
C)@Jc bR VisBiho z}glmt fhe g@&n@&ﬁwﬁéa&&t IR Somd E‘mGS‘cﬁﬁn@th the
er end synthetic peptide am des of
syhﬁnetw papgide oideatacm cmmtsmexf éd udbshewniasathin gtouaStbse

infibifop 0 ar top dusnoty Sep b P Adn R 2eP Ere b6 Tédps.

In PaRicullY embb@mehis! magpntaétm/pegﬁ@e anided fHiadopbenthreat HY uM
or preventing a kappa opioid receptor-associated

shgwdessdrangboroiifp inhsbitipm obanyhthase cyipdrema Pysn dsopupssodn
v DRRR AL S0 B € DIRRR LA 0
uMrthote Lt tltahabwtvlém 1rxh[hxt16Emf mnﬁﬂﬂesmmdhmmngmmymes

ated or f manmal , . or _.even a.

(O] oo et o8 oo PR APIGES ff i Taveition atan
effbrch{r@&ﬁlceiﬁfhuHH gihiBh Qo nforé #ahABoR50% hBbitRe: of BRY of Pyso

i nstance, and without limtation, the manmal may be a

pet or conpanion animal, such as a hi gh-val ue mama

such as a thoroughbred or show animal; a farm ani mal,

such as a cow, a goat, a sheep or pig; or a primte

such as an ape or nonkey. one particul ar aspect,

the manmal is a human. [00170] The effective anount

can be determ ned according to routine nethods by one




[WWM The kappa opi oid receptor-associ ated
i nfl ammati on can be any inflammatory di sease or
condition including, but not limted to sinusitis,

wo tvegromtb® d arthritis tenosynovitis, bursiti sgCT/GS2007/023874
tendonltls | ateral epicondylitis, adhesive

TR R, SR PIPAToHDR s Pebiideside at 2
cohdnlh@ & ]]W LS h AR (A BB tionasil ﬁtﬁnéﬂ’!fu}e@ PiBbAdRbs.

otitrc 1nflammati on or autoi mmune inflammati on.
[0¢139] 7 6TheTdyathietip peptidip iaviides métl@pnmnnas when adnaigispared totai s

chrr?]tg‘[llgﬁ‘ é@]n %EE E}%é?r}t Iﬁ? 3, ?‘Ale{sal?)gu 1(:8]?% et(‘fccé tgclyrgtg?tz%&)% e?ﬁibitflgv\rf or
es$eRRAIWNES d}béﬁbﬂfﬁtﬁ)n ARtdst 1He tsddrbrainharribi UKiappaSopasid e€cploed
W t h 'end-stage renal di sease, where nmany patients are

(hereipafteri m@rthmlylya?farr% focas kapip 1§eapEIrs Fase fhstrippted in
perlﬁlilerz‘i%lshs efs1 1hcluﬁ% lﬂge' Skéh Rldl FRiade BES'U!:@%XW‘&L 188 fh@%4stera in
Festasl s oOf pregnancy, ronic
hugfans &sl @thmrondmmels Kiagmeepters 58 also fuumhmethe b@in. gbmmuon
chal estasi s, jaundice, .as well as dernat ?lcg

of the b3 BREPt i, PEIPNEER) HRey EPé‘F‘??aSPPE’“’%“j"n

1@4&9&&)@65;&%@6@%11@ gavBtidd biSthe REDa lr&%Rﬁ)rs @Qilé’lﬁ)iﬁlhﬁmeél
vera, lichen planus, |ichen si npl ex chroni cus,

soqnsive elfeas and Ry elegv lead Mymer@ﬂyémmr@ ang hajligingieRss In certain
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receptor-associ ated pain can be arthritic pai n,
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[00184] Kappa opioid receptor-associated pain
i ncl udes hyperal gesia, which is believed to be caused
by changes in the mlieu of the peripheral sensory
wo e00Bénds2 occur secondary to |local tissue danBgEUS2007/023874
Ti ssue damage (e.g., abrasions, burns) and
i nfl ammati on can produce significant increases in the
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syndrone of inappropriate ADH secretion. [00187] In
another enbodinentlthe Kappa opio!d




[00194] Other conditions associated with hyponatrem a
i ncude renal failure, nephrotic syndronme (nenbranous
nephropat hy and m ni mal change di sease), cachexi a,
worplogrodossz2t i on, rhabdonyol ysis, surgical proceRiinesp7/023874
el ective cardi ac catheterization, blood |oss, as well
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and conditions having a neurodegenerative conponent.
kappappieid recqpégitagaisim des of the invention can be
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- 66 - peptide am de of the invention to a mamal
suffering fromor at risk of devel opi ng hyperal gesi a
to prevent, aneliorate or conpletely aleviate the

W P@sFesi a. [ 00203] The synthetic peptide Bel/HE8YHRIET4
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[00210] Conpound (1):
D- Phe- D- Phe- D- Leu- D-OnD4- ( 2- am noet hyl ) - 1-
car boxynet hyl - pi perazinel -CH (SEQ ID NO 1):
wo B2/adoss2Conpound ( 2) PCT/US2007/023874
D Phe- D- Phe- D- Leu- D- Or n- P- car boxynet hyl pi peri di nel - OH
Etht@I D NO 1): [00212] Compound (3)
topicpiermptians Sheydesape AgrybaXpFessagHn esmﬂmhm comyventional for

th%_otgﬁﬁ]nﬁ%)_cgﬁ %D- 'l}gﬁ—ﬁ]@f &}ch rtbgyé)gof omtment a pr%g:g )t/c; tr.hg e?té,l “F]hg_re the
concaitiasy bf congmiudd 10tHe FSEQI4ton th@xp!_e)ssed as [aQ@Rtnfage of the

%wnd (5)
fopnyigion. Phe D- Leu- D- Om [ ( 2S, 4S) - 4- ami no- pyrrol i di ne2-
(092240 WsiyGeAitr&th,  YHadnrlebhitl i Nedcepthble salts” refer to derivatives of

compounds wherein the parent compound is modified by making acid or base salts
thereof. Examples of pharmaceuticaily acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts
of acidic residues such as carboxylic acids and the like. The pharmaceutically
acceptable salts include the conventional non-toxic salts or the quaternary ammonium
salts of the parent compound formed, for example, from non-toxic inorganic or
organic acids. For instance, such conventional non-toxic salts Vinclude those derived
from inorganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic,
phosphoric, nitric acids and the like; and the salts prepared from organic acids such as
acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic,
pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic,.
2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic,
oxalic, isethionic acids, and the like. These physiologically acceptable salts are
prepared by methods known in the art, e.g., by dissolving the free amine bases with an
excess of the acid in aqueous alcobol, or neutralizing a free carboxylic acid with an
atkali metal base such as a hydroxide, or with an amine. Thus, a pharmaceutically
acceptable salt of a synthetic peptide amide can be formed from any such peptide
amide having either acidic, basic or both functional groups. For example, a peptide
amide having a carboxylic acid group, may in the presence of a pharmaceutically
suitable base, form a carboxylate anion paired with a cation such as a sodium or
potassium cation. Similarly, a peptide amide having an amine functional group may,
in the presence of a pharmaceutically suitable acid such as HCI, form a salt. -
[00125] One example of a pharmaceutically acceptable solvate of a synthetic
peptide amide is a combination of a peptide amide with solvent molecules which
yields a complex of such solvent molecules in association with the peptide amide.
Particularly suitable hydrates of compounds are such hydrates which either have
comparable activity or hydrates which are converted back to the active compound

following administration. A pharmaceutically acceptable N-oxide of a synthetic
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[ 00215] Conpound (6)
D- Phe- D- Phe- D- Leu- D- Om [ onrega( 4- am nopi peri di ne- 4-
carboxylic acid)]-0OH (SEQ ID NO 1): [00216]
waommgosiask (7) : PCT/US2007/023874
D- Phe- D- Phe- D- Leu- D- Omdonega( D/ L- 2- am no- 3- (4- Npi perii
dinyl)propionic acid)l-OH (SEQ ID NO 1) . [00217]
peptip eml¢ v(ldgh contains an amine is such a compound wherein the nitrogen

BRI B R RILD 1 by 1
[0082Q)18]A stampsucaticalld)acceptable crystalline, isomorphic crystalline or
R T oK ERICtPGoptde amside bf the invention cah be any cry<taline
or non-crystalline form of a pharmaceutically acceptable acidic, basic, zwitterionic,
salt, hydrate or any other suitably stable, physiologically compatible form of the
synthetic peptide amide according to the invention.

[00127] The synthetic peptide amides of the invention can be incorporated into
pharmaceutical compositions. The compositions can include an effective amount of
the synthetic peptide amide in a pharmaceutically acceptable diluent, excipient or
carrier. Conventional excipients, carriers and/or diluents for use in pharmaceutical

~ compositions are generally inert and make up the bulk of the preparation.

[00128] In a particular embodiment, the synthetic peptide amide is a kappa opioid
receptor agonist. In another embodiment, the synthetic peptide amide is a selective
kappa opioid receptor agonist. The target site can be a kappa receptor in the patient or
subject in need of such treatment or preventative. Certain synthetic peptide amide
kappa opioid receptor agonists of the invention are peripherally acting and show little
or no CNS effects at therapeutically effective doses.

[00129] The pharmaceutical excipient or carrier can be any compatible, non-toxic
substance suitable as a vehicle for delivery the synthetic peptide amide of the
invention. Suitable excipients or carriers include, but are not limited to, sterile water
(preferably pyrogen-free), saline, phosphate-buffered saline (PBS), water/ethanol,
water/glycerol, water/sorbitol, water/polyethylene glycol, propylene glycol,
cetylstearyl alcohol, carboxymethylcellulose, corn stafch, lactose, glucose,
microcrystalline cellulose, magnesium stearate, polyvinylpyrrolidone (PVP), citric
acid, tartaric acid, oils, fatty substances, waxes or suitable mixtures of any of the
foregoing. |

[00130] The pharmaceutical preparation according to the invention can be
formulated as a liqu-id, semisolid or solid dosage form. For example the
pharmaceutical preparation can be in the form of a solution for injection, drops, syrup,
spray, suspension, tablet, patch, capsule, dressing, suppository, ointment, cream,
lotion, gel, emulsion, aerosol or in a particulate form, such as pellets or granules,
optionally pressed into tablets or lozenges, packaged in capsules or suspended in a

liquid. The tablets can contain binders, lubricants, diluents, coloring agents, flavoring
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[00219] Conpound (10)

D- Phe- D- Phe-D-Leu-D-Om I N- (4- pi peridinyl)-Lprolinel-0O

H(SEQ ID NO 1): [ 00220] Compound (11)
worddbesoEsPhe- D- Leu- D- Omthonopi per azi ne am de] p136Q06123874

NO 1): H2N [00221] Conpound (12)

D- Phe- D- Phe- D- Leu- D- Qm [ 4- (4- pi peri di ny1) - but anoi ¢
agerss,ofetiiilg agSEQaudmabe mytcric—pmtz]sumémg@ peid enrgyonment of

o B G P TR AR g e
Alledihtizdly, &e mpiinchn(bk4hgar-coated or film coated with a water-soluble film.
Ph%&a@?ig@@?? %Eq%_%gl%a_c% b UHerng ageats. duSbersig Shoncs, At the
like, may also be incorporated into the pharmaceutical compositions.

[00131] Binders include for instance, starch, mucilage, gelatin and sucrose.
Lubricants include talc, lycopodium, magnesium and calcium stearate/stearic acid.
Diluents include lactose, sucrose, mannitol, salt, starch and kaolin. Wetting agents
include propylene glycol and sorbitan monostearate.

[00132]  As used herein, local application or administration refers to administration
of a pharmaceutical preparation according to the invention to the site, such as an_
inflamed joint, that exhibits the painful and/or inflamed condition. Such local
application includes intrajoint, such as intra-articular application, via injection,
application via catheter or delivery as part of a biocompatible device. Thus, local |
application refers to application to a discrete internal area of the body, such as, for
example, a joint, soft tissue area (such as muscle, tendon, ligaments, intraocular or
other fleshy internal areas), or other internal area 61’ the body. In particular, as used
herein, local application refers to applications that provide substantially no systemic
delivery and/or systemic administration of the active agents in the present
compositions. Also, as used herein, local application is intended to refer to
applications to discrete areas of the body, that is, other than the various large body
cavities (such as, for example, the peritoneal and/or pleural cavities).

[00133]  As used herein, topical application refers to application to the surface of
the body, such as to the skin, eyes, rﬁucosa and lips, which can be in or on any part of
the body, including but not limited to the epidermis, any other dermis, or any other
body tissue. Topical administration or application means the direct contact of the
pharmaceutical preparation according to the inventioﬁ with tissue, such as skin or
membrane, particularly the cornea, or oral, vaginal or anorectal mucosa. Thus, for
purposes herein topical application refers to application to the tissue of an accessible
body surface, such as, for example, the skin (the outer integument or covering) and
the mucosa (the mucus-producing, secrefing and/or containing surfaces). In
particular, topical application refers to applications that provide little or substantially -
no systemic delivery of the active compounds in the present compositions.

Exemplary mucosal surfaces include the mucosal surfaces of the eyes, mouth (such as
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as elixirs, syrups, and suspensions. Active component(s) can be encapsulated in
gelatin capsules together with inactive ingredients and powdered carriers, such as
glucose, lactose, sucrose, mannitol, starch, cellulose or cellulose derivatives,
magnesium stearate, stearic acid, sodium saccharin, talcum, magnesium carbonate and
the like. Examples of additional inactive ingredients that may be added to provide
desirable color, taste, stability, buffering capacity, dispersion or other known desirable
features are red iron oxide, silica gel, sodium lauryl sulfate, titanium dioxide, edible
white ink and the like. Similar diluents can be used to make compressed tablets. Both
tablets and capsules can be manufactured as sustained release products to provide for
continuous release of medication over a period of hours. Compressed tablets can be
sugar coated or film coated to mask any unpleasant taste and protect the tablet from
the atmosphere, or enteric coated for selective disintegration in the gastrointestinal
tract. Liquid dosage forms for oral administration can contain coloring and flavoring
to increase patient acceptance. To facilitate drug stability and absorption, peptides of
the invention can be released from a capsule after passing through the harsh
proteolytic environment of the stomach. Methods for enhancing peptide stability and
absorption after oral administration are well known in the art (e.g., Mahato R1L
Emerging trends in oral delivery of peptide and protein drugs. Critical Reviews in
Therapeutic Drug Carrier Systems. 20:153-214, 2003).

[00135] Dosage forms such as lozenges, chewable tablets and chewing gum permit
more rapid therapeutic action compared to per-oral dosage forms of the synthetic
peptide amide compounds of the invention having significant buccal absorption.
Chewing gum formulations are solid, single dose preparations with a base consisting
mainly of gum, that are intended to be chewed but not swallowed, and contain one or
more compounds of the invention which are reieased by chewing and are intended to
be used for local treatment of pain and inflammation of the mouth or systemic
delivery after absorption through the buccal mucosa. See for example, US Patent
6,322,828 to Athanikar and Gubler entitled: Process for manufacturing a

pharmaceutical chewing gum. -
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suspended phase of the compounds of the instant invention which is capable of being
inhaled into the bronchioles or nasal passages. Specifically, aerosol includes a gas-
borne suspension of droplets of the compounds of the instant invention, as may be
produced in a metered dose inhaler or nebulizer, or in a mist sprayer. Aerosol also
includes a dry powder composition of a compound of the instant invention suspended
in air or other carrier gas, which may be delivered by insufflation from an inhaler
device, for example. See Ganderton & Jones, Drug Delivery to the Respiratory Tract,
Ellis Horwood (1987); Gonda (1990) Critical Reviews in Therapeutic Drug Carrier
Systems 6:273-313; and Raeburn et al. (1992) J. Pharmacol. Toxicol. Methods
27:143-159. |

[00137] The pharmaceutical compositions of the invention can be prepared in a
formulation suitable for systemic delivery, such as for instance by intravenous,
subcutaneous, intramuscular, intraberitoheal, intranasal, transdermal, intravaginal,
intrarectal, intrapulmonary or oral delivery. Alternatively, the pharmaceutical
compositions of the invention can be suitably formulated for local delivery, such as,
for instance, for topical, or iontophoretic delivery, or for transdermal delivery by a
patch coated, diffused or impregnated with the formulation, and local application to
the joints, such as by intra-articular injection.

[00138] Preparations for parenteral administration include sterile solutions ready
for injection, sterile dry soluble products ready to be combined with a solvent just
prior to use, including hypodermic tablets, sterile suspensions ready for injection,
sterile dry insoluble products ready to be combined with a vehicle just prior to use and
sterile emulsions. The solutions may be either aqueous or nonaqueous, and thereby
formulated for delivery by injection, infusion, or using implantable pumps. For
intravenous, subcutaneous, and intramuscular adrinistration, useful formulations of
the invention include microcapsule preparations with controlled release properties (R.
Pwar et al. Protein and peptide parenteral controlled delivery. Expert Opin Biol Ther.
4(8):1203-12, 2004) or encapsulation in liposomes, with an exemplary form being
polyethylene coated liposomes, which are known in the art to have an extended
circulation time in the vasculature (e.g. Koppal, T. “Drug delivery technologies are

right on target”, Drug Discov. Dev. 6, 49-50, 2003).
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peptide amide of the invention. The synthetic peptide amide can be administered
topically with an eye-compatible pharmaceutical carrier or non-systemically using a
contact lens or intraocular implant that can optionally contain polymers that provide
sustained release of the synthetic peptide amide. Such eye-compatible pharmaceutical
carriers can include adjuvants, antimicrobial preservatives, sﬁrfactants, and
viscolyzers etc. It is known in the art that high concentrations of many compounds
are irritant to the eye and low concentrations are less irritant; thus the formulation is
often designed to include the Jowest effective concentrations of active compound,
preservative, surfactant, and/or viscolyzer, said viscolyzer preferably having a high
surface tension to reduce irritation of the eye while iﬁcfeasing the retention of
ophthalmic solutions at the eye surface. Such controlled release of the synthetic
peptide amides of the invention can last 6 months to a year for implants, or for shorter
periods (3-14 days) for contact lenses. Such implants can be osmotic pumps,
biodegradable matrices, or intraocular sustained release devices. Such topical
compositions can include a buffered saline solution with or without liposomes.
[00140] Aqueous polymeric solutions, agqueous suspensions, ointments, and gels
can be used for topical formulations of the synthetic péptide amides of the invention
for ocular applications. The aqueous formulations may also contain liposomes for
creating a reservoir of the synthetic peptide amide. Certain of these topical
formulations are gels which enhance pre-corneal retention without the inconvenience
and impairment of vision associated with ointments. The eye-compatible
pharmaceutical carrier can also include a biodegradable synthetic bolymer.
Biodegradable microsphere composiﬁons approved for human use include the
polylactides: poly(lactic acid), poly(glycolic acid), and poly(lactic-coglycolic) acid.
Additional biodegradable formulations include, but are not limited to: poly(anhydride-
co-imide), poly(lactic-glycolic 'acid), polyethyl-2-cyanoacrylate, polycaprolactone,
polyhydroxybutyrate valerate, polyorthoester, and polyethylene-oxide/polybutylene
teraphthalate. Intraocular implantation or injection of sustained release compositions
that include a synthetic peptide amide of the invention can provide long-term control
(ranging from months to years) of intraocular pressure, and thereby avoiding or

reducing the need for topical preparations. Useful methods for formulating and
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[00141] Preparations for transdermal delivery are incorporated into a device
suitable for said delivery, said device utilizing, e.g., iontophoresis (Kalia YN et al.
Tontophoretic Drug Delivery. Adv Drug Deliv Rev. 56:619-38, 2004) or a dermis
penetrating surface (Prausnitz MR. Microneedles for Transdermal Drug Delivery.
Adv Drug Deliv Rev. 56:581-7, 2004), such as are known in the art to be useful for
improving the transdermal delivery of drugs. An electrotransport device and methods
of operation thereof are disclosed in U.S. Patent 6,718,201. Methods for the use of
iontophoresis to promote transdermal delivery of peptides are disclosed in U.S. Patent
6,313,092 and U.S. Patent 6,743,432.

[00142]  As used herein the terms “electrotransport”, “iontophoresis”, and
“jontophoretic” refer to the delivery through a body surface (e.g., skin or mucosa) of
one or more pharmaceutically active compounds by means of an applied
eleciromotive force to an agent containing reservoir. The compound may be
delivered by electromigration, electroporation, electroosmosis or any cofnbination
thereof. Electroosmosis has also been referred to as electrohydrokinesis, electro
convection, and electrically induced osmosis. In general, electroosmosis of a
compound into a tissue results from the migration of solvent in which the compound
is contained, as a result of the application of electromotive force to the therapeutic
species reservoir, such as for instance, solvent flow induced by electromigration of
other ionic species. During the electrotransport process, certain modifications or
alterations of the skin may occur such as the formation of transiently existing pores in
the skin, also referred to as “electroporation.” Any electrically assisted transport of
species enhanced by modifications or alterations to the body surface (e.g., formation
of pores in the skin) are also included in the term “electrotransport” as used herein.
Thus, as used herein, applied to the compounds of the instant invention, the terms
“electrotransport”, “jontophoresis” and “iontophoretic” refer to (1) the delivery of
charged agents by electromigration, (2) the delivery of uncharged agents by the

process of electroosmosis, (3) the delivery of charged or uncharged agents By

electroporation, (4) the delivery of charged agents by the combined processes of
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electroosmosis. Electrotransport devices generally employ two electrodes, both of
which are positioned in close electrical contact with some portion of the skin of the
body. One electrode, called the active or donor electrode, is the electrode from which
the therapeutic agent is delivered into the body. The other electrode, called the
counter or return electrode, serves to close the electrical circuit through the body. In
conjunction with the patient’s skin, the circuit is completed by connection of the
electrodes to a source of electrical energy, e.g., a battery, and usually to circuitry
capable of controlling current passing through the device.

[00143] Depending upon the electrical charge of the compound to be delivered
transdermally, either the anode or cathode may be the active or donor electrode.
Thus, if the compound to be transported is positively charged, e.g., the compound
exemplified in Example 1 herein, then the positive electrode (the anode) will be the
active electrode and the negative electrode (the cathode) will serve as the counter
electrode, completing the circuit. However, if the compound to be delivered is
negatively charged, then the cathodic electrode will be the active electrode and the
anodic electrode will be the counter electrode. Electrotransport devices additionally
require a reservoir or source of the therapeutic agent that is to be delivered into the
body. Such drug reservoirs are connected to the anode or the cathode of the
electrotransport device to provide a fixed or renewable source of one or more desired
species or agents. Each electrode assembly is comprised of an electrically conductive
electrode in ion-transmitting relation with an ionically conductive liquid reservoir
which in use is placed in contact with the patient’s skin. Gel reservoirs such as those
described in Webster (U.S. Patent 4,383,529) are one form of reservoir since hydrated
gels are easier to handle and manufacture than liquid-filled containers. Water i1s one
liquid solvent that can be used in such reservoirs, in part because the salts of the
peptide compounds of the invention are water soluble and in part because water is
non-irritating to the skin, thereby enabling prolonged contact between the hydrogel
reservoir and the skin. For electrotransport, the synthetic peptides of the invention
can be formulated with flux enhancers such as ionic surfactants or cosolvents other
than water (See for example, U.S, Patent 4,722,726 and European Patent Application

278,473, respectively). Alternatively the outer layer (i.e., the stratum comeum of the
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peptide with known electrotransport flux characteristics, e.g. thyrotropin releasing
hormone (R. Burnette et al. J. Pharm. Sci. (1986) 75:738) or vasopressin (Nair et al.
Pharmacol Res. 48:175-82, 2003). Transdermal electrotransport flux canbe
determined using a number of in vivo or in vitro methods well known in the art. In
vitro methods include clamping a piece of skin of an appropriate mammat (e.g.,

" human cadaver skin) between the donor and receptor compartments of an
electrotransport flux cell, with the stratum corneum side of the skin piece facing the
donor compartment. A liquid sofution or gel containing the drug to be delivered is
placed in contact with the stratum corneum, and electric current is applied to
electrodes, one electrode in each compartment. The transdermal flux is calculated by
sampling the amount of drug in the receptor compartment. Two successful models
used to optimize transdermal electrotransport drug delivery are the isolated pig skin
flap model (Heit MC et al. Transdermal iontophoretic peptide delivery: in vitro and
in vivo studies with luteinizing hormone releasing hormone. J. Pharm. Sci. 82:240- |
243, 1993), and the use of isolated hairless skin from hairless rodents or guinea pigs,
for example. See Hadzija BW et al. Effect of freezing on iontophoretic transport
through hairless rat skin. J. Pharm. Pharmacol. 44,387-390, 1992. Compounds of
the invention for transdermal iontophoretic delivery can have one, or typically, two
charged nitrogens, to facilitate their delivery.

[00145] Other useful transdermal delivery devices employ high velocity delivery
under pressure to achieve skin penetration without the use of a needle. Transdermal

. delivery can be improved, as is known in the art, by the use of chemical enhancers,
sometimes referred to in the art as “permeation enhancers”, i.e., compounds that are
administered along with the drug (or in some cases used to pretreat the skin, prior to
drug administration) in order to increase the permeabiiity of the stratum corneum, and
thereby provide for enhanced penetration of the drug through the skin. Chemical
penetration enhancers are compounds that are innocuous and serve merely to facilitate
diffusion of the drug through the stratum corneum, whether by passive diffusion or an

energy driven process such as electrotransport. See, for example, Meidan VM et al.
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chemical enhancers. Int. J. Pharm. 264:73-83, 2003.

[00146] Pharmaceutical dosage forms for rectal administration include rectal
suppositories, capsules and tablets for systemic effect. Rectal suppositories as used
herein mean solid bodies for insertion into the rectum which melt or soften at body
temperature releasing one or more pharmacologically or therapeutically active
ingredients. Pharmaceutically acceptable substances utilized in rectal supposit(;rics
include bases or vehicles and agents that raise the melting point of the suppositories.
Examples of bases include cocoa butter (theobroma oil), glycerin-gelatin, carbowax,
(polyoxyethylene glycol) and appropriate mixtures of mono-, di- and triglycerides of
fatty acids. Combinations of the various bases can also be used. Agents that raise the
melting point of suppositories include spermaceti and wax. Rectal suppositories may
be prepared either by the compression method or by molding. Rectal suppositories
typically weigh about 2 gm to about 3 gm. Tablets and capsules for rectal
administration are manufactured using the same pharmaceutically acceptable
substance(s) and by the same methods as for formulations for oral administration.
[00147] Pharmaceutically acceptable carriers used in parenteral preparations
include aqueous vehicles, nonaqueous vehicles, antimicrobial agents, isotonic agents,
buffers, antioxidants, local anesthetics, suspending and dispersing agents, emulsifying
agents, sequestering or chelating agents and other pharmaceutically acceptable
substances.

{00148} Examples of aqueous vehicles include sodium chloride for injection,
Ringers solution for injection, isotonic dextrose for injection, sterile water for
injection, dextrose and lactated Ringers solution for injection. Nonaqueous parenteral
vehicles include fixed oils of vegetable origin, cottonseed oil, corn oil, sesame oil and
peanut oil. Antimicrobial agents in bacteriostatic or fungistatic concentrations must
be added to parenteral preparations packaged in muitiple dose containers which
include phenols or cresols, mercurials, benzyl alcohol, chlorobutanol, methyl and
propyl p-hydroxybenzoic acid esters, thimerosal, benzalkonium chloride and
benzethonium chloride. Isotonic agents include sodium chloride and dextrose.
Buffers include phosphate and citrate. Antioxidants include sodium bisulfite. Local
anesthetics include procaine hydrochloride. Suspending and dispersing agents include
sodium carbox ymethylcelluose, hydroxypropyl methylcellulose and

polyvinylpyrrolidone. Emulsifying agents include Polysorbate 80 (Tween 80). A
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Pharmaceutical carriers also include ethyl alcohol, polyethylene glycol and propylene
glycol for water miscible vehicles and the pH can be adjusted to a physiologically
compatible pH by addition of sodium hydroxide, hydrochloric acid, citric acid or
lactic acid.

[00149] The active ingredient may be administered all at once, or may be divided
into a number of smaller doses to be administered at intervals of time, or as a
controlled release formulation. The term “controllied release formulation”
encompasses formulations that allow the continuous delivery of a synthetic peptide
amide of the invention to a subject over a period of time, for example, several days to
weeks. Such formulations may be administered subcutaneously or intramuscularly
and allow for the continual steady state release of a predetermined amount of
compound in the subject over time. The controiled release formulation of synthetic
peptide amide may be, for example, a formulation of drug containing polymeric
microcapsules, such as those described in U.S. Patent Nos. 4,677,191 and 4,728,721,
incorporated herein by reference. The concentration of the pharmaceutically active
compound is adjusted so that administration provides an effective amount to produce
a desired effect. The exact dose depends on the age, weight and condition of the
patient or animal, as is known in the art. For any particular subject, specific dosage
regimens can be adjusted over time according to the individual need and the
professional judgment of the person administering or supervising the administration
of the formulations. Thus, the concentration ranges set forth herein are exemplary
only and are not intended to limit the scope or practice of the claimed invention.
[00150] The unit dose parenteral preparations include packaging in an ampoule or
prepackaged in a syringe with, or without a needle for delivery. All preparations for
parenteral administration are typically sterile, as is practiced in the art. Illustratively,
intravenous infusion of a sterile aqueous buffered solution containing an active
compound is an effective mode of administration. In another embodiment a sterile
aqueous or oily solution or suspension containing the active material can be injected
as necessary to produce the desired pharmacological effect.

[00151] The pharmaceutical compositions of the invention can be delivered or
administered intravenously, transdermally, transmucosally, intranasally,
subcutaneously, intramuscularly, orally or topically (such as for example to the cye).

The compositions can be administered for prophylactic treatment of individuals
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pharmaceutical composition is typically administered to a subject suffering from a
disease or disorder, in an amount sufficient to inhibit, prevent, or ameliorate the
disease or disorder. An amount adequate to accomplish this is defined as a
“therapeutically effective dose.”
[00152] The pharmaceutical compositions of the invention can be administered to a
mammal for prophylactic or therapeutic purposes in any of the above-described
formulations and delivery modes. The mammal can be any mammal, such as a
domesticated or feral mammal, or even a wild mammal. The mammal can be any
primate, unguiate, caniné or feline. For instance, and without limitation, the mammal
may be a pet or companion animal, such as a dog or a cat; a high-value mammal such
" as a thoroughbred horse or a show animal; a farm animal, such as a cow, a goat, a
sheep or pig; or a primate such as an ape, gorilla, orangutan, lemur, monkey or
chimpanzee. A suitable mammal for prophylaxis or treatment using the
pharmaceutical compositions of the invention is a human.
[00153] The pharmaceutical compositions of the invention can be administered to a
mammal having a disease or condition treatable by activation of the kappa opioid
receptor. Alternatively, the pharmaceutical compositions can be administered as
prophylactics to a mammal having a risk of contracting or developing a disease or
condition preventable by activation of the kappa opioid receptor. Diseases or
conditions that can be treated or prevented by administration of the pharmaceutical
compositions of the invention include, without limnitation, any condition that can be
ameliorated by activation of the kappa opioid receptor, including such conditions as
pain, inflammation, pruritis, hyponatremia, hypokalemia, congestive heart failure,
liver cirrhosis, nephrotic syndrome, hypertension, edema, ileus, tussis and glaucoma.
[00154] In a particular embodiment, the pharmaceutical compositions of the
invention can be co-administered with or can include one or more other therapeutic
compounds or adjuvants, such as but not limited to other opioids, cannabinoids,
antidepressants, anticonvulsants, neuroleptics, antihistamines, acetaminophen,
corticosteroids, ion channel blocking agents, non-steroidal anti-inflammatory drugs
(NSAIDs), and diuretics, many of which are synergistic in effect with the synthetic
peptide amides of the invention.
[00155]  Suitable opioids, inctude, without limitation, alfentanil, alphaprodine,

anileridine, bremazocine, buprenorphine, butorphanol, codeine, conorphone,
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[ 00260] Conpound (51):

1IN, 4N- bi s- ( D- Phe- D- Phe- D- Leu- D- Nar ) - 4- am no- 4-

car boxylic piperidine -81 - WO -
WRI0FO62552PCT1US20071023874 [ 00261] ConmpountT/US2007/023874

(52) : D- Phe- D- Phe- D- Leu- (D Lys-d yLact am 2

D- Phe- D-Phe-D-Leu [00262

depjrpmarapigs, ée@chpécepomﬁCHB dlf@%%ggg m@f)nﬂ%ﬁfm%}e
dlﬁﬂrﬁrﬁg@x d}@en%)(ylate dlhﬁ)g&ﬁl%gd&%%ﬁﬁﬁlg efhefidptazine,
Phe- Leu-D-O h4R/ S- 2-
etipdkdvanoyinh) anlmimpmbﬂmm efprpbine( 8E@nYIDhibocadpne, hydromorphone,
ketobemidone, levomethadyl, levorphanol, lofentanil, loperamide, meperidine
(pethidine), meptazinol, methadone, morphine, morphine-6-glucuronide, nalbuphine,
nalorphine, nicomorphine, oxycodone, oxymorphone, pentazocine, phenazocine,
phenoperidine, piritramide, propiram, propoxyphene, remifentanil, sufentanil,
tilidate, tonazocine, and tramadol.
[00156] One embodiment of the invention is co-formulation and/or co-
administration of an opioid with substantial agonist activity at the mu opioid receptor,
such as morphine, fentanyl, hydromorphone, or oxycodone, together with a synthetic
peptide amide of the invention, for the purpose of a mu opioid dose-sparing effect,
where the dose of the mu opioid is reduced to minimize common mu opioid side
effects, particularly in opioid-naive patients. Such side effects include constipation,
nausea, vomiting, sedation, respiratory depression, pruritis (itching), mental
confusion, disorientation and cognitive impairment, urinary retention, biliary spasm,
deliriurn, myoclonic jerks, and seizures. The selection of the reduced mu opioid dose
requires expert clinical judgment, and depends on the unique characteristics of the
various mu opioids, as well as patient characteristics such as pain intensity, patient
age, coexisting disease, current drug regimen and potential drug interactions, prior
treatment outcomes, and patient preference (McCaffery, M. and Pasero, C., Pain
Clinical Manual, Second Edition, Mosby, 1999).
[00157] Cannabinoids suitable for administration with or incorporation into the
pharmaceutical cbmpositions of the invention, include any natural cannabinoid, such
as for instance, tetrahydrocannabinol (THC), or a THC derivative, or a synthetic
cannabinoid, such as, for instance, levonantradol, marinol, nabilone, rimonabant or
savitex. |
[00158] Suitable antidepressants that can be co-administered with or incorporated
* into the pharmaceutical compositions of the invention, include for example, tricyclic
antidepressants such as imipramine, desipramine, trimipramine, protriptyline,
norttriptyline, amitriptyline, doxepin, and clomipramine; atypical antidepressants such
as amoxapine, maprotiline, trazodone, bupropion, and venlafaxine; serotonin-specific

reuptake inhibitors such as fluoxetine, sertraline, paroxetine, citalopram and

—54 —



[ 00264] Conpound (55)
D- Phe- D- Phe- D- Leu- D- O n- N( honmonor phol i ne) (SEQ I D NO
1): - 82 - [00265] Conpound (56)
wErEkesBs2Phe- D- Leu- D- Om N( honot hi onor phol i ne)PQBE@GBEJZSBﬂ
NGO 1): [00266] Conmpound (57)

A e W T S

ac%ﬁ’tiﬁl P&%né}sh@vas%@ﬁﬁaam@umhaza&an@mt hi omor phol i ne
am de] 6): [00268] Conpound (59)

(013 e- &umbée @umlept[os theap cambeciomsimipissrsivittperonggiporated into

SECETNG RONS WOp i
ex@fipfeh corFAnd BV iID2 @ppamine receptor antagonist activity such as
dofnperidone, metaclopramide, levosulpiride, sulpiride, thiethylperazine, ziprasidone,
zotepine, clozapine, chlorpromazine, acetophenazine, carphenazine, chlorprothixene,
fluphenazine, loxapine, mesoridazine, molindone, perphenazine, pimozide,
piperacetazine, perchlorperazine, thioridazine, thiothixene, trifluoperazine,
triflupromazine, pipamperone, amperozide, quietiapine, melperone, remoxipride,
haloperidol, rispiridone, olanzepine, sertindole, ziprasidone, amisulpride,
prochlorperazine, and thiothixene.

[00160] Anticonvulsants such as phenobarbital, phenytoin, primidone,
carbamazepine, ethosuximide, lamotrigine, valproic acid, vigabatrin, felbamate,
gabapentin, levetiracetamn, oxcarbazepine, remacemide, tiagabine, and topiramate can
also usefully be incorporated into the pharmaceutical compositions of the invention.
[00161] Muscle relaxants such as methocarbamol, orphenadrine, carisoprodol,
meprobamate, chiorphenesiﬁ carbamate, diazepam, chlordiazepoxide and
chlorzoxazone; anti-migraine agents such as sumitriptan, analeptics such as caffeine,
methylphenidate, amphetamine and modafinil; antihistamines such as
chlorpheniramine, cyproheptadine, promethazine and pyrilamine, as well as
corticosteroids such as methylprednisolone, betamethasone, hydrocortisone,
prednisolone, cortisone, dexamethasone, prednisone, alclometasone, clobetasol,
clocortrolone, desonide, desoximetasone, diflorasone, fluccinolone, fluocinonide,
flurandrenolide, fluticasone, floromethalone, halcinonide, halobetasol, loteprednol,
mometasone, prednicarbate, and triameinolone can also be incorporated into the
pharmaceutical compositions of the invention.

[00162] Jon channel blocking agents such as, for instance, the sodium ion channel
blocker, carbamazepine, as commonly used in the treatment of tinnitus, arthythmia,
ischemic stroke and epilepsy can be co-administered with or incorporated into the
pharmaceutical compositions of the invention. Alternatively, or in addition, calcium
ion channel blockers, such as ziconotide, can also be used, as can antagonists of the
ion channel associated with the NMDA receptor, such as ketamine. There is evidence

that at least some of these ion channel blockers can potentiate the analgesic effects of
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[00270] Conpound (61)
D- Phe- D- Phe- D- Leu- D- Ar g- [ hononor phol i ne am de] (SEQ
ID NO 7): [00271] Conpound (62)
WERPBesIEs2Phe- D- Leu- D- Ar g- [ honot hi opi per azi ne BAl/Epo7/023874
(SEQ I D NG 7)' [00272] Conmpound (63)

S Gy e St AQTRITERIRLLRE .5 s

mernEiEiﬁceDwF’ah %LQUO(’PPQWMVQ)H{SUOWN hi onor phol i ne
amde] (S 4) [00274] Conpound (65)
[00163he- mmhb—@fuéls, O @her(riopropiqith serapPIgh with gati Apfagematory

AT e
phafhddeltidaSipdsitivas ofShe invention include, but are not limited to one or
‘more of the following: aminoarylcarboxylic acid derivatives such as ctofenamate,
meclofenamic acid, mefanamic acid, niflumic acid; arylacetic acid derivatives such as
acemetacin, amfenac, cinmetacin, clopirac, diclofenac, fenclofenac, fenclorac,
fenclozic acid, fentiazac, glucametacin, isoxepac, lonazolac, metiazinic acid,
naproxin, oxametacine, proglumetacin, sulindac, tiaramide and tolmetin; arylbutyric
acid derivatives such as butibufen and fenbufen; arylcarboxylic acids such as
clidanac, ketorolac and tinoridine. arylpropionic acid derivatives such as bucloxic
acid, carprofen, fenoprofen, flunoxaprofen, ibuprofen, ibuproxam, oxaprozin,
phenylalkanoic acid derivatives such as flurbiprofen, piketoprofen, pirprofen, -
pranoprofen, protizinic acid and tiaprofenic acid; pyranocarboxylic acids such as
etodolac; pyrazoles such as mepirizole; pyrazolones such as clofezone, feprazone,
mofebutazone, oxyphinbutazone, phenylbutazone, phenyl pyrazolidininones,
suxibuzone and thiazolinobutazone; salicylic acid derivatives such as aspirin,
bromosaligenin, diflusinal, fendosal, glycol salicylate, mesalamine, 1-naphthyl
salicylate, magnesium salicylate, olsalazine and salicylamide, salsalate, and
sulfasalazine; thiazinecarboxamides such as droxicam, isoxicam and piroxicam others
such as g-acetamidocaproic acid, acetaminophen, s-adenosylmethionine, 3-amino-4-
hydroxybutyric acid, amixetrine, bendazac, bucolome, carbazones, cromolyn,
difenpiramide, ditazol, hydroxychloroquine, indomethacin, ketoprofen and its active
metabolite 6-methoxy-2-naphthylacetic acid; guaiazulene, heterocylic aminoalkyl
esters of mycophenolic acid and derivatives, nabumetone, nimesulide, orgotein,
oxaceprol, oxazole derivatives, paranyline, pifoxime, 2-substituted-4, 6-di-tertiary-
butyl-s-hydroxy-1,3-pyrimidines, proquazone and tenidap, and cox-2
(cyclooxygenase II) inhibitors, such as celecoxib or rofecoxib.

[00164] Suitable diuretics that can be co-administered with or incorporated into the
pharmaceutical preparations of the invention, include, for example, inhibitors of
carbonic anhydrase, such as acetazolamide, dichlorphenamide, and methazolamide;
osmotic diuretics, such as glycerin, isosorbide, mannitol, and urea; inhibitors of Na®-

K*-2Cl'symport (loop diuretics or high-ceiling diuretics), such as furosemide,
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St ewar t Youn Sol | Phase
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Merrifield, Chem Soc. 85, 2149

redute Bspona[r@@@mqmﬂd@hlx lmhabommwéwrmeﬂméwm Edluree peivel] as

002 ace [ O
ouls? Pl STV P B e TRl A aFisn and pesgypine
so@RVshBdncBESild be beneficial to a patient in need thereof See R M Reynolds et

benzaotriazol c-1-yl -oxy-tris(di met h l_am_no hosphoni u
al. Risorders of sqdiurg léB‘f“o%’%‘o af ? '&Bé) phosp

[(}G’ﬁﬁ?yl y]fa%;:(» @de re[:é?)@c%saélocg?gd' l%‘dnatrem% 832118%8] any disease or

Benz rbonyloxy) succinimde |
comﬂum whedihypamitieyid 068 sddlol]nmdémm?he pees¢r 08 7ip hpahs,
when el: :%rd?urlrneg:gncemranon in the plasma falls below 135 mmol/L, an abnormality
that can occur in isolation or, more frequently, as a complication of other medical
conditions, or as a consequence of using medications that can cause sodium depletion.
[00166] A further embodiment is co-formulation and/or co-administration of a
potassium-sparing diuretic, e.g., a mineralocorticoid receptor antagonist, such as
spironiolactone or eplerenone, together with a synthetic peptide amide of the
invention, for the purpose of enabling a reduced dose of said potassium-sparing
diuretic, wherein the dose of said diuretic is reduced to minimize hyperkalemia or
metabolic acidosis, e.g., in patients with hepatic cirrhosis. -
[00167] In particular embodiments, the synthetic peptide amides of the invention
exhibit a long lasting duration of action when administered in therapeutically relevant
doses in vivo. For instance, in some embodiments, the synthetic peptide amides of the
invention when administered to a mammal at a dose of 3 mg/kg of the synthetic
peptide amide maintain at least about 50% of maximum efficacy in a kappa opioid

receptor-dependent assay at 3 hours post administration. In certain other

embodiments, the synthetic peptide amides of the invention when administered to a
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[ 00288] Dde:

1- (4, 4-di met hyl- 2, 6- di oxocycl ohez-1-yl i dene) et hyl

[00289] DIC. N, N -diisopropyl carbodiimnmde [00290]
WEOLBRO60SE2N- di | sopr opyl et hyl ami ne [00291] DMVF: PCT/US2007/023874

N, N- di net hyl f or rrarri de [00292] Fnoc:

gt g d25e B Grg OIaRETYRSATS PP Smie mainis At phout
50% Bnh ez é@lﬁ:ﬁﬁhﬁ%ﬂdﬁﬁﬁzﬁo[{l&ﬁ 284 ptoHBdpdndent assay at 3 hours post

2- (1H benzotri aZzole-1-y1)-1,1, 3, 3-tetranet hyl am ni um
admeRigfratiner qu@wumuz@ e[f@;@ggg]opp@gpnally defined as the highest level of

TR By e
agbn(sé téstetl. met hy 1- 2, 6- di oxocycl ohex-1-yli dene) 3- rret hyI

bu‘?% &’00299 NVM, 4- et hy Bho] i no ?(L

th Wﬁapbqqﬂmdﬁg%s [‘W@EPFKF eptide |am1 es of the mventxon

when administered to a mammal at a dose of 0.1 mg/kg maintain at least about 75%
of maximum efficacy at 3 hours post administration. In still other embodiments, the
synthetic peptide amides of the invention when administered to a mammal at a dose of
0.1 mg/kg maintain at least about 90% of maximum efficacy at 3 hours post
administration. In certain other embodiments, the synthetic peptide amides of the
invention when administered to a mammal at a dose of 0.1 mg/kg maintain at least
about 95% of maximum efficacy at three hours post administration.
[00169] The invention further provides a method of treating or preventing a kappa
opioid receptor-associated disease or condition in a mammal, wherein the method
includes administering to the mammal a composition containing an effective amount
of a synthetic peptide amide of the invention. The mammal can be any mammal, such '
as a domesticated or feral mammal, or even a wild mammal. Alternatively, the
mammal can be a primate, an ungulate, a canine or a feline. For instance, _and without
limitation, the mammal may be a pet or companion animal, such as a high-vaiue
mamma) such as a thoroughbred or show animal; a farm animal, such as a cow, a
goat, a sheep or pig; or a primate such as an ape or monkey. In one particular aspect,
the mammal is a human.
[00170] The effective amount can be determined according to routine methods by
one of ordinary skill in the art. For instance, an effective amount can be determined
as a dosage unit sufficient to prevent or to treat a kappa receptor-associated disease or
condition in the mammal. Alternatively, the effective amount may be determined as
an amount sufficient to approximate the ECsp concentration or an amount sufficient to
approximate two or three times or up to about five or even about ten times the ECsp
concentration in a therapeutically relevant body fluid of the mammal, for instance,
where the body fluid is in direct apposition to a target tissue, such as the synovial
fluid of an inflamed joint in a patient suffering from rheumatoid arthritis.
[00171] In one embodiment the synthetic peptide amide of the invention is a

pharmaceutical composition that includes an effective amount of the synthetic peptide
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asge&,lahla P%Qéduii@il%ﬁrgésitiéﬁ méludiesd Smitetic peprida kst thgn
uor

_tetraf oborate [00307] TEAP: triethyl anmoni um .
inpensiop fimaarnOOR GHFCUME AR edtiof PIFYeH A¢ePPLoRRid deqeptysaspeiated

g AP UAT | PO B e o
retepidrtdgsctuet dvadiion lif priatieflfORi] Fntitis tedety) i1uf08EB]or

Pepti des synt hesi zed by Fnoc net hodol ogy were cl eaved
elgeA2a i xt ure of TFAITIS/H20 (v/v/iv = 95:2.5:2.5).

(06121 RAYRIEHIIRRedl el fiarBReutical BARRIsABY Jf@fe invention
acconplished either with a m xture of HF/ anisole (v/v
fusthe: ingludss oni phmgrewithe fadlopfngmusmpandsFay ppieides gpnnabinoid,
an(sgl/ti\c/iélyresimﬁ,: a7r1 a{l'r)[i'convulsant, a neurcleptic, a corticosteroid, an ion channel
blocking agent or a non-steroidal anti-inflammatory drug (NSAID).
[60173] Pharmaceutical compositions that include a synthetic peptide amide of the
invention and a pharmaceutically acceptable vehicle or carrier can be used to treat or
prevent one or more of a variety of kappa opioid receptor-associated diseases,
disorders or conditions.
[00174] The kappa opioid receptor-associated disease, disorders or condition
preventable or treatable with the synthetic peptide amides of the invention can be any
kappa opioid receptor-associated condition, including but not limited to acute or
chronic pain, inflammation, pruritis, hyponatremia, edema, ileus, tussis and glaucoma.
For instance, the kappa opioid receptor-associated pain can be neuropathic pain,
somatic pain, visceral pain or cutaneous pain. Some diseases, disorders, or conditions
are associated with more than one form of pain, e.g., postoperative pain can have any
or all of neuropathic, somatic, visceral, and cutaneous pain components, depending
upon the type and extent of surgical procedure employed.
[00175] The kappa opioid receptor-associated inflammation can be any -
inflammatory disease or condition including, but not limited to sinusitis, rheumatoid
arthritis tenosynovitis, bursitis, tendonitis, lateral epicondylitis, adhesive capsulitis,
osteomyelitis, osteoarthritic inflammation, inflammatory bowel disease (IBD),
irritable bowel syndrome (IBS), ocular inflammation, otitic inflammation or
autoimmune inflammation.
[00176] The kappa opioid receptor-associated pruritis can be any pruritic disease or
condition such as, for instance, ocular pruritis, e.g., associated with conjunctivitis,
otitic pruritis, pruritis associated with end-stage renal disease, where many patients
are receiving kidney dialysis, and other forms of cholestasis, including primary biliary

cirrhosis, intrahepatic cholestasis of pregnancy, chronic cholestatic liver disease,
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pag?ﬁe%tgtg atﬁ(‘:q (5 pq_l!yne 2(1& ur?rc‘ré: 55?%%?&3&%0%& wclonephmls chnlccystltls
cifthdyyd hthb @bdcels, hépatihg dabdamahoregastrit olcer, E8ophbgitis gastritis,

Final purified peptide: hous powder, 123 in
gayireaneritys, eelidly, rﬂ‘ L‘é“'éc'a}eé“‘&i’ﬁ) opstyctigh, pYarjga cyst, pelvic
mﬁ&ﬁ%@é\? diskde 7 eiligra%c% Jﬂ:é} ]')\;f_%ﬂlﬁéf preRfaitis, gﬁt@ﬂhﬁﬂtcygtﬁl@ or

over " “expect ed nol ecll ar
emposuremsmn@agems, so@sarm@dt t@@@s@r depgapmibrs3ghjeniatessirs  of

Ng%ffﬁbund (3): D Phe-D Phe-D-Ne-D Arg-D-Pro-OH (SEQ
[ 00325] The conpound was prepared according

[0bE831Ne TRE PleSsh iy A@SCHoDRESs 4 Methbe oS i edting Sir Prevénting a kappa
conpound ? .. The_ am no acid derivatives used were
m@ér@emé@}awmeﬁ discpsemy soprion iBATRAMMAY, gichy3s 2 human,

VLSRR O 5 2 S G

anor
mﬁq{fethefsmmomm af ssyrﬁhdﬁic:i)emidﬂ amidPpChe meregtains : In afdtier

0.23 mn,, purity.99. 7% e 9B.10.309
ergtp e kepih P bl B ont R i i o lop
(s8SRTHaHnAAE aﬁhnmtrﬁ]a‘ﬂ&mst&smlmm:fmﬂm@w I8D)

D- Phe- D- Phe- D- Leu- D- Or n-

inflamgiati®), IBS Apflasempians eeyley mﬂargmémfbes&w inflagmagipn ey
drindr Dt ord BRI 1Py SRFRONBRMES kPEEPAIRLL

as@écm@dTpmbind, ocitlar privnies \mmcqurm inaert bivepmaritis tor ppividomduced
of, \Fnmo

P iRee e‘TBo c‘ﬁy?“ﬁ%? PilAReoma: dp BBSGPPY: T PHT (THBRTHTPRATEG

pelnﬂts%ﬁl'i@:ﬂri%@ﬁlnal MurdlgfaOigraine, diabetic Ram viral pain, chemotherapy-
(2-"am noet hyF 1l-car boxyrret pi perazi ne

mdu¢¢yld1am:¢rl TORL SHRYIC] Cﬁmeh palnjtasaenhe ﬁ’!m,t?o"l@ﬂ@i PHALOT p €Yjapeous
Fin rifi e e 0 r

p%w eﬁloaq% egasg»yn ttﬁ m 95 zbltahl?irfrg ggﬁ H@ ﬁﬁ%&?& M%‘lerﬂg c:}a%pmg,

dpadhyshe, eﬁdamctricﬁlsGBijib]jsxa postisuyiQ0 it pogr meldiesl tpr&S@ure

~ to 259 qver 20 m n; ug?a\%(: @&Cted nol ecgl ar

P3iBPCHIRE BB Sl Paa'o?@f%ao sancer P QP3N BSOrRIGE Hith afpl

JSQIROYRE 6 IR D JP1BEE 1R R feBtihPp&h Ry pain associated with

surgery, wherein the surgery is pelvic laparoscopy, tubal ligation, hysterectomy and

cholecystecomy. Alternatively, the pain can be pain associated with a medical
procedure, such as for instance, colonoscopy, cystoscopy, hysteroscopy or
endometrial biopsy. In a specific aspect, the atopic dermatitis can be psoriasis,
eczema or contact dermatitis. In another specific aspect, the ileus is post-operative

ileus or opioid-induced bowel dysfunction.
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R2S, 4S) - 4- Am no- pyrrol i di ne-2-carboxylic acid]-OH
(SEQ ID NO 1): [00327] The conpound was prepared
according to the procedure described in the s %(nt hes

WIS Hund (1). The variation was the subst? HF?’BW’“”S”
of Fnoc-(2S, 4S) - 4-

[ ﬁi@rgr nzﬁﬁ ﬁgac Eﬁ?éﬁfi e;){?;'k-gfsb&hfeﬁrprPP‘i}{élh&es%%&al(gg?ﬁ%Hi&PﬁX

bdhroat té-b(:Zauami bpehdngey mlh@ﬂmquer ptyﬂphq:rnlmnmzy teeminal
hIor|d in the att -Trt resin

ot ShEOmsaRY 1 R4HT e FtBoEts TR e e ragigts, i ind

ml?lhﬁhfaubﬁ‘ca?l p?b!&ﬂc@@%h%cﬁﬁﬁh@re&fes B tBe Eﬁd"t@i}lht)’ff lymodal

anal ysi s: . purity 99.5% dradi ent 598
nqccceawccfv!ms)zod mgh thm@cémha@mémt@r@l (Mendeethenet 4o 991)

P%)S?Fgmdgncﬁ‘ éléBS/B}P %ﬁa Hﬁ‘e(doBg%%ss gﬁPW%ﬂ%@@&sh %?se%er gmenoe

PM@E{QQBW ﬁmwom Betidilsle Beal 41093 )iy 55:6-54 8. 111)1}; 1daedEQ
1): 0032%] The conpound \?% Pr egal
exg&lamawa eRIEERLedIPIRORES Ob STRSQI aliSERS| if bg Wée‘éwﬂﬂe%ﬁes
t ‘
nRprofREROAGte UL pairREpUHSN 1she AN G ARehal ekt Ofb 5
stifieteg: r’rEt@om@yrtzfrxgp of:thg @yncrglgeamtﬁ@en Hw ppstiinjury pain state has

car box t i ne di hydrochloride in the
ek ereneay g St B aBesty HRRRE S b rion lopalfon ofhe
p@ﬂﬁiﬂlﬁbﬂhﬁanﬁﬁﬂbﬁ@f panrﬁ&&e Mged for ¥kahgle, IWoéld%yﬂt ﬂ9§3)54nestkesm
scal e of 0. HPLC anal ysi s:

g nag B TR o Biabr s 000 e G sk o B glzastess ol

qDE;E I mass 664. 4, observed
%gﬁg&h%ﬁgﬁgﬁ)g nt Jélgﬁ) 0 %?]npou nd (7):
[OD18F] e- Dr RivtheDetnbodimex the kappa opioid receptor-associated condition is
2- Am no- 3- di. n | oni ¢
pa effaraton Gt o Eueiotoid BB REREe T ShEetheiisas
inRh@RALSS 1BPGAN&hASIGD IBH SfRIALbA! Scute iTanbedion Notitle
synt hesi s of conpound (I'). The variation was t he

infaipEmation, of Bveigrnune ipfRFma ahqraritis (such as atopic dermatitis,

N BLESLU GOUBT 8 RSB s o

opimhyddlmedh boritiele edamd, Hleusatussis lenghticdnm. An Gle dgptctr s |pam isa

ﬂ%ﬁiﬁﬁﬁ'ﬁll? i (s e B L aR g G Ga R shibeiipbion, Vil phin,
chRRRMERdpT- indRed 8&1%#? %ﬁfsﬂsi('étic Rhticef iéalg)g a $8fmad g, @Msca@¥Bain

to 25%8 over 2 M Fl n: ected mol ecul ar i on
orrreR#angéus, phin. dp saptherhsgeA g pain B itig/gyin, kldncy-stone pam
R SRR 0 L AL SRULIERL o, o
mEd16E Gaddihre Phideb@lirpaing ofitd paireaktacigh)dantidpiSoOphil

NQ, %FL: E}LOOSSO] The conpound vvaselrr)lr epared accordi ng
asperigteewith @ Cddlivordegeyeh pHBP PHIRTH n@ppiheicAspect gie pain is pain

asgmg&'@/ﬂh Q‘éﬁo ry] WRersaY lh@gﬁrg&'g E i{f@%p%fbgé;ﬂgt $bhialhn,

perazi ne- oxylI'c aci
h)(s(arne:mmyrpxm(cﬂoiﬁcgstho malltematwe)y tlrmrpaﬁman bd piR-associated

1- car box
B RSP BP S PR N Ao T AR D RFESES: OSSN e .
hysicd@dcoppibd dnliSRePRPbiLAS. I8 a@pwﬂ@ﬁsp@avmg atﬁg%%nﬂmms Rkan be

yield i'n a synthesis scal e of
psQrasis sezema qr cantpgt degnafitis, Ip anq’thgr sg@l@mxaspgt?tataﬁ dens i5ppst-

9 ected nol ecul ar
Oﬁegaﬁg’rgra@gso%rﬁ Ol?tg ugeéo} (}/@ lgs?iam‘éXAl\/PLE 9Synt hesi s of
[00DB] o u el ar{cBher eEﬁbBﬂnﬁwB& iRh &appa spueiDréoaptor-associated condition is a

kappa opioid receptor-associated condition preventable or treatable by sodium and
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[l1sonipecotic acid]-OH (SEQ ID NO 1): [00331] The
conpound was prepared according to the procedure
described in the synthesis of conpound (1). The
W 20B/64068N was t he substitution of Fnoc-i soni PERbeier/023874
acid (NeoWPS) for
Froc- 4- ( 2- amnoethl - 1- car box rtethl 5) F‘g‘é
PURSAYEY HRRHNS FUgRs 1S, AS Vit #580H €34 e? f“" PR
' i irl
ool ggﬁé’?ﬁ@?@%"ﬁ%&ﬁ“&?"%ﬁ%’%ﬁ?“’ﬁéﬁ%ﬁ“w e
syatlaticy pépgide mmlde df8he7141vmtmm imiudes pd@ga. 3Phe aglenid m;mbeﬂ@m
to 3098 ov m n &51([ Jﬂg ex ect ed | ecul ar
any & 2 YAy @ ﬂlsaasews%’fl gru ST g L s
syﬂaroﬁﬁrﬂ? rdphdie: ADHBBgetimPhe- D- Leu- D' Om4N-
&}@DI peridinyl)-L-prolinel-OH (SEQ ID NO 1): [00332]
[ Tcopaneter mbodimeplihe Banpe ©BI FgeRter-aecigiedeandiiio is
| 1,
hypgRileRE b bifled dEuiplll 89S, Fhe FARBYIAT delpror Bbciatcd
hylNofdtreimiin opedeata dih be 4nyﬂ9pohatperrmlc ion edenidt@ivBeadean condition

Frnoc- 4-( 2- am noet hyl 0X th j perazi ne
S“&‘i‘ﬁ%ré‘?fdeﬂinlﬁet ‘&@OP?{)‘/@(“%*% and %f%mf)é 11%4\3 ongesiive begrh
faﬁﬁl%k td)é‘g)}nfdkcﬁﬁe DERL IS iR kRN R lﬁ?xﬁgﬁéﬁﬂl@ ¥Bretibn, or

yield in"a synthesis scale of 0.4 mol
hypasdtiesiia that R assoriptegiovith imfenpive idiugeticaberppyywitll itdanides @oggor

oppdireran 4 oftthel e s e b AR R EE Ve
soﬁﬁ%ﬁﬁoﬁpﬁﬁﬂg %%Pﬁtg@;ﬁﬂ@pﬁﬂ(@@ﬁ@f%ﬁﬁfo@t ?thch is beneficial in the
t“@ffﬂ‘t“ﬁ g’g g@,e%@qnmgtgag[o&g “F“F deiogs ﬁ?ﬁ?FlaS‘% %3‘)%38%{765%3

", % g A dingly, the synthetic peptide amides of the invention also
A éyzr Bgﬁ% ' hec%lorngﬁ YD Cerf(1 )p honopi per azi ne

haaerutiky, in \mrntluhis wh treqiing pa predienting hygonatemig rel ieds¢ondisions,

nd ..Ih id h | .
RS SE TS5 AT b
calegbiidod AB6kdirpao GolER spit@chistlypyvaslepiic, ichvatemieyor hypovolemic.

B t{)ar ative HPLC according to the procedure descri b%
[0PB%] h e Hypervplegtichygronatamia m&uelbgsausw Pyatn iggenseiip ptal

wREDLL %S nRTHRBUTDANARS of dpeBiclad btk noffrdie

mm  purity 100% gradi ent
sydaéahecandhepicroirhde. (Mr111) : expect ed m)l ecul ar | on

[Ogii‘)é ou %ﬁvéi@jc%ye@_roﬁgerr%z %hoiteb_%)(!@%ipbﬁal rg:%}%e% mappropnatc
arlt iR REIIrAbAY IADBYERASG0R afk€ i) alsblibé 25Qcihled Mah phkumonia,
[00334] The conpound was prepared according to the

sopibesdldungcanseic ppltyémsmncaﬁ%é)f §19a’-ﬁ REEY NG T FIUTFE (3.8) use

t
Oféfréﬁiﬁl@rm)% D%L%Eral b‘%ﬁio %ti\ @ﬂ%gﬁm c (NeoMPS) for
[0Bpe03- 4Hyﬂo@cm:m@dtybyﬂxa)tfeﬂma salub oxy rabitivg deqrepe imwtaidody
dlhydl‘OCh|OI‘I§) |nthea chmsnt tozg
ogiysh fevpi Andpaybensiraaiet Wi ‘ﬂ’fﬁﬂ?d@e FEHd & m‘%%”ﬁrﬁeﬂhﬁ“‘s ot

eﬁébﬁwé s%at%%ym hesis scal e of 0 4 mmol . HPLC
anal ysis: TR = 17.91 min, purity 100% gradient |5%B

(0089135 9@ hesedormOofiyponavBniasan- enofrseitiediageordsen iodhe
' 93,. 4 69 3S
colélfgglgr 3188 %Pdc%)m Eﬁ?}rﬁ;ﬁgﬂ ﬁ,ﬁm ﬁ‘B_ Eé@'xg_&%} %tl is gre%lser Than or

less than thirty millimoles per liter. See: R M Reynolds et al. Disorders of sodium

balance, Brit. Med. J. 2006;332:702-705.

[00192] The kappa opioid receptor-associated hyponatremia can be any disease or

condition where hyponatremia (low sodium condition) is present, ¢.g., in humans,
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(2-am noet hyl ) - 1- car boxynet hyl - pi per azi nel - NH2 ( SEQ

ID NO 1): [00335] Synthesis was acconplished as

shown in Figure 2. The am no acid derivatives us
WQRWEI@BSE- D- Phe- OH, Fnoc- D- Phe- OH, Fnoc- DLeLPWSNWUm”

Frnoc- DOM( Boc) - OH, and

L e L T W
thAAQBA bél@r WeSoladdH &eﬁiokeﬁe(ﬁemw & Waﬁ(ﬁﬂl bf gther medlcal

Synt hesi zer (Protein Te noIo%/ Inc.) starting from
comdlifiRnsant acr musraRsee of 052 medicaliogsubasicar Faty sodpw depletion.
[Oélf Chf;ﬁe EII%EI H}%sé Hnﬁitloﬂ rﬁlﬂleﬂﬁfs gtﬂe?cn{gd?ﬁﬂdh@%féhs%ted

eve reat ment W|t a mxture

Hﬁﬁ)@oﬂatfa?mamcmﬂﬁmg)w:tho&t limizativax pestldsyic cpispeoiazicess ADH

di hydroch] ori de (

SeqTR QI Hé&hidé}ﬁ’a?a“ilﬂ%mﬁ‘s Ofﬂf%wﬁ%@?é%mgpaﬂifeﬁﬁ%%'ﬁad%f Bad

/ &lcalk RiIcbba@nd
e B, By o
E\{/l@@’s 3akoBabsfeqlienst suge pt: ipoainehiad (rba@tf:mi @avirahh ahegesses (lung

or r%n)f %zﬁ%a@%@g%er%@ogg [Tg)ercg ogxg & \g)éa talf gqﬁé%ﬁﬁ:%étgﬁal
or $:80) endEshaliganded Iy, vasiiap cpsed ﬁlch as:i cer@vbvasEdar occlusions

cl eavage, the final peptide resin was treated w't

or hesepThegeand FrRyRuS/sigy thrambogis; ReprpiQeiccaysessiigh gs: 5@‘11 fm
T

R R S T

hydveapphiahtsepk yicosiq pexdpherd nedrepathyu deadpepmadelosal andg,

D- Phe- D- -D-Leu-, = 93 - . . .
PepE A S HIRER PripTep hanscaap NS ey eginapsihatamisy
os;r%}cc\éﬁlﬁrspéﬁfgbﬂtdl M BQrrhitens hichldiog: agdndsis of {RPa]lofu,
purification, the above crude peptide (0.1 g) was
clefflipipalaseand other. il imedefees; ﬂf’é@"(hSGmﬁF§ sugh@s:t pute Intermittent
Py Ahpth Byt RO Al Bolityt P SoRARHIR SR ¢
th}diﬂe amﬂetiﬁs Aclaifhophan, |hartﬁlﬁlﬁéie@.®lial4@®tgkﬂml)ms ¢Flregen, oral
onpound was el uted w t a |linear i ent of buf f er
B S S Fﬁ*?PPf?S?émh*g%@%S PHES T act i ons
chmrb&p%fdet Yin€xeine HaR@inR79piNE hRopAY phehotfiiAaen, and
dried on a |yophilizer to yield the purlfled peptlde
cyglophosphamisle sy ¢ ifcupsidgnsesgats. mow)ne opfslage ighibitpesiagd
selsiorgp feepiRe R oty B ST LRE PR AL 8 Rring
h&@&lﬁat’uﬁbS@gH@doﬂ(ﬁﬁm% or Eﬁ(ékl‘ﬂﬂ&](‘l@b@lm(m,saxsrcm‘e associated
npound (14); D-Phe-D- Phe-D- Leu
h)@&niﬂeﬁ@ﬂ B WAL s vset ey ﬁ%@‘“‘ﬁ#f?“{‘@é@ Sl“ﬂ"ﬁﬁemi)‘" elderly
m[iﬂrgﬁl%ﬁ] SI@R)I‘E%THEI eNdaRSn’ Ppﬁﬂéi?lﬁgjoi?ﬁ&%ﬂ iMlidifk, 1h@ Ed.
procedure described in the synthesis of conpound
(2()(158)p 2@ vari ati on was the substitution of

- i d
{OM%] Z@?gﬁ?&r’%%ll}sﬂas? a%gd Wlﬁgflﬁl ng N“?;?JF}){E ?}eznafr)]fallure
néphRyiespedib@e l(ﬂembfhnbfﬂﬁne’pht@@thwm nﬁmnﬁl ﬂ{angmldeasawl

resin. Final purified peptide: am)r&)hous powder
caghexin WAlRtatioR ﬂé“@?ﬁ’ﬂﬁ'@%‘?é“%% arasedugesz elepipye CaF‘ii’FC

8 | nt 1098
o3, bl Tot el [l g R i R B o
hyperglyesda With cbpseqivge lglyedsu?m%a’émgm&tﬁb_@ diBSymt hesi s

f co und (15):. D Phe- D- Phe- u-D-Orn-14-.
(OR191o- T8 SVERAHUEBYIPY B DRIEIR S CRIPECRR RN Mot
ddeRdadle diftasCamRALINGN RS niahRRAlach ACCRBin) WheRid he method
procedure described in the syntheS|s of conpound
inchidys adniivistesing sa themmammaltarempehgen that inglndey an effective
Fnoc- 4- am no- 1- car boxynet hyl - pi peri di ne (NeoMPS) for
Froc- 4- (2- am noet hyO- 1- carbdﬁ nethylplpera2|ne
di hydrochloride in the attat nt to R nk Am de AM
resin. Final purified peptide: anorphous powder, 65
mg in yield in a synthesis scale of 0.3 mmpl. HPLC



- 94 - [00340] Synthesis was initiated fromO0.2 mmol
of the peptide internedi ate,
Cbz- DPhe- D- Phe- D- Leu- D- O n( Cbz) - [ honopi per azi ne
W I0eq05520hi ch was prepared during the synt heR¢BUN007/023874
compound (19). For guanyl ation of the honopi perazi ne

at C er m nus, eat wth . a .
arirgot vl nepye B et b hs SeirdeSeenersbvse
difdsdorbondinidn TPhe afibufddEeneitive Alseasd ofBEditidn) sudlvas (62

m ) overnight at roomtenperature. Acetic acid and
mmewed@rmmmost@mmfﬂn finguryy eipalicerd inivey emieperfusion

sol u f r..to
1nbur¥/e @R Ay MOA eglg%@g&}eﬁag vsqlsgggg%r LY dA®E 2

phlrevRldeseidead tHa@ys( Ehm):»[ﬂér mﬁﬂegah:oamrp idipessaz ofibe
amdel} OmeBlI)BThes‘ggﬁg
CY§LIsRIPR Y PETYFRhIe by Rethad OHBE EsaeT incids glRucamd
mﬁéﬁ&'d%ge&%loﬁ%ﬁﬁﬁ'lﬁﬁe&ﬁ difd8sePnaGRbeliEndRgsdinyoed in
the syhthesis of conmpound (19). Final purified
[Oﬂla?.ﬁ]l dén ceavaor qghlqmjgmgm\mnnvemiomgrqudey imethgds pﬁqp_r@fenuon or

anal ysi.s: tR = 98. 7 adi ent
tr%m@%@@é St o ey oot TRieed iy Cotffions
RfodégeRbiie 66l p&ittht. 5 @%Wbﬁldﬂ&ﬁ)ﬁﬂésftﬁshémeémmn
corrpound % ). DPhe D- Phe- DLeu D- On¥4- '
canbegdariisigied in pp ARP R SEPC e JORBIRSHpEPRR) Colls agangfdhe effects
[
Ofg'ﬁglgl m‘%gld%uﬂy)that Vg%?‘? %:Léd ﬁ Itfgg?(ﬁ%g?ng‘tfﬁgﬁm aRil/o} AEREhal EQMeath
ofGhe witRhedDeh chD—eIxaup]E- s@vcr@[]bzf)asﬁmpncpew&mf mlee eye that have

ur | he nt.hesi.s .of
o R G comBgp ERTDT e arieddt dehBd RY AR Sh atan
effdctiCe LiRHUH R e s H@etﬁ@%ﬁpl_ id@amaRes bf @8B@niér. MS1Rh diseases and
sol ution of 2-Methylthio-2-im dazoline hydroiodi de

cqniisipnprgl the epe inebide glanenma Facaliy deaepsration. setippl isghemip| )
o000 el B4 it P AIREL M e

bdlieee(‘smlmmlmnmnmmgem:ﬂmnamdctdonzdctel@deah |fgopainpleZer to

Beppimgcphrel gemhdanspiaid B whioh B sckiioelccts gt ion
ﬂﬁ@&{d thar VIR TREBR0AZ Aigd RE eedeli(dad. MRS beenlfdnd that

subsequent deprotection/hydrolysis and HPLC
dfp’@}qpfneomn noogressian of dhasg ét&eaﬁm am&mwn@cwqmev ented, or at
re descrih [
le?s_ll_ég%)wc 1 by aﬁrea m Illtf“? g] dkalgg ﬁlaﬁiylj&t: (?fp %rgéts pg%?ﬂﬁ%lgd
olitBoriié Bltﬁlxeﬁﬂh@baﬁ% wmeatopt(ﬁéenoih(byéﬁlﬁb kdppa oplurd rtgﬁ:pitﬁO%
gradient 1098 to 30%B_over .20 mm 11 expect ed
ag?BISé% uiesfor IBHaRRgs R ashEk o al. oB‘§%"PP%“6‘9 sl L)

PIREBLAE Y i @&w%ﬁ)

e D Leu et ‘hyl honopi per azi ne ani de]
[‘HEEQ 10 M@ cade) of gla@bma it if beldyed ﬂ@ymopbﬂp)gs wagtreatment by

nitiated from 0.3 mml of th ti.de [ i a
ct%l?isgg}ﬁ%n lgﬁga Eplegideﬁpw%m? S an"g rfjd%Edé tel gggwo Ellgt‘mct
2@Vt linduobd B adtBatiel 6BE Rebpd wpioid) rercbmoxs )iﬁirb@ﬁtes:n@i and
conpound (19 For ethylation of the honppi perazi ne
redpctionof i avgslar piessupePP eWhils “?‘r‘é’é’t"éa tQpg ppusd by theory, it
do I
13?)8!%\;&%%"15{8&!11]0 &tﬂgﬁl %ﬁﬂ__wfe( :;o,tl}cﬁgg'ﬁ partAloq gl.)f/clf%stl @irﬂ%g% aftiuretic
pépeilp CARPYirethe ?Ey:e lanﬂbgeq pantctide pgmnﬂ @kldﬂﬂ%d@amnagle yad sther
and HPLC purification were carried out according to
ins ‘procedure described in the synthesis of conpound
[d{ﬁ%l Emfahnmér hikh eﬁmeanaﬂ ﬁ@ssu@rrp RIBH BelfevBOWOIRS a fadidr MY
yi el d. anal ysis: tR = 10.43 mm purity 98.4%
legdlae itethe dzmj@mmt@@%umm Elevermﬂl INRYRPQUAF [y ess R gaitaleabe
nol ecul ar i on mass 650. 4, observed 650. 3. EXAMPLE
19Synt hesi s of conpound (19)
D- Phe- D- Phe- D- Leu- D- Om [ 4- 265
( N- met hyDami di nohonopi perazine amde] (SEQ ID NO 1):
[00343] See Figure 3 for the general synthetic schene




[ 00344] The guanyl ati on reagent
S- Met hyl - N- net hyl i sot hi our ea hydroi odi de was prepared
by reacting 1, 3-di net hyl-2-thiourea with methyl
WO Wd8/00@532n anhydr ous net hanol . See MKay, A RCEUS2007/4023874
Hatton, W G Synthesis of Cyclic Guanidino Acids. J.

Am Chem 195 78,. 1618-.1620 and Kenne K.
preventcg freatad b o RGP0 K50 BRIPK! R ORBERAE OY thrte
SB@:&IK%laCngéﬁlﬂ Fe':r @%Q&ﬂﬁﬁéx@of(@ﬁm&b@@&éd&@ﬁon 1nk8&8Moen of
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resin sac eved by mxing a solution of

comuEIpiD eraamcheles( & dffagtiv@Zmomm lof a Apivgic@epids ansiiie pn
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desbabisy thoth e s e fefite il &
adRBRkicEQ 16h13IY. Gh AREBé BPecyaBe S@ilktictiv @ebtRlY amide is administered

HBTU DI EAnedi at ed single couplings with a 3-fold
asgrd@gknbf anmi no acid derivatives. The Fnpbc group was
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Effers 9l baprasipigid Kegerien Bimyatene hormisstR %Ezl#fﬁlét volvement
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189Met hyl - Nrret hyl i sot h| our ea hydr oi odide (1.4 g, 6

(oPaBH « Eisates iy boiBichsiet TSkt opbns g ! betrevented

o HARAMAL RehihiB M RM R ad Bfedti@ ahRBhCifeha\GStdiic peptide dmiides of
0.1% TFA in 30% ACN 70% H20 and the saol uti on was

the drmgadomincludebutme oot bmiiath toischeptin ianeda sireke: frain grsginal

A=0.1%TFA in 1120 and B =
cghl rbﬁ#ﬁi}iﬁﬁo %Bﬁfhﬁ%% H20). The conpound was el ut ed
[oozo1t a Anoﬁ&aforgf afdiappet opibid hedeprr-aBiociaQUipainareb OO idbr
over 859B. . .The tions with purity.
el HARODRBR BOBIEAms 35 Uir miamtronrs Biealgsa. n one
erhbf(%}ﬁﬁbﬁt' Ex%rmétﬁ)oé’lhahﬂestﬁaﬁnﬂ%hﬁg sl eff@Rilvé dount of a synthetic
I nt er ned at e,

Cbz- D- Phe- D- Phe- D- Leu- DOT( Cbz) 4N- et hyl honopi per azi ne
-1- carboxi m dam de am de], as white anorphous powder
(100 ng). [00347] For final deprotection/hydrolysis,
the above purified pepti de”(é_l.ﬁ()o ng) was treated with
a mxture of TMSOTf/ TFA/ mcresol (10 m, v/v/iv =
2:7:1) at roomtenperature .f or 2 hoqr S. Th_e Irri xture




- 98 - mnol) was used to continue the peptide

synthesis. DI C/ HOBt nedi ated single couplings were

performed with a 3-fold excess of am no acid
walmosv@sizves. The Fnoc group was renpved w t hPQIBGE2007/023874

pi peridine in DVMF. Upon conpletion of peptide chain

el ongation, the resin was treated vvlth Pd(.PPh3) 4 (3 5
pegtldearmdmﬁthe inyeatiprt9)a mpmepahyukfetipg from quaerisy IRRIOE
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hypfdiein by artfiofd b SRR CHSRARREE o
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ﬂl(ﬂHpIFC@pE-CtI on/ hydr ol ysis, the above peptide (0.3 mmuol)
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B0t SRS} ot ke TR g ¢ spladea v

by Aéministiatiog ofidre s bR Epade aﬁlfde:r dfi thg intvheticex. Udeodontal

peptide (0.3 mmol) as an oil. The preparative HPLC

purification of the crude peptide was carried out

according to the procedure -a67 described in the

synthesis of conmpound (1). Final purified peptide:

anor phous powder, 183 ng in y| el d HPLC anal ysis: tR



Om [ honopi perazine amde] (SEQ ID NO 4): - 100 -
[00358] Synthesis was initiated fromO0.2 mol of the

&e‘%ﬁﬂde i nt er medi at e,
WO 209896552 Phe- D- Leu- D- O( Me, Z) - [ honopi per azi nBCHHIPHE]/023874
whi ch was prepared during t he synthesis of conpound

mﬁlf\r}géﬂg ;)-r%],?_;v (}nud e %X)%r %lﬂzrlzn?rijatorx conj l,/mc:[l)v)gt rlilbeneq@mds
arﬂfu&daeﬂﬁﬁﬂhiﬁﬁlam cﬁkubé r‘rma{ ByprpreaRanatibpienl bPlotal
according to the Procedure descri bed in the synthesis
adginisspts i ahy Sﬂgshe ie:pepiide gpides ob iepaysOfigR:  anor phous
er 5 i .
B, TSRy bl 1080 Kokng b o i
ne@d/ltlibrMAThe Encﬁmdtlm:dkldm hdwoiniseririgan theanammaba ¢bmposition

observed . EXAMPLE 2 nt hesj s ound
o S B AP, A DL R B BT st o RETLign g,
de@éﬁleaQ)M) 3): [00359] Synthesis was initiated from
of thefp tide internedi at e,
[OQZQﬁh eThﬁ pivention| farihqp peyiidesra methodeindigirg prelepin secretion in

' t
] O T Y
compisingen @ffeﬂihﬁ@ﬁﬁﬁﬁi%ﬂ’& yheent pép‘lﬁle Iah‘udﬁvdf\lbia/mverﬁwﬁ ad)
~ and the crude product. was purified by preparative
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mah) Eédhsas Qfhu HEQH% 3 infsfFR! éen‘P Wciaftlbﬁ‘ dn gﬁdtg Erctatlon
amor phous po In yiel C ana

sub-®ptahdactationy rmduyecm:@%i neptHidly, @n tag@mtecbdlﬁm oypel dﬁbetes,

. mn:. NS 1-14)...€e ed nmol ecul ar . i,on Ss. 664. 5

inffofis st Ren SiSRE e oo iee oo ine bl s

adfyifikledihg memﬁﬂhétdﬁﬁ)e@ﬂﬂé‘i@ﬁlde [vad3bkHuceallose df ashi@Wsiotdonist
cal cul ated nol ecul ar wei ght . of the npl ecul ar ion, M

anplgesie SUAPRUISD HW&“%&'?W@@&& apalecte pifedt) the cmfyﬁti having
anqraﬁﬁrav&rﬂsr&yefr&ﬁ SWHRRGE the QERICEY dosl o greséa&ge ¢@ has *Aqowrpe
of synthetic ase used in the synthesi each
asgopmoaslsdk efaot thdn fleasde, efigct zmsomai:;d withl therdose 9fpbe ofu opioid
i din th th
sebiR Bl r oY e Seahe fhmls ropuas i srec

whanysdhadikerd alenel N, Rink AMor a
mgnitro henyl - car bonate (Wan, carbonate" resin. The

091 e ThsprgFeny VBRI RIAY %g%mﬁ@prl of biafiaga knppa qpieid

o T i R OB R e AR Db B P B The e

colrippsitibe sorgaiaing aGeffbctiveahtonnt of a Gatheod peptide nmidelof else

COVPOUND CALC D.MNV
present invention. 1ne effective ammount can be determined accordmg to routine

methods by one of ordinary skill in the art. For instance, the effective amount can be
determined as a dosage unit sufficient to bind kappa opioid receptors in a maminal
and cause an antinociceptive effect, an anti‘—inflammatory effect, an aquaretic effect,
or an elevation of serum prolactin levels or any other kappa opioid receptor-
responsive effect. Alternatively, the effective amount may be determined as an
amount sufficient to approximate the ECsg in a body fluid of the mammal, or an
amount sufficient to approximate two or three, or up to about five or even about ten

times the ECs) in a therapeutically relevant body fluid of the mammal.
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OBSERVED MW SYNTH PHASE RESIN FIGURE | 709.4 709. 4
solid 2-Cl-Trt 1 2 665.4 665.3 solid 2-Cl-Trt

WO 2008/060552 PCT/US2007/023874

SYNTHESIS OF THE PEPTIDE AMIDES AND PEPTIDE AMIDE DIMERS OF
THE INVENTION

[00210] Compound (1): D-Phe-D-Phe-D-Leu-D-Om-[4-(2-aminoethyl)-1-
carboxymethyl-piperazine]-CH (SEQ ID NO: 1): |

NH,

[00211] Compound (2) D-Phe-D-Phe-D-Leu-D-Om-[4-carboxymethyl-
piperidine]-OH (SEQ ID NO: 1):

[00212] Compound (3) D-Phe-D-Phe-D-Nle-D-Arg-D-Pro-OH (SEQ 1D NO: 2):

[00213] Compound (4) D-Phe-D-Phe-D-Leu-D-Om-[{2S,4R)-4-amino-
pyrrolidine-2-carboxylic acid]-OH (SEQ ID NO: 1):

Q
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I 3 679.4 679.5 solid 2-Cl-Trt 1 4 652.4 652.4 solid
2-Cl-Trt 1 5 652.4

WO 2008/060552 PCT/US2007/023874

‘ [00214] Compound (5) D-Phe-D-Phe-D-Leu-D-Om-[(25,45)-4-amino-pyrrolidine-
2-carboxylic acid]-OH (SEQ ID NO: 1):

[00215} Compound (6) D-Phe-D-Phe-D-Leu-D-Orn-[omega(4-aminopiperidine-4-
carboxylic acid)]-OH (SEQ ID NO: 1):

NH,
[60216] Compound (7) D-Phe-D-Phe-D-Leu-D-Om-[omega(D/L-2-amino-3-(4-N-
piperidinylypropionic acid)]-OH (SEQ ID NO: 1)

(06217} Compound (8) D-Phe-D-Phe-D-Leu-D-Om-{omega(D/L-4-piperazine-2-
carboxylic acid)]-OH (SEQ ID NO: 1):

[00218] Compound (9) D-Phe-D-Phe-D-Leu-D-Om-[Isonipecotic acid]-OH (SEQ
ID NO: 1):

—-70 -



652.4 solid 2-C-Trt 1 6 666.4 666.3 solid 2-Cl-Trt 1
7 694.4 694.4 solid 2-C1-Trt

WO 2008/060552 PCTE/US2007/023874

[00219) Compound (10) D-Phe-D-Phe-D-Leu-D-Orn-{N-(4-piperidinyl)-L-
proline]-OH (SEQ ID NO: 1}:

[00220] Compound (11) D-Phe-D-Phe-D-Leu-D-Om-[homopiperazine amide)
(SEQ ID NO: 1)

[00221] Compound (12) D-Phe-D-Phe-D-Leu-D-Om-[4-(4-piperidinyl)-butanoic
acid]-OH (SEQ ID NO: 1)

[00222] Compound (13) D-Phe-D-Phe-D-Leu-D-Om-[4-(2-aminoethyl)-1-
carboxymethyl-piperazine]-NH; (SEQ ID NO: 1)

o~ N !'l.‘.
N
N \IJ),

N
H

NH,

[00223] Compound (14) D-Phe-D-Phe-D-Leu-D-Orn-[N-(4-piperidinyl)}-L-
proline]-NH; (SEQ ID NO: 1): |




1 8 652.4 652.4 solid 2-CI-Trt | 9 651.4 651.3 solid
2-Cl-Trt 1 10 720.4

WO 2008/060552 PCTE/US2007/023874

[00224] ."Compound (15) D-Phe-D-Phe-D-Leu-D-Orn-[4-amino-1-carboxymethyl-
piperidine]-NH; (SEQ ID NO: 1.

o

NH,

[00225] Compound (16) D-Phe-D-Phe-D-Leu-D-Om-[4-amidinohomopiperazine
amide] (SEQ ID NO: 1):

[00226] Compound (17) D-Phe-D-Phe-D-Leu-D-Om-[4-(4,5-dihydro-1H-
imidazol-2-yhhomopiperazine amide] (SEQ ID NO: 1):

N\ N
KJN—%]
hNH,

[00227} Compound (18) D-Phe-D-Phe-D-Leu-D-Orn-[4-ethylhomopiperazine

amide] (SEQID NO: 1):
A
Y M
NH,

L)

I OH
HQN/YN
(4]

~72 —



720.6 solid 2-C1-Trt' 1 11 622.4 622.4 solid

Carbonate 2 12 693.4 693.3 solid 2-Cl-Trt

WO 2008/060552

PCT/US2807/023874

[60228] Compound {19) D-Phe-D-Phe-D-Leu-D-Om-[4-(N-methyl)amidino-

homopiperazine amide] (SEQ ID NO: 1):

[00229] Compound (20) D-Phe-D-Phe-D-Leu-(3-iPr)D-Om-{omega(4-

aminopiperidine-4-carboxylic acid)]-OH (SEQ ID NO: 3):

[00230] Compound (21) D-Phe-D-Phe-D-Leu-(3-Me)D-Om-[4-
amidinchomopiperazine amide] (SEQ ID NO: 4):

Q
N\ N
an
NH

{00231] Compound (22) D-Phe-D-Phe-D-Leu-(6-iPr)D-Om-{4-
amidinohomopiperazine amide] (SEQ ID NO: 3):

-73 -



1 13 708.3 708.3 solid Rihnk AM2 14 719.5 719.3 solid
Rink AM 2 15 679. 4

WO 2008/060552 PCT/USZ007/023874

[00232] Compound (23) D-Phe-D-Phe-D-Leu-(6-Me)D-Orm-[homopiperazine
amide] (SEQ ID NO: 4):

[00233] Compound (24) D-Phe-D-Phe-D-Leu-(8-iPr)D-Om-{homopiperazine

amide} (SEQ ID NO: 3): _
AN N
Y (“C’Y O
A

[00234] Compound (25): D-Phe-D-Phe-D-Leu-D-Lys-[1,3-dioxolan-2-
yl)methanamine amide] (SEQ 1D NO: 5):

NH,

[00235] Compound (26): D-Phe-D-Phe-D-Leu-D-Lys-[2-(piperazin-1-
yl)pyrimidine amide] (SEQ ID NO: 5):

~ 74 -



679.3 solid RRnk AM 2 16 664.4 664.5 m xed Carbonate
3 17 690.4 690.5 m xed Carbonate

WO 2068/060552 PCT/US2007/023874

{00236] Compound (27): D-Phe-D-Phe-D-Leu-D-Lys-[2-(piperazin-1-yl)pyrazine
amide] (SEQ ID NO: 5):

NH,

[00237] Compound (28): D-Phe-D-Phe-D-Leu-D-Lys-{1-(pyridin-2-yl)piperazine
amide] (SEQ ID NO: 5):

NH,

[00238] Compound (29): D-Phe-D-Phe-D-Leu-D-Lys-[2-(piperazin-1-yl)thiazole
amide] (SEQ ID NO: 5):

~ 75~



3 18 650.4 650.3 m xed Carbonate 3 19 678.4 6785

m xed Carbonate 3 20 708.4

WO 2008/060552

[60240] Compound (31); D-Phe-D-Phe-D-Leu-D-Lys-[1-
(methylsulfonyl)piperazine amide] (SEQ ID NO: 5):

NH,

[00241] Compound (32): D-Phe-D-Phe-D-Leu-D-Lys-[1-
(phenylsulfonyl)piperazine amide} (SEQ ID NO: 5):

NH,

PCT/US2007/023874

[00242) Compound (33): D-Phg—DnPhe—D—Leu—D—Lys—[phenyl(piperazin-1-

yhmethanone amide] (SEQ ID NO: 5):

[00243] Compound (34).. D-Phe-D-Phe-D-Leu-D-Lys-[thiolmorpholine-1,1-

dioxide amide] (SEQ ID NO: 5):

76—



708.4 solid 2-C1-Trt 1 21 678.4 678.5 m xed Carbonate
3 22 706.5 706.5 m xed Carbonate

WO 2008/060352 PCT/US2007/023874

[00244] Compound (35): D-Phe-D-Phe-D-Leu-D-Lys-[6-trifluoromethy!-3-
aminomethyl pyridine amide] (SEQ ID NO: 5): '

{00245] Compound (36): D-Phe-D-Phe-D-Leu-D-Lys-N-methyl-1-(tetrahydro-2H-
pyran-4-yl)methanamine amide (SEQ ID NO: 5):

[00246] Compound (37): H-D-Phe-D-Phe-D-Leu-D-Lys-[5-(aminomethyl)-1H-
benzo[d]imidazol-2(3H)-one amide] (SEQ ID NO: 5):

[00247] Compound (38): D-Phe-D-Phe-D-Leu-D-Lys-N-methyl-1-(5-
methylpyrazin-2-yl)-methanamine amide) (SEQ ID NO: 5):

=
2
{a]
T2
o
-
=

248

NH,

~T77 =



3 23 636.4 636.5 solid Carbonate 3 24 664.5 664.5
solid Carbonate 3 EXAMPLE 25Synt hesi s of conpound
(25): D-Phe-D-Phe-D Leu-DLys-[1, 3-
WO 2008/060552 PCT/US2067/023874

[00248] Compound (39):  D-Phe-D-Phe-D-Leu-D-Om-gLys-OH

D-Phe-D-Phe-D-Leu-D-Om

N A_-OH
HW\Lr
NH,
[00249] Compound (40): D-Phe-D-Phe-D-Leu-D-Om-eLys-OH
D-Leu-D-Om
NH,
H
N
A -
7 o ©
~ N OH
Y ﬁu’\’\ﬁr
o 0
NH,

[00250] Compound (41):  D-Phe-D-Phe-D-Leu-D-Orn-eLys-OH

D-Phe-D-Leu-D-Om

NH,
A ki?jt’

NH,

_18—



di oxol an- 2-yl ) met hanam ne am de] (SEQ ID NO 5):
[ 00362] These syntheses were carried out according to
the schene shown in Figure 4. The internedi ates
wQ2Kene058d bel ow correspond to those shown i nPEI/GBR087/023874
4. To a suspension of Boc-D-Phe-OH internediate [-1
(7.96 g, 30.0 mmol), D Leu-OBn pTsOH internediate 1-2
(11.80g. 30.0 mml), HOBt nonohydrate (4.46 g, 33.0
nmol ) and DI EA (8.53 g, 66.0 mol) in anhydrous THF
(250 nmL) cooled in an ice-water bath was added EDC
3 1) i npi@iip f 5 10 nut es
“%??ﬁ Sgﬁﬁﬁﬁ?gg etmeenDéggh'g@ggéggﬁrpﬁﬁgl‘uég%n5|on
was stirred overnight froma stating tenperfature of 0
Cto roomtenperature. After evaporation ofl THE, the
resi due was di ssolved in ethyl acetate amidOmashed
sequentially with 10%citric acid, saturated NaHCO3
and water. The organi c phase was dri &t over sodi um
sul fate and evaporated under reduced “ressure. The
resi due was di ssolved in DCM passed tpr h a silica

gel plug and el EFF MAth FO@bethyI acet_ e in

hexanes. The elday pogated t the pure
product, Boc- D: Phg- g- OB, i n erq arat&il-s (12.40
g, 889 as &N a@ar oiN - NS: N1 ( M+H) .

[ 00363] Internmed at 0 g, 26 5°nnn|) was

di ssol ved in DCM (50 TFA (25 m.) was added and
the solution was stirred at rod¥tenperature for 2
hours. After evaporation of DCM and TFA, the residue
was azeotroped with toluene twice to give the TFA

wﬁ?%é p? Et?g‘p\%g'gd égg p (ejr?@e%hqnﬁel{ﬁg‘ég 18} ‘%l“?: ﬁLghlgﬁE}C IrDE g ° OH

(6.36 g, 24 mmol ), HOBt nonohydrate (4.04 g, 26.4
nmol ) and DIEA (8.7 nL, 50.0 mmol) was added at 0 C
EDCI (6.33 g, 6.4 mmmol) pge-pdpdpiiui®dimpor ti ons
over 20 mnutes with 5 m nutes between each additi on.
The suspension was stirred fromO C to room

tenperature overnight. After ev oratlon of THF,
resi due was dissolved in ethyl et wash
sequentially with 10%citric aci at ra qu

and wat er. orga c phase was qwer sqidi Y
sul fate an or under redy re° The

from 400 one/hexanes
/Lﬁﬁu e ﬁfgﬁgkrﬂjfhe mot her | i quor

fgai recrystal?zed from
acetonethexanes ' 3) to glve 2.0 g product. The

{onasaal yield was 11.1 % for two steps). LC NS
m z 616 (MtH). [00364] In a flask flushed with

c&mbéxﬁﬂqmwmmnﬂhwumm@mmm CHJCIANHICE,T,-)
and a sol ution of Boc-D- Phe- D Phe- D Leu- OBn,
intermediate 1-5 (11.1 g, 18.05 ) in met hanol (50
m.). The mi xture was stirred under a hydrogen ball oon
overnight. After filtration tB®ugh celite, nethano
was evaporated under reduced pressure. he residue
was di ssolved in acetone (20 nL) and slswly added to

500 nL - 103- th 25 nL of IN er
Vi gor ous stlrrlngﬁpro uct
Boc- D- Phe- DPhe- D- L€ iate 1wy S

obt ai ned by fllpgatk@- : X omz = 526
(MrH) . [00365] To % m/t\ejfﬁ‘eﬁele

ap SO ut
(2.06 g, 3.90 mmol), D { Boc) - hydr odhl ori de
(1.26g. 3.90 mmol) and D+EA (1.7 mi 9.8 ) in DWF
was added TBTU (1.56 g, 4.88 nunol) in thfee portions
over 15 min at O C. After stirring overnight froma
starting tenperature of 0 Cto roomtenperature. DVF
was evaporated under hi gh valium The crude reaction
m xture was precipitate in 400 Ml ice water and

filtered to collect the precipitate,

resi due ec
(1:3) tHeN \%lﬁe

9. %
was evapor &




- 104 - WD 20081060552PCT1US29071023874 EXAVPLE
27Synt hesi s of conpound (27):
D- Phe- D- Phe- D- Leu- D- Lys-[ 2- (pi perazin-|-yl)pyrazi ne

WQi08edosi2SEQ | D NO 5): Conpound 27 was PEEPER0EM23874
essentially as described in Exanple 25, except that
2- (pi perazin-1-yl)pyrazine was used in the am de
coupling step. LC-Ms: 1111/Z 700 (M+H). EXAMPLE

[oéﬁﬁxm @&%Ph&m‘af(tlf)o@@’ﬁé"@ PESD:Leu-D- Om—aLys-OH

Leu-D-Lys-[1- (pyrid 2-yl) pi perazi ne

amde] (SEQ ID NO 5): [00369] Corrpoun (28) was
prepared essentially as described in anpl e 25,
except that 1-(pyridin-2-yl)piperazilx®mas used in
the ami de coupling step. LC MS: Z = 699 (M+H).
EXAMPLE 29Synt hesi s of conpound (29):
D- Phe- D- Phe- D- -D-Lys-[2- (piper
am de] (SEQ 1 1 5):1[00370] Con}gl
prepared essentgal|y :asnde cri bed"n
except thatzuig}“ﬂ
the am de coupd i
EXAMPLE 30Synt hesi
D- Phe- D- Phe- D- Leu- D Lys-
[ N, N- di net hyl pi perazi ne-|-sul fonam de am de] (SEQ ID
NO 5): [00371] Corrpound 30 was prepared essentially

as described in Exarir’:?1 xcept that
(082581 oi wempgunddfpl raPherd)-P h%QrWn‘Srﬁ‘Hé%Q}ﬁsed in the
am de coupling step. LCMs: nfz = 729 (|I\/H-H).
D-Leu-D-Om

NH,
H .
NH;
0 ©

HN

:'I"l‘al-yCI hi azol e
nd 29 was

%an‘pl e 25,
e was used in

OH

[00256] Compound (47): D-Phe-D-Phe-D-Leu-D-Om-¢Lys-OH

D-Phe-D-Leu-D-Om

1 | -



EXAMPLE 31Synt hesi s of conpound (31):

D- Phe- D- Phe- D- Leu- D- Lys-[ 1-

(et hyl sul fonyl ) pi perazine am de] (SEQ ID NO 5):
w{) DO8Taess2Conpound 31 was prepared essenti al | yPERUS2607/023874

descri bed in Exanpl e 25, except that

nmet hyl sul f on I)plpera2|ne S ed | e i de

(ORATh! | Somaeusd VE Ve b oPhe DB Dhve D Boesele

32Synt hesi s of conpound (32):

D- Phe- D- Phe- D- Leu- D- Lys- [ 1- (phenyl sul f onyppli per azi ne

ami de] (SEQ ID NO 5): [0037g] gggjpg Iy 32pv

prepared essentially as descrl be |n&I arer\(/e\@g%,
except that 1-(phenylsul fonyl) piperazine was used in
the am de coupling step. LC I\/Suu,rﬂz = 762 (I\/H—|)

EXAMPLE 33Synt hesi s of conpoun (3
D- Phe- D- Phe- D- Leu- D- Lys- )LS’
m elN (SEQ( D*NO
ntPal | y as

[ phenyl (pip [ n-I -yl ) met hanone
5): [0037¢ 33, vvas pr
descri bed_in t
phenyl ( Ptpellaz] n- J’vr %anone
coupl i ng stgp. z = 726 (
34Synt hesi s of ound wd)
D- Phe- D- Phe- D- Leu- D- Lys- [th| ol nor phol i ne- 1, 1-di oxi de
am de] (SEQ ID NGO 5): [00375] . Conpound 34 was
prepared essentially as descri bed in Exanpl e 25,

[08288& pt CompoundH#8): Abs4hbist [RePhe-B-RhediLga-(i -Qgdf-pipino-4-
the m.de . pling step. LC-Ms: rn/z =671 (M+H).

Kﬁﬁ: g%(g/%t hesi s of comoqu,(SS) :

D- Phe- D Phe- eu- D-Lys16-
trlfluoro no thyI 'brldl

3 a
NO. 5):
Hm’\[r ’Y ni-’
NHHO g

s used in the am de
H) . EXAVPLE

m de] (SEQ ID

[00259] Compound (50): 1N,4N-bis-[D-Phe-D-Phe-D-Leu-D-Dap(amidino)]-4-

amino-4-carboxylic piperidine

[00260] Compound (51): 1N,4N-bis-(D-Phe-D-Phe-D-Leu-D-Nar)-4-amino-4-

carboxylic piperidine

_/© /l\ HNj\H;H

b H
H,N/\n’ N
0
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[ 00376] Conpound 35 was prepared essentially as
descri bed in Exanpl e 25, except that
6-trifluoromethyl-3-am nonet hyl pyridine was used in
WO ps/a§sitle coupling step. LCG-Ms: niz = 712 ( MREH/US2007/023874
EXAMPLE 36Synt hesi s of compound (36):
D- Phe- D- Phe- D- Leu- D- Lys- N
nmet hyl- 1- (tetrahydro- 2H pyr an- 4- yQret hanam ne ami de
| BolNpburd)(52): 003 Hlbh O IR e 30D YES-GIVERARY
[Oggge@nt i@aJIN% as( dLscri bed in Exan‘plg g%@ egcept t hat
(tetrahydro-2H pyr an- 4- yOret hanam ne was|{ used in the

am de coupling step. LC Ms: T 6R1 { MtH) . EXAMPLE

37Synt hegi~s of conpound (37) :Bi_l;he—D%%d e

D- Phe- @@ D- Ley- D- Lys45-

(am noret iyl - TH berzo[ d] i dazol - 2(3H) - one ani de]

( SEQui E’I ET\ﬁSrrpound (37) was prepared

essenti ri beand n Exanpl e 25, except that

5- (am nonet - 1K benzo[

used in the am de doupli

(M+H) . EXAMPLE 383y

D- Phe- D- Phe- D- Leu- D-a.ys" Mu._o

met hy1- 1- ( 5- nmet hyl pyr azi ijQ/met hanam ne am de)

(SEQ ID NO 5): [00379] mppurid §8 Was prepared

essentially as described i npPe 25, except that

(5- et hyl - pyrazi n-2-y1) - net am ne was used in the

am de coupling step. LCGMS: mz = 659 (MtH). EXAMPLE
[08262] nt Dempsurelf (58P MpBPhaD-Fliedp-LeuiD-Pme-{ KXSPhrearboxyenorfhabine ] -

Oﬁe(lsgésd mDNI(D)r:}%:D Phe- D- Leu- D- Om

i m dazol - 2( 3H) - one was
glstep. LGMs: mz = 699
of conpou (38):

[00263] Compound (54) D-Phe-D-Phe-D-Leu-D-Om-[R/S-2-
carboxythiomorpholine]-OH (SEQ ID NO: 1): ‘

[00264] Compound (55) D-Phe-D-Phe-D-Leu-D-Orm-N(homomorpholine) (SEQ
ID NO: 1):

~ B2~



[00380] See the general schenme of Figure 5 for the
synthesis of conmpound (40). The am no acid
derivatives used were Boc-D Phe-OH, Fnoc- D Phe- CH,
WEH80®EFU- OH, Boc- D- Leu- OH, Fnoc- D- O n( Boc) - H/USGH7/023874
Frnoc- Lys(Dde)-0OH. The fully protected resin bound

oBR), R omeS BB TR PN St

(SEQUENNG@t jonal ). The attachment of the first amno

acid to the resin was ach| eved by treatnment with a
m xture of FnocLys(Dde (0. g, 0.5 mmol ;
Novabi ochem) and DI EA 35 ?i 2 mol) in DCM(7
m) at room tenperaturea; fd§ h The resin was
washed with 3x DChMANEGH P (:2:1) and
then treated with 25%pi for Fnoc
renoval . The subsequent p [
achi eved by PyBOP/ Dl EA nedidt ed si ngHe couplings with
a 3-fold excess of -am no acid derivatives,

[00266¢ - DEOnpuBd ¢ § 7)OB-RirecD be-IBLEed-Dhp(amiding)d bonpingrpholine

t] i-n,. Boc-D- Leu- D- Orn(Boc) - Lys(Dde) 42- C1- Trt
a“ﬁ&@i 4‘??':% éé@bt Pated with 4% hydrazine in DVF three
times for 3 mn each_to renove Dde. The subsequent

pepti de chai n el ongg@tijon way achi eved by PyBOP/ DI EA
medi at ed single coupiings w 8 3-fold excess of

am no acid derivagi vis, IIF ngRoc) -
Froc- D- Leu- OH, H%o mﬁ\/ %)-S-Q Phe OH. The
%59 i dine in DVF.
11

aur

Froc group was rendVve

The fully assenbl ed pep eaved fromthe
resin by treatment with a mxt’hre df TFA/ TI S/ H20 (15
m, viviv = 95:2.5:2.5) at roomtenperature for 90
mn. The resin was filtered and washed wth TFA. The

(00267} r a€emprundd§ &) BrBlicell-Fhe-RAeud)-Baglamiding)r ude
0.
[h%-g%hmq%r&hc’l%ﬁgﬁ? ]E&SB% %)LI)\/IQ( @ O n-D LeuH)]-0OH) was

precipitated fromdiethyl ether. [00381] For
purification, the crude peptide (0.3 mmol) was

di ssolved in 2% acettc acid in H20 (50 ml) and the
sol ution was | oad nt o HPLC col um and purified
usi ng TEAP buf f ek sgst m W tdn pH. 5.2 (buffers A =
TEAP 5.2 and B nué@)@ ACN). The

conmpound was el uted Wi} aoI| adi ent of buffer
B, 1098 to 4098 over 6 n. Frjactions with purity
exceedi ng 95% wer e pool andint héir esul ting sol ution
was diluted with two volunmes of water. The dil uted

solution - 107 - was then | oaded onto an HPLC col unm

[092418] s aCompsirid ABje Pallee-PofheraNlpnh} Paplasiding- lipmamgrrheline
]%Héﬂfmﬁs buffers A=0.1%TFA in 1120 and B =
/oACI\V 20% 1120) and a |inear gradient
of buffer B, 2%3 to 7598 over 25 mm Fractions with
purity exceeding 97% were pool ed, frozen, and dried

on a lyophilizer to Id th purlfled peptlde as
whi t e anor phous po (396 ) oHPLC anal ysis: tR =
13.63 mm purity 99.7 radl 11098 to 309B over 20
m VS (M+111): &x’“ﬁte KT cu aw @ mass 895. 5,
observed 895.6. EXAMPL of conpound
(40): D Phe- D Phe- D Leu- (eL,jgs D- Leu- D-Om

[ 003821 The conpound was prepaftd "&ccording to the
procedure described in the synthesis of conpound (39)
above. The variation.was an additional am no acid
residue D-Phe in the peptide resin internediate,

Boc- D- Phe- D- Leu- D- Omn(Boc) - Lys(Dde)-(2-CI-Trt resin],
The resin internedi ate was prepared by attachnent of
Froc- Lys(Dde)-OH to 2-Chlorotrityl chloride resin
fol |l owed by Fnoc renoval andBCDupIings of am no acid
derivatives Fnoc-D- Orn(Boc)-01-1, Fnoc-D-Leu-011, and
Boc- D-Phe OH. Final purified peptide: anorphous

— o~ o~ . . - - M . o~ -



WD 20081060552PCT/ 11S2007/ 023874 Conpound
(43) : D- Phe- D- Phe- D- Leu- D- Om eLys- N12
D- Phe- D- Phe- D- Leu- D- Om Conpound (44):
WERMmesoss2Phe- D- Leu- D- Or n- ELys- N( - CH2CH2- NH CI-HUIQ@HQT/UZ?’SM
D- Om Conpound (45): D- Phe-D- Phe-D-Leu-D OmelLys-OH

BT, CETRRNES 40 b B RIE TPy oLys
[hBmBioRb PRSI ahftk) Rs80 B)-49: @) D- Phe- D- Leu- D- Om
Conmpound” (48): D Phe D- Phe- D- Leu- D- Or n- eLys- CH

D- Phe- D- Phe- D- Leu- D- Om ound 49)
1N, 4N- bi s1D- Phe- D- Phe- u(|P DOrn] 4- am no- 4-

"zN’\rr(E’\fr

(002761 Compound (61)' D-Phe-D-Phe-D-Leu-D-Arg-{homomorpholine amide]}
(SEQ ID NO: 7):

{00271] Compound (62) D—Phe—D-Phe—D—Leu-D-Arg—[homothiopiperézine amide}
(SEQ ID NO: 7):

[00272] Compound (63) D-Phe-D-Phe-D-Leu-D-Orn(Me)-{homomorpholine
amide] (SEQ ID NO: 4):

-84 -



car boxyl i c- pi peridine Conpound (50):
1N, 4N- bi s| D- Phe- D- Phe- D- Leu- D- Dap(am di no) } - 4- am no- 4
- carboxylic piperidine Conmpound (51):
WANIEDPEBS2s - ( D- Phe- D- Phe- D- Leu- D- Nar) - 4- am no- BCHEF 2904823874
l'ic piperidine Conpound

52).: D- Phe- D- Phe- D- Leu-( -d C . .
(OBF 1o Gopieves 6 T Bbs Byphenid s B pRInHEompibiqmorpholine
a,{,ég]) (gﬁétlgqq@,bg:ve, can be synthesized according to

the genéral schenmes shown in Figures 5, 6 and 7 by

nmet hods anal ogous t Q ose used in the synthesis of
compounds (39) and) deskri bed in detail above.
EXAMPLE 42Synt hesis gf ¢
D- Phe- D- Phe- D- Lg<DyOn
(SEQ 1D NO 1): [00g84 e of Figure 8.
The am no add derivativ re” Boc- DPhe- OH,
Frnoc- D- Phe- OH, Fnoc- D Le¥OH, FnouwD- Orn(Boc) - OH, and
(R, S)- Fnoc- 2-car boxynor phol i ne. The fully protected
resin bound peptide was synthesized on a SYMPHONY
[002T4]i piConppnndés) 12-Ph¢-PrBacePricpeldiia(iBgythememyrpholine
st.artd ram2- Chlorotrityl chloride resin (0.4
mﬁ#ﬁf?éﬁﬁJéﬁﬁgL en). The attachment of the first amno
acid to the resin was achieved by treatnent with a
m xt ure of (R,S)-Fgaﬂ 2- car boxynorpholine (0.18 g,
0.5 nmol ; NeoMPS):"aryd ' Bl E£ .3% L, 2 nmol) in DCM
(7 m) at roomte e it Jfoars. The resin was
washed wi th 3x nCl E/ DigFA V/W: 17:9:1) and Ix
DCM The subsequent pe e chajn ongati on was
achi eved by HBTU DI EA ated sSinagl e couplings wth
a 3-fold excess of amino acid dedivatives. The Fnoc
group was renoved by 25% pi peridine in DMF. For
[0oRESv agmpohed {dohdb-Phedt-PteDrlesi- D-OvadPt)f[amadiiomdrphaline
m xture of TEAITIS/H20 (15 m, v/v/v = 95:2.5:2.5) at
apig (PR ute for 90 nin. The resin was filtered
and washed with lgﬁigghe fijtrate was evaporated in
vacuo and the cru tideL(O.-S g,
DPhe- DPhe- DLeu- n4R/ $- 2icalibo phol i ne] - 0H) was
preci pitated f¥8m il ef hy§{ her. 4 00885] For
purification, the @bo Rle d&Ldb (0.15 g) was
di ssolved in 0.1% TFA i 0 (50.mM) and the solution
was | oaded onto an HPLC col utm and purified using TFA
buffer system (buffers A = 0. 1% in H2O and B =
0.1% TFA in 60%- 110 - ACN 40% 1120). The conpound
was eluted with a |ineag qhasi gat of buffer B, 25%B
to 7598 over 30 mm tF?%ggg%@Fﬁghe fractions wth
[G02T6]t Y GenentBimgin®htl Senbetpomedds:f r ozen, and dri ed
on_a lyophilizer to give the purified peptide as .
[0fR7tle AMBINBREYSICHIMIES 2pdupsifg yereriEc PIR GomaErcial
pmaw(ﬁo%?}ga@ﬁ{, BLERkS PEBHR MEerilofdIlRIPEy RN RC‘BS(Siﬁaﬁdﬁ).

separate the two isonmers, DPhe-DPhe-DLeu-
Odar bloowyicads pinbédlveals- Odre parvbiased from Sigma-Aldrich, Fisher Scientific

2 - DLeu- S-.2-car ho [ L nel. s P .
bR e iy e it BRTKIREERTH sy Riyobh Sota
pkR0 pdpdde caombirp edlifing bbth FuiYndBordhanddok@YBUbess3EidBwise

over 20 mnutes. [00386] Figure 9 shows the genera

spesdiercd] resetioapepskegforned MaOLRHEMBE Y Sf conpound
[d(ﬁ%] The following standard references provide guidance on general

boxynor phol i ne] - OH

experimental setup, and the availability of required starting material and reagents:

Kates, S. A., Albericio, F., Eds., Solid Phase Synthesis, A Practical Guide, Marcel

_ 85—



Compound (53):
D- Phe- D- Phe- D- Leu- D-0rnl112/ S- 2- car boxynor phol i ne] - OH
(SEQ ID NO 1):: EXAMPLE 43Synt hesis of conpounds

W 33/0605866) [ 00387] Conpounds (54) - (66) canP@EUS2007/023874
prepared by well known synthetic nethods. For

Deltkeh kv §otlo Bared. (2 Baiarsgit Bbebodbekond- B P tr o
P%ctz@mghge @ﬁeys Second Edi;ton Springer-Verlag, (1994); Atherton E.

Leu-D- S-'2-car boxyt i onor’phol I nel
Shtﬂ@PWGSEQ? L Edmotry)Phasq B@@@S]Syrﬁhm 4 Baghrondppreach, IRL

r?g ga&ﬁ%fa%e%lyl r%&;e{isé%)np%gﬁl O ! h@l) S?'”Jn@,e T lDS .S%hd Phase
S)DﬂB!a@ Iﬁeﬁbehankauean@hyl\l(mWrmsﬂhpbme)l KiSEQhkR. NG,

2%9&%5@5%88)@&%&{2@%% W Bonb it Sherptrs She)l49-3E8 (1863).
NO 1): Conpound (57):

[oﬁzﬂ(] R(dﬁﬁ%nﬁa%s&v%%%éﬂh%&o) [ homonor phol i ne

[00280] ACN: acetonitrile

[00281] Aloc: allyloxycarbonyl

[00282] Boc: tert-butoxycarbonyl

[00283] BOP: benzotriazole-1-yl-oxy-tris(dimethylamino)-phosphonium
hexafluorophosphate

[00284] Cbz: benzyloxycarbonyl.

[00285] Cbi»OSu: No-(Benzyloxycarbonyloxy) succinimide

[00286] DBU:1,8-diazabicyclof5.4.0]Jundec-7-ene

[00287] DCM: Dichloromethane

[00288] Dde: 1-(4,4-dimethyl-2,6- dloxocyclohex 1- yhdene)ethyl

[00289] DIC: N,N'-diisopropylcarbodiimide

[00290] DIEA: N, N-diisopropylethylamine

[60291] DMF: N,N-dimethylformamide

[60292] Fmoc: 9-fluorenylmethoxycarbonyl

[00293] HATU: 2-(1H-9-azabenzotriazole-1-yl)-1,1,3,3-tetramethylaminium
hexafluorophosphate

[00294] HBTU: 2- (IH-bcnzotnazole 1-y1)-1,1,3,3- tetramethy]amxmum
hexafluorophosphate

[00295] HOBt: 1-hydroxybenzotriazole

[00296] HPLC: high pefformancc liquid chromatography

[00297] i iso

[060298] ivDde: 1-(4,4-dimethyl-2,6-dioxocyclohex-1-ylidene)-3-methylbutyl

[00299] NMM.: 4-methyl morpholino

(00360] NMP: N-methylpyrrolidinone

[00301]  All: aliyl

{00302] 0-NBS-Cl: o-nitrobenzenesulfonyl chloride
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NHU NH2 Conpound (58):
D- Phe- D- Phe- D- Leu- D- Dap(am di no) - [ honot hi onor phol i ne

am de] (SEQ ID NGO 8): Compound (59):
wmrdkesBs2Phe- D- Nl e- D- Dap(am di no) - [ honmonor phoPCTEs2007/023874
arri de] (SEQID NG 8): - 112 - Conpound (60):

[og;s.q:«ge]' %@E% 4%"’?'1@135,[@%3&% oo Bz Etg%”?tsﬂifon"?r phol i ne
X\ SE

[o@%(f’dglo P%E’bﬁ &n%g%i‘alﬁtg' @g@o;[)ht?ﬁ‘b%wéi’iﬁb iph&spRBhidsl  (SEQ
D Phe- Eh:daﬁeerlbpho@hatDAr g- [ honot hi opi perazi ne am de]

[0‘)%:5? l RP!\'r%vechi phase

[00306] TBTU: 2-(1H-benzotriazole-1-y1)-1,1,3 3-tetramethyluronium
tetrafluoroborate

[00307] TEAP: tricthylammonium phosphate

[00308] TFA: trifluoroacetic acid

[00309] TIS: triisopropylsilane

[00310] TMOF: trimethyl orthoformate

[00311] TMSOTS: trimethylsilyl trifluoromethanesulfonate

[00312]  Trt: trityl

[00313] Peptides synthesized by Fmoc methodology were cleaved with a mixture

of TFA/TIS/H,O (v/viv = 95:2.5:2.5). The cleavage step in the Boc methodology was

accomplished either with a mixture of HF/anisole (v/v = 9:1) or with a mixture of

TMSOTH/TFA/m-cresol (viviv=2:7:1).

[00314] Coupling reactions in peptide chain elongation were carried out either

manually on a peptide synthesizer and mediated by coupling reagents with a 2 to 4-

fold excess amino acid derivatives. The coupling reagents used in the synthesis of the

various compoﬁnds of the invention were chosen from the following combinations:

DIC/HOBt, HATU/DIEA, HBTU/DIEA, TBTU/DIEA, PyBOP/DIEA, and

BOP/DIEA. ‘

[00315] Deprotection of the side chain of amino acid in position No. 4 (designated

Xaay in the final synthetic peptide amide product) of resin bound peptides was

achieved as follows: Peptides were assembled starting from Xaas and progressively

adding Xaa;, then Xaa; and finally, Xaa;. The side chain protecting groups of the

diamino acid introduced at Xaay were selectively removed as follows: (i} N-Dde or N-

ivDde groups were removed by 2-4% hydraﬁine in DMF. See Chabra, S. R., etal,,

Tetrahedron Lett. 39:1603-1606 (1998) and Rohwedder, B., et al., Tetrahedron Lett.,

39: 1175 (1998); (ii) N-Aloc: removed by 3 eq. (Ph;P)sPd in CHCly/AcOH/NMM

(viviv=37:2:1). See Kates, S. A., et al. in “Peptides Chemistry, Structure and

Biology, Proc. 13" American Peptide Symposium”, Hodges, R. S. and Smith, J. A.

(Eds), ESCOM, Leiden, 113-115 (1994). '
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2502 (1992) and DIEA in DMF producing the resin bound No-guanidino peptide.
[00320]) Peptides were purified by preparative HPLC in triethylammonium
phosphate (TEAP) or trifluoroacetic acid (TFA) buffers. When required; the
compounds were finally converted to trifluoroacetate or acetate salts using
conventional HPLC methodology. Fractions with purity exceeding 97% were pooled
and lyophilized. Purity of the synthesized peptides was determined by analytical RP-
HPLC.

[00321] Analytical RP-HPLC was performed on a Waters 600 multisolvent
delivery system with a Waters 486 tunable absorbance UV detector and a Waters 746
data module. HPLC anaiyses of peptides were carried out using a Vydac Clg column
(0.46 x 25 cm, 5 um particle size, 300 A pore size) at a flow rate of 2.0 ml/min.
Solvents A and B were 0.1% TFA in H,O and 0.1% TFA in 80% ACN/20% H,O,

respectively. Retention times (1g) are given in min. Preparative RP-HPLC was
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EXAMPLE 2 Synthesis of compound (2):
D-Phe-D-Phe-D-Leu-D-Om-[4-Carboxymethyl-piperidine]-OH (SEQ ID NO: 1).
[00324] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of Fmoc-4-
carboxymethyl-piperidine (Chem-Impex International Inc.) for Fmoc-4-(2-
aminoethyl)-1-carboxymethyl-piperazine dihydrochloride in the attachment to 2-Cl-
Trt resin. Final purified peptide: amorphous powder, 123 mg in yield in a synthesis
scale of 0.4 mmol. HPLC analysis: tr = 15.36 min, purity 100%, gradient 15%B to
35%B over 20 min; MS (M+H"): expected molecular ion mass 665.4, observed 665.3.

EXAMPLE 3 Synthesis of compound (3):
D-Phe-D-Phe-D-Nle-D-Arg-D-Pro-OH (SEQ ID NO: 2):

[00325] The compound was prepared according to the procedure described in
the synthesis of compound (1). The amino acid derivatives used were Boc-D-Phe-
OH, Fmoc-D-Phe-OH, Fmoc-D-Nie-OH, Fmoc-D-Arg(Pbi)-OH, and F
OH. Final purified peptide: amorphous powder, 140 mg in yield in a synthesis scale
of 0.3 mmol. HPLC analysis: tg = 20.23 nﬁn, purity 99.7%, gradient 10%B to 30%B

over 20 min; MS (M+H"): expected molecular ion mass 679.4, observed 679.5.

EXAMPLE 4 Synthesis of compound (4): D-Phe-D-Phe-D-Leu-D-Om-
[(25,4R)-4-Amino-pyrrolidine-2-carboxylic acid]-OH (SEQ ID NO: 1):

{00326] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of Fmoc-(25,4R)-4-
amino-1-Boc-pyrrolidine-2-carboxylic acid (Chem-Impex International Inc.) for

Fmoc-4-(2-aminoethyl)-I-carboxymethyl-piperazine dihydrochloride in the
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attachment to 2-Cl-Trt resin. Final purified peptide: amorphous powder, 294 mg in
yield in a synthesis scale of 0.3 mmol. HPLC analysis: tg = 16.65 min, purity 99.4%,
gradient 5%B to 25%8 over 20 min; MS (M+H"): expected molecular ion mass
652.4, observed 652.4.

EXAMPLE 5 Synthesis of compound (5): D-Phe-D-Phe-D-Leu-D-Om-
[(2S,45)-4- Amino-pyrrolidine-2-carboxylic acid}-OH (SEQ ID NO: 1):

{00327] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of Fmoc-(25,45)-4-
amino-1-Boc-pyrrolidine-2-carboxylic acid (Chem-Impex International Inc.) for
Fmoc-4-(2-aminoethyl)-1-carboxymethyl-piperazine dihydrochloride in the
attachment to 2-Cl-Txt resin. Final purified peptide: amorphous powder, 285 mg in
yield in a synthesis scale of 0.3 mmol. HPLC analysis: tg = 17.42 min, purity 99.5%,
gradient 5%B to 25%B over 20 min; MS (M+H"): expected molecular ion mass
652.4, observed 652.4.

EXAMPLE 6 Synthesis of compound (6): D-Phe-D-Phe-D-Leu-D-Om-
[omega(4-Aminopiperidine-4-carboxylic acid)]-OH (SEQ ID NO: 1):

[00328] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of N-Boc-amino-(4-N-
Fmoc-piperidinyl) carboxylic acid (PharmaCore) for Fmoc-4-(2-aminoethyl)-1-
carbox ymethyl-piperazine dihydrochloride in the attachment to 2-Cl-Trt resin. Final
purifiéd peptide: amorphous powder, 343 mg in yield in a synthesis scale of 0.3
mmol. HPLC analysis: tr = 16.82 min, purity 99.7%, gradient 5%B to 25%B over 20
min; MS (M+H"): expected molecular ion mass 664.4, observed 664.3. |

EXAMPLE 7 Synthesis of compound (7): D-Phe-D-Phe-D-Leu-D-Om-
[w(D/L-2-Amino-3-(4-N-piperidinyl)propionic acid)]-OH (SEQ 1D NO: 1):

[00329] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of 2-N-Boc-amino-3-
(N-Fmoc-4-piperidyl)propionic acid (PharmaCore) for Fmoc-4-(2-aminoethyl)-1-
carboxymethyl-piperazine dihydrochloride in the attachment to 2-Cl-Trt resin. Final
purified peptide: amorphous powder, 343 mg in yield in a synthesis scale of 0.3
mmol. HPLC analysis: tg = 16.82 min, purity 99.7%, gradient 5%B to 25%B over 20

min; MS (M+H"): expected molecular ion mass 664.4, observed 664.3.

—9] -



99 3 9.05 88 ad nd 50.56 87 ad nd 5 3.01 96 ad
WO 2008/060552 PCE/US2007/023874

EXAMPLE 8 Synthesis of compound (8): D-Phe-D-Phe-D-Leu-D-Orn-
[omega(D/L-piperazine-2-carboxylic acid)}-OH (SEQ ID NO: 1):

[00330] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of N'-Boc-N*-Fmoc-
piperazine-2-carboxylic acid (Chem-Impex International Inc.) for Fmoc-4-(2-
aminoethyl)-1-carboxymethyl-piperazine dihydrochloride in the attachment to 2-Cl-
Trt resin. Final purified peptide: amorphous powder, 200 mg in yield in a synthesis
scale of 0.3 mmol. HPLC analysis: tg = 17.78 min, purity 99.9%, gradient 5%B to
25%B over 20 min; MS (M+H"): expected molecular ion mass 652.4, observed 652.4.

EXAMPLE 9 Synthesis of compound (9): D-Phe-D-Phe-D-Leu-D-Om-
[fsonipecotic acid]-OH (SEQ ID NO: 1.

[00331] The compound was prepared according to the procedure described in the

synthesis of compound (1). The variation was the substitution of Fmoc-isonipecotic
acid (NeoMPS) for Fmoc-4-(2-aminoethy!)-1-carboxymethyl-piperazine -
dihydrochloride in the attachment to 2-CI-Trt resin. Final purified peptide:
amorphous powder, 125 mg in yield in a synthesis scale of 0.4 mmol. HPLC analysis:
tg = 18.74 min, purity 99.3%, gradient 10%B to 30%B over 20 min; MS (M+H"):

expected molecular ion mass 651.4, observed 651.3.

EXAMPLE 10 Synthesis of compound (10): D-Phe-D-Phe-D-Leu-D-Om-[N-
(4-ptperidinyl)-L-proline]-OH (SEQ ID NO: 1): .
[00332] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of N-(1-Fmoc-
piperidin-4-yl)-L-proline (NeoMPS) for Fmoc-4-(2-aminoethyl)-1-carboxymethyi-
piperazine dihydrochloride in the attachment to 2-Cl-Trt resin. Final purified peptide:
amorphous powder, 18 mg in yield in a synthesis scale of 0.4 mmol. HPLC analysis:
tr = 14.59 min, purity 100%, gradient 10%B to 30%B over 20 min; MS (M+HY):

expected molecular ion mass 720.4, observed 720.3.

EXAMPLE 11 Synthesis of compound (11): D-Phe-D-Phe-D-Leu-D-Om-
[homopiperazine amide] (SEQ ID NO: 1):

{00333] Synthesis was initiated from 0.3 mmol of the peptide intermediate, Cbz-D-
Phe-D-Phe-D-Leu-D-Orn(Cbz)-[homopiperazine amide], which was prepared during

the synthesis of compound (19). The peptide was hydrolyzed with a mixture of
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TMSOT{/TFA/m-cresol (10 ml, v/v/v = 2:7:1) and the crude product was purified by
preparative HPLC according to the procedure described in the synthesis of compound
(19). Final purifi-ed peptide: amorphous powder, 225 mg in yield. HPLC analysis: tg
= 16.43 min, purity 100%, gradient 2%B to 22%B over 20 min; MS (M+H"):

expected molecular ion mass 622.4, observed 622.4.

EXAMPLE 12 Synthesis of compound (12): D-Phe-D-Phe-D-Leu-D-Gm-[4-
(4-piperidinyl)-butanoic acid]-OH (SEQ ID NO: 1):

[060334] The compound was prepared according to the procedure described in the
synthesis of compound (1). The variation was the substitution of 4-(1-Fmoc-
piperidin-4-yl)-butanoic acid (NeoMPS) for Fmoc-4-(2-aminoethyl)-1-
carboxymethyl-piperazine dihydrochloride in the attachment to 2-CI-Trt resin. Final
purified peptide: amorphous powder, 474 mg in yield in a synthesis scale of 0.4
mmol. HPLC analysis: tg = 17.91 min, purity 100%, gradient 15%B to 35%B over 20
min; MS (M+H"): expected molecular ion mass 693 .4, observed 693.3.

EXAMPLE 13 Synthesis of compound (13): D—Phe—D~Phe—D—Leu-D—0m~{4—
(2-aminoethyl)-1-carbox ymethyl-piperazine}-NH, (SEQ ID NO: 1):

[00335] Synthesis was accomplished as shown in Figure 2, The amino acid
derivatives used were Boc-D-Phe-OH, Fmoc-D-Phe-OH, Fmoc-D-Leu-OH, Fmoc-D-
Om(ﬁoc)-OH, and Fmoc-4-(2-aminoethyl)- 1-carboxymethyl-piperazine
dihydrochloride. The fully protected resin-bound peptide was synthesized on a
SYMPHONY Multiple Synthesizer (Protein Technology Inc.) starting from Rink
Amide AM resin (0.3 mmol; Novabiochem). The attachment of the first amino acid
to the resin was achieved by treatment with a mixture of Fmoc-4-(2-aminoethyl)-1-
carboxymethyl-piperazine dihydrochloride (0.48 g, 1 mmol; Chem-Impex
International Inc.), HBTU (0.38 g, 1 mmol) and DIEA (0.53 mL., 3 mmo}) in DMF (7
ml) at room temperature for 3 hours. The resin was washed with 3x DMF.

[00336] Subsequent peptide chain elongation was achieved by HBTU/DIEA
mediated single couplings with a 3-fold excess of amino acid derivatives. The Fmoc
group was removed by 25% piperidine in DMF. For cleavage, the final peptide resin
was treated with a mixture of TFA/T IS/H,0 (15 ml, viviv = 95:2.5:2.5) at room
temperature for 90 minutes. The resin was filtered and washed with TFA. The

filtrate was evaporated in vacuo and the crude peptide (0.1 g, D-Phe-D-Phe-D-Leu-
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D-Orn-[4-(2-aminoethyl)- 1 -carboxymethyl-piperazine]-NH,) was precipitated from
diethyl ether.

[00337] For purification, the above crude peptide (0.1 g) was dissolved in 0.1%
TFA in H;O (50 ml) and the solution was loaded onto an HPLC column and purified
using a TFA buffer system (buffers A =0.1% TFA in HO and B = 0.1% TFA in 60%
ACN/40% H;0). The compound was eluted with a linear gradient of buffer B, 25%B
to 75%B over 30 min, tr = 38%B. The fractions with purity exceeding 97% were
pooled, frozen, and dried on a lyophilizer to yield the purified peptide as a white
amorphous powder (36 mg). HPLC analysis: tr = 16.59, purity 99.5%, gradient 2%B
t0 22%B over 20 min; MS (M+H"): expected molecular ion mass 708.5, observed
708.3.

EXAMPLE 14 Synthesis of compound (14): D-Phe-D-Phe-D-Leu-D-Om-[N-
(4-piperidinyl)-L-proline]-NH; (SEQ ID NO: 1):

[00338] The compound was prepared according to the procedure described in the
synthesis of compound (13). The variation was the substitution of N-(1-Fmoc-
piperidin-4-yl)-L-proline (NeoMPS) for Fmoc-4-(2-aminoethyl)- l-ca:boxymethjl-
piperazine dihydrochloride in the attachment to Rink Amide AM resin. Final purified
peptide: amorphous powder, 14 mg in yield in a synthesis scale of 0.3 mmol. HPLC
analysis: tg = 18.13 min, purity 91.7%, gradient 10%B to 30%B over 20 min; MS

(M+H"): éxpected molecular ion mass 719.5, observed 719.3.

EXAMPLE 15 Synthesis of compound (15): D-Phe-D-Phe-D-Leu-D-Om-{4-
Amino-1-carboxymethyl-piperidine]-NH; (SEQ ID NO: 1):

[00339] The compound was prepared according to the procedure described in the
synthesis of compound (13). The variation was the substitution of Fmoc-4-amino-1-
carboxymethyl-piperidine (NeoMPS) for Fmoc-4-(2-aminoethyl)-1-carbox ymethyl-
piperazine dihydrochloride in the attachment to Rink Amide AM resin. Final purified
peptide: amorphous powder, 65 mg in yield in a synthesis scale of 0.3 ﬁlmol. HPLC
analysis: tg = 16.74 min, purity 99.7%, gradient 2%B to 22%B over 20 min; MS
(M+H"): expected molecular ion mass 679.4, observed 679.3.

EXAMPLE 16 Synthesis of compound (16): D-Phe-D-Phe-D-Leu-D-Ormn-[4-
Amidinohomopiperazine amide] (SEQ ID NO: 1):
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[00340] Synthesis was initiated from 0.2 mmol of the peptide intermediate, Cbz-D-
Phe-D-Phe-D-Leu-D-Om(Cbz)-{homopiperazine amide], which was prepared during
the synthesis of compound (19). For guanylation of the homopiperazine at C-
terminus, the peptide was treated with a solution of 1H-Pyrazole-1-carboxamidine
hydrochloride (0.4 g, 3.0 mmol) and DIEA (0.5 mi, 6 mmol) in DMF (3 ml) overnight
at room temperature. Acetic acid and H>O were added 1o quench the reaction and the
solution was frozen and dried on a lyophilizer to give the desired protected peptide,
Cbz-DPhe-DPhe-DLeu-DOm(Cbz)-[4-Amidinohomopiperazine amide] (0.2 mmol).
The subsequent deprotection/hydrolysis and HPLC purification were carried out
according to the procedure described in the synthesis of compound (19). Final
purified peptide: amorphous powder, 74 mg in yield. HPLC analysis: tg = 10.10 min,
purity 98.7%, gradient 10%3B to 30%B over 20 .min; MS (M+H"): expected molecular
ion mass 664.4, observed 664.5.

EXAMPLE 17 Synthesis of compound (17): D-Phe-D-Phe-D-Leu-D-Orn-[4-
(4,5-dihydro-1H-imidazol-2-yl)homopiperazine amide] (SEQ 1D NO: 1):

[00341] Synthesis was initiated from 0.2 mmol of the peptide intermediate, Cbz-D-
Phe-D-Phe-D-Leu-D-Orn(Cbz)-[homopiperazine amide], which was prepared during
the synthesis of compound (19). For guanylation of the homopiperazine at C-
terminus, the peptide was treated with a solution of 2-Methylthio-2-imidazoline
hydroiodide (730 mg, 3.0 mmol; Aldrich) and DIEA (0.5 ml, 6 mmol) in DMF (3 ml)
for 4 days at room temperature. Acetic acid and HO were added to quench the
reaction and the solution was frozen and dried on a lyophilizer to give the desired
protected peptide, Cbz-D-Phe-D-Phe-D-Leu-D-Om(Cbz)-[4-(4,5-dihydro- 1H-
imidazol-2-yl)homopiperazine amide] (0.2 mmol). The subsequent
deprotection/hydrolysis and HPLC purification were carried out according to the
procedure described in the synthesis of compound (19). Final purified peptide: |
amorphous powder, 46 mg in yield. HPLC analysis: tg = 10.89 min, purity 100%,
gradient 10%B to 30%B over 20 min; MS (M+H"): expected molecular ion mass
690.4, observed 690.5,

EXAMPLE 18 Synthesis of compound (18): D-Phe-D-Phe-D-Leu-D-Orn-[4-
ethylhomopiperazine amide] (SEQ ID NO: 1):
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[00342] Synthesis was initiated from 0.3 mmol of the peptide intermediate, Cbz-D-
Phe-D-Phe-D-Leu-D-Om(Cbz)-{homopiperazine amide], which was prepared during
the synthesis of compound (19). For ethylation of the homopiperazine at C-terminus,
the peptide was treated with a solution of iodoethane (0.4 mmol; Aldrich) and DIEA
(6.5 ml, 6 mmol) in DMF (3 ml) for 1 day at room temperature. The subsequent
deprotection/hydrolysts and HPLC purification were carried out according to the
procedure described in the synthesis of compound (19). Final purified peptide:
amorphous powder, 75 mg in yield. HPLC analysis: tg = 10.43 min, purity 98.4%,
gradient 10%B to 30%B over 20 min; MS (M+H"): expected molecular ion mass
650.4, observed 650.3.

EXAMPLE 19 Synthesis of compound (19): D-Phe-D-Phe-D-1 eu-D-Om-[4-
(N-meLhyl)amidinohomopiperazine amide] (SEQ ID NO: 1):

[00343] See Figure 3 for the general synthetic scheme used to prepare compound
(19). The compound was prepared by guanylation of the homopiperazine at C-
terminus of Cbz-D-Phe-D-Phe-D-Leu-D-Om(Cbz)-[homopiperazine amide], which
was synthesized according to the procedure described below.

[00344] The guanylation reagent S-Methyl-N-methylisothiourea hydroiodide was
prepared by reacting 1,3-dimethyl-2-thiourea with methyl iodide in anhydrous
methanol. See McKay, A. F.; Hatton, W. G. Synthesis of Cyclic Guanidino Acids. J.
Am. Chem. Soc. {1955), 78, 1618-1620 and Kennedy, K. J., et al. A Facile Route to
Cyclic and Acyclic Alkyl-Arginines. Synthetic Communications, (1998), 28, 741-746.
[00345] For synthesis of Cbz-D-Phe-D-Phe-D-Leu-D-Orm(Cbz)-[homopiperazine
amide], the amino acid derivatives used were Z-D-Phe-OH, Fmoc-D-Phe-OH, Fmoc-
D-Leu-OH, and Fmoc-D-Om(Cbz)-OH. The fully protected resin bound peptide was
synthesized manually starting from p-nitrophenylcarbonate Wang resin (5.0 g, 4.4
mmol; Novabiochem). The attachment of homopiperazine to the resin was achieved
by mixing a solution of homopiperazine (8.7 g, 87 mmol; Acros Organics) in DCM
(100 ml) overnight at room temperature. The resin was washed with 3x DMF and 3x
DCM. The subsequent peptide chain elongation was achieved by HBTU/DIEA-
mediat.cd single couplings with a 3-fold excess of amino acid derivatives. The Fmoc
group was removed by 25% piperidine in DMF. For cleavage, the final peptide resin
was treated with a mixture of TFA/DCM (100 mL, v/v = 1:1) at room temperature for

2 hours. The resin was filtered and washed with DCM. The filtrate was evaporated in
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vacue and the residue was dissolved in 0.1% TFA. in 60% ACN/40% H,0. The
solution was frozen, and dried on a lyophilizer to give the crude peptide intermediate
Cbz-D-Phe-D-Phe-D-Leu-D-Om(Cbz)-homopiperazine (4.4 g). For purification, the
crude peptide (4.4 g) was divided into two portions and each portion was dissolved in
0.1% TFA in 30% ACN (100 mi). Each solution was loaded onto an HPLC column
and purified using a TFA buffer system (buffers A = 0.1% TFA in H;O and B = 0.1%
TFA in 60% ACN/40% H,0). The compound was eluted with a linear gradient of
buffer B, 40%B to 100%B over 25 min, tg = 87%B. The fractions with purity
exceeding 97% were pooled, frozen, and dried on a lyophilizer to yield the purified
peptide intermediate as a white amorphous powder (3.0 g).

[060346] For guanylation of the homopiperazine at C-terminus, the above peptide
intermediate (210 mg, 0.3 mmol) was treated with a mixture of S-Methyl-N-
methylisothiourea hydroiodide (1.4 g, 6 mmol) and DIEA (1.0 mL, 12 mmol) in DMF
(4 mL) at room temperature for 18 days. The mixture was evapofated in vacuo and
the residue was dissolved in 0.1% TFA in 30% ACN/70% H,O and the solution was
loaded onto an HPLC column and purified using a TFA buffer system (buffers A =
0.1% TFA in H,O and B =0.1% TFA in 60% ACN/40% H,0). The compound was
eluted with a linear gradient of buffer B, 70%B to 100%B over 30 min, tg = 85%B.
The fractions with purity exceeding 97% were pooled, frozen, and dried on a
lyophilizer to yield the purified peptide intermediate, Cbz-D-Phe-D-Phe-D-Leu-D-
Orn(Cbz)-[N-methylhomopiperazine-1-carboximidamide amide], as white amorphous
powder (100 mg).

[00347] For final deprotection/hydrolysis, the above purified peptide (100 mg) was
treated with a mixture of TMSOT{/TFA/m-cresol (10 ml, v!{rlv =2:7:1) at room
temperature for 2 hours. The mixture was evaporated in vacuo and the crude peptide
(100 mg) was precipitated from diethyl ether.

[00348] For purificatioin, the above crude peptide (100 mg) was dissolved in 0.1%
TFA in H;O (50 ml) and the solution was loaded onto an HPLC column and purified
using TFA buffer system (buffers A =0.1% TFA in H;O and B =0.1% TFA in 60%
ACN/40% H»0). The compound was eluted with a linear gradient of buffer B, 25%B
to 75%B over 25 min, tg = 43%B. The fractions with purity exceeding 97% were
pooled, frozen, and dried on a lyophilizer to yield the purified product as white a

amorphous powder (53 mg). HPLC analysis: tg = 17.99 min, purity 99.4%, gradient
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2%B to 22%B over 20 min; MS (M+H"): expected molecular ion mass 678.4,
observed 678.5.

EXAMPLE 20 Synthesis of compound (20):
D-Phe-D-Phe-D-Leu-(8-iPr)D-Om-{omega(4-Aminopiperidine-4-carboxylic acid)}-
OH

[00349] The amino acid derivatives used were Boc-D-Phe-OH, Fmoc-D-Phe-OH,
Fmoc-D-Leu-OH, Fmoc-D-Orm(Aloc)-OH, and N-Boc-amino-(4-N-Fmoce-
piperidinyl) carboxylic acid. The fully protected resin bound peptide was synthesized
manually starting from 2-Chlorotrityl chloride resin (0.8 mmol). The attachment of
N-Boc-amino-(4-N-Fmoc-piperidinyl) carboxylic acid to resin and subseguent
couplings were catried out according to the procedure described in the synthesis of
compound (1). The assembled peptide resin, Boc-D-Phe-D-Phe-D-Leu-D-Om-
omega(4-Aminopiperidine-4-carbox ylic acid)-[2-Cl-Trt resin], was treated with
Pd(PPh3)4 (4.5 mmol; Aldrich) in a mixture of CHCl3/AcOH/NMM (80 ml, v/v/v =
37:2:1) under Argon atmosphere at room temperature for 3 h for Aloc removal.
Subsequent N-isopropylation was carried out according the procedure described in the
synthesis of compound (22). Final cleavage and preparative HPLC purification were
accomplished according to the procedure described in the synthesis of compound (1).
Final purified peptide: amorphous powder, 336 mg in yie.ld. HPLC analysis: tg =
18.88 min, purity 98.9%, gradient 5%B to 25%B over 20 min; MS (M+H"): expected

molecular ion mass 708.4, observed 708.4.

EXAMPLE 21 Synthesis of compound (21): D-Phe-D-Phe-D-Leu-(8-Me)D-
Orm-[4-Amidinohomopiperazine amide] (SEQ ID NO: I):

[00350] See the scheme shown in Figure 3. The amino acid derivatives used -were
Z-D-Phe-OH, Fmoc-D-Phe-OH, Fmoc-D-Leu-OH, and Fmoc-D-Orn(Aloc)-OH. The
fully protected resin bound peptide was synthesized manually starting from p-
nitrophenylcarbonate Wang resin (5.0 g, 4.4 mmol; Novabiochem). The attachment
of homopiperazine to the resin was achieved by mixing it with a solution of
homopiperazine (8.7 g, 87 mmol; Acros Organics) in DCM (100 mL) ovemight at
room temperature. The resin was washed with DMF and DCM and dried in vacuo.
The resulting homopiperazine carbamate Wang resin (5.1 g; homopiperazine-

[carbamate Wang resin]) was split into several portions and a portion of 1.1 g (1
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mmol) was used to continue the peptide synthesis. DIC/HOBt mediated single
couplings were performed with a 3-fold excess of amino acid derivatives. The Fmoc
group was removed with 25% piperidine in DMF. Upon completion of peptide chain
elongation, the resin was treated with Pd(PPhs)4 (3.5 g, 3.0 mmol; Aldrich) in a
mixture of CHCl:/AcOH/NMM (60 ml, v/v/v = 37:2:1) under Argon atmosphere at
room temperature for 3 h for Aloc removal. The resin was washed with DMF and
DCM and dried in vacuo. The resulting peptide resin (1.8 g; Z-D-Phe-D-Phe-D-Leu-
D-Om-homopiperazine-{carbamate Wang resin]) was split again and a portion of 0.9
g (0.5 mmol) was used for subsequent derivatization (N-methylation).

[60351] Methylation of the omega-amino function of D-Orn at Xaa, was carried
out in three steps: (i) [o-NBS Protection]: The resin-bound peptide (0.5 mmol) was
first treated with a solution 0-NBS-Cl (0.4 g, 2 mmol) and collidine (0.7 ml, 5 mmol)
in NMP (7 m}) at room temperature for 30 min. The resin was then washed with
NMP. (ii) [N-Methylation]: The resin-bound o-NBS protected peptide was then
reacted with a solution of 1,8-diazabicyclo[5.4.0Jundec-7-ene (0.5 ml, 3 mmol) and
dimethylsulfate (1.0 mi, 10 mmol; Aldrich) in NMP (7 ml) at room temperature for 5
min. The resin was then washed with NMP and the N-methylation process was
repeated once. (iii) [o-NBS Deprotection}: The peptide resin was treated with a
solution of mercaptoethanol (0.7 ml, 10 mmol) and 1,8—diazabicyclo[5.4.0]undec—7-
ene (0.8 ml, 5 mmol) in NMP (7 ml) at room temperature for 5 min. The resin was
then washed with NMP and the deprotection process was repeated once,

[00352] To protect thé resulting N-methyl secondary amine of D-Orn at Xaay, the
resin-bound methylated peptide was reacted with a solution of Z-OSu (6 mmol}) in
DMF (7 mi). The resin was washed with DMF and DCM and dried in vacuo. The
peptide was then cleaved from the resin by treatment with a solution of TFA/DCM
(15 ml, v/v = 1:1) at room temperature for 2 hours. The resin was then filtered and
washed with TFA. The filtrate was evaporated in vacuo and the crude peptide (0.5
mmol; Z-D-Phe-D-Phe-D-Leu-D-Om(Me,Z)-[homopiperazine amide]) was obtained
as an oil.

[00353] For guanylation of the homopiperazine at the C-terminus, a portion of the
above peptide (0.3 mmol) was treated with a solution of 1H-Pyrazole-1I-
carboxamidine hydrochloride (0.4 g, 3.0 mmol) and DIEA (0.5 ml, 6 mmol) in DMF
(3 ml) overnight at room temperature. Acetic acid and H,O were added to quench the

reaction and the solution was frozen and dried on a lyophilizer to give the desired
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protected peptide, Z-D-Phe-D-Phe-D-Leu-D-Om(Me,Z)-{4- Amidinohomopiperazine
amide] (0.3 mmol).

[00354]  For final deprotection/hydrolysis, the above peptide (0.3 mmol) was
treated with a mixture of TMSOT{/TFA/m-cresol (10 ml, v/v/v =2:7:1) at room
temperature for 2 hours. The mixture was evaporated affording the crude peptide (0.3
mmol) as an oil. The preparative HPLC purification of the crude peptide was carried
out according to the procedure as described in the synthesis of compound (1). Final
purified peptide: amorphous powder, 183 mg in yield. HPLC analysis: tg = 17.12
min, purity 98.9%, gradient 2%B to 22%B over 20 min; MS (M+H"): expected

molecular ion mass 678.4, observed 678.5.

EXAMPLE 22 Synthesis of compound (22): D-Phe-D-Phe-D-Leu-(8-iPr)D-
Orn-[4-Amidinohomopiperazine amide] (SEQ ID NO: 3):

[00355] Synthesis was initiated from 0.9 g (0.5 mmol) of the peptide-resin: Z-D-
Phe-D-Phe-D-Leu-D-Orn-homopiperazine-[carbamate Wang resin], which was
prepared during the synthesis of compound (21) described above.

{00356] For isopropylation of the omega-amino function of D-Orn at Xaag, the
peptide resin was treated with a mixture of sodium triacetoxyborohydride (3 mmol)
and acetone (6 mmol) in TMOF (10 mL) over night at room temperature. The peptide
resin was then treated with a solution of Z-OSu (6 mmol) in DMF (7 ml) for Z
protection, The resin was washed with DMF and DCM and dried in vacuo. The
peptide was then cleaved from the resin by treatment with a solution of TFA/DCM
(15 ml, v/v = 1:1) at room temperature for 2 hours. The resin was filtered and washed
with TFA. The filtrate was evaporated in vacuo and the crude peptide (0.5 mmol; Z-
D-Phe-D-Phe-D-Leu-D-Ormn(iPr,Z)-[homopiperazine amide]) was obtained as an oil.
{00357] A portion of the above peptide (0.3 mmol) was continued for subsequent
guanylation, cleavage and purification steps, which were carried out according to the
procedure described in the synthesis of compound (21). Final purified peptide:
amorphous powder, 166 mg in yield. HPLC analysis: tg = 18.71 -min, purity 99:4%,
gradient 2%B to 22%B over 20 min; MS (M+H"): expected molecular ion mass
706.5, observed 706.5.

EXAMPLE 23 Synthesis of compound (23). D-Phe-D-Phe-D-Leu-([)-Me)D-
Ormn-{homopiperazine amide] (SEQ ID NO: 4):
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[00358] Synthesis was initiated from 0.2 mmol of the peptide intermediate, Z-D-
Phe»D~Phe~D-Leu—D—0rn(Me,Z)-[homopiperézine amide], which was prepared
during ihe synthesis of compound (21). The peptide was hydrolyzed with a mixture
of TMSOT{/TFA/m-cresol (10 ml, v/v/v =2:7:1) and the crude product was purified
by preparative HPLC according to the procedure described in the synthesis of
compound (19). Final purified peptide: amorphous powder, 98 mg in yield. HPLC
analysis: tg = 16.38 min, purity 99.6%, gradient 2%B to 22%B over 20 min; MS

(M+H*): expected molecular ion mass 636.4, observed 636.5.

- EXAMPLE 24 Synthesis of compound (24): D-Phe-D-Phe-D-Leu-(6-iPr)D-
Orn-[homopiperazine amide] (SEQ ID NO: 3):
[00339] Synthesis was initiated from 0.2 mmol of the peptide intermediate, Z-D-
Phe-D-Phe-D-Leu-D-Orn(iPr,Z)-[homopiperazine amide], which was prepared dpring
the synthesis of compound (22). The peptide was hydrolyzed with a mixture of
TMSOTI/TFA/m-cresol (10 ml, v/v/v = 2:7:1) and the crude product was purified by
“preparative HPLC according to the procedure described in the synthesis of compound
(19). Final purified peptide: amorphous powder, 87 mg in yield. HPLC analysis: tg = -
18.41 min, purity 100%, gradient 2%3B to 22%B over 20 min; MS (M+H"): expected
molecular ion mass 664.5, observed 664.5.
[00360] Confirmation of structures of synthetic peptide amides:
[00361] Table I shows the calculated molecular weight of the molecular ion, MH"
for each compound and the actual molecular weight observed by mass spectrometry.
Also shown is the type of synthetic phase used in the synthesis of each compound:
solid phase, or mixed; and the type of resin used in the synthesis, whether a 2-
chlorotrityl “2-Cl-Trt” resin, a hydrazinobenzoyl “hydrazine” resin, Rink AM- orap-
nitrophenyl-carbonate (Wang) “carbonate” resin. The figure showing the relevant

synthetic scheme for the synthesis of each compound is shown in the last column.
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Table I Synthesis and Confirmation of Compound Structures
COMPOUND | CALC’D MW | OBSERVED MW | SYNTH PHASE RESIN FIGURE
1 709.4 709.4 solid 2-Cl-Trt i
2 665.4 665.3 solid 2-Cl-Trt I
3 6794 679.5 solid 2-CE-Trt 1
4 652.4 652.4 solid 2.Cl-Trt 1
5 652.4 6524 solid 2-CI-Trt 1
6 666.4 606.3 sold 2-CH-Trt 1
7 694.4 694.4 solid 2-Cl-Trt 1
8 652.4 6524 solid 2-Cl-Tnt I
9 651.4 6513 solid 2-CI-Trt ]
10 7204 720.6 solid 2-Cl-Trt ]
11 6224 6224 solid Carbonate 2
12 693.4 6933 solid 2-Cl-Trt 1
13 708.3 7083 solid Rink AM 2
14 7195 7193 sohid Rink AM 2
15 6794 679.3 solid Rink AM 2
16 664.4 664.5 mixed Carbonate 3
17 690.4 690.5 mixed Carbonate 3
18 650.4 650.3 mixed Carbonate 3
9 678.4 6783 mixed Carbonate 3
20 7084 708.4 solid 2-Cl-Trt i
21 678.4 678.5 mixed Carbonate ¢ 3
2 706.5 706.5 mixed Carbonate 3
23 636.4 636.5 solid " Carbonate 3
24 664.5 664.5 solid Carbonate 3
EXAMPLE 25

Synthesis of compound (25): D-Phe-D-Phe-D-Leu-D-Lys-[1,3-
dioxolan-2-yl)methanamine amide] (SEQ ID NO: 5): '
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[00362] These syntheses were carried out according to the scheme shown in Figure
4. The intermediates described below correspond to those shown in Figure 4. Toa .
suspension of Boc-D-Phe-OH intermediate I-1 (7.96 g, 30.0 mmol), D-Leu-OBn p-
TsOH intermediate 1-2 (11.80 g, 30.0 mmol), HOBt monohydrate (4.46 g, 33.0 mmol)
and DIEA (8.53 g, 66.0 mmol) in anfiydrous THF (250 mL) cooled in an ice-water
bath was added EDCI (6.33 g, 33.0 mmol) in four portions over 20 minutes witl;'rS
minutes between each addition. The suspension was stirred overnight from a starting
temperature of 0 °C to room temperature. After evaporation of THF, the residue was
dissolved in ethy} acetate and washed sequentially with 10% citric acid, saturated
NaHCO; and water. The organic phase was dried over sodium sulfate and evaporated
under reduced pressure. The residue was dissolved in DCM, passed through a silica
gel plug and eluted with 20% ethyl acetate in hexanes. The eluant was evaporated to
give the pure product, Boc-D-Phe-D-Leu-OBn, intermediate 1-3 (12.40 g, 88%) as a
clear oil. LC-MS: m/z = 469 (M+H). *
[00363] Intermediate I-3 (12.40 g, 26.5 mmol) was dissolved in DCM (50mL).
TFA (25 mL) was added and the solution was stirred at room temperature for 2 hours.
After evaporation of DCM and TFA, the residue was azeotroped with toluene twice to
give the TFA salt of D-Phe-Leu-OBn, intermediate I-4. This crude dipeptide was
suspended in THF, to which Boc-D-Phe-OH (6.36 g, 24 mmol), HOBt monchydrate
(4.04 g, 26.4 mmol) and DIEA (8.7 mL, 50.0 mmol) was added at 0 °C. EDCI (6.33
g, 6.4 mmol) was added in four portions over 20 minutes with 5 minutes between
each addition. The suspension was stirred from 0 °C to room temperature overnight.
After evaporation of THF, the residue was dissolved in ethyl acetate and washed
sequentially with 10% citric acid, saturated NaHCO; and water. The organic phase
was dried over sodium sulfate and evaporated under reduced pressure. The residue
was recrystalized from 400 mL acetone/hexanes (1:3) to give 9.1 g pure product. The
mother liquor was evaporated and again recrystalized from acetone/hexanes (1:3) to
give 2.0 g product. The total yield was 11.1 g (68% for two steps). LC-MS: m/z =
616 {M+H).

[00364] In a flask flushed with nitrogen was added wet palladium on carbon (1.8 g)
and a solution of Boc-D-Phe-D-Phe-D-Leu-OBn, intermediate I-5 (11.1 g, 18.05
munol) in methanol (50 mL). The mixture was stirred under a hydrogen balloon
overnight. After filtration through celite, methanol was evaporated under reduced

pressure. The residue was dissolved in acetone (20 mL) and slowly added to 500 mL
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water with 25 mL of 1IN HC] under vigorous stirring. Pure product Boc-D-Phe-D-
Phe-D-Leu-OH, intermediate I-6 was obtained by filtration 9.4 g (99%). LC-MS: m/z
= 526 (M+H).

[06365] To a solution of intermediate -6 (2.06 g, 3.90 mmol), D-Lys(Boc)-OAll
hydrochloride (1.26 g, 3.90 mmol) and DIEA (1.7 ml, 9.8 mmol) in DMF was added
TBTU (1.56 g, 4.88 mmol) in three portions over 15 min at 0 °C. After stirring
overnight from a starting temperature of 0 °C to room temperature, DMF was
evaporated under high vacuum. The crude reaction mixture was precipitate in 400 ml
ice water and filtered to collect the precipitate, Boc-D-Phe-D-Phe-D-Leu-D-
Lys(Boc)-OAll intermediate I-7 (2.60 g}, which was used without further purification
for the next step. ,

[00366] To a solution of intermediate I-7 (2.60 g, 3.3 mmol) in MeCN (75 mL)
was added pyrrolidine (1.1 ml, 13.3 mmol) and palladium '
tetrakis(triphenylphosphine) (400 mg, 0.35 mmol) at 0 °C. The reaction mixture was
stirred at room temperature for 3 hours and evaporated to dryness. The residue was
purified by reverse phase column chromatography with 30% MeCN/water to 90%
MeCN/water to give the pure acid, intermediate I-8 (2.0 g, 80%) after evaporaﬁon of
acetonitrile/water. LC-MS: m/z = 754 (M+H ).

[00367] To a solution of the acid, intermediate I-8 {150 mg, 0.20 mmol), the amine
HNRaRb; (1,3-dioxolan-2yh)methanamine (31 mg, 0.30 mmol) and DIEA (175 ul, 1.0
mmol) in DMF (5 mL) was added HBTU (113 mg, 3.0 mmol) at 0 °C. After stirring
overnight from a starting temperature of 0 °C to room temperature, DMF was
evaporated under reduced pressure. The residue was stirred with 4N HCl in 1.4~
dioxane (2.0 mL) at room temperature for 1 hour. After removal of dioxane, the
residue was dissolved in water and purified by reverse phase column chromatography
with a gradient of 10% MeCN/water to 60% MeCN/water in 30 minutes to give pure
product, compound (25) (44 mg, 44% yield for the two steps) after evaporation of
solvent. LC-MS: m/z = 639 (M+H).

EXAMPLE 26 Synthesis of compound (26): D-Phe-D-Phe-D-Leu-D-Lys-[2-
(piperazin-1-yl)pyrimidine amide] (SEQ ID NO: 5):

[00368] Compound (26) was prepared essentially as described in Example 25,
except that 2-(piperazin-1-yl)pyrimidine was used in the amide coupling step. L.C-
MS: m/z = 700 (M+H).
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EXAMPLE 27 Synthesis of compound (27): D-Phe-D-Phe-D-Leu-D-Lys-[2-
{piperazin-1-yl)pyrazine amide} (SEQ ID NO: 5):

Compound 27 was prepared essentially as described in Example 25, except
that 2-(piperazin-1-yl)pyrazine was used in the amide coupling step. LC-MS: m/z =
700 (M+H).

EXAMPLE 28 Synthesis of compound (28): D-Phe-D-Phe-D-Leu-D-Lys-[1-
(pyridin-2-yl)piperazine amide] (SEQ ID NO: 5):

[60369] Compound (28) was prepared essentially as described in Example 25,
except that [-{pyridin-2-yl)piperazine was used in the amide coupling step. LC-MS:
m/z = 699 (M+H).

EXAMPLE 29 Synthesis of compound (29): D-Phe-D-Phe-D-Leu-D-Lys-[2-
(piperazin-1-ylythiazole amide} (SEQ ID NO: 5):

[00370] Compound 29 was prepared essentially as described in Example 25, except
that 2-(piperazin-1-yl) thiazole was used in the amide coupling step. LC-MS: m/z =
705 (M+H).

EXAMPLE 30 Synthesis of compound (30): D-Phe-D-Phe-D-Leu-D-Lys-

[N, N-dimethylpiperazine-1-sulfonamide amide] (SEQ ID NO: 5):

[00371] Compound 30 was prepared essentially as described in Example 25, except
that N, N-dimethyl-piperazine-1-sulfonamide was used in the amide coupling step.

LC-MS: m/z = 729 (M+H).

EXAMPLE 31 Synthesis of compound (31): D-Phe-D-Phe-D-Leu-D-Lys-[1-
{methylsulfonyl)piperazine amide] (SEQ ID NO: 5):

[00372] Compound 31 was prepared essentially as described in Example 25, except
that 1-(methylsulfonyl)piperazine was used in the amide coupling step. LC-MS: m/z =
700 (M+H).

EXAMPLE 32 Synthesis of compound (32): D-Phe-D-Phe-D-Leu-D-Lys-[1-
(phenylsulfonyl)piperazine amide] (SEQ ID NO: 5):

[00373] Compound 32 was prepared essentialtly as described in Example 25, except
that i-(phenylsulfonyl) piperazine was used in the amide coupling step. LC-MS: m/z
=762 (M+H). '

EXAMPLE 33 Synthesis of compound (33): D-Phe-D-Phe-D-Leu-D-Lys-
[phenyl(piperazin-1-yl)methanone amide] (SEQ ID NO: 5):
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[60374] Compound 33 was prepared essentially as described in Example 25, except
that phenyl(piperazin-1-yl)methanone was used in the amide coupling step. LC-MS:
m/z =726 (M+H).

EXAMPLE 34 Synthesis of compound (34): D-Phe-D-Phe-D-Leu-D-Lys-
[thiolmorpholine-1,1-dioxide amide] (SEQ ID NO: 5): )

[00375] Compound 34 was prepared essentially as described in Example 25, except
that thiolmorpholine-1,1-dioxide was used in the amide coupling step. LC-MS: m/z =
671 (M+H).

EXAMPLE 35 Synthesis of compound (35): D-Phe-D-Phe-D-Leu-D-Lys-[6-
trifluoromethyl-3-aminomethyl pyridine amide] (SEQ ID NO: 5):

[00376] Compound 35 was prepared essentially as described in Example 25, except
that 6-trifluoromethyl-3-aminomethylpyridine was used in the amide coupling step.

LC-MS: mv/z =712 (M+H).

EXAMPLE 36 Synthesis of compound (36): D—Phe—D—Phe—D-Leu~D—Lys-N-
methyl-1-(tetrahydro-2H-pyran-4-yl)methanamine amide (SEQ ID NO: 5): _
[00377] Compound 36 was prepared essentially as described in Example 25, except
that (tetrahydro-2H-pyran-4-yl)methanamine was used in the amide coupling step.
LC-MS: m/z = 651 (M+H).

EXAMPLE 37 Synthesis of compound (37): D-Phe-D-Phe-D-Leu-D-Lys-{5-
(aminomethyl)-1H-benzo[d]imidazol-2(3H)-one amide] (SEQ ID NO: 5):

[60378) Compound (37) was prepared essentially as described in Example 25,
except that 5-(aminomethyl)-1H-benzo[d)imidazol-2(3H)-one was used in the amide

coupling step. LC-MS: m/z = 699 (M+H).

EXAMPLE 38 Synthesis of compound (38): D-Phe-D-Phe-D-Leu-D-Lys-N-
methyl-1-(5-methylpyrazin-2-yl)-methanamine amide) (SEQ ID NO: 5):

[00379] Compound 38 was prepared essentially as described in Example 23, except
that (5-methyl-pyrazin-2-yl)-methanamine was used in the amide coupling step. LC-
MS: m/z = 659 (M+H). '

EXAMPLE 39 Synthesis of compound (39):
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D-Phe-D-Phe-D-Leu-D-Om

(eLys)

D-Phe-D-Phe-D-Leu-D-Om

[00380] See the general scheme of Figure 5 for the synthesis of compound (40).
The amino acid derivatives used were Boc-D-Phe-OH, Fmoc-D-Phe-OH, Fmoc-D-
Leu-OH, Boc-D-Leu-OH, Fmoc-D-Orn(Boc)-OH, and Fmoc-Lys(Dde)-OH. The
fully protected resin bound peptide was synthesized manually starting from 2-
Chlorotrityl chloride resin (0.3 mmol; Peptide International). The attachment of the
first amino acid to the resin was achieved by treatment with a mixture of Fmoc- '
Lys(Dde)-OH (0.29 g, 0.5 mmol; Novabiochem) and DIEA (0.35 mL, 2 mmol) in
DCM (7 ml) at room temperature for 4 hours. The resin was washed with 3x
DCM/MeOH/DIEA (v/v/v = 17:2:1) and then treated with 25% piperidine in DMF for
Fmoc removal. The subsequent peptide chain elongation was achjeved by
PyBOP/DIEA mediated single couplings with a 3-fold excess of amino acid
derivatives, Fmoc-D-Om(Boc)-OH and Boc-D-Leu-OH. The resulting peptide resin,
Boc-D-Leu-D-Orn(Boc)-Lys(Dde)-[2-Cl-Trtt resin], was treated with 4% hydrazine in
DMTF three times for 3 min each to remove Dde. The subsequent peptide chain
elongation was achieved by PyBOP/DIEA mediated single couplings with a 3-fold
excess of amino acid derivatives, Fmoc-D-Om{Boc)-OH, Fmoc-D-Leu-OH, Frnoc-D-
Phe-OH, and Boc-D-Phe-Oll. The Fmoc group was removed with 25% piperidine in
DMF. The fully assembled peptide was cleaved from the resin by treatment with a
mixture of TFA/TIS/H20 (15 ml, v/v/v = 95:2.5:2.5) at room temperature for 90 min.
The resin was filtered and washed with TFA. The filtrate was evaporated in vacuo
and the crude peptide (0.3 mmol; D-Phe-D-Phe-D-Leu-D-Om-[eLys(D-Om-D-Leu-
H)}-OH) was p.rccipitated from diethyl ether.

[00381] For purification, the crude peptide (0.3 mmol) was dissolved in 2% acetic
acid in H,O (50 ml) and the solution was loaded onto an HPLC column and purified
using TEAP buffer system with a pH 5.2 (buffers A = TEAP 5.2 and B = 20% TEAP
5.2 in 80% ACN). The compound was eluted with a linear gradient of buffer B,
10%B to 40%B over 60 min. Fractions with purity exceeding 95% were pooled and

the resulting solution was diluted with two volumes of water. The diluted solution
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was then loaded onto an HPLC column for salt exchange and further purification with
a TFA buffer system (buffers A = 0.1% TFA in H,O and B = 0.1% TFA in 80%
ACN/20% H,0) and a linear gradient of buffer B, 2%B to 75%B over 25 min.
Fractions with purity exceeding 97% were pooled, frozen, and dried on a lyophilizer
to yield the purified peptide as white amorphous powder (396 mg). HPLC analysis: tg
= 13.63 min, purity 99.7%, gradient 10%B to 30%B over 20 min; MS (M+H"):

expected molecular ion mass 895.5, observed 895.6.

EXAMPLE 40: Synthesis of compound (40):

D-Phe-D-Phe-D-Leu-D-Om

(eLys)

D-Leu-D-Om

[00382] The compound was prepared according to the procedure described in the
synthesis of compound (39) above. The variation-was an additional amino acid
residue D-Phe in the peptide resin intermediate, Boc-D-Phe-D-Leu-D-Om(Boc)-
Lys{Dde)-{2-Cl-Trt resin}, The resin intermediate was prepared by attachment of
Fmoc-Lys(Dde)-OH to 2-Chlorotrityl chloride resin followed by Fmoc removal and
couplings of amino acid derivatives Fmoc-D-Om(Boc)-OH, Fmoc-D-Leu-OH, and
Boc-D-Phe-CH. Final purified peptide: amorphous powder, 508 mg in yield in a
synthesis scale of 0.3 mmol. HPLC analysis: tg = 18.90 min, purity 100%, gradient
10%B to 30%B over 20 min; MS (M+H"): expected molecular ion mass 1042 .4,
observed 1042.7.

EXAMPLE 41: Synthesis of Compounds (41} - (52):

Compound (41):  D-Phe-D-Phe-D-Leu-D-Om-¢Lys-OH

D-Phe-D-Leu-13-Om

Compound (42): D-Phe-D-Phe-D-Leu-D-Om-eLys-OH

D-Orn
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Compound (43): D-Phe-D-Phe-D-Leu-D-Orm-¢Lys-NH;

[-Phe-D-Phe-D-Leu-D-Om

Compound (44): D-Phe-D-Phe-D-Leu-D-Om-gLys-N(-CH;CH,-NH-CH,CH;-)

D-Om

Compound (45): D-Phe-D-Phe-D-Leu-D-Om-eLys-OH

D-Orn
Compound (46): D-Phe-D-Phe-D-Leu-D-Orn-glys-OH
D-Leu-D-Orn
Compound (47): D-Phe-D-Phe-D-1.eu-D-Orn-eLys-OH
prhe.—D-Leu-D—‘Om
Compound (48): D-Phe-D-Phe-D-Leu-D-Orn-eLys-OH

D-Phe-D-Phe-D-Leu-D-Orn

Compound (49): IN,4N-bis-[D-Phe-D-Phe-D-Leu-(iPr)D-Om]-4-amino-4-

carboxylic-piperidine
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Compound (50): IN,4N-bis-[D-Phe-D-Phe-D-Leu-D-Dap(amidino)]-4-amino-4-

carboxylic piperidine

Compound (51): 1N,4N-bis-(D-Phe-D-Phe-D-Leu-D-Nar)-4-amino-4-carbox ylic

piperidine
Compound (52): D-Phe-D-Phe-D-Leu-(D-Lys-GlyLactam);

D-Phe-D-Phe-D-Leu
[00383] These compounds, (41) - (52) listed above, can be synthesized according
to the general schemes shown in Figures 3, 6 and 7 by methods analogous to those

used in the synthesis of compounds (39) and (40 ) described in detail above.

EXAMPLE 42 Synthesis of compound (53} D-Phe-D-Phe-D-Leu-D-Orn-
[R/S-2-carboxymorpholine]-OH (SEQ ID NO: 1):

[00384]  See the scheme of Figure 8. The amino acid derivatives used were Boc-D-
Phe-OH, Fmoc-D-Phe-OH, Fmoc-D-Leu-OH, Fmoc-D-Orn(Boc)-OH, and (R,S)-
Fmoc-2-carboxymorpholine. The fuily protected resin bound peptide was synthesized
on a SYMPHONY Multiple Synthesizer (Protein Technology Inc.) starting from 2-
Chlorotrityl chloride resin (0.4 mmol; Ndvabiochem). The attachment of the first
amino acid to the resin was achieved by treatment with a mixture of (R,S)-Fmoc-2-
carboxymorpholine (0.18 g, 0.5 mmol; NeoMPS) and DIEA (0.35 mL, 2 mmol) in
DCM (7 ml}) at room temperature for 4 hours. The resin was washed with 3x
DCM/MeOH/DIEA (v/iviv = 17:2:1) and 3x DCM. The subsequent peptide chain
elongation was achieved by HBTU/DIEA mediated single couplings with a 3-fold
excess of amino acid derivatives. The Fmoc group was removed by 25% piperidine
in DMF. For cleavage, the final peptide resin was treated with a mixture of
TFA/TIS/H20 (15 ml, v/v/v =95:2.5:2.5) at room temperature for 90 min. The resin
was filtered and washed with TFA. The filtrate was evaporated in vacuo and the
crude peptide (0.15 g, DPhe-DPhe-DLeu-DOm-[R/S-2-carboxymorpholine]-OH)
was precipitated from diethyl ether.

[00385] For purification, the above crude peptide (0.15 g) was dissolved in 0.1%
TFA in H,O (50 ml) and the solution was loaded onto an HPLC column and purified
using TFA buffer system {buffers A = 0.1% TFA in H,O and B = 0.1% TFA in 60%
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[003991 The synthetic peptide anm de (53) was tested
in a simlar assay for potency on the human nu opioid
wo emepéss: The conpound had an EC50 for the heowosiwwro23s74
opi oid receptor greater than or equal to 1 uM
EXAMPLE 46Menbrane perneability of the synthetic
APNMOZ H Qi H@swm@n@d)mdu@éwﬂlza lingpy gradipet of Sulfer e B

oS50 B9 HERRLE P Py AR L A

pdog, frupsanaisdidd dnnd 1geptiler tgnpokpdafied pépude ps ehnat
i nventi on can be tested in a nenbrane Iie neabilit

amprehRps PEWVAE B e CThe GHBPYRE VP AEAIEBIOOS HAasteTeqiserds g no
at%?n}@%a{)ﬁ%ceﬁ se@ﬁ?&?%@mo\@@mergr DPhL PRt 1A ARPORER2-

i cient (Papp) can be determ ned in
cattaympiphalingl€9Hasd mlefIH?he(DL@)DGrrr-%%cmbomnwhOlmll OH.

HPEE Bett fos det) wi T A L 2R G Ry R

ldiﬁy%ﬂid'xé?lﬂl@%B (B80St R 2@ miAu&ONCcent rat i on Of say,
10 uMat pH 6.5 in 1% DVSO, with the reC|q|i_)l| ent si de

lﬂﬂ&ﬁﬁit aFiguee Qshoyys the genermh shemjsal pehamerused i the syisagsisef
?&) ﬁp]nut es at 37C with gentl e shaking. Sanples
& at tine zero fromthe donor side and at the
end of

Compound (giﬂe D-Phe-D-Phe-D-Leu-D-Orn-[R/S-2-carboxymorpholine]-OH (SEQ
ID NO: 1)

N oH
Lo
NHy

EXAMPLE 43 Synthesis of compounds (54) — (66)

[00387] Compounds (54) - (66) can be prepared by well known synthetic

methods. For instance, compound (40), see below, can be prepared according to the
chemical synthesis scheme of Figure 9.

Compound (54): D-Phe-D-Phe-D-Leu-D-Orn-{R/S-2-carboxythiomorpholine]-OH
(SEQ ID NO: 1)

[00388] Figure 9 shows the general chemical scheme used in the synthesis of

compound (55).
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sides. Sanples are preferably anal yzed by

| -1 PLC- M5/ M5. The Papp val ue (expressed as 104
w@eploseaysi s t hen cal cul ated based on the appeRCEHOBE®07/023874

rate of conpound in the recipient side. Reference

npounds such as | abetal ol , propranol ol, ranitidine,

C%mﬂmwir%?)aQ PheeDeBiie-Bd cud2 Qsa- N bormempwheline) t GEQHR NG 1)

the validity of the assay EXAMPLE 471 nhi bition of

cyt ochrome P450 oxi [ 00402] I nhi bi tion of
cytochronme P450 oxio.\- i SOZ s YP | A, CYP2C9,
CYP2C19, CYP2D6 and: C¥P3 b nflhetic peptide am de
compound (17) ofﬁﬂﬁEﬂTn eng etgr m ned
according to the fol Pow H;:} ormed by Cerep
(Seattle, WA):.[00403] I e cyt chronme 13450 CYPl1A

assay, human liver m crosores (0.2047 mL. protein) were
i ncubated for 15 nlnutes at 37C with 10 uM test

gp@@wé@g’@ I Bhe PR U Proppon iRt siEed

drogenase In the absence of test compound, the
dext r omet hor phan added i substrate is oxidized to

resorufin, and in the gregence jof an inhibitor of the
CYP i sozyne, the anougt™e es f| produced is
reduced. Furafylline ence

i nhi bitor. The cyt d€hr 'P4% a ay reaction
m xture contai ni ng human |1 n1cros s (0.2nmy/ m
protein) was incubated for ¥ m nutegy,at 37C with 10
uM test compound, 10 uM tol butam de, 1.3 mv NADP, 3.3

f@a&bgggb RPBHEF BT B Dl romomaphaloe amige

und, the tol butam de is oxidized-to
4-hydroxyto|butanide, apd_in the presence of an
i nhi bitor of the CYP i e, the anmount of
4- hydr oxyt ol but am de grogluded si syrelttred.
Sl ni phenn7ole (T . 'h“&( whenr ef erence
i nhi bitor For the cyto Pkggﬁ’assay, human
l'iver mcrosonmes (0.2ng/ ml telhéLmere I ncubat ed
for 15 mnutes at 37C with uM destHconpound, 10 uM
COnB@ndZ68)e , DIPhe-iPhAALPeu-B-Bapihinglintg g Eembthpnas pldine
ardiad] (SEQ WhMo:@ucose- 6- phosphat e dehydrogenase. In
the absence of test cagmppund, the omeprawe is
oxi di zed to 5- hydrox !Eﬂ-pra le, and in the

presence of an inhibitaor EheuC i sozyme, the
anmount of 4- hydroxyfﬁnﬁ% ﬂﬁEgp i s reduced.
Oxybutinin (1C50: 7.1ouM\was & hesy,ef efence
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t he anmount of oxid cti i uced. Quinidine
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Recombi nant human cbech P450y AA (20 prol /)

was i ncubated for 20 ninu at 31C with 10 uMt est
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oxi dati on product is reduced. The oxidation product
is determned fromthe areallhder the curve after
HPLC- M5/ M5 separ ation. Ketoconazole (1C50: 0.55 uM
was the reference inhibitor. In each assay, the
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Compound (60): D-Phe-D-Phe-D-Nle-D-Dap(amidino)-[homothiomorpholine

amide] (SEQ ID NO: 8):
HZN/WOT i Hj/\!]: NHNKJS
‘ HNJ\NHZ

Compound (61): D-Phe-D-Phe-D-Leu-D-Arg-[homomorpholine amide]
(SEQ ID NG: 7).

Compound (62):
(SEQ ID NO: 7):

Compound (63): D-Phe-D-Phe-D-Leu-D-Om(Me)-[homomorpholine amide] (SEQ

ID NO: 4} Q )\ 0

H : H
- N /\\
T T
7 S

Compound (64): D-Phe-D-Phe-D-Leu-D-Orn(Me)-[homothiomorpholine amide]

(SEQ ID NO: 4):
/© o
- N

il f ’\gr ﬁv
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98.2 CYP3A4 94.7 95.9 EXAMPLE 48Phar macoki netcs in
cynonol gus nonkeys [ 004051 A single bolus of the
synt heti c peptide am de conpound was adm ni stered by
wo DdoR/8a0850US i nj ection to cynonol gus nonkeys Kau/es2#07/023874
mal es, body wt 3-5 kg, SNBL USA, Ltd., Everett, WA,
and Iasna sanpl es taken at 5, 10 15 20, 3060 90
Carmn (661 00-Fe R Pl Dpbast-Dr O bamompephiolias Fmidek ESEQ
IDNE: det er mi ned as _the tine required for the plasm

concentration to | by $0% after maxi mum
| & s achi eved. Cynonol gus

concentration if

nonkeys were fego i ntravenous dose
of synthetlc“bep i d¢ am dg cpnppbun@ (19) according to
Exampl e~19, and the hal f

t he protocol detglle
life of plasma concen tion #©rmned. Results are
shown in Table V. Table V In vilo half life of
synt heti c peptide am de conpound (19) * Cynonol gus
Monkeys Admi nistration Route ~
Compound (66) D-Phe-D-Phe-D-Leu-D-Om(iPr)-[homothiomorpholine amide]

(SEQ 1D NO: 3):

EXAMPLE 44: Inhibition of cAMP production by stimulation of endogenous
mouse kappa-opioid receptor in RL.G1 cells. |
[00389] Potency of the synthetic peptide amides as kappa-opioid receptor agonists
was determined by measuring the inhibition of forskolin-stimulated adenylate cyclase
activity. R1.G1 cells (a mouse thymoma cell line that expresses only the kappa-
opioid receptor and no other opioid receptor subtype) were first exposed to forskolin
(to induce cAMP) plus the syntﬁetic peptide amide at the test concentration. After
incubation, the cAMP level in the challenged R1.G1 cells was determined using a

rgy transfer (TR-FRET)-based cAMP
immunoassay (LANCE™, Perkin Elmer). The detailed method is described below:
[00390] Mouse R1.G1 cells (ATCC, Manassas, VA) were grown in suspension in
high glucose-DMEM (Dulbecco’s Modified Eagle’s Medium, Cellgro, Herndon, VA)
containing 10% horse serum and 2% glutaMax (Invitrogen, Carlsbad. CA) without
added antibiotics. On the day of the experiment, cells were spun at 1,000 rpm for 5
minutes at room temperature and then washed once with HBSS (HEPES Buffered
Saline Solution, Invitrogen, Carlsbad, CA). Cells were then spun again and
resuspended in stimulation buffer (HBSS with 0.05% FAF-BSA (Fatty acid-free
bovine serum albumin, Roche Applied Science, Indianapolis, IN), 5 mM HEPES) to 2

million cells per ml. Antibody supplied with the LANCE™ cAMP immunoassay kit
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Gegpwihiha saueare of the kst 2 amingiasids f GghbyPCRn & tesend mutation

wiIRRONRE B ikl B0 e o AEIAGRLBEIEE RS Biiure o

glydins(cntvgxﬂoaeeﬁp@at Qei\dEQDD b}i‘mteﬁmr]emdtryuth@mm Tm?] ggﬂeewas
start. o eac exper.l nent eac nMou e a

G RFIRBE 1 HBCERTHR S oA Sar o AR U s Lt

yiélﬁttﬁevﬁﬁrﬁ'an&!ﬂﬂnﬁ{g Gﬁﬁdﬁexﬁfex RGN for, SHDN £3/BRIT-HINS 8§ G¥ED-

t he conpound - ution or vehicle were
i3 nj ect ed subcutaneously 15 or 180 minutes prior to

o, 25 el R RL R BB PURYASR opre

eléténdURding3i doplee @f 11‘11136(12 mf&traddcﬁn@llblm%dmeaﬁétaac cess
for the syringe needle. After injection, each animal

respRESiKE SlEEaNtSHRTIAA CARIESIoY NFﬁTFﬁnészlﬁa] fagtoRfasdvataT ) were
mc Griked Esctfeq{';h de&-fR il f@x’ﬁaté‘: t’FhYs' &%{)OW &€ment and

aratu Bef ore the ani was placed in the
pra:ppar aasegte veastthemingeatgd intof ltSAﬁﬂraserpselrg;ae mectirepfeli nbpsic

d tt f th P I box
PRRRRLE B I TRt SR h ot B P SRR r S Pl paTRE-
3}4‘-}@&T.\éfds,y[4d}{bter apparatus was then turned on and data

ac ui sition begqun by the ATM3 Auto-Track System. The
wEhetrpiséreags éuxtamforr eash plage ehashe inghded A migreg@Ete

%ﬁﬁﬁ?mﬁ%ﬁg%%@@? A S LR

0.Syitrbgtaing oPeG1Bol8 TREG INFAT-¢fas-Luc. Cells were incubated for one day

e- P D-Leu-D; Orn44- (4, 5;-
w7 X oA B o S its 57D s o g T e on dna
platBd inPdpal 9@ {ve A pRikdsGut 35,000 LIB e el 10U tfildrdiRerd Bf medium.
i ndi cation of an anal gesic effect (also called an

Therer hdsi, tesipanidvefernteeampouginvemgradged tg theeplls dn mdividpal

wéli%g‘l\”%ggl)‘?{o%?ﬁ&ﬂﬁ&s %[5%3 %ﬂ?@?ﬂy(@agédﬁattﬁgﬁkgbgfl f wells and

a fimilak danghefednyentibtiosef ads@ycd wnhlﬁlanda was atded smgbf cg
[with % C nfldencelnter f 49- uq/

coblfpk el (e cpi e appraBcebes fas Botst i At bibend oF e

inQHHRGHH %Eﬁ@%éﬂeﬂysclﬂ? alERp iM@eri%rcﬂii@é@Bmé&%goh Fhli Béhtaining

I nhi bi'tion of 1Toconoti on assay was kg [wWwth a

lugisypsesnbiuaern@dP (2 2uginal), AP ﬂBl@gflﬂﬂBdllh@ﬂﬁ@g]l 3. gi mgfral),

HEFES (iR el SprReRiabd, BTN SRl RErompsupt et o

Hehylhbgicabal (Re/sl)eblieacia\(8 5uy/ng), sestatih (Hu 1ﬁl¢qu'5’8)
pth)é: fold hl( ﬁggr/ ED50 reqw redgl?g achi eve ag{c,edatlve

Plates were sgaled a%@neees'e@cg Hedprigon PR gUMed Ths capesnigiiongg!

RO S4ly FAES e SR PR i o v

the hsubipg utsponseauives ﬁtdl]eamitpmlundm(:aﬁ):grcmcappmg)a fioat-el y

43 fol d. Synt e P
PR MO e IEoR TR S B s &l se e
oﬁgf&lﬁd fr@djtot oamlegomsaﬁmxmm aRfeal OB GREAE |a§t1v1ty)
NBL USA, Lt Everett, WA, purpose-bred cynonol gus

antfﬁhekefﬁgacy(ﬁﬂmrgﬁnt Bpgmay aquyahmarwp full induction by any of
B0 93605 L o B St LA pgot e onrey

in a superficial vein of the armor leg (e.qg.
brachi al, or saphenous) in 0.9%saline for injection,
USP (Baxter Healthcare, - 125-
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Deerfield, Ill.) as follows: A cassette sanple
containing 0.4 ng of conpound (19) of the present
invention and 0.4 ng of each of nine other conpounds
w boosoessot al dose of 4 ng) was prepared i n 2paiyuSo09623874
saline for injection, providing a concentration of
0.2 ng/m of each of the ten conpounds. Exactly 2 m
Segdloshienizhi2f0@rje Hewrosein2G(h 1k W98 (h691PS: Bee Hwéblteé@itef al,
[ a total dose level of 0.8 to 1.3
1@ a'%gﬁseﬁgé(fwgﬁ%ngt e body wei ght of the individual
[Oﬂﬂl’ﬂb‘d Tafle @l shotvs avePO4ySalus ethinedframshd cAMDvikibhionasshy
flush with 0.9% saline for injection. Blood

w&bﬁw eagmphfiey eprppoungdsy %ﬂ@@ﬁlfﬂ%ﬁé@fdﬂg& 10 816 RIESTRY Wy entiopgad
Ge 58 RIEL gl BbRiT e frort o 4 Sk AfoR) lgngor
raeldtspjnehav\hmnm ]axptpd opmctatepamorc(hKDlRe by gieaé)gvt d@crlbubmethods

I|th| m hepa and j.nmedi at

(0B byt e HE PPGES BB AT EpUTLRT R RO 25 fo

pcﬁerQQQﬂ tﬁ@]ﬁurﬁ:inf hERPioid reéRsr. Hack oBbe cdipoudldd sd¥edIhay af ECso
of each sanple were transferred to polypropyl ene

for thsdwmandnsepipiddesaptys @reater thagoregial F%Wé& unti |
assayed. One hundred mcroliter aliquots of thawed
pl asma were spiked with 5 mcroliters of a 400 ng/ m
solution of an appropriate internal standard (in this
case a known synthetic peptide am de conmpound) in
0.1% TFA, and the proteins were precipitated with 100
mcroliters of 0.1% TEA in acetonitrile. The sanpl es
were centrifuged at 1000 x g for 5 m nutes and the
supernat ants anal yzed by LC-Ms. LC-M5 anal ysis was
performed on a Finnigan LCQ Deca nass spectroneter
interfaced to a Surveyor HPLC system (Therno El ectron
Cor poration, Waltham Massachusetts, USA). HPLC
anal ysis was performed on 2.1 x 150 nm Cl 8 reversed
phase colums with a gradient of 0.01% TFA in
acetonitrile in 0.01% TEA in water. Mass detection
was perfornmed in the selected reaction nonitoring
node (SRM. Quantitation was perfornmed agai nst a
calibration curve of the analyte in blank cynonol gus
nonkey plasma using the sanme internal standard. Data
anal ysis and the extraction of pharmacokinetic
paraneters were performed with the program PK
Solutions 2.0 (Summt Research Services, Ashland,
Chio, USA). Results for conpound (19):
D- Phe- D- Phe- D- Leu- D- O t 44-
(N-nmet hyfl am di no- honopi perazi ne am de] (SEQ ID NO
l)are shown in Figure 11. EXAMPLE 53: Ocul ar
Anal gesi a | nduced by Synthetic Peptide Am des of the
I nvention [00413] Ccul ar anal gesi a i nduced by the
synthetic peptide am des of the invention can be
eval uated by in vivo testing in rabbits as follows:
Five volunes of the test conpound, 50 mcroliters
each in physiological saline, at the concentration to
be - 126 - tested are instilled into the right eye
of nave al bino New Zeal and strain rabbits within a
period of twenty mnutes. Fifteen mnutes after the
| ast instillation of the test conpound, each ani nal
is adm nistered a single instillation of 30
mcroliters of 10 ng/m capsaicin (33 nVM in the
treated eye. Capsaicin is known to induce coneal
pai n. Corneal pain is eval uated by neasurenent of the
pal pebral opening neasured in mllineters using a
transparent ruler in the treated and untreated eyes.
In this animal nodel, the reduction in size of the
pal pebral opening after instlii¥l-ati on of capsaicin is
an indication of the degree of induced pain. Thus,
any observed restoration in size of the pal pebra
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What

is clained is:

1. A synthetic peptide

am de having the fornula: Xaa -Xaa2- Xaa3-(Xaa4)p G

or a stereoisoner,
w@has/omcaut i cal |y acceptable salt,
acid salt hydrate,
formthereof,

wher ei n

m xture of stereoisoners,

each Xaai

hydr at e,

p

rodr ug,

SRII/HE2007/023874
N- oxi de or isonorphic crystalline
i s independently

Talde 8bt ed Kapna QnividjAgomistdetivides ng of (A) (A ) D Phe,

(a= ey B-Phg—BTyr;, D Tic;, D-phenyiglrycine,

CONBEHENR yI[ gl yci ne, mkOEny| gl yci nej hKOR

D- honophenyl al ani ne, and 13-(E)D-Aljg, wherein each

(A) #nd ea¢h ECmMe pherkdfic subsEfs s Efficacy(%)

dependenty sefected fromihe group cansi sting

of-H -F, {d, 04, - ¢F3, | - CONH2, whef ein 102

each_(E) 1§ 1ndependently sel_ected fromthe grpup

cons?sti ng|of obutjyl , cyggl opentyl , Qﬂél oheiyl 99

pyrTayl, thienyl and tjhiazol yI; each XaaZ2 Is

inde{bendegﬁly stfect eq from'%ghe gropp coMsistipg of ™

(A TAT) D Phe, - Me)D{Phe, D-_1Nal, 2Nal , D Tyr,

(E)[f}AI a, and %9'15%/;; gach Xad3 is indepe'?fhentl nd

Selected ffomt grodyp consjsting pf D’\‘!if’ D Phe,

cycl dpent yl| - Dﬁ@, D lleu, (£$w e)D Leu,"D-Hi e nd

DV::\{%, and|D- Met .. each Xaadi s, i ndependent.ly sel ecte

frontthe gf oug/%coéllwsi stli ng of1§? B) 2D Ar g, '3(1 ) 2D- NAr g, %7

(B) 2D Har, fc-( Hysg, D s-(B)D-L

c- (Bf2-D- Lys, @‘gﬁf T @i a2 o At 7 0op ppu, 14

5-(B)2a-(3]) D D 2-am nq;3(4- p| peridyl ) prppi oni

aci d% D- 2- am nglgh- ami nopyr r%l i dyl)pr ogiqgni c _hcid, %

D-a-4am noq13- [ 'hdi ng- propigni ¢ acj d, 2.39 134

a- ani no-4- pi peridineadetic acid, cip-a,4-

di anjynocycli ohexg acgtic acded, 012 92

trans-a, 4-di am nocycl ghexaneacetic Acid

ci s-gam no-4- meg pyl - ami nocyghg- hexape aggbi c arid, op

trans-a-amino-4- net hyl am nocycl ohekane aceticlacid,

a- anyno- | - am digpp4- pijperi dijpgaceti £ acigthgy 99

ci s-a-ani ng- 4- guani di no-cycl chexanelacetic acif,—and

t r ang- a- am|no- 45-11guani|di nocygg ohexahe ageui c acid, o6

wherein eag¢h (B) is ind nthe |

groug consijsti pgef -H and Glg &4 al kyl, cand (B}) is 105

- - i zaero_or _1:
15 1.966 93 nd nd
I6 0.030 99 0.12 90
i7 0.056 99 0.12 90
18 0.049 99 0.14 99
19 0.035 1] 0.21 93
20 0.193 9 0.15 97
21 0.078 97 nd nd

nd — not determined
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Gis selected fromone of the foll ow ng noieties:
Ri-(V)e-R2 wherein p is 1; Xaa3-Xaa4- is selected
fromthe group consisting of D-N e-(B)2D Arg-,
wd20846085) B) 2a- 03) D- Om, and PCT/US2007/023874
(a- Me) D-Leu-803)2-a(WD-On-; and the noiety / Y Zis
an optionally substituted 4 to 8-menbered
Takle Efocyéﬁltl’arq)wgl%g@%‘@t Agtbiitigsy (Fantinusd) net er oat ons

I sard Ting Mol ety o, wherein Y and Z arggGRren
i ndependently C or N™and are not adjacent ring atons;
MPOIBP t hat BleelBM3uch r iBdBeaey( i sE@uéiM) e dfHcacy(%)

or el ght-menbered ring, Y and Z ar e separat ed [by at

| eag® two fingY%&Bbns; [and prfdvi ded it hat fhen such nd

Fi g ol ety has _a_ singl e heteroat gm whi ch 15 N, then

such3ring poi efP$43s non-arofatic; and GMos nd
24 0.033 96 nd ' nd
25 0.1472 85 0.021 98
26 0.12 (avg.) 78 0.0073 . 98
27 0.0005 85 0.0293 - 100
28 0.0471 89 0.0059 100
29 0.084 85 0.031 92
30 0.1931 - 86 0.0194 101
31 0.2456 82 0.0073 100
32 0.530 87 0.611 101
33 | 03476 9 0.012 94
34 0.1916 89 0.0306 103
35 0.4849 85 0.0667 a5
36 0.6327 89 (0.0034 99
37 0.072 87 0.0063 99
38 - 0.189%4 87 0.0165 100
39 67.3 35 nd’ nd
40 1.07 ' 96 0.26 83
41 0.05 100 0.2 89
42 0.24 97 0.27 95

nd — not determined
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Rl-(V)e-R2 wherein p is 1; and the noiety wherein WY

Zis an optionally substituted 4 to 8-nenbered

het erocyclic ring noiety wherein Yis Cor Nand Zis
wa00860852 S, SO or SO2; provided that when SREIMUS2DGEP23874

noiety is a six-, seven- or eight-nenbered ring, Y

and_Z are_separated by at |east t ring_atons;
Tahlolli ded Karpe Qpield AganistActiyitss e(\t@’“it'?“ -aromatic

anmd—Z Ts Cyor N tThen, gugR 71 Ng noi gLy CONpri $FHORT
| east one B or O ring heteroato gnd provi ded
GQVMPRAIND hat \BEa(nMch ri@é‘hﬁﬂgiy i s ﬁ%@&c, t Hdticacy(%)

Y Ts—C TS| setected fromtnNeé group |[consi Stingjof:
nul B3 prov(ded ®¥at when W% null,| Y iSlk 94

ALY L LI 1

=NHCH2) b —with—bequat—to zero, 1, 2, 3.4. 3, Oor 0o,
and44NH- (CH2) 0-1B0 wi th ¢ eqdl to 2, or93 wharein 93

s—€1-C6—atkyt—and—etis~zeroor I wherermwjene s

zerd5 then|V i ©.0ful | and, R®6and R are0dBrect|ly 96

handeod + hao canma bt dr £.£ +. : +. ) -

o OTTOCo— U me—Sane— O ur T er it 1Ty atulls, WICTTTTTI
(a)4R1l is {H, 2 halo, CF3®5 -NH2,| - CO@d, C1-|C6 nd
alkyb—ar- At di-re—C—Ch—aHor—stbst-Ht-uted—ant-dino;

aryly opti pnal Iyossubsyit ut e@lhet ergcycl yid, Prg- am degd
—Pro,—G-y— A a—al—Lep—DBe—tys—Ny—O-r—Set;—Fht

ON, 4@ONH2, | COR(.3485C2R], CONR5R', NHCOR ,ndOR , |or nd

SC2NRLR"; wherein-sal d optionally-substi-t-ut ed |

het ggocycl yl ig @ptional ly spongly or doufd y nd

substituted with subsiiitu i ntl y el ected

frompt he groupsggpsi sting ofy7Cl-C6 jal kylpd -0Cl-C6  nd

alkyl, oxol -COH -E.. -NH2 -NO2, -CN -COO0H —and

am diyno; wherepg7R and R' argg nd nd
52 13.81 76 nd nd
53 : 0.178 100 0.16 100

nd — not determined
- [00399] The synthetic peptide amide (53) was tested in a similar assay for potency
on the human mu opioid receptor. The compound had an ECs for the human mu

opioid receptor greater than or equal to 1 uM.

EXAMPLE 46 Membrane permeability of the synthetic peptide amides
[004001 The Caco-2 cell line is a human colon adenocarcinoma cell line that
differentiates in culture and is used to model the epithelial lining of the human small
intestine. Compounds of the present invention can be tested in a membrane
permeability assay using the TC7 subclone of Caco-2 in a standard assay (Cerep,
Seattle, WA). Briefly, the apparent permeability coefficient (P,) can be determined
in the apical-to-basolateral {(A-B) direction across cell monolayers cultured on 96-well
polycarbonate membrane filters.

{00401] For instance the compounds of the invention can be tested at a
concentration of, say, 10 uM at pH 6.5 in 1% DMSO, with the recipient side
maintained at pH 7.4. The assay plate is incubated for 60 minutes at 37°C with gentle

shaking. Samples are taken at time zero from the donor side and at the end of the
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each independently -H C1-C8 al kyl, aryl,
heterocyclyl or R and PC are conbined to folio a 4-
to 8-menbered ring, which ring is optionally

we wsnéosst ed singly or doubly with substituentsriuszoe7/023874
i ndependently selected fromthe group consi sti ng of
Cl-C6 allcyl, -0Cl-C6 al kyl, -

incuaon paied Tesmerbotbdy fonghind rﬁ@plﬂ&hadw Sa@phs a&ﬂrﬁﬁewsly

an_ﬁfégfy Wyc%ﬁkggﬁg}é&%@apﬁ%&m@%g%ﬁgd or - 8%4 or

calchiBjedRhsaineh the ap[mamncé m@eniﬂ"cempoam:l indheweaipicopsidenRéference

substjtuted 4- to ed .het erogyclic .nonogyclic
A A e R i o R R T
coﬁétﬂﬁ:nﬂ&%rﬁtlrettﬁ@vz}ﬁcﬁk?%f deGRyal ning ring noiety; or
(c) and R2 taken fogether 'wth a single ring atom
of the Y and Z-containing ring noiety can form an

EXpMPaEeAT y subehibitign ebiciochremPrefBesed het erocycl i c
[0%&? i § 1bﬁ1‘3 o?E%bf}ﬁc?xﬂé hsgﬁhﬁh'&tawzgmeQEYﬁ"i’)\ &Fpafg,

aken r nore adj acent ring
Cyru, afY FQI% a\{d ﬂYP%@qmyaﬂmtm gepuda gmm cmmpomarh( 1f7pofithe
anotlonally bstitute
IntRaHiGh e ORFER R BCYEHTEIOdE LY ETE R ReHaTRR P CrseR
(S&gﬂgl'w Y. and Z-containing ring noiety; wherein each
said optionally substituted 4- to 9-nmenbered
[Oﬁrﬁmr obytbt cytoetirnge Ras Y Fd &\ @@%p hpmpm jvermigiegorges (0gmg/ml

pr(g we c 1n bsa e%%l Y19k ql? Lé% 37 b'lgﬂMQStWOEJéound | FSIM

uen S |n epen

ctlﬁﬁ@fds@ﬁxﬁﬁgl Bﬁnl\@mm 3(3’ lnM gﬁﬁbs&ﬁpﬁbslpydlte amptn i diﬂmll gljacose-
substituted pheny 0XO0

6-phgsphaleghy rogﬁaasaﬂ#uﬁhﬁ aﬁseﬂ?w‘ ta%&owa%ndme ﬁ‘eftrfgneih%faan
ad&&&%agtfut@g oxldHbdTR E&Bﬁﬁﬂ'nsarﬂ iRitde HEseREYSnTRIPRSSHA the

ring conprising a single ring heteroatom and when one
COP isvzymd tize isou@t ahrbsouBn ptdderedif raduged) Burafylline wapgsad as a

re%_g 33 L&}ibl%? g”\%edggo Efﬁ?l{l% g?sgﬂ_il\’ P?&éﬁ%sr?y ?%actlcyl mff‘xé&re chtltammg

thmﬁQWEﬁiniUr@ﬁm’feh Q2HRInStpYotkis) &as incub@abir esl nﬁmmg; at 37°c
het eroatons, both Y-and Z

iy TR UMTES: Comgundy a0 bt Ribpnsdng ke BARS 3.3 NGHocose-6-
phi B &nﬁ%?zi Ulgil %ﬁio%? Bgﬁ&bg{ AP &ehgdlg%]aﬁpe AR s oPfest

I no, Itute di no,
cochphynﬂ mhmuotlmmnduéq: is- (ﬂidﬁ@@(tblri laﬂcbx-y@ﬂ]ﬂ@rﬁbdhﬂ-@d imthet presence

| ast.l. pr.qvi that i con I ni.n
of g viarr e P iofne doe ST oAy o R Rl gptoyida i
rediced. BEFAMeMZBIB (104: 0.85 Ll wis ditdre@rdop iribion OF érithe)
noiety is a six nenbered ring conprising two ring

cytnsheniralonfs YPHRE? essty. hawan hivergicposgmes (- ?amnw\pméem) were
inQiblaled fg{)lé ﬁlam% Jafdtdw%ﬁ ¢8 nmew eaglprohﬁw I%M{Jéﬂéﬂfgz@e 13
SI X ne ere

nprising a singlerin
miENADPaB Gmlm@ucd?‘e-lﬁqﬁmspimtecmdlthfl N/mt g‘lemse ﬁkpﬂms;&lates

e P B B il o2 A
hydroxy-omeprazole, and in the presence of an inhibitor of the CYP isozyme, the
amount of 4-hydroxy-tolbutamide produced is reduced. Oxybutinin (ICsp: 7.1 uM)
was the reference inhibitor.

[00404] The cytochrome Psso CYP2D6 assay reaction containing human liver
microsomes (0.2mg/ml protein) was iflcubated for 15 minutes at 37°C with 10 uM test

compound, 5 uM dextromethorphan, 1.3 mM NADP, 3.3 mM glucose-6-phosphate
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Pci-Cvrje-R2 and R1 and R2 taken together with zero,

one or two ring atons of the Y- and Z- containing

ring noiety conprise a nonocyclic or bicyclic 4-9
worenResissk het erocyclic ring noiety. The synt hetT/ws2007/023874

pepti de am de of claim?2, wherein Rl and R2 taken

together with one ring atomof the Y and Z-containin

and DidUimdlighitopsecrppiphate gebydrogsngse. fpisebeacn et vt seperie,
nd A0SR ot byd Ry oL i 9
iscaee, tﬂe ampurtdef ofudatmgn wrbdwsk & roduckd. 3Qu,hnadim 1Cea0.09XaMl) was

R Ao R Ea g R AP RYHTE bt b33 (€8 prootimi)

wa§ %&55@8’ f&fzg%hh@s G P VRS EVi1EN0 cOhpdanlil fumﬂldazolam
he synthetic peptide am de of any

1. 3(:1!nét'[ mmis 3 mgleme@adwspmwndé) %Err@bglwswmhpm@te

con 2D- Ar T :

de@x;ﬁ?gegﬁe Shb epcgﬁf tB coppgny e d'a.goEﬂl tgﬁv\%cd ancFEn
m@rle@ncé%fYaZl mBlbiﬂdb (ﬁ-tﬁQreathdbl\:MrltSisdiWnb the &nofﬁhef oxidatlon

nthetjc peptide am de of clains 1- z wherein Gi
pro uct is reduc he oxidation product is determined from the area under the
curve after HPLC-MS/MS separation. Ketoconazole {(ICsp: 0.55 uM) was the
reference inhibitor. In each assay, the percent inhibition of the cytochrome Pyso CYP
Psp isozyme was determined as one hundred times the ratio of (1-the amount of
product in the sample in the presence of the test compound) divided by the amount of
product in the sample containing untreated isozyme. The results of duplicate assays

(expressed as percent remaining CYP activity) are shown in Table II1.

Table [IX Percent Activity of Cytochrome P4so CYP Isozymes

Compound 17
P,s50 isozyme Expt1 Expt 2
CYPIA 071 5.8

- CYP2CY 992 082
CYP2C19 94.1 078

CYP2D6 98.4 98.2

CYP3A4 94.7 95.9

EXAMPLE 48 Pharmacokinetcs in cynomolgus monkeys

[00405] A single bolus of the synthetic peptide amide compound was administered
by intravenous injection to cynomolgus monkeys (n = 4 males, body wt 3-5 kg, SNBL
USA, Lid., Everett, WA), and plasma samples taken at 5, 10, 15, 20, 30 60, 90 120,

and 180 minutes post-injection. The “half life” was deterrnined as the time required
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-WYZ Re-R2 and the Y and Z-containing ring noiety

is a six or seven nenbered ring, Y is a nitrogen atom

and Z is a carbon atomor a nitrogen atom 9. The
weathgedc pepti de am de of any of clains 1- 7paowies2ed 723374

Gis -wYi Z RKV)e-R2 and the Y and Z-contai ning

ring noiety is a six or seven nenbered ring, Yis a
focthe psma tomenaatibnZoifal by 5{?% nafsg'enammom copcentrifien in the

h d
pl@%@éy@%cﬁnpf@ptqf 0 aﬁ‘% gys O\%erea ec\{\rrgd?v(gl SuP’f‘gl% 11\1(trav%n(%s

do@%&&%ﬂtheﬁ@qeimdé hmid@nippadE0) Sccpridid td&hamodﬁometaam in
I"ai ms wherein RL is -H, -OH -N112 COOH,
Exampissl % pid, the hakilide ploplasn conceptialjon dierstined degults are Shown
@{IEQ\P di hydr oi m dazole, D-Pro, D-Pro am de, or
and wherein R2 is H -COCH or C-C3 alkyl. 12.
The synt hetic peptide anildbledf claim 1l wherein Gis
Itr(

R2 aal. i.s D-Phe, aa2 I S Xaa3 is
> 1 d vwxaskf o SYPBFIpPeRtide af C@Pwot‘%i} BLe:
nmet iyt~ or 1 Sopropyl,; tTufthér wherern WIS uII t he
Y amd Z-cont ai ni ng i ng {oiEnonmadgus Monkegs Seven
menered ring, Y. is a nitrogen atom e is.zdro, Rl is

- NH2, ﬂbrﬁir{;ﬁ'gn%l{% cal kyl, ClifeBivahdiy! - subdtituted

am qi n r0|mn a7ol e, D-Pro, or D Pro |am de,

and [R2 i sykje kre (SHEHH. 69

*Compound (19) is: D-Phe-D-Phe-D-Leu-D-Om-[4-(N-methyljamidino-
homopiperazine amide] (SEQ ID NO: 1).

EXAMPLE 49 Acetic acid-induced writhing assay in mice

[60406] This test identifies compounds which exhibit analgesic activity against
visceral pain or pain associated with activation of low pH-sensitive nociceptors [see
Barber and Gottschlich (1986) Med. Res. Rev. 12: 525-562; Ramabadran and
Bansinath (1986) Pharm. Res. 3: 263-270)]. Intraperitoneal administration of dilute
acetic acid solution causes a Writhing behaviour in mice. A writhe is defined as a
contraction of the abdominal muscles accompanied by an extension of the forelimbs
and elongation of the body. The number of writhes observed in the presence and
absence of test compounds is counted to determine the analgesic activity of the
compounds.

[00407] Each day a writhing assay was performed, a vehicle control group of mice
(n=6-8) that were treated identically to the test group (except that test compound was
omitted from the injection dose) was always included and the average total number of
writhes in this group used as the absolute reference point defining 0% decrease in pain
perception for all other mice receiving a test compound on that day. Specifically, the
total number of writhes of each mouse receiving the test compound was converted to

% decrease in pain perception according to the following equation:

% decrease in pain perception = (W, - W¢) x 100
W,
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13. The synthetic peptide am de of any of clains 1-6,
wherein -WYZ Ri-(V)cR2 is selected fromthe group
consisting of: 14. A pharmaceutical conposition

wWe wpnéssng an ef fective anount of the synt her@OUS2607/023874
pepti de am de of any of clains 1-13 and a

‘ “E]gar maceuti cally acceptabl e exci pi ent_or carrl er. 15.

e W IStthfemsmmltqr of paies iV %‘Hcféifd &oyp and Weds
annrlﬁQ of Q/Ei%hteor %Emrgﬂ\‘/b 'ﬁléﬁtgd ?Iou?ti( "B GaTRIL glfuﬁfrzeh t{'1§1ng the 2-

eat nen ion o appa opi ol
paranapt ol sapadiratadch. dnseasaeletyy wbem dintaxonadsmmed roetyrenidl0 %

16. .Th di to wh the, k
PGB o s B C N osPLeAS el an it VR
b S i Db i
in @%P&&eﬂnon {h%nméle(@gggﬁ{ad% B i1k eéﬁbé%mﬁﬁeeﬂagfer of

ain is selected e group consi'sting of
SAHUC@HBS hadenypizdding siwthetbioscpaiTio, detekmive thad acpauty] aladmbtency of

cut aneou 8. T use acgordi to,cl
eStoPRr e des dfie EaBrriRe ShEEARotRbfi Wl Hected
subBRtahedhil P eh O badk &ithé héckDISi db 186 inRaYs siod keadifinRiration of

uterine cranping, dysnmenorrhea, endorctetrjosis,

acgtje prih solations osfiergdpignistzatiop f the copppundeivehiclesioptield nies
er%:r%urngg H:l ﬁgnr ﬁ’tﬂf;ﬂduﬁto'bgéﬁatfbﬂ'cﬂam%rg %Jﬁxhﬁ ngl?nt%@ﬁ%ﬁeal

al n assocl ate
administration of acetic acid solution. Fifteen minutes or three hours later, according

to the interval time defined in each experiment between compound delivery and acetic
acid injection, a dose corresponding to 10 ml/kg of a 0.6% (v/v) acetic acid solution
was then injected into the fight lower quadrant of the abdomen. Immediately after the
injection, the mouse was returned to its observation chamber and the recording of the
number of writhes begun immediately. The number of writhes was counted over a 15-
min period starting from the time of acetic acid injection, the data being collected
over three separate 5 minute time periods (0-5 min, 5-10 min, and 10-15 min).
[00409] The data were reported as EDsg, and Hill coefficient. The EDs; is
expressed either as mean =+ standard error of the mean (sem) (EDso +/- sem) or as
geometric mean with 95% confidence interval (95% CI) using t-score. The Hill
coefficient is expressed as arithmetic mean * sem calculated from the values obtained

from the animals. Resulis are shown in Figure 10.

EXAMPLE 50: Inhibition of locomotion in mice to measure sedation by
compounds after subcutaneous injection '

[00410] Compounds which exhibit sedative activity inhibit the spontaneous |
locomotion of mice in a test chamber. To determine the potential sedative effect of
test compounds, the extent of locomotion after the administration of the test
compound or vehicle control can be determined and compared with a specialized
apparatus designed for this purpose (Opto-Varimex Activity Meter). At the start of
each experiment, each mouse was weighed and examined to determine good health.

To determine the activity and potency of compounds, different doses of the compound
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19. The use according to claim 18, wherein the

surgery is pelvic | aparoscopy, tubal |igation,

hyst erect oy and chol ecystecony. PCT/ US2007/ 023874
wEhkEdEE USTI = <110> Cara Therapeutics, | nc.PCFUS2007/023874

Schteingart, Caudio D. Menzaghi, Frederique Jiang,

ouangcheng Al exander Roberta V. Suelras-D az, Javi.e

oAV e BNER InfctedHbTHEANSo S | ERT HH0 TLBLeS piiprsg dejiation

0 I
o995, 0 B el e e

of 2B ok ﬁmche]iﬁﬁz “801'868|10® Prepr dcces(fOGhe syringevesdis. After
mjﬁe(r):{lgx? %acjh animal was placed individually in Plexiglas boxes (43 cm x 43 cm)
inside the Opto-Varimex Activity Meter apparatus. Before the animal was placed in
the apparatus, a thin layer of SANI-CHIPS rodent bedding was placed on the bottom
of the Plexiglas box to provide a comfortable environment. Each Opto-Varimex
Activity Meter apparatus was then turned on.and data acquisition begun by the ATM3 '
Auto-Track System. The data were processed and results expressed in the same way

as described for the writhing assay data above.

EXAMPLE 51 Analgesic Effect vs. Sedative Effect of Synthetic Peptide
Amide (17): D-Phe-D-Phe-D-Leu-D-Orn-[4-(4,5-dihydro- 1H-imidazol-2-
yhhomopiperazine amide] (SEQ ID NO: 1).

[00411] Inhibition of acetic acid-induced writhing is an indication of an analgesic
effect (also called an antinociceptive effect). Similarly, a reduction in locomotion can
be used as a measure of a general sedative effect. The EDso determined in the acetic
acid-induced writhing assay in ICR mice was 74 ug/kg [with a 95% confidence
interval of 49-99 ug/kg] when synthetic peptide amide (17) was delivered
subcutaneously. The EDsp value determined in the inhibition of locomotion assay
was 3172 ug/kg [with a 95% confidence interval of 1810-4534 ug/kg] for the same
synthetic peptide amide delivered subcutaneously. See Figure 10. The therapeutic
ratio of the analgesic effect over the sedative effect is the fold higher EDsg required to
achieve a sedative effect as compared to the EDso required to achieve an analgesic
effect. Thus, compound (17) exhibits a (3172/74) fold ratio, i.e. 42.86 fold. Thus, the

therapeutic ratio for compound (17) is approximately 43 fold.

EXAMPLE 52: Synthetic Peptide Amide Compound Pharmacokinetcs in
Monkeys

{00412] Samples were administered to male monkeys, Macaca fascicularis (SNBL
USA, Ltd., Everett, WA, purpose-bred cynomolgus monkeys. Closely related to
humans, both phylogenetically and physiologically) aged 3-7 years and weighing 3-5
kilograms. Samples were administered in a superficial vein of the arm or leg {e.g.

brachial, or saphenous) in 0.9% saline for injection, USP (Baxter Healthcare,
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<151> 2006-11-10 <150> 60/ 858, 123 <151> 2006-11-10

<150> 60/928, 527 <151> 2007-05-10 <150> 60/928, 551

<151> 2007-05-10 <150> 60/928, 557 <151> 2007-05-10
wEpms0852<170> Patentln version 3.4 <210> 1 <Xies2007/023874

<212> PRT <213> Artificial Sequence <220> <223>

Description of Artificial Sequence: Synthetic peptide
Deasfieldnidle) as follows: A cassette sample containing 0.4 mg of compound (19) of

the present invention and 0.4 mg of each of nine other compounds (for a total dose of
4 mg) was prepared in 2 ml 0.9% saline for injection, providing a concentration of 0.2
mg/ml of each of the ten compounds. Exactly 2 ml was administered as an
intravenous bolus to the test animal, resulting in a total dose level of 0.8 to 1.3 mg/kg
depending on the body weight of the individual amimal. The intravenous injection
was followed by a 1 m! flush with 0.9% saline for injection. Blood samples of 0.6 ml
were collected by venipuncture from a peripheral vein at 2, 5, 10, 15 and 30 minutes
post dose injection, and then at 1, 2 and 4 hours. Each sample was placed in a pre-
chilled glass test tube containing lithium heparin and immediately chilled on ice.
Plasma was collected after centrifugation at 2,000g for fifteen minutes at 2-8°C. The
plasma layers of each sample were transferred to polypropylene tubes and stored
frozen at -60°C or lower until assayed. One hundred microliter aliquots of thawed
plasma were spiked with 5 microliters of a 400 ng/ml solution of an appropriate
internal standard (in this case a known synthetic peptide amide compound) in

0.1% TFA, and the proteins were precipitated with 100 microliters of 0.1% TFA in
acetonitrile. The samples were centrifuged at 1000 x g for 5 minutes and the
supernatants analyzed by L.C-MS. LC-MS analysis was performed on a Finnigan
L.CQ Deca mass spectrometer interfaced to a Surveyor HPLC system (Thermo
Electron Corporation, Waltham, Massachusetts, USA). HPLC analysis was
performed on 2.1 x 150 mm C18 reversed phase columns with a gradient of 0.01%
TFA in acetonitrile in 0.01% TFA in water. Mass detection was performed in the
selected reaction monitoring mode (SRM). Quantitation was performed against a
calibration curve of the analyte in blank cynomolgus monkey plasma using the same
internal standard. Data analysis and the extraction of pharmacokinetic parameters
were performed with the program PK Solutions 2.0 (Summit Research Services,
Ashland, Ohio, USA). Results for compound (19): D-Phe-D-Phe-D-Leu-D-Om-[4-
(N-methyl)amidino-homopiperazine amide] (SEQ ID NO: 1)are shown in Figure 11.

EXAMPLE 53: Ocular Analgesia Induced by Synthetic Peptide Amides of the
Invention )

[00413] Ocular analgesia induced by the synthetic peptide amides of the invention
can be evaluated by in vivo testing in rabbits as follows: Five volumes of the test

compound, 50 microliters each in physiological saline, at the concentration to be
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<220> <221> VARI ANT <222> (1)..(4) <773> Al 6-am no
aci ds <220> <221> MOD RES <222> (4)..(4) <223> Xaa is
D-On bonded to -W (Y- Z ring)-veRLR2 or

wo YWoBhe@Ry1R3R4- 1 RSR6 <400> 1 Phe Phe Leu Xaa f¢r/us2007/023874
PCT/ US2007/ 023874 <210> 2 <211> 5 <212> PRT <213>
Artificial Sequence <220>

tested are instilled into the right eye of naive albino New Zealand strain rabbits within

a period of twenty minutes. Fifteen minutes after the last instillation of the test
compound, each animal is administered a single instillation of 30 microliters of 10
mg/ml capsaicin (33 mM) in the treated eye. Capsaicin is known to induce comeal
pain. Corneal pain is evaluated by measurement of the palpebral opening measured in
millimeters using a transparent ruler in the treated and untreated eyes. In this animal
model, the reduction in size of the palpebral opening after instillation of capsaicin is
an indication of the degree of induced pain. Thus, any observed restoration in size of
the palpebral opening after treatment with test compound is taken as a measure of
relief from capsaicin-induced ocular pain.

[00414] These evaluations are performed before treatment with the test compound
{pre-test), immediately prior to the instillation of capsaicin, and then 1, 5, 10, 15, 20,
25, 30, 40, 50 and 60 minutes following the instillation of capsaicin. The mean of
palpebral opening measurements can be expressed as percent of control over the
period from 10-30 minutes after capsaicin instillation in rabbits pre-instilled with a
kappa opioid agonist of the invention and after preinstillation with a standard
concentration of a control compound such as Diltiazem, a benzothiazepine calcium
channel blocker. See Gonzalez et al., (1993) Invest. Ophthalmol. Vis. Sci. 34: 3329-
3335.

EXAMPLE 54: Dose Response of Synthetic Peptide Amides of the Invention in
Capsaicin-induced Ocular Pain
[00415] Ocular analgesia induced by the synthetic peptide amide to be tested is

seodzllad o
LIIaL11ICU

s 7 ]
at severai Con

concentrati
strain rabbits and evaluated as described in Example 31, above. Results are compared
with analgesia induced by 10 mg/ml morphine (a non-selective opioid agonist), and
with 10 mM Diltiazem as control in the same experiment and under the same
conditions.

[00416] The specifications of each of the U.S. patents and published patent
applications, and the texts of the literature references cited in this specification are
herein incorporated by reference in their entireties. In the event that any definition or
description found in one or more of these references is in conflict with the

corresponding definition or description herein, then the definition or description

disclosed herein is intended.
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<223> Description of Artificial Sequence: Synthetic
pepti de sequence <220> <221> VARI ANT <222> (1)..(5)
<223> Al D-am no acids <220> <221> MOD RES <222>

‘w D008/0€0532 <223> xaa is D-Proline bonded to - V¥{IYES2607/023874
ring)-VeRLR2 or -WPhenylR3R4- JR5R6 <400> 2 Phe Phe
Leu Arg Xaa 15 <210> 3 <211> 4 <212> PRT <213>

[08417]f | ThatxBwdeseneeidedbgsin are for illustration purposes only and are

not to be interpreted as limiting the scope of the invention, the full scope of which

will be immediately recognized by those of skill in the art.
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<223> Description of Artificial Sequence: Synthetic
pepti de sequence <220> <221> VARI ANT <222> (1)..(4)
<223> All D-am no acids <220> <221> MOD RES <222>

4) .<223> Xaa is delta-isopropyl-D Onithine
wifsbsaditha "W (Y- Z ring)-VeRLR2 or W PhenylR3R4- JR5R6

<400> 3 Phe Phe Leu Xaa 1 <210> 4 4 <212> PRT <213>
L ar t i4 partgticpsgiidhaaide having the formula:

Xaa;-Xaa)- Xaas-(Xaay),

G

or a stereolsomer, mixture of stereoisomers, prodrug, pharmaceutically acceptable salt,
hydrate, solvate, acid salt hydrate, N-oxide or isomorphic crystalline form thereof,

wherein

each Xaay is independently selected from the group consisting of (A)(A"D-Phe,
{a-Me)D-Phe, D-Tyr, D-Tic, D-phenylglycine, D-neopentylglycine,
D-phenylglycine, D-homophenylalanine, and p-(E)D-Ala, wherein each (A) and
each (A') are phenyl ring substituents independently selected from the group
consisting of -H, -F, -Cl, -NO,, -CHj, -CFs, -CN, ~CONH,, and wherein each (E)
is independently selected from the group consisting of cyclobutyl, cyclopentyl
cyclohexyl, pyridyl, thieny! and thiazolyl;

cach Xaa; is independently selected from the group consisting of (A)(A"D-Phe,
(a-Me)D-Phe, D-1Nal, D-2Nal, D-Tyr, (E)D-Al, and D-Trp;

cach Xaaj is independently selected from the group consisting of D-Nle, D-Phe,
cyclopentyl-D-Ala, D-Leu, (a-Me)D-Leu, D-Hle, D-Val, and D~Met§

each Xaay is independently seiected from the group consisting of (B)zD-Arg,
(B):D-nArg, (B.D-Har, {-(B)D-Hlys, I3-Dap, e-(B)D-Lys, e<(B);-D-Lys, D-Amf,
amidino- D-Amf, y-(B),D-Dbu, §-(B)u-(B)D-Orn, D-2-amino-3(4-
piperidyl)propionic acid, D-2-amino-3(2-aminopyrrolidyl)propionic acid, D-a-
amino—B—amidino-pfopionjc acid, a-amino-4-piperidineacetic acid, cis-o,4-
diaminocyclohexane acetic acid, trans-o,4-diaminocyclohexaneacetic acid, cis-o-
amino-4-methyl-aminocyclo-hexane acetic acid, trans-g-amino-4-
methylaminocyclohexane acetic acid, a-amino-1-amidino-4-piperidineacetic acid,
cis-a-aminc-4-guanidino-cyclohexane acetic acid, and trans-o-amino-4-
guanidinocyclohexane acetic acid, wherein each (B) is independently selected
from the group consisting of -H and C;-C, alkyl, and (B") is -H or (o-Me), and p is
zero or 1

G 1s selected from one of the following moieties:
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<223> Description of Artificial Sequence:
;)Zlﬁtoﬁet izgspepti de gequence <220> <221> VARI AI\WNOEZg{é;
(1)..(4) <223> Al D-amno acids <220> <221(>)r OD-RES
<222> (4)..(4) <223> xaa is delta-nethyl-D VleRZ e
bonded to W PhenylR3R4-3R5R6 -WCY- Z ring)-Ve
2 PCT/ 1JS2007/ 023874

(1)~ Gis
77N

-W-Y Z

Ri-(V)eR,
wherein p is 1;
Xaaz-Xaa- 1s selected from the group consisting of D-Nie~(B).D-Arg-,
D-Leu-§-(B),a-(B"D-Orn-, and (a~Me)D-Leu—8(B)2—a(B’)D—Oni—; and

the moiety

77N

Y Z

N

is an optionally substifuted 4 to 8-membered heterocyclic ring
moiety wherein all ring heteroatoms in said ring moiety are N;
wherein'Y and 7 are each independently C or N and are not -
adjacent ring atoms; provided that when such ring moiety is a six-,

seven- or eight-membered ring, Y and Z are separated by at least

two ring atoms; and provided that when such ring moiety has a

130



<400> 4 the Phe Leu Xaa 1 <210> 5 <211> 4 <212> PRT
<213> Artificial Sequence <220> <223> Description of
Artificial Sequence: synthetic peptide sequence <220>
<221> VARI ANT <222> (1)..(4) <223> All D-am no acids
<220> <221> MoD RES <222> (4)..(4) <223> Xaa is

D- Lysi ne bongﬁeletk@tcrc\;{&t@h wiich km)mé&?ﬁibﬁ%ﬁmowty is non-

- W Phenyl R3R4- “3125R6 <400> 5
aromatlc

and

(ii) Gis

)

WY

Ri~(V)R,
wherein p is 1; and '
the moiety
77N
Y Z
is an optionélly substituted 4 to 8-membered heterocyclic ring
moiety wherein Yis Cor Nand Zis C, N, O, S, SO, or SOq;
provided that when such ring moiety is a six-, seven- or eight-
membered ring, Y and Z are separé.te& by at least two ring atoms;
provided that when such ring moiety ié non-aromatic and Z is C or
N then such ring moiety comprises at least one S or O ring
hetercatom,; and provided further that when such ring moiety is
aromatic, then Y is C; ' 7
wherein W is selected from the group consisting of:
o null, provided that when W is mﬁI, Y is N; |
“NH-(CH,),- with b equal to zero, 1, 2, 3,4, 5, or 6; and
-NH-~(CH,).-O- with ¢ equal to 2, or 3;
wherein V is C;-Cs alkyl, and e is zero or 1, wherein when ¢ is zero, then V is null and,
R;and R, aré directly bonded to the same or different ring atoms;
wherein (a) R; is -H, -OH, halo, CF3, -NH,, -COOH, C;-Cs alkyl, amidino, C;-Cy alkyl-
substituted amidino, aryl, optionally substituted heterocyclyl, Prc_j-amide, Pro,
Gly, Ala, Val, Lew, Ile, Lys, Arg, Orn, Ser, Thr, CN, CONH,, COR’, SO.R’,
CONR'R“, NHCOR', OR', or SO;NR'R"; wherein said optionally substituted
heterocyclyl is optionally singly or doubly substituted with substituents
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Phe Phe Leu Xaa 1 <210> 6 <211> 4 <212> PRT <213>
Artificial sequence <220> <223> Descri ption of
Artificial sequence: Synthetic peptide sequence <220>
<221> VARI ANT <222> (1)..(4) <223> Al D-anino acids
<220> <221> MOD_RES <222> (4)..(4) <223> Xaa is

bet a- am di no- D- 2, 3- di am nopr opi oni ¢ aci d baonded to

- WidypendentinggjectedRigm ty rowp pRRHSHORERA - SReRy A osCealkyl,
Phe. Pheres %8andy, N0, -CN, -COOH, and amidino; wherein R' and R" are

each independently -I, C,-Cs alkyl, aryl, heterocyclyl or R' and R" are combined
to form a 4- to 8-membered ring, which ring is optionally substituted singly or
doubly with substituents independently selected from the group consisting of
C;-Cs alkyl, ~-OC,-Cg alkyl, -OH, -Cl, -F, -NH», -NO,, -CN, and -COOH,
amidino; and R, is H, amidino, singly or doubly C;-C; alkyl-substituted amidino,
-CN, -CONH,, -CONR'R", -NHCOR', -SO,NR'R", or -COOH; or
(b) Ry and R, taken together can form an optionally substituted 4- to 9-membered
heterocyclic monocyclic or bicyclic ring moiety which is bonded to a
single ring atom of the Y and Z-containing ring moiety; or
(¢) Ry and R; taken together with a single ring atom of the Y and Z-containing
ring moiety can form an optionally substituted 4- to 8-membered
heterocyclic ring moiety to form a spiro structure; or
(d) R; and R, taken together with two or more adjacent ring atoms of the Y and Z-
containing ring moiety can form an optionally substituted 4- to 9-
membered heterocyclic monocyclic or bicyclic ring moiety fused to the Y
and Z-containing ring moiety; ' '
wherein each of said optionally substituted 4- to 9-membered heterocyclic ring
moieties comprising R; and R; is optionally singly or doubly substituted
with substituents independently selected from the group consisting of C;-
Cs alkyl, -OC,;-Cq alkyl, optionally substituted phenyl, oxo, -OH, -Cl, -F,
-NH;, -NQO,, -CN, -COOH, and amidino;
provided that when the Y and Z-containing ring moiety is a six or seven membered ring.
comprising a single ring heteroatom and when one of Y and Z is C and the other
| of Y and Z is N, and e is zero, then R, is not -OH, and R and R; are not both -H;
provided further that when the Y and Z-containing ring moiety is a six membered ring
comprising two ring heteroatoms, both Y and Z are N, W is null, and -V(R,)(R»)
is attached to Z, then -V(R;)(Ry) is selected from the group consisting of
amidino, C;-Cg alkyl-substituted amidino, dihydroimidazole, -CH,COOH, and
~CH,C(O)NH,, and '
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<210> 7 <211> 4 <212> PRT <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:
Synt hetic peptide sequence <220> <221> VARI ANT <222>
(1)..(4) <223> Al 0-amno acids PCT/US2007/023874
<220> <221> MDD _RES <222> (4) . (4) <223> Xaa is

gi ni ne bonded tg - W /(Y- rln VeRLR2

fastly, Wopﬁi@ﬁﬁqiggﬁlp@ Y pgh%—cgg‘r@ggngrmg mo gty 52 5ix memhbered ring

)

comprising an S or O ring heteroatorn, or if the Y and Z-containing ring moiety 1s
a six membered ring comprising two ring heteroatoms, wherein both Y and Z are
N and W is null, or if tié¢ Y and Z-containing ring moiety is a six membered
aromatic ring comprising a single ring heteroatom, which heteroatom is N, then,

when e is zero, R, and R, are not both -H.

The synthetic peptide amide of claim 1, wherein G 1s

77\
~W-Y . Z

Ri-(V)eRy
and Ry and R, taken together with zero, one or two nng atoms of the Y- and Z-
containing ring moiety comprise a monocyclic or bicyclic 4-9 membered
heterocyclic riﬁg moiety.
The synthetic peptide amide of claim 2, wherein R; and R, taken together with
one ring atom of the Y and Z-containing ring moiety comprise a 4- to 8-
membered heterocyclic ring moiety which with the Y and Z~containing ring
moiety forms a spiro structure. | |
The synthetic peptide amide of any of claims 1-3 wherein each Xaa; and each
Xaa, is D-Phe. -
The synthetic peptide amide of any of claims 1-4 wherein each Xaa; 1s selected
from the group consisting of D-Nie and D-Leu. _ |
ti of any of claims 1-5, wherein each Xaay is selected
from the group consisting of (B)QD-Arg, and 8-(B),D-Om.
The synthetic peptide amide of any of claims 1-6 wherein G is
/SN
-W-Y VA
o~
Ri-(V)e Ry
and W is nuil.
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10,

11.

12.

13.

Phe Phe Leu Xaa 1 <210> 8 <211> 4 <212> PRT <213>
Artificial Sequence <220> <223> Descri ption of
Artificial Sequence: Synthetic peptide sequence <220>
<221> VARI ANT <222> (1)..(4) <223> All 0-am no acids
<220> <221> MOD_RES <222> (4)..(4) <223> Xaa is

D- al pha, gama- di am nobutyric acid bonded to -W(Y- Z

ri r)[%) VeR1IR2 or -W PhenylR3R4- JR5R6 <400> 8
e

synthetlc peptide amide of claims 1-7 wherein G is

/N

RSV,
-~ Ri-(V)eR,
and the Y and Z-containing ring moiety is a six or seven membered ring, Y is a
~ npitrogen atom and Z is a c;arbon atom or a nitrogen atom. |
The synthetic peptide amide of any of claims 1-7 wherein G is

-W-Y Z

Ri-(VeR;
and the Y and Z-containing ring moiety is a six or seven membered ring, Y is a
carbon atom, and Z is a 'nitrogen atom. - '
The synthetlc peptide amide of claim 8 Wherem the Y- and Z-contammg nng '

comprises one or more sulfur or oxygen atoms.

The synﬂletig peptide arnide of any of claims 1-10 wherein R, is -H, -OH, -NH,,
-COOH, C;-C; alkyl, amidino, Cy-Cs alkyl-substituted amidino,
dihydroimidazole, D-Pro, D-Pro amide, or CONH, and wherein R; is H, -COOH,

or Cl—C3 a]kyl
The synthehc peptlde arnlde of cla1m 1 wherein G is

L4 1Y

-W—Y\><Z
Ri(V)eR,

and Xaa, is D-Phe, Xaa, is D-Phe, Xaas is D-Leu, Xaa, is 8-(B),D-Orn, wherein
(B) is -H, methyl, or isopropyl; further wherein W is null, the Y and Z-containing
ring moiety is a six or seven membered ring, Y is a nitrogen atom, ¢ is zero, Ry is
-NH,, amidino, C4-Cs alkyl, C;-C; alkyl-substituted amidino, dihydroimidazole, -
D-Pro, or D-Pro amide, and R, is H or -COOH.
The synthetic peptide amide of any of claims 1-6, wherein
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Ri-(V): R,

is selected from the group consisting of:
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. M
N : N
O’\ium ‘ K/N\iwz
_ o ' N
\H"‘C/'\(D 5/\"(/“\ A
OH —
L A QN
i, OH OH



14.

15.

16.

17.

18,

19.

[

and

A pharmaceutical composition comprising an effective amount of the synthetic

. peptid_e amide of any of claims 1-13 and a phélmaceutiéall_y' abceptéble excipient

Or cartier.
Use of the syﬁthctic peptide amide of any of claims 1-13 for the manufacture of a
medicament for the treatment or prevention of a kappa opioid receptor-associated

disease or condition in a mammal.

The use according to claim 15, wherein the kappa opioid receptor-associated

condition is selec_ted from the group conéi"stit_xg of pain, inflammation, pruritis,

edema, hyponatremia, hypokalemia, ileus, tussis and glancoma.

The use according to claim 16, wherein the pain is selected from the groﬁp

consisting of neuropathic pain, somatic pain, visceral pain and cutaneous pain.

The use accordmg to claim 16, wherein the pain is selected from the group
consisting of arthritic pain, kidney-stone pain, uterine cramping, dysmenorrhea,
endometriosis, dyspepsia, post-surgical pain, post medical procedure pain, ocular

pain, otitic pain, breakthrough cancer. pam and pam assomated with a GI dlsorder.

, The use accordmg to claim 18, wherein the surgery is pelvm laparoscopy, tubal

~ ligation, hysterectomy and cholecystecomy
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