; e3e.Jx6Ta2 4 APR 2002 KAPPA RECEPTOR OPI O D PEPTI DES The present invention
relates generally to synthetic opioid peptides, particularly to opioid
pepti des which are highly selective kappa receptor agonist84andquﬂe
particularly to such agonists that (a) do not penetrate 5 into the brain
and (b) exhibit a |ong-|ZtEERy Faﬁﬂwﬁﬂ QREKQIR: RERTIRES in vivo. BACKGROUND
OF THE | NVENTI OhfHéa pi@ sepitoii iveaeaphO k-1 6lKeBS heReeal 16548 symthiae ilr ai n,

spi nal cord, .and, on h% central.agg %grigheraL Igcterntgﬁlsﬁﬁgd cel|l bodies
of the priMpiceRerniast cpartdSidatiy Eoan ote: BEtias, WhaCh &%eon

i mune cel heghly eelleet ivei khppat rezeptktRagandstemamdl yoref erred to as
kappa agoni 8 i Lan K Lch l.ocated i rain has 15
been shomptsaé%ﬁrdgg't&geyq%%aﬁg Be%n\gg%%c{tﬁ%rhi(gsf?ﬁg’d?ﬁ% Eeég’etl%(faécﬁenpts to
devel o br dintopdiet baeiimg ando{bpeprhdbd tkappenggdaistisngf or use as origi na
anal gesi cs Is : ' f. unwant ed side effects
(constipatFgﬁﬁgpggggkgf%%yggégpgggi8&Qa%épendence and addiction) of. 20
nmor phi ni ¢ anal ogs that act BAAKGROUNDOOEH TBEcPNUENTIONRs). The anal gesic

activity, as we ls &C =Opkahdy | Lka" .S f fsec of this
cl ass of conpquh%g&%aggggég'Kgggggﬁyghggeggehhgﬁ %F%g g.éﬁh ﬁnans.
However, t R&EeddyvelSPFRedt CoFdzy8henPd kBppaeassalsfaWReTdPNedAdi nued 25

becaug® t heyertehalshewda telal pedieduse tReCpliasiydeenblbast & rFecBnes
di uresis, sedat%pn an %gs hor 3, nedégh d throua kagpa &ﬁceptors | ocat ed
'n the br ailfometas ARSs VREFREN) naPSKVRIL, 2RORE ABUMIE) SELdRer i n t he
peri phery odolieculles shiichl actisatey KaRsoapeodommoddyaralfgesied. thoasver ,
nei t her pegj ral .+Spi nal KORs were associated with any of the side
effects ofkggggeﬁﬁgaasﬁgﬁpa agoni sts. Therefore, as long as it is possible
to create kappadcdd¥ptdenopifoK@Rggwhishsargalogatesdt ion brraipr has
(fol I aw ngRihhehoRer teherakuee aRi BAk13des3enedcabiatl | @kl £inRenLd be
possi bl e t obtalgﬁgafe ang orlglnal naLgeS|cs. -1 2 4 APR 20f1 -
Kappa agoni O, BETEEPSSEr FAnERYR LR PRBLNCBEPRER At A R dEPE~EFPEAEAS! i nal
as wel |l asxappaniagonistsalfoesusei aducedgliyalil heladgedsliesakwhiehl apuadi on, and
irritabl e Banel BuRdLaTRG! BRlenlCl HOCLUES EX30gRER G bRceral S pain
ue to a visceral hypérsensitivity possiblry I'inked to a Focal inflammation,
is al so a wrespdrateryadepreghéernl, Heppndepoeri end pddigdiioninofo t he

gast r gignt Rl filcAGha18GBCERKES aELACANAY BB 18 iBALRekRHEal (fBRd)LI On that
invol ves activation and/or sensitization (i.e. local 10 _inflammtiagn) of
primary serf$6r fraEese St 8cki¥iklsoasoeldePEItPE LaFKeO&n! THFPPABE At e
targets forl_iscllcwh sd deapiFz eceeg pber tﬁﬁisobdasggamacg@gph@as anlﬁs.Obblbnf:-k f
neur ogeni c i ti.on i 0 i,c_tissues i.nhi bt e ease 0
subst ance ﬁ%%#ﬁ% eﬁaﬁytgeﬁgg$§lﬁFﬁér8 shféagﬁd ab@“&%@ ’kﬁé&n to act on
t he i mune dey=lloprent lodfveystemici kpppa agbnbster yasodd seontimued cel | s.
Pepti des ' i | e al ' x iRt i satfinity for
the K vggﬁﬁguﬁﬁétﬁ%gf“%%%qﬁhﬁgéegﬁi32583?§§95Eaﬁgggﬁ ?éggﬁ?gand whi ch
exhi bit | ofEstqusachoasofincesds i Aefasiancapdr dyephgriip  d@sfiagedy, S.

Patgnt Np-d &r@l@t hr%&%ﬁgsge@% & ol @ uaaama'ﬁd% ie_aat BIrdiiAg Iourh_DLJ i tsorrggL a][n' no
aci d residues at bind to u c i des _do .not, exhi bi 0
the desirable c@ﬁ%%ﬁﬁﬁﬂ%ﬁﬂqé§pééﬁqfgpiﬁsab%ggs ggcégﬁﬂﬁﬁ? TTHE FE@ENTION
A genus of peafiphiay las ire¢hedspdmadr edrdhimaly @lbiobiprokduge sel ectivity for
t he KQR an rati f  in_Vi ctli i QL kLbit any
si gni gl%can% aﬁ%%nsq;ae'ne rgrte?’gﬁ.' ?\téé\segle%e%’telg-gggiggg\ri;hprhﬁgegg’ls%c}ugégg of four
were associated with any of the side effects of systemic
kappa agonists. Therefore, as long as it is possible to
create Kappa receptor opioid agonists that do not enter
the brain (following either peripheral or spinal

35 administration),=it should be possible to obtain safe and

original analgesics. JNGHRRVAm
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30 D-isoner amno acids having a CGtermnus that is either a nono or

di substituted am de. These conpounds have the foll ow ng general formula:
H Xaal - Xaa2- Xaa3- Xaa~- subst i tut ed am de wherein Xaal is (A) 2#&HPR 2002
(CaMe) D-Phe, D-Tyr, D-Tic or , Ala(cyclopentyl or thienyl), with A

bei ng H Noz, Rafda Oig&ﬁ?stsé??&dhée(ﬁerﬁB?éFQE EFE§QE1CQ%§£F$’1£>Tyr or

D-Trp, with A beln A’ or Xaa3 2 4
APR 2002 modgls [pi/awt%ﬁ'ibh@abraﬁ}wé}c?él saéﬁwp)hweﬁamﬁémg H or Ca, Mg;

Xaa, is D-Mducda Hey mDralasa Dobys, 1thhmmal@£\bﬁ( EhAd, iPriesp e 2) D- Ant,

D-Grf, D I P thyl a

nor phol i d °%Fiﬁé%#hf%m%|K§és) re$ Ly?ﬁ%&hgesnggggﬁgﬁ %Ybi@?%ﬁﬁde

cycl o® opmaxm ctb;e dtetdnyvasrceleahnﬁypabsemsmtédlbgnpyhairbﬁp linkedeto
partlcular fhﬁﬂX@ onlgr ?ggﬁér2%?&Egtk8r°9n9é?%$ﬁ %Ape am de or

a pharnaceutl acce fe sa avin y for the
kappa opldK%PF%miﬁﬁ%#Slec n|gdéttL@ast01tbeogashﬁglntgsﬁinah|twa¢bx t he nu

opi 0i d recoROF Allcaba C§h6\¥bh§| a8pa@nele§&aanoaoﬁale%hoehx@en

adm ni st er gd VIVO Mhﬁﬁ E g |2e has ornul a:

e an S eroruelds et B LR R dGr "FentAR L BREREN  (£(80) 185 %he, D Ty,
D-Tiaor mim(mm'opmx ybfopriinaepy*sknswyhaé\fbeengsHaréloalsE Cl or CH3;

Sac1e, X ORERE O hspFheRRt oBpldbriht? Ehbagtt Fof s B Y A ©f

D- Al a(cycllﬁmﬁylrecwmrsomphg H Bappabreonxshs aiso higekD Har DnArg,
D-Lys, Dlrhé/ur ﬂi@tﬁﬂflgmhatighzin SondticDeE8Eue & B um@xﬂ'@l D-lor.

and Qis n t hi onor pholin eridin erazin
4- nono- or %fb§§%s?¥ %?Eﬁtﬁﬁcﬁ BEEEQFnéFlméF§E5€9§9FY %ffﬁféé)%elngy
| oweriml kyand sastalsid elnbvnetoabkyl onbeheylimmanbsEystérdaheniave

aninocyclﬁggﬁy_ f§tgﬁa£ ¥£itgrg'§8#¥lbn ghﬁﬁgyg Qlcolyl an

c~-(acyl a net hyl ene or y( OX & €néJ T group, and RZ being H
or |ower alkyl P@pﬁl@@scybechgwia14nnyd=029rotha bxeln}nwhlthrther aspect,

the 'nve“té%bi‘@'ﬂ LPEiHELy Of:oi-héﬁ@ R@ﬁpwﬁﬁs'ﬂhéhﬁokre@ﬁ t of human
patients sufferl %P ron1V|scera Ealn and bl a dder |nstab|I|ty or

the 1ike, RAVeHD-OR BOEBRA¥LABIGR E&gégy'aénQS"’hlﬁbl exBIbiR LoRg | ar

treatyignt HfirAeNoRUSBNABRIBR! §:1 vived are2 %Mf%e@'&r@s@bpy ON OF THE
PREFERRED EMBCODI MENTS The nonencl ature ‘'used to define the peptides is that

speci fi ed Bgtehr¥aer58510pkel FhecbeperdéetrApgREifies pres al&@@%, wher ei n,
in accordafw&thhs@ﬁ@feaﬁmaahcsidr@aégaeehatheﬁ bihe tbtRORE pUsSutppears to

the Lot Bdol"SeSe LSLT, B4onbe LORAEAR TS g By alagll sl ¢ e e has
repr esent echaeaeteriistbss stheforth akpwessly indicat ed.
25 S8UMMARY OF THE INVENTION
A genus of peptides has been discovered which eXhlblt
high selectivity for the KOR and long duration of invivo
action and which do not exhibit any significant brain
penetration. These peptides comprise a sequence of four
30 D-isomer amino acids having a C-terminus that is either a
mono or disubstituted amide. These compounds have the
following general formula:
H-Xaa,~Xaa,-Xaa,-Xaa;~substituted amide
wherein }iaa1 is (A)D-Phe, (CMe)D-Phe, D-Tyr, D-Tic or D-
35 ' Ala(cyclopentyl or thienyl), with A being H, NO,, F, Cl or
CH,: Xaa, is (A')D-Phe, D-1Nal, D-2Nal, D-Tyr or D-Trp,
with A' being A or 3,4Cl,; Xaa, is D-Nle, (B)D-Leu, D-Hle,
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10 As indicated above, the invention provides peptides which are selective
for the KOR and not only exhibit a strong affinity for the KOR but exhibit
long duration of in vivo bioactivity. These kappa sel ecti VE4 OfPROp@d2 pept i des
have at | east 1,000 tines greater binding affinity for the 15 KOR than the

MOR, th d t ty, d
wth soms DoBonbe ekh: B Tk oda Dat TR TcYS P oreBer b o PR BE iRt "or Loy ot
However, for ﬂﬁﬁy |m¢ca5| Bnérgb PsHampobtaArgy, h@tLyal, oBgIayt hDsuch hi gh
sel ectivity S £, KanRaiAIFY, $1 Spshnt! dozemfghbbbﬁubobho | 8ekpQtoy,

S|gn|f|cant “BrarH enetratigh’and a prol on duration of 1n vivo
anti noci ceBrey8raeY; IPLgeS THRFbRQe e IP}ﬁlilﬂH‘??r JAe¥Bhehid8pove- nent i oned

sel ect pvi t ¥hiphetphokilde prpopasl gxambié, npipesazide Anpropal ampeact ration

the more prorePPEaPiinBRth ac FERIINAS ot FRanERBOSE Ve Tor ac least |
about 2 hobeszydadideth the nost preferred compounds exhibiting such

si gni ficant actiyi BMefBErEBé’:@faPoé'éﬁ & Imgeiaa enﬁbsnasbssyaey ons set
forth hereinafter ,are used hr oug ocunent.” By D-Nle i s neant

D- nor | euci AENtRABLD- PPé°%@pP%EEH§% @%\‘B%D?’é@lmar@%‘l‘t%ﬁb?‘&ent s

thomoaogl Rhﬂ@epﬂﬂﬂl@- BALY® tl@@f@@ﬁnmsvih omrafﬂmstwnf@h tlSeOK\@pp‘éir bon
shorter than

I
SUbst | 1 ut cEPLR AaRRERUROE AR HER o880t FeERE By 50, Sanes “BEBNaRE TN D oyed,
i .e. the afbachhenmut ophapdit hatepktor samd whick- emhn.bn.bs bnnghe ring
t t b APR 20p2
> Epa o o HSERELE™ 8pr BCEHET VaEhoRiT VR SECERT oD P S RORGIFE. D Pho.
wi th D 4CphasDeBepé@priaB&pa and D 4Fpa being preferred. D Npa neans

vitros R Phg, d dA o represent nethyl-D Phe. D 3,4Cpa neans
3, 4- dllc%ﬂ O?OX%Q %}Miﬁg )k@;? Sresents D- Al a(cycl opentyl). D-Orn represents

D- or ni t hi nEhesRENDXBBY I%e Péslé‘rﬂl'@ al (fMeyBrRbe aRrA¥rhuDyliie aci B- O

represent SAmz:whobth 1a6Q QVPeﬁf‘Pf eSeDER &abéenaj’hﬁ ﬁwz,D#lArél oy meant D
4 (NHzCH2) Phe,  and ich 1.0 represents

D- Phe wher &8 !’nex%ach}é {fondr gr‘%ub?t’”‘ﬁ%edovﬁ%ﬁTﬂ—Q ﬂ&FNﬂ)"Nﬂz TrBy D-Tic is
meant D-1, i8h4aet babydrai eﬁqmmoig,neéa},casbnxmec d8i) b-Len, Abaglbj ), Thi
repreggnt syt t hise 0 t = Posi tion
topal gﬁl ne, Q?Fhohgﬂxg g%l g‘?\‘;"u x\?sﬁl igfl‘g%g éé\%%# gkgﬁl g bé%ﬁ?g}rlpare
respectiveby Rt XzmpidspPrargs Qnﬂarsopr—o@yg @n%er@—ﬂﬂe,spde chain

ani no grOUerg%Eel Ky sdred iy Isomnepyb chY, | guBbual bibrhs oFepniof) to 6
and i ncl udes-cycf oal Kyl nd’ & reférred |ncI udi ng cycl opropyl 20

and cycl ob@P§I R #E, NEtRz'PF°rPBPllBM1'Pﬁgéﬁﬂ°ﬁgp°gtl"€y used to represent

met IhyI et hxcbplpéeﬁzylhnywopippyézlbylyI4-:1ﬂenbyloand beaiykupszlﬂype.ds meant
cycl opropy S cy. nkage is

prefe 5b| ybgggg%é%xgyo?%anngﬁ%} ﬁg&guﬁ jﬁ‘lc’tka e may ‘be el sewhere in
t he chai n, sebgtisugent ¥bwahi ahkydy heszybe svebemtuted hsné}’hyl propyl . Ahx
representsaglﬁgb9glgg§ lr'2~tﬂlﬁz$l§Tz 2-PidbRy1, 44CKizoh§1ysgd Lo

represent 4am nolycl ohexy s used to represent hydf oxyet hyl , i.e.
- CHZCHz OH. PS&S%ﬁ’lltrulaé‘dmbéﬁﬁWaF‘hBPh'dB@lmem‘M%eaﬁ&EABz whi ch represent

4-ni troben@dl yaostyed mehewzgi—oupndaﬁ@bng Dafigefl H or uwveedlkyl; and

4- (2 %arbox¥le“§pll_%g -CH,. ~) CH-CHI NH By 2-, 3-
and 4 coI ez 5ﬁ§ 4P‘Fcf‘ 8?‘8 nmeant 35 net hyl pyridine groups with
t he attachrrent Eel ag furhihar- 8spe@t4 #hp frvention includes the use

of these compounds in the treatment of human patients

suffering from visceral pain and the like, bladder

instability or the like, or IBD or autoimmune diseases, as
35 well as in similar treatment of non-human mammals,



nmet hyl ene in the 2-, 3- or 4-position. By Mr is nmeant norpholinyl, i.e. p
. and by Tro is neant U thionorpholinyl, _NS 5 By Pip is 2@aarr 2002

pi peridinyl (piperidyl), and by 4-HyP and OxP~are meant

4- hydr oxypi peridi n-1-yl and 4-oxo-piperidinl-yl. Hy Ppz is neant

pi perazi nyl . Ecp BRIEEsORESRIATFAN AT AP,/ |IPRARERRED EMBOAIMENTS r epresent s

4phenyl car banoyl e rgar n | h as
4, 4- di net hyl p|égﬁgzﬁﬁﬁﬁﬁgia%EﬁSCM§%8098 Hegﬁﬁgo§gg‘%QEEFB§%b§§IFE§F0nS

may al so bespeedfied/by Schepdes Bylabke,i ShaBemtides, tkaaademw ,Press, Il |1 N
- O By Elyobs TRDLoE:| Yex! MliLa e §hdR SDALD-RRLAG Oroup of L-lvsine
y e t

S connecte an am efrm nus ndi cat ed above, R
can be &n vweepyesaanhatipol yrhehii-saengnyapappearpoty( theelafteand ghgup,
such as Aacg-£@emihll, t&¥her r&8at . AARnkeR’ 88€Rh%no acid residue has

8(acetylamp dioxaoct 5 1- CHz CH2- OCH2CH2- NH- A¢. Aoo
represents BS%HF%&Cs Brﬁ?oxé% gsltbF ngHEmerag%rm of the amino aci

CH2CHs - O CHe¥kz - s Chiz Chtz - ﬁk@rebbhtedphesemhsuﬁiess otherwise

(Lhydr oor ot %é?% .e. (CHz) ~- NH(L-hydroorotyl); L-hydroorotic
acid is C N% €8i¥IEéF}E%X represents 6- (Dgl uconyl am no) ~hexyl, i.e.

( CH2) ~1&H CO- ( CHEsl) indipatedcaborvepr §benipvention provides peptides

6- (D'9|Uconwﬁﬂéhn8¥é3s§19b€¥@QC¥o¥ ¥he koﬁ aﬁdonot cnly exhibit a
CH2CH2- 0- CHZCH2- O CHz CH2- NH- CO ( CHOH ) D- Phe or substituted

D-Phe is pr%té@ﬂ@dafﬁlnh§Y159§|thenKOthupheﬁynbntnéonaydb§a§m98tDfumed at
the 2-, . d/ or psitio and_ common ubstituyti hl ori ne or
fluorine atvlf?igblzc’%?th‘;) 041 t |£¥é§?egﬁpg?e??Lécg %eT%l%l‘g % éﬁ)m may

al so be nethyvat at. 1€aber 1equovalmets geeaduesb\zn/nd¢hgr asedhieyDEGhethay al so
be use PR, 2004 i y
D-Ala(gyclg€%%$§ﬁ?é Ehg ﬂ d %Eg Q%$ﬁe°§%%§gl Fo ?éégdug héaa o)
preferably tDP%@Ootlsassgreateu BfEia ikt hasdcwithbsomeucoonoupdsaf er abl y

I ncluding aesnbBitiHENANORFERRI¢yPRY B00B0D R RBReOLihBE BRER¥br(i Ny o
the 3- and 4- SItIOﬂS Al'ternatively, D-alanine substltuted by naghthyl

can be usedi®%eVgEy| £9% EPWVplaﬁ&CB¢?9PS ?ﬁe1§ ﬁBEPFFBHt|§ Btef 8L9BY
occupi ed bywathesudhehighhsasebtlivatyl)- the, kBpbh, a@loetstthldr D-Val

DOvEeEp O RURLELE) BRERLH 1ok 16 RAGHSTRUCS' BEa5 WAL -BriEA Ll £ T

del t a- am nopgodongedsdurtb ibgopopyiyo aaxetnedsﬁ@éﬁmwe mﬁm:‘rqd. for the

4-position. D.nArq .and ot her al ent si dues - be used, such
re e Lys U RPaFe ke, iff ladRion Je, tha BhovRa et BRas FEAE R BT« and
D- Har (whi chrefgrivedsebaspbtintied ewhtibvidi ebhglignificeatebrainGrf, D- Dbu,

D- 4Anf, andp Dbk 523 Al 721 02 i8R AN QS el ghqhscﬁg%gegwda&hat good

duration of oglca |on rom
sequené® of 18apti 3bprt &ﬁ?nbO&éndyltmttﬁ&sm§aﬁppr§ﬁﬁ§rﬁé FORBCRRES t he

duration Ofréﬁhhﬁ&n@aglgﬂﬂgﬁ@hh£1quhk%l%@pﬁbrf%& h@%s%néﬁgﬁklbuhédr§”1de
and that a Iog ggg%bors action s obtained o r,ough ~~,
i ncor por at i 8R%M* §tPP§Fe§§%ﬁQ£§ QHm?qénﬁérﬁﬁgﬁgl 1PﬁgFB°
substituti osignificant activity for three hours or longer.
The abbreviations set forth hereinafter are used
30 throughout this document. By D-Nle is meant D-norleucine,
and D-Hle represents D-homoleucine. D-Har represents D-
homoarginine, and D-nArg represents D-norarginine which is
one carbon shorter than D~Arg. By D-Nal is meant the D-
~ isomer of alanine which is substituted by naphthyl on the
35 B-carbon. Preferably, D-2Nal is employed, i.e. the
attachment to naphthalene is at the 2-position on the ring

structure; however, D-1Nal may also be used. D-Cpa and D-

~
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25 may be in the formof ethyl, nethyl, propyl, cyclopropyl and picolyl, as

wel | as other equival ent~resi dues, such as hydroxyethyl, tRBi4aaPRyAs?

am nocycl ohexyl, benzyl, and substituted benzyl. Generally, |ower alkyl or
pi colyl substitutents are preferred for single substitutedan des. 30

ij _nstﬁafl ofFppa %f@'@sétlﬂlbﬁélfé@?ﬂs@xﬂt ﬂeres?péittai\kdiy,zl&lﬁl ¢1E¢Ltn-crg@e %g@-_ 4
iethylam no, is an alternatiye, howeye refe y_ such i suhstitute
C-term nu "gm(')?:cﬁpn?léﬁ’ by n%r?)%?y\%ﬁm?% g‘ﬁm# ?)I?‘?f#/ll%]o&pﬁ S ny

noi ety, wipteférréeédtt eP-Kpa mgeams ubitrotd<Rhe; andsD+NpH ek 3fsed iy

4- hydr oxy 4 L DeLazby | _4- - 4,4dj - ﬂ,tl';lt- uted

pi per azi ny pn%?%%(rgt n%%fgoﬁﬁ%ﬁ%'seg? fal's an %é-){l?sys{/l‘l‘{. df[A R 2002 - It

is fouhd tFh&- bi PURGE FePyererts | D-Air (FXFIoRAREYE) ¢ hdDho aci d sequence

ept i des. Sh e DT B e o suc
pepti des shpul d exhi pit,a bipding_affini 0 appa. recept or suc
that its .W’%%%fhﬁlg%labﬁﬁ%gz i rreRESSentR o’ﬂﬁgﬁxﬂ' a&%on B acti on,
whi ch is heNP eveprésebes pCiMarEhey. aByaD-diAmft dsomelalme -ructure of the
am de att L DUS . N, chi i he
antinoci c%%ﬁgggg'%géﬁgeg ﬁé?ef%g??éeif gn%ﬁ#K%ﬁﬁgéf&p%le% ed |0

pept ites esepresertpsPaine avhere| the chtpesition yig gsubsil Bitedhmddbhours and

have no si@.&&q&jcc(qmcimfztecg upopithesbreane B-pJefersed subgenus of the
genus opi o] tides set,forth hereinbeforge has, {he formula: .15

Th Xaal - Xadht SEEIY GBS LS ORHRP b R 3P AT RO R 3GHUbsY AT rsubst i ¢ ut ed
by Co, Mﬁ T, zﬂﬁlmeséﬁné, tihe e\ exfyy o rment Whixh tie epndfera¥ayz i s

A" ) D Phe, i - TLD, 4 M . bei o 4G or

S atrz: iy haR o LRI B0 led e hfing ® Dbl a vertiiR)

D Ar gkEt 2)an rqysvabenty By HRlY #ndiioY Rne )respeativelypu@ant D~ or,

D- Dbu, D%o%réﬂ@l D8t ang aﬂgo%éﬁﬁi\wﬂﬁlwﬂ\@fe @, s R critrilfly Bmi®eP or
Ppz, with R beip I\/i Et gr,, u, , hEt, , Bzl or 4-picolyl, and Rz.

bei ng H ordFRYP  1S5akkyiaked gith {FW%RP¥Y subgenus of kappa opi oi d

pepti des has t gy fDowetl aalky Xabs -neat XGatoXa@y, akiwbetadesxXaal i s D- Phe,
D 4Fpa, D a cp. O L), s D-P 4 , D-4Cpa,
D 3, 4Cpa, %Fﬁ%?&{}g@R&é%‘éﬁ?&gégg#%eﬁxﬁﬁé{‘@&t&ﬁ%ﬁ‘ﬁ%ﬁ D Leu:
Xaa, 2030 and xyebobBtyys, MeHaEt, PnArfpor B OPn andl B33 SmeRUR2A Mor,

Tno, Pip, dsHydpPesERE m¥thil R e®9y 10 lﬁ'odpﬁ.' {dbp 1 hutBzl or 4Pic,
and ~z bei n%éH or Et. er preferre suibgen s of kappa ‘_ogior oi d peptides

A furth
has the foRSREYh 2N RERPYXnazBXGYP »&5 WIS WIPBELY a7 BYPhe,
D- 4Fpa, D-@fipaisnéaptocyOrblieyhi ) ; Adaedudls £ie D Phlegagd>-idNal , D-ZNal or

2 4 bR 200n T Re By pbpabnd g, OF b itk epably it flibBlte B P
Mor, %D, ¥ pebseWperewinhtima okdiny, Be,9 Pr3wpentyl winieh gy @rlsiceheed
subgenus OfeK@Ppeqaopbohd BERVIPESPYES Ak fPéPFefentt XQdln MA4e3A - Xaa, - Q
i.e. (CH;)¢NH,. 4Acx is used to represent 4-
aminocyclohexyl, and hEt is used to represent
hydroxyethyl, i.e. -CH,CH,0H. Substituted benzyl includes
30 4Nbz and 4Abz, which represent 4-nitrobenzyl and 4-
aminobenzyl, and Aeb is used to represent 4-(2-amino-2-

carboxyethyl)benzyl, i.e.
COOH

|
CH,-( Q )CH,.CH
/T

NH,

By 2-, 3- and 4-picolyl (2Pic, 3Pic and 4Pic) are meant
35 methylpyridine groups with the attachment being via a

-5-



5 wherein Xaal is D Phe, D 4Fpa, D-2Fpa or DA a(2Thi); Xaaz is (A)DPhe
D-INal, D-2Nal or DTrp, with A being 3,4Cl2 or 4Cl; Xaaj & %

D-Leu: Xaa, is DArg, DOn or DGif~ and Qis NHR' Mr, Tno, Pcp, @gz or
N(Et)z, with R being Et, Pr, Cyp, 4Pic, Aeb or Hoh. 10 The foregoi ng genus
and subgenmﬂemlﬁ el:r@mt-l des- hﬁva-lwritflmnd By Mte iextraged duration
of antinocice Lrtc\él vViVvo act|V|ty as a result of incorporating a

substi t ut ec!fl 'hel ‘Gternminus of the position-4 amno acid residue.
This parti culga.Lgnexpect ed attribute 15 renders such peptides particularly
val uabl e as 'ert in of themq r}ltsa t| & in vivo for periods of three
hours and | BGhger. OcCertain t t rapepti avi ng the aforenenti oned sequence
but having a stmple Ctermn i de aI so denonstrate high selectivity for
the KOR  agriimssitbilihyd0, ¢ , however, they 3enerally exhibit only
short termduration of acti oR. ‘is fully expected that such opioid
peptides will exhibit extende erm of duration when synthesized so as to
have assubsy tmi;echﬁmeimt e mitl inyIor(piglerdaylat, ah@ Gyt a~HyPuand t has

consi stent| | t rapep pri shows
hi gh and se ectl ve?%l n&uwrb}wﬂ ﬁ"‘gé%’ &d&ﬁg%@bstﬁgpg\épae@ %‘i such
as, for exélnpﬂe- tBe mmwe’ammtaminemzmmw E¢®, rwpriesemnten 4synt hesi zed,
exhi bi t anté RO S ey ¥ a.?lﬁglta)@j h.@q_ e%nq% Srie@lened easured 30 in

t t

hours, i. for at | east hour %élflcant entry into the brain.

Al t hough th@%ﬂ%ﬁ’?@d“%’rﬁ%%@%éqﬂénce HEeTDETY; FFMPNINM he for egoi ng
formuhas, idoisdtnids, tmmmcwsamme s @ ipetiaizd nenehynarbmgXi Idr i n t he

peptide ch SLLY, or. re of t |te am acid

resi dues m%grern {) al &b%{ gélb%q‘}f 553 é"&l\?gﬁ’vgl%im d“?&%s‘ti tution,
e.g. one basic amno acid for anot her, or one hydr ophob| (S. amno acid for
another, e.g. ~D-Ile for D -g 2 4 APR 2002 Leu. Likew/sel various of the
residues may al so be nodified as generally known in thCs arqH fox exanpl e,
DPhe @& edM %2} nkf @) nhhise Hodiif ile®@- by i ncor pofiat i cﬁ-%a hal ogen or
vitro group usually at the 3 5 or 4- p05|t|on or both Nor ¢ al pha- car bon
may be net hyl ated., Such fJd cati Qns consi der r.duce egqui val ent
kappa rece%o&‘t]o‘{) Jcﬁ dnepaé]o e]sysyllh q'tf iHEs S@'gﬁ §'ynt es) z@&'%‘?’ any

sui t abl e netfhdelysisie ds tgpnmmm vt yms@lmidepﬂv@m ttecvlieg®es or 10

cl assi cal . tgg.,tg L?,_g addition or alternatively by partial solid phase
i or ragnent condensation techni ques. For exarrg t he
PPS) a

t echni ques

technii&Jes of ex@$ uidigaradhakpyhads Eébtpﬂea§yﬁ{ﬁﬁﬁ§m%8 re set
forth in thelyaxd ﬂ@ﬁdp&ﬂw 1 Q:l)dydztﬂiﬁ.%@x eHepircln ,Swidresiss, 2nd
Ed. , 15 Pierce Chem a Rock |n0| 1984, and are .
exenplifi e&%?/ tHhR° m'g%'os%}}n’g (%#cﬁ'% F’:fterﬁe t’f)‘Og "603. The fragnent
condensat i ofagest \Wbaim irio )5yt redi oxd sctexieydl i fii.eed |Qﬁch8-01ﬂﬂz@ﬁ'& Mo .

3,972, 859, L i | j Pat ent
Nos. 20 3, 8%%6%7ﬁ§hﬁéva;3%gpgggﬁy%%§§sle§8alaéﬁ ut| oniéai t| on nt hgsleg ;Ss
descridfed |Jn-Qiet%ﬁ*dcmnoﬂé&ﬁihsféycgimhrm*zPeﬂlqm(ar%-"rﬁéﬁ% 6'2 Ed. , John
bept) des | SyGEodEoey tan il nep T A gd’” I I e o hﬁ.s'ds o
Ee:ong coupIIéoh %ﬁ%ﬁ%’iﬁa‘?lﬁfz’t%efi)r Zlg{(o A=g ?ﬁﬁfﬁﬁ gu £

that the adgluconylakisopteeeyh) ile. C(azmo)xgﬂﬁ-glmutﬂﬁﬁﬁ)t.h@ﬂzhﬂlwml am no
acid or d| tri qua pratecting groups
are wel | %{«Q&g é {)ﬁp%i‘gg?wmut AN ar q:’orF?Il’j'?JIé"l 1.

benzylWycﬁ%QWhPZFHM-QFCHﬁﬁW(ﬁBQtla\,a'r - ( Frroc) are often used as
preferred a-am ng-protELt &0 O QYRS | BLENES Llprd Rsside i s @M i1an synt hesi s

al though there,are a | arge varlety of ot her aam no, rotectl ng groups that

may al ter naPFLFyoBe UBRY. Prenyl Lipg mppde ss‘-l‘fé,%‘ii‘- (fal
am no- aci d Iesaﬁdﬁors«‘.é}@@l@iEﬂoﬁ@ aaﬁdﬂctcdnnicﬁlw Wﬁuﬁmﬂ’m a@

O Cr-gol yStghfoglggpg rhuor::.ne a§n€1¥e P 1ya4mpos:|. on' are referred

35 The a-carbon atom may also be methylated. Other
equivalent residues which resemble D-Phe may also be used,

-6-



-10 2 4 APR 2002 - NH benzhydryl am ne (BHA) resin support, or -NHpara

nmet hyl benzhydryl am ne (MBHA) resin support. The use of BHA g MBHA resi ns
is often preferred when the unsubstituted anide is desired ct Af8e200 eavage
directly 5 gives the Ctermnal am de. Wien an N-nethyl am de is desired,

such can Qﬁgpqﬂl %h cﬁﬁgg\gnAQEQQBQghaﬁ ?gﬁh?érg%qgkeﬁfggle Eubstltuted

ani des can roce Knrelch et al
, Int. Tyr Iaép"t |Ddé“lc Pr a‘theu RR@@SlQQMI&SA»QGe isgslsanpraiferabdyu. S.

Pat ent_Noplshe s T AL DY o NEL e arr AL G SERer S abl y. pr epar ed
vi a clasmﬂﬁﬁf%ﬁﬂﬁ}% ﬁﬁﬁ@sPSSBP559tBF§§n€Httg&ndeﬁ?&ﬂtéﬁnln sol uti on.
E)nce 5y{1t [uem}:z:ed oft Itxbﬁeph?hyape'[ihlngS' the Be?_dhﬁy4$§p]cﬁﬂtlltbhed usi ng wel | |

nown sta K | Lt i de pur ion, . for exanple,
reverse- pﬁQSe it Q§V%l Fg?hgggélFlquﬁgggﬁFgﬁggogya ﬁ?hfhﬁiHﬁﬁE)beor ot her
appr opr i atuseafot W@dyelsuels Poiirei eagdi OnTys .deTbei Beposhtdenaids in J. Rivier
et al., (552¥€¥H@1 ae&8§y3g3r%%§8ugoshgﬁ4 aggg%é MpLigp, apd J.

Ri vier, tide Science, Bi opol yners ‘and”s éCIfIC
exanpl es SMIloudrHIGri O-¥&ti 6% PoVRdvi hgweyerd Bn éé(§yﬁﬂ-ﬁ§§n§yéa PEe |ike
are SMKNWID4PHéSﬁayPaue@thOus5d098D9§5 meabhehhvobeaﬁﬁbﬁﬁ1E&£ebe enpl oyed

to test ery Lectivity, for the KOR
strong aﬁ?&%@blc§§$$§§ %% @P%@ 3W%18ﬁ gflgﬂkiﬁ %ﬁ9|98 ét8act|V|ty and
| ack of bd@htqnam@mpaET@Np R@@epﬂ&h assaygpaﬂé ackl genewalily the art, and

the nouse,preier@d e Rh@ angob,lirf&'én*{ wa%\é% rBQﬂﬂEPyaQ%eBtﬁEP”ed Wth
30 the exce t|on of th KOR, the clone are ve simlar, all

cont ai ni n¢BHYR Qﬂﬁ)?&ﬁl eécPé§ thésSﬁvnéuﬁélésqu&¥ﬁcéW8ﬂCPh€aﬁKCR has
93. 9%sand AZolBeh@kydgted oh e ekeRlondabiforkeBup)eapacb-uaky. By

contrast, 5JK34H< dlff%5%5%|Qgék?cangbyﬁdegggééct %E§§%§%yf50 h he 35

human del t' op|0| receptor % and
59. 1%)amlﬂrnhﬂmiQn&$m§nc@nﬁd@wﬁu§ymaKoaésolbe used.APR 2r102 as well as

ot her opi of d I 98ShidRich ke nalashRalexpBRRR that! §R3APANEARGGADBRN! N0

G protein coupled receptors one eptors readily allow a
parti cul aPiHREifale aﬁéﬁ-ﬂ”dé’%%é%ﬂ“@eﬁé@m FBP @%‘&H‘ﬁh@e@cfi’@eﬂl ng 5

ag?i r:efd b?id?;d@'l%ealtdf MOB-1Romee amificcdcdds,i Etowde{ sle’pdﬁl b&hegi 86 t he

sel ectl Vi n ave been s In a
nouse cancj'yn Q§1Q1@% §@F%§N§§frgﬂfg ﬁFﬂb&@gnﬁgpeﬁggﬁgﬁ n%gggﬁ 9.10)
and are aviayd diiie Unsuhsdd tiuteidh amitdeo andr &daitng. 10mgr éua‘laétlalnsofa 10 nunber
of vell-a ;é@&h&ﬁ wak 4R il %ntl@arth% G rIRReS %'c\sxeg&a%&o%t apdards for

det er mi ni e ant|n00|cept|ve activit an opi oi.d conpoynd. .These tests

general |y €% aHds Ad e O anﬁ i ckingde substititionsyr e
t est,28 he metbé: :acltrhe/vrﬂdﬂii RE teddlyl,t hRethaill, propyl, cyclopropyl

and picolyl, as well as other equivalent residues, such as
hydroxyethyl, thiazolyl, aminocyclohexyl, benzyl, and
substituted benzyl. Generally, lower alkyl or picolyl
substitutents are preferred for single substituted -amides.

30 Instead of a single substituted amide, a dialkyl
substitution, e.g. diethylamino, is an alternative:
however, preferably such a disubstituted C-terminus is
occupied by a morpholinyl, thiomorphelinyl or piperidinyl
moiety, with the latter being unsubstituted or substituted

35 -+ by 4-hydroxy or 4-oxc. A piperazinyl or 4-mono- or 4,4-
di-substituted piperazinyl moiety may also be used, as can
e-lysyl.



15 pinch test and the tail-inmrersion test. Vonvoigtlander, P.F. et al. , J.
Pharm Fxper. Therapeutics, 224:7-12 (1983) describes a nunBdr ABR 202ch
tests for opioid conpounds. Binding affinity refers to the strength of
interaction between |igand and receptor. To denonstrate 20 binding affinity
for opioid receptigris tfbanaeahhdemaamd;ens nyentrablyesr £vatiattedodsi ng
conpetition_bindin St es. These_s ydl eLformed using cloned
human kappat?‘ %8n5crlr§ 88%?8%%/6? g%ﬁfﬁ?gpg FESZQ\% in stable
transfected pcrelflerlabngs theNseleotister kappaf receptos npueed rpeptdicespal

neur obi ast Oy e&ﬁ‘iﬁ‘itsEughﬂamnéhgfkfﬁhfOeaoﬂﬂgskftg?aaPé‘é it col d

| i gand) are use I 'ncreasi ng conCentrations to disp e the specific

bi ndi ng of &YFRJtHRELEFEd le%lrﬁﬁ‘%%tt%é?%tgf? It ¥ tAPSthd TBPel®MYity for

th E%R r ecgpth Ordui'hﬂtd.loﬁdof~ht:th}oﬁ9_ 5&|3can%s~iﬁbﬁﬂem/&bmaéepﬁsﬁt—ﬂ:y :atngands in
an S v . g a r -

avai l abl e %ﬁ?%%“%t )bf %[%Eﬁggﬁrgcggn%fﬁf‘?ﬁ iﬁtg&%ﬁ% q'lheyc

d y- ol a~- enkepidbus., TAd hef pfifegtévelrctested| byable mstum:rmtt;yet he

concentrati Qs H@Q'c?'lbﬂanﬂei-gihaEE&” t 8ndSthe Mekt- pRYEdmtespeci fic

bi ndi KD at t 593 hKOR df
bi ndi ng, § KOl satliation, studies, 1o B0l pai el caeiaity Yam S 10 ' 9y

APR 2002 airf thiriey hbub:lseahdshavennousﬂg(mﬂiadmteelfﬁectouhpbrl ithend) is
determ ned i L.G@npetition binding studies by calcul ati ng the inhibitory
const ant (th) according to the following formula: 5 Ki = I Csa 1+ F hfl
wher e | Csa=Conce#t pa'teﬁeﬁrsﬁ snbgeshg pfgbhe genvs 10Piakd bpert iKies §ett he

speci fic bi rdrtth Blerelfbezdiral hagndhE=r&fre14 adi ol i gand concentrati on KD=
Affinity of ragi oligand,determ ned in 15 saturation studies. Wen
Ao Hrass e

per f or fa&P3Sci fic conditions with relativel y | ow.
concentr at i oherefin éﬂ@eptl)s DtPke c insibattitwWied mr tsh-é:stasl:tut@dnbbund is a

good appr OXick | Oﬁ‘FOfd‘térd&éfP%f‘tlb%aCR{}%l%Berl@yl céhl%gy&fﬁrﬁ&@nts the
concentratiqn o and necessary _to _occupy_one-hal f 50% 0, e bindi ng

sites. A IO\ksst‘\/éIDugth PﬁéNﬁ%moPDFgPlaﬂ RuPFRNoWDFRr A PRES Hrconsi der ed
to identify4&,hisgh, afmloglcb:y ijgam iXaat his ap+Niel, fDeLeh: FD-edmrredManal 0gs

have a f - ut nol ar 5
prefer rie% a(r%’al c%dvgg% o‘?giz;g%mglm(wtr‘? e@s LE' acBudd KE r ec’ept ors
are distri btﬂ"é‘@r\m) y Ehmbt@hd@rtormw hokby, , RRke « dmibr a@§I Brémpept i des

w Il have aagab rg-,t el rEf MR, |ﬁ5mq;lilpat|4ug @sanbx@elblrpbg lwaged iggns, and
effects

if they are sel ect SI

and shgul d &&%%ﬁ’edr éjs Bhys 8|' &rt';&al FVPrTﬂége% ﬁthff d“er?m oyi ng
RORs and MOR®ixmge HstoralBght forward to perform and can be readlly carried out
with ingially '% di%d 1S pRieliesi-e80sRERLAAES o OXABpACE SIdRE Whet her

such peptl des ar - sel ect |v ave gh affinity.” Su bi ndi ng assays

can be carr iRePtIgtes hags Fhe éP}’mb‘flawayEI gaaypfaag XS~ ¥d2GRe of skill in
the art, anda@ieidetid, eflsepapme s Di4ppa ASSRFE, tD+4CBEND-Acp or D-

Ala(Thi); Xaa, is D-Phe, D-4Fpa, D-4Cpa, D-3,4Cpa, D-1Nal,
D-2Nal or D-Trp; Xaa, is D-Nle, D-Met, D-CML or D-Leu; Xaa

30 is D-Arg, D~Lys, D-Har, D-nArg or D-Orn: and Q is iIR,Rz,
Mor, Tmo, Pip, 4-HyP or Ppz, with R; being Et, Pr, Bu, Cyp,
hEt, Bzl or 4Pic, and R; being H or Et.

A further preferred subgenus of kappa opioid peptides

has the formula: H-Xaa,~-Xaa,-Xaay-Xaa,-Q

35 wherein Xaa, is D-Phe, D-4Fpa, D-2Fpa, D-Acp or D-

" Ala(2Thi); Xaa, is (A)D-Phe, D-1Nal, D-2Nal or D-Trp, with
A being 4F or 4Cl; Xaa, is D-Nle, D-Met or D-Leu; Xaa, is



-13 2 4 APR 20D2 type is set forth in Perrin, M , et al . ,
Endo~"*ri ol ogy~, 118:1171-1179, 1986. The present invention is further
descri bed by the exanples which follow Such exanples, hoevAaPR 2812e not to
5 be construed as being limting in any way to either the spirit or scope

of the pres nv; n ' i Sp ai d
her eof . g &%ﬁ% S%AP epti hav 63&?:7})369 IbeGﬁE % i
H D- Phe- DM%I'D'NF%A [?WQQNFHZ4 s‘”eﬁibrpopPFé{"%I?tsyH re%ﬂ?é& ‘as wel | known
in the peptide syndtieer Sp :aéferf@d U dfh&abbapepibile: pdptiAtgsno

protecting grou Nl e(.car otecting group), is
initially synt hg%?zggp!g%ﬁ] q-g%qlc F%%ﬁﬁll g%ﬁ rém stry. For 15 exanpl e,
the tri pept vieredy b@a;pn@pcﬂ'é’c!leby DetidEpal, vPngFPR DPF D-AkR (2ThDVF %Ad: addi ng
N-et hyl mor p?ﬁ' (R$ D‘(-NEM 191115@? I hdfydr0 d%dld"-"i‘rpt h?uEH ATBe$ng0d Wdign is then

conbi ned w so ution of BoC- prot ect ed he- OH i.n DVE containi ng NEM

To this reaf¥i 69 i %83 é-st Rt & é’raél’déﬂuioxéﬁ‘ & RrAEBngPsPFRRHIBTg agent
;o‘}uch]c ?s benzﬁfflhamlt% ﬂsfl)xm,y Moirs - Q‘dbnEPbylaB%ﬂOdrphmPangﬂha R, de (DO
exaf | uor opho t i i sopropyl carbodii n de

and N-hydro ggﬂ%?flgglﬁ&é é}:ﬁ% Riglﬁcorrpl etion of the reaction,

t he medPum 25 i sTheaforegedny cvenymhans Sametnh‘éeﬁr oduepipid tprutides

appropri at ehyveUupktéhetownd £6CKed adsttictfiba HuaBaepr 8kecting group is then
removed with trifluoroacetic acid gTFA and the dipeptide is redissolved

in DMF. A sahbinesieepbbve pirdvwocesgi e2j 3 sHeFRE i 9f WCOTRPEALBBINEM s

added. The éeéﬁﬁéeﬂthﬁe&eﬁﬁfé@daﬂséw ERrmfhudeser thed QEPHﬁn-MO Create
the tripeptide whjc the soj utio |s eva or at ed 8 %lr%_ |s

purified anam+eer§§%%| Festiy € Thel % ESte
Phe- D- MBe- CEkhdeffhesueh hgép’si@es|1$azt~&mmlanlwabrlay.wabﬂeea*5edeﬁt§aim ctihe free

acid, as by _dissolving in a mxture _of dioxa nd wat er, and addi ng
sodi um hydr BRFBeT BB RAFhEVe 'Br’f'f)’loeFPBnpﬁFl?aﬁ ?g %B%%%%ﬁaﬂ i on,
purificati oboagdr; 14Cerfain ¥EEraPdptiddetigwiim theatiforepenyisred he

tripeptide e i ved in DVF

cont ai ni ng %%ﬁ% reac{‘] %t%%ﬁﬂ( 'é)s &%Erga,q al‘“zfﬂ% Eglgé]g BOP as a 5

coupl i ng agéﬁ?onﬁﬁféﬁhaﬁ%@el §/91%<P|‘e1‘t#ﬁ)be§ﬁﬁ Gélerréqoﬁyl ags FERPAERA € convert ed

th odt hezazi dema:]I ﬁoﬂes?lwﬁveiay ﬂge;atj@:r&m ralilyh eamll&(l% oyt EREroftdpdr azi neh
ydrate to produce t [azi iC af t fed wit

sodiumnit rg'tnéagﬁann?ﬁe?égl%m deﬁ‘n ﬁ\/l'—g] llf?’e SR é" :és%g‘gt ?mél‘a éﬁeaq yéjreact ed

with D-Arg(PepkifkEt wihl Dhghibiutéxrernied diermef Gugaliban¥hen Fol | owi ng

conpl etion ghnthgsifag!ignas !y mo@q%ﬁﬁwdatﬁngo dnyRess, then
suitably puritied_and recr sta l'1zed, The N-term nus angﬁg{_j&m de .chai n of

DAg are tH@ﬁPBEE)P-SFeC?Ed he  Graerpinug cath RSasenseE 1% i on are
agai n @arri gdundt thatpdwnendat betrpsapteitia aixiaant iatddet byxbasn MIB;!( Pept i de

No. 1) . e o HPLC
usi ng two d???e?’é%ggtkgl Hfﬂﬁfn J‘.:g:i(%?aa‘%gr#%mgc%%ﬁl e in water
cont ai ni ng emigesyi ﬁugbr@acet‘PC exanpld thgretdivdamide anét Bth rile in

triethyl am perphesphat ewbyifeﬁn@ﬂrla @kr@s.féép tBkHilb‘iQd silica, capl Ilary
el ectr ophor urit

t b ff
epti o by EREIBOTAPABRLIRSSEETT FiY ctPt o berbieriindh peack BRatefaie
usi ng @&loect doshpaysi,ofi2at fon ahdleast tx atpmanalml'swéthmnialcant

pseudonol ec i ' z 609.4 which is-consistent with the
$nEe, fRep thgoREalh:

cal cul ated nma r this tetrapeptjde. Fragnentation analysis
of the pseudonol ddtharghokhenprefierred raninefagishSequences3pres$ehs

consi stent \folritht 1a $AEUEBEEgELngEHLmMErasls’ i xdtrnilell Heotuntbespospar ed
structure. by those having ordinary skill in the peptide chemistry
35 art that one or more of the recited amino acid residues
might be substituted by a conservative amino acid
substitution, e.g. one basic amino acid for another, or

one hydrophobic amino acid for another, e.g. D-Ile for D-

—9—



Bi ndi ng assays with cells expressing human KOR and MOR axe carried out as
ment i oned hereinbefore. The affinities of the test peptide for hKOR and
hMOR, stably 35 expressed |n nouse hi ppocanpal neur obl ast%f’rﬂ”’(ﬁl-iﬂﬂﬂ@ 10)

cells, are_deter etltl I spl acenent _of ! 593 for hKOR or
of 3H DAMEFPor WN&Q"’%@ de‘é% TR °§£"¥f S Badt 2 SBXBEH nments are
pool ed, anmodifiedZad @ERe28DDY'knowr hir dﬂms:has&ocifarl emapphet abt (K,)

val ues (95 f I Me ng.,a suitable program
such as thgﬁﬁl &%\El Eg?gﬁggmi@iﬁ nmcaﬁldc)% ?t? 5‘1@? g Bi ocl aem 1D7:

220- 239, | bBgorprEatipged kdaoq#mcgr nifege |ga'@umusyaMYhah|‘gh9a3ﬁ nity as
deterrrsnedobyu-bess.e&aﬁtlbrvso@h smzaqg{@rulpm‘a-feeﬂénrﬁayobégand and the K

det bout M The diffe ff ty
et " B iny BaRRa o bR BoeL i Tie R o dneted kP BHEARLY I S
human MOR ehedigvalkatKkappai sed&89br ¥Hioid pEptdideBepti de No. 1 binds nore
strongly to thghEhggg Q%l? y?ﬁhcgsﬁfeda%9u5n§ sgggagir sting of the

peptide in the nous |c aC| descri her ei nafter)
shows an EDS&hef:ap¥eh QSOEY@%@JWJﬂhﬁlt%Pbéﬁﬁl 8echBAERRBEX t 0 exhi bit

15 oveob SO0¥ragkieagi eemﬁtgenaia@itfmhw %1tBﬂﬁnBemyl B¢ pbrtials
consi dered _t Ehblst er lon ur%t i on of a eﬁF Q/Pc 2 Opioid
pepti des hﬁ@?ﬂig 8 §e AT Pﬁ@nB 8> E}ﬁrg as

i ndi cat ed technbgEea, aFer2@xs:yptm.e$tzee¢ea:m:1q@sseafagxqégswgbﬁ i n EXAMPLE

1 TABLE Ao 30BrhEaopeRetas Ny AR 1 oHE} eie’ skkNEoRUhasRaby | ol o0

ng/ kg2NHh| tex0b2082866v80038 YRR, FolidFhPaprideSysiyisi. 0006848, 4623. 50. 078
S anElS, | 0118555, SBERAS2.SPTRRY 30“3%%’8@oxf§§n§25101886623n36%e 30. 046Ma

0. 067, 31042X8BPE5EA651P¥0the 493§ osTEl BDH L E7, 63, ¥837. 30. 018NH( 4Pi ¢) 0.
143, 64026, 006836461n. 49nh818ragment condensation method of synthesis

G e R A e A e e e
0.591, 3901aved38hle6eyntbesas Siel NI UgG0 byoU671Paseataos.
41 5Ppz@. 169, 39956670803 4669, $85 01 craldbical solution addition

synthesis is described in detail in Bodanzsky et al.,
Peptide Synthesis, 2nd Ed., John Wiley & Sons, New York, '1976.
Common to coupling-type chemical synthesis of

peptides is the protection of any labile side chain of an

25 amino acid being coupled, and usually the protection also
of the a-amino group, so that the addition takes place at
the carboxyl group of the individual amino acid or
dipeptide or tripeptide that is being added. Such
protecting groups are well known in the art, and teri=

30 butyloxycarbonyl (Boc), benzyloxycarbonyl(Z) and 9-
fluorenylmethoxycarbonyl (Fmoc) are often used as preferred
a-amino protecting groups in SPPS or classical solution
synthesis although there are a large variety of other a-
amino protecting groups that may alternatively be used.

35. . When SPPS is used, the C-terminal amino-acid residie
is coupled to a solid resin support such as O-CH;-
polystyrene support, 0-CH,-benzyl-polyamide resin support,
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2 .4 APR 202 Peptides 2 to 15 are considered to exhibit | ong duration of
antinoci ceptive bioactivity. ERAMPLE 3 Opi oi d pepti des havi rpgs tAPR ggner al
“formul a: H Xaal 5 Xaa2- Xaa~-Xaa,-Q as indicated in TABLE 8, are synthesized
and tested as described in EXAMPLE 1. 10 15 20 25 30 TABLE

ENoXaa, Xa. s ~Xash¥aah@i 61 diphad- Phied) NealdirArsyiddicrt] Dosc pBHPpeta A' | eD- Ar gh' HE
{180 A 8 2THEk R, TREReRY SRy ALALEE! Gty ot Q. Mig0uZEnsp TrPD-N €D
vpaD. i r| eD- AE3~REOMBHED. PREbna Cha P fierD prefisradDWhiesDERRAI D. NI eD- At gNH( 4Pt ¢

) 241 3. PheD 2Nahbshh er A oAk 4E~¢9 2«5&;&*&‘& “vadad=d %Iléa% H%ﬂ?é@&ﬂyﬁD PheD- Ph
eD. | euD- Arghr 27D

g heD, VagDAr)e% &&]ﬁ PheD- | g Mor 29D. PheD-
Phel > h' VEVEF/DF SD-PREFPPRR 2Ya0) hé"ﬁ yopD &PED—‘ r ( Et ~NHEt 32
D- PheD- PheDdHlseDeGm\lblEt:BBBaﬁ’th Reroix MNed ~FreNiand Ni-mp8 AP PBED. Fiseih NI eD- Dou
"H(4Pie) 3 D= D- PheD- P
heD §\II e:}e? I égﬂF gg?gf‘ggg Ehﬁ%%ﬁ@ﬁ%%fé{%ﬁ;g%%ggghﬁﬁggtgﬁggcé chD nir gM
or Peptidesptéceduse set fonthdemeiﬂ tm:m:mn eltord . durlmit . deprixte
ti i 412 EgAMPLE 1 d tid
avi ng t he CENERAI S poP R A2 Rach 3650 S8 TR TRV AL BRSeE BB (' TABLE
C, are 1xynt kegibaedoand PeptédeaShﬁmﬁug|dxﬁkubmtEXAMBBEamldEs19t1th0 TABLE

(At o) 40D PRoB PRARRT cDay eREY R e s o oD RRORANERL IR € e gy a0

z) 68b. 4686. B¥2f6n6R2D PrEPAPAd| Yie cf) amsiRedn Ednti9n7 sypEhsHLiEl OF MY PheD- N

eD- Ar gNFi (4Etre);ﬁ8ﬁt4685d8353@§)614&ﬂmﬂﬂ1@«%IOD Argh H( 4Pi c) 698. 4698. 38

30043D- PheD- PheDHl eD. Ar Bhl 4P| 6 311 o 6D- Phel 2~ g ngi LD. Or nhi
a623. 4623. 41 4, 000276 B¥B $€42r§3696 828 D- PheD- PheD
- LeuD- 13&s NHPu39$ 148985248, @emgmamwm dﬁe;ﬂbd.prﬁbméiﬁodﬁ%oﬂ% 00030D- P

heD- PheD- Nl gRokar Elg,gg )ﬁgﬁg %%4%%1%% Phegeblgggélggﬁ/g@@3 4663. 312,

00032D—PheD—PheD— euD— PheD- eD—LeuD—DbuthS
93. 4393. 3831365 PEFEPTRENGD 15T83 L IRTITFAPRY ((RFSHRLG) v PHrRERRF ati on
of antinoci epptropeibteanéthody. BUNPlHuA Quatidnpdpt ddesrbaed ngnt he

dont hesi 200 AL LRl SATHLEE: PhoRt i n KR PACRE S SRART Sh
20 1984, and C. Miller and J. Rivier, Peptide Science, Btopolymers,
40:265-317 (1996), and specific examples of such
purification following solid phase synthesis or the like'
are shown in U.S. Patent No. 5,098,995.
A variety of assays may be employed to test whether
25 the tetrapeptides exhibit high selectivity for the KOR,

strong antinociceptive bioactivity, long duration of invivo
bioactivity and lack of brain penetration. Receptor
assays are well known in the art, and the mouse, rat,
guinea-pig and human KORs have recently been cloned. With
30 the exception of the gpKOR, the cloned KORs are very
similar, all containing about 380 amino acids. The amino
acid sequence of the hKOR has 93.92% and 93.4% homology
with the rKOR and the mKOR, respectively. By contrast,
the hKOR differs significantly from the hMOR and from the
35 human delta opioid receptor (hDOR), having respectively
only 60.2% and 59.1% amino acid sequence identity. XORs

-]~



No )ieas Xsa, 3sar) QKOR (n.~f)MOR (nMu/K Ratio Cal cul ated MeasuredlLTED"
ngl kg34D. PheDN eD. Ar gNH( 3Pi ¢) 0. 391. 2203, 100672. 4671 . 33

033D PheD- Nl eD- Ant NHEt 0. 141. 73012, 300629. 4629. 30. 08336D- PheD. LeuD. O-r, NHEt O
. 314, t 3013, 000367. 4367. 40. 03737D- PheD- LeuD-Onfil er0 193. T6028&. SRR IR

4609. 30. 026 -18 2 4 AP R 2002 - Peptides 54 to 58 are considered to

exhi bit | ongaglyfety Qi Qerait 'o@QQhQGPEb¥§t81-Q3&Eé \ézl.’!.ta)ész.le(%lj;5 sEBéNELE 6
pioi d peptldes haV|qgg{he ener al fornug 51£§ Xaaaﬁ%aa~- Arg-Q as
i ndi cated i rF % 88 2 8aPER e%%s?%ﬁ? x& i(R1EXAMPLE 1.
TABLE E 'K, SNesee Splaarests aerépioraCzeadXbyg, aXow f@3ticular

candidate peptide to be screened; for example, screening

5 against both KOR and MOR may be carried out in order to

determine the selectivity. The human KOR, MOR and DOR

have been stably expressed in a mouse cancer cell line

derived from a hippocampal neuroblastoma (HN.9.10) and are

available for use in invitro screening. There are also a

4

10 number of well-accepted invivo tests that have generally
become standards for determining the antinociceptive
activity of an opioid compound. These tests generally
employ mice and include the tail flick test, the paw~-
pressure test, the acetic acid writhing test, the tail-

15 pinch test and the tail-immersion test.. Vonvoigtlander,
P.F. et al., J Pharm. Exper. Therapeutics, 224:7-12 (1983)
describes a number of such tests for opioid compounds.

Binding affinity refers to the strength of
interaction between ligand and receptor. To demonstrate
" 20 binding affinity for opicid receptors, the peptides of the
invention were evaluated using competition binding .
studies. These studies were performed using cloned human
kappa (hKOR) and mu opioid (hMOR) receptors expressed in
stable transfected cell lines (HN.9.10, derived from a

25 mouse hippocampal neuroblastoma). In these studies, the
test compounds (unlabeled or cold ligand) are used at
increasing concentrations to displace the specific binding
of a radiolabeled ligand that has high affinity and
selectivity for the receptor studied. JH-U-69,593 and *H-

30 DAMGO were used as ligands in hKOR and hMOR studies,
respectively. Both ligands are commercially available
(NEN-Dupont). DAMGO is an acronym for [D-Ala®?, MePhe!,
Gly-ol®j-enkephalin. The affinity of the radioligands is
defined by the concentration of radioligand that results

35 in half-maximal specific binding (X,) in saturation
_studies. The K, for *H-U-69,593 at hKOR and for *H-DAMGO
at hMOR are about 0.3 nM and 3.0 nM, respectively. The
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(nlnMOR (t~plK Itrtio Calailited Masurodt~?ED '

my~k839D- Al a( 2l hi ) D- 4CpaD- LeuMn 2 4 APR 2002

~Q. 7336013, 000691. 369! . 10. 03260DAI a( 2Thi ) D- 3, 4CpaD- LeuNH( 4Pi ¢) 0. 47691. 90074
6. 3?46. 30. 0836113- Al s(2Thi ) D- 3, 4CpaDLeuMbr 0. 131, 36010, 400n3. 3723. 40. 0l 962D
PheD- PheD~-apefx POy 147, ©h& 02 t0 (itfafpduhdb Judlabe®ad akaédTai ) fyadi D- LeuMnO. 2

3, 17016, 000709575 0% o APPSR PR DI 0 SEPF 1 8808Y, 000678. 4678. 50. 032
63D 4FpaD4cpierleting. tiva  Ouuibd tooy7constadt4(Ki3 srgardisyg 39 tbe65 are
consi der edsb 018w ih® Forwink durati on of anti noci ceptive bioactivity. EgAVPLE
7 Opioid peptides having the general fonaula: H Xaal-. 20 Xaa2- Xaa, - Xaa, - Q
as indicated in TABLE F, are synthesized and tested as described in EXAVPLE
1. -195 ~~r APR ~ 5¢1Q 1,20 TABLE

FNoXaa, Xaa~Xaa) Xaa~@‘6D~@(Wal ~l tul YLyaNHPt 67D. 4FpaD- 2Nal1D- MaD- Ant NHBu6
8D 4Cpal ) Tr pD- AcpDArrt f Pi p69l1 ) PheD- PheD- ValD. Or nEcp70D- Al a( 2Thi 1D 4Fpal YNI e
~| ~Dbut r ' Hgkebe) 71D~AcpD- PhealLeu>?" Har 4- HyP72D- CVP! ) - Tr p1?" PheD. Ar ~( Et ~NHHx
| T3D- 4CpaD. 3. 4CpaD. Met D~Or nTnp74D- Acpl ~I Nal I | . Nl eDHar ( Et ~NH( 3Pi ¢) 75D. 4FpaD-
4CpaD; LeuD- C3nf 1r ' HhEEssEEr D raty innaA@ D thisu el gr 2igen@ntiBrbNal D. AcpD-| | yNH
Pn781%%t cD- 4FpaD- PheD- LysNH( 4mbdpiger BRFaPLTERD- sRedi £ AN RBYTY @VPD. PheD- M
et1> | or wFBED Al a( 3Thi ?ﬁ%h |.B- Nl eD- LysNH( 2Tx1) 8ZD- PheD- 4Npal ~NI eD- Ar gNHG~
p83D. Aep@NalD- H eD~Har FBTA TD-2Nal D- PheD- LyePpz85D- PheD- | i val D- Met D

- I aOxPssn- Phen- T“'po'lb@AtlgerE)%'&ilgg‘i%ﬁy Bba%g%&?%r 25 The opioid

peptides of Table F are considere 0 show electivity for the KOR, as

conpared to the MR gandrieonexi St e1d! AL LR Y @dtedbedl Yy 1 N Vi vo.
-20 15 ~r APR ~ ~XA' M PLE asihiraditdopeBtudeeshavi ng the general fornula:
H Xaa, Xaas- Xaa~- Xaa,-Q as indicated in TABLE G are synthesized and tested

as descri bed i rWiketA\NAFEfcrming these assays under specific

conditions with relatively low'concentrations of receptor,
the calculated K; for the test compound is a good
approximation of its dissociation constant K, which

20 represents the concentration of ligand necessary to occupy
one-half (50%) of the binding sites. A low X, value in the
nanomolar and subnanomolar range is considered to identify
a high affinity ligand in the opioid field. Preferred
analogs have a X, for KOR of about 2 nanomolar (nM) or

25 less, whereas more preferred analogs have a K; of about 1
nM or less. Because KOR receptors are distributed widely
throughout the body, kappa receptor opioid peptides will
have a substantial effect in modulating many peripheral
actions, and if they are highly KOR-selective, they will

30 have minimal side~effects and should be good drugs
physiologically.

These binding assays employing KORs and MORs are
straightforward to perform and can be readily carried out
with initially identified or synthesized peptides to

35, determine whether such peptides are KOR-selective and have
high'affinity. Such binding assays can be carried out in
a _variety of ways as well known to one of skill in the
art, and one detailed example of an assay of this general
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10 15 20 25 TAHLE G-xwl .. No Xu, Xaa~ Xuj Xaa~

Q ui ongl kg88D- 4FpaD- PheD- | r 9eD- Ar gNH( 4Pi ¢) 16, 0000. 0489D- 3FpaD- PheD- NIl el | ~Ar
‘gNH( 4Pi c) 24, 0000. 1190D- 2FpeD. Phel | . Nl eD- Ar gNH( 4Pi e) 38, OOOOi!ApQQ I\P[ﬁgal | . Phe
D- Nl eD. HUNH( 4Pi c) 92D 4CpaD- PheD. NI eD. Ar gNH( 4Pi ¢) 2, 90093D- 4 paPNI e~D. A
rgNH(4Pi c) 1, 20094D- PheD. PheD. NI eD. Ar gEl y70, 0000. 0293D- Phel ~PheD- Nl eD- nAr gNH
(4Pi c) 16, 000G 896> RlesDfelreD tin' PetxiA; glcplet 0OD0, (RaBétmélbgD- PheTYN eD- A

NH( 4Acx) 6, 8l ~Ph h euD- O nNH( Asb) 24, 0000. 01499D- Al e{ 271si ) D-3, 4
GpaDs I oubs o 8- G030 15838335 Al a( 2" | i )0, Py

CpaD- 1. ouD- Al a(2' 1 hi)D. 2NalD~LeuD- Or nMor 31 ;
0000. 079101D- Al a( Ztis rres@riDinvenbionn ik 3spotiher 1desacribed Y The) D- 4CpaD- L

euD- Or NNH( 4Pi & 24b 000G 331 331BRED. RieR- Mlshar &5 ONkARA A0 A0GR.+1Q1104D- P
heD- PheD- Nl el 3- ArgNH( Aoo) 6, 300103D, PheD- PheD- N el ~Ar)g|:\€lé}l—gg’1 | 66, 0Q00. Ol 3106D

- PheD. Phe® NRD- PFo; . 34315309 PhR AR 2 n. 0000. 0
32108D- PheD- Rieiit aiy) ‘stropiHe®a¢hé7 p@e@8ent 3iinPept 1 stesviBBch al<l08 ar e

8D Phe e o) ; SinfeptioeIREtn Gid08 ar
TBANPLE o . ithis TbSUETLER B PRL BRSPS 0l 0e A G have been

further speciBXAMBLE lsubjected to invivo testing for determnation of
duration of actionrgd gepiiaeOBaiitigPkBBeEbERS1aaNd the results are reported

i n Tabl 35, . i naf tid nb to th inth
car | or Fobi S ERRHE Hegh- Ml SPEATEsRE T8 SPRSTEAIALSIN © 24 APR ZU07
are sinply cesyntdesized fasr wedflekaowa portbeepeptiide isynmthesisanitng is
carried out UsdiGeygaruse tHfe tt@_ig%pk-_ ak: (Wa-aB8ho | Sro€dde St IRGUA

determ ning the | ength of durati of _antinocl ¢ceptive biol ogi cal .activity.
This test is B RR&EN D-N1gdcarporylaRraFeFELRg (Hr P M a3l Yal |
Br. J. Phar meynthek i 33dngl@3hssdedli sobupioyscloemtstops dre | CR mce

whi ch argc pur fr. : I,C ' . Fans.
The m cefsére %z;agﬂ?pg%’f.&?{g 1?ﬁlég%giﬁguﬁgypgﬁgﬁkggagﬁc%%ﬁ]@%cﬂleqqtnggt@%he
noci ceptive MleanNiieiigr DMF. andywaddinggN-ethptnexphebingl (NEX)hd®icddrepy t he
[ Pt (r)agg/ri t onegikd itc{)_-a)djilﬁ!ﬂ;j%?h%t w‘ijoﬁ'h%kg“?ﬁ?‘gcﬁ i@ﬁ:i@bmbli?,ﬁa ITiliters
o] . 6% aquequs ,acet i cid i sed_per i ithing is
scored duringt alSSCﬁi“%&to so%ogf’&’/\'/?%@tﬁﬁg? cnégl?%'% i%}l‘%r/\:ati on. In a
first 15 stepsordwipuinidiEd.e Testhdsare8ctior nixteseithexwsss adgieden by
| ntravengys Thitae Akidly 0BC diEA4RGPRELAEA ZBAL 44 Bedzor S dudes et or e
acetic acid injection),. This steE IS uséd to determne the potency :
(WI- EDso) as ¥we19¥¥et i ssifimethyl apinge rriespaeRi wa e N2 B Gy,

anti noci cept iphgspldtd n(BEOPjecand atigpurehos mybnrexi mal effecti ve dose for
each specific ' j ini.stare VY 2 OldS LinEs (i.e.
T nut o, -yt IiRut et iosk  Eha kPOt e R

admi ni st rat i ofHARtt he Fddovwd ngccompAesignr of ot t ¥R HEOR heEhRImEGiNR of -

action. Jiiroupd i @dpdiie-edd tiedryn@seQnhhal +86OpPodict’i L€ tti¢n Used which are
adm ni stered only the vehicle out .the cangélfﬁﬁ eptl.de.. The nunber of

withes are CHRETMRF Yapf%—r:i‘lytjrt c3p8r FBATYS Trotht RS ne of
acetic acid ipyeticting ardup dacthent yembved with nocitihpereagetis 3@id
expressed as arPof Celf%%e APebtid GU! PEEYsES1V0L | NSBMF. A
‘ solution of Boc-protected D-Phe dissolved in DMF, with
30 NEM, is added. The reaction is repeated using BOP, as
described above, to create the tripeptide which, after the
solution is evaporated to dryness, is purified and '
recrystallized. The product which results is Boc-D-Phe-D-
Phe-D-Nle-OCH,. The methylester is then suitably converted
35 to the free acid, as by dissolving in a mixture of dioxane '
or DMSO and water and adding sodium hydroxide. Following
. completion of the reaction, separation, purification and
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100x~writhes in control croup withes in treated crrou~) withes in control
group Because each submaxi mal dose will very likely vary so as not to be
directly conparable, the results are 35 nornalized nathenaﬁiéfﬂﬂRy %S known
in this art, to provide conparable values which are set fo I'n %g le H
In Table H, the antinociceptive activity remaining after -22 2 4 APR 2002
1, 2, and Fefnystalpiestéanapreeidenthgectoipepide tBag+tR-BhenbdPhe--5 nin.
Val ues hi ghtpnitdign , 100% i ndi cate greater antinociception than at the

begi nning of the experinent. It ig.felf that the opiaqid peptide should be
effective to 5 &@Gu ElRFPFE?ﬁglﬁygéfs?t%%@ i&mRHFzéﬁ%Ealiiﬂé AEMof 1 hour to
be consi dereed realcted Wby OuAag(Dosp+NHEL Vi agafrictiusinmg IBOr@ & on t o usi ng

e 2k . Vit yiaga oRddi bi on
used 10 mesoure rpne9Enty ThA Be Ry BRbL 7 HAE A SR it G T

Q+¥

0

10 val ue i €SHeFeMmaynbPeheopypreedntier th@cafidel nkf \OrExas i ®Yni | i grans per
kg of body tyeiadfentThetHabkHesd$s SolBesSsH cof hydrahint) iddate desage

. ; . 0
(a5 compar GFIB” 2ak, PeftRatae; wHLPh ofs ol roteled AL R EreRRafe 1 op
Ant i noci ceptiitdn Bodtindenibrbtel andamine¥a Ebsel doirk JMEhr 2 Thel3 azide is
hr 13819&00-1(}8&31-1%15-1?61-&8@9@099&' Sgﬂrxggé’ %ﬁlﬁ%%p%q) %&4%-02%%@ 7, 2000. 349
. 3.520, 0000. 0466. Q347 5642, 0000. Ol 41 05. 7 .%_ , 0000. 0267. 53 .8§ , 0000. 0166
945, | 92, 5ESEIPINg3 6T 5EBDB1 BBEDE 07 8HOoBUW Hna ePRIIRF- 3876 PI34D9127, 0000. 07
60. 553. 613X e iioh)38hé1A2x0(1D6. 14 J6vadobat&D0Eb WraiedE22he®000. 0645. 329. 4
432’500|0'%uf%%b1y purified and recrystallized. The N-terminus and
the side chain of D-Arg are then deprotected, and
15 purification and recrystallization are again carried out,
producing the desired tetrapeptide ethylamide (Peptide No.
1).
The peptide is judged to be homogenous by reversed
phase HPLC using two different mobile phases: a gradient
20 of acetonitrile in water containing 0.1% trifluorcacetic
acid and a gradient of acetonitrile in triethylamine
phosphate buffer pH 7, and also by fused silica, capillary
electrophoresis using a phosphate buffer of pH 2.5. The
purity of the peptide by these methods is estimated to be
25 >98%. Mass spectrometry using electrospray ionization and
ion trap analysis showed a pseudomolecular ion [MH]  at m/z
609.4 which is consistent with the calcﬁlated mass of m/z
609.5 for this tetrapeptide. Fragmentation analysis of
the pseudomolecular ion showed a series of ions at m/z
30 ratios consistent with the sequence of amino acids"
expected for the prepared structure.
Binding assays with cells expressing human KOR and
MOR are carried out as mentioned hereinbefore. The
affinities of the test peptide for hKOR and hMOR, stably
35 expressed in mouse hippocampal neuroblastoma (HN.9.10)
"~ cells, are determined by competitive displacement of *H-U-
69,593 for hKOR or of ’H-DAMGO for hMOR as described.
Data from at least 3 experiments are pooled, and
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2 ~ APR 200z 10 15 20 25 30 TABLE H
(Copt . ) 448, 3000. 246l 4, 0000. 0834730, 0000. 094818, 0000. 06553. 74992, 0000. 0265. 5
'69. 238. 3509, 3000. 07735. 6511 2, 0000. 01832. 55292, 0000. 01930. 65385A0R0AN0202647."7

32. 65613, 0000. ' 05777. 459. 35728, 0000. 0261 0067. 258. 2586, 5000. 0493. 445. 7591 3, 0
000. 05283. 3

530.1 0437, DoHTIBLA AR P EERELaRE. FR3Z VAU 193701 ©, 0000, 0451

.39, 58816, 00RPIEHENS R WaitF)oGRe Fa3gubated woObg OBAPHFRLR 0000. 09856, 79
824, 0000. 01485 GabFarBO G GR) HR3ITCARND. B6GB4n OGﬂCMW%Q A7 FeHbAE, 0000. 1

1289. 945. 61 0224 91,0314Q,.00 01 1548. 21060. 05546
. 710722, 0000. ‘éﬁ’fz@ggfg”s 3%8 Gg% §%§4 893@2 g‘zh ‘gq%%? The
opi oi d pépt i dRepide Mief Wl widhamdighesiféinibyl aardgtmlmrhmddﬁleogi cal
applications émﬁéeﬁlwm@mcﬁne&&se@ Bb@ﬁdewlér@gmﬁ smi e Kpey

oo STt B S B g'@fgbﬁa&&w&g agachas 5

undesirabl e € as cons o} Te S|on and
itching. It i mﬁfﬂv%sh% é’:ﬂa@atbﬁ-é’t CPﬁﬁéée%pt@lféil Ry not
si gni fi cant| ytramstedtwmi hiamxﬂrbrcmll‘lsbakpretsiﬁ@ maxﬁaguwml wigaienthep®t ent i al

si de effigets thafagmy rs%ﬁﬂ“r&& T Phjit2de 1H65C1 OPIRAL iy isktborgdyr d 1O
10 brain penetééé 1,S a ﬁ | son_ of elr pot ency toelicit
elc

peripheral ef¥ £ °EI?E|?b%%Y1t4%'I°°e°ffect s.
Peri pheral effect sT%ﬁfelTFEansfurté@ pepfddehénntiye cnonse MACRE e ACIANT)

descri bed prewmsing dsly dlaseider@ribdchéfe fRd £ 08r Pret@RPanl ED, £ @Dt Or S
located in thg, @gr%nsgp@sg%deﬁ%%nqwfea@y&g ég,hélﬁdésckcot %&&up{%) The

tall-fllcktest |s an as acut e sonat ca}g to .eval uate the
pot ency Y&nd ¥ | ¥ FPEIAGERT I BELEF 3 RPVTR): an%?‘g%m ReptigdecNeept i on
20 i nduced byl t&s |catisidartes Hot exdtidvit($8£) lesaldsratien rafpiactttianl.

wi t hdr awal , e% LMW as tail -fI ick. Centrally acting anal gesic conpounds
are expected ncrlsaase |n% se-rel at ed man ‘?/é %he Iater;lc_)b S:%r tail
withdrawal . The té EERN 955 RAY 1090 §RE FeneT ey £eTmHa ®Phar m
Exper. Ther apetRhesR - Drdgarqy, ﬂSQQBdlsate@yimsTbﬁbE@a’taret hrough the use
of a Braion P&qawreésmd radﬁxt(me)d a\&haebcrsbdefimeL.ETﬁ EDso HPl = 3 0

~- EDso wher e prhe—bso—ratves—are—the—doses—i-hat—protuee—hatf+—rextyal ef f ect
in the nmouse \Wwithing test (\W-EDso) %84t he mouse tail-flick test
(TF-EDso0), rgspeg¢tively, mhen |given by i.y. route. A high BPI value signals
Ig\r/]vi Eir?i 2 \:,%M_Eacgen :r?'ﬁli 81[] gn itnd.'cat(::ﬁs Ehiﬁ a|t l::&ssl i3 e'TchitS : k.g 1yu23d for
tehe pur poses d,@osc:r?b%d I n %fsy:ﬁ% ;ﬁ Calculated Measured s\):;\{gg
2 NHMe 0.06 3,620 60,000 | 595.4 595.5 0.14
3 NHPr 0.09 1,640 18,000 | 623.4 622.5 0.078
25 4 NHBu .19 1370 7200 | 6374 6378 0.30
5 NH(Cyp) 0.18 3,520 20,000 § 621.4 621.5 0.04
6 Mor 0.06 2,510 42,000 | 6514 651.4 0.014
7 N(Ev) 0.11 1,900 17,000 { 637.4 637.5 0.02
8 NH(4Pic) 0.14 3,640 26,000 | 672.4 6724 0.01
30 9 NHhE! 0.40 1,010 2,500 | 625.4 625.5 0.03
10 | Tmo 0.09 2,260 25,000 | 667.4 6673 0.067
11 | 4Hyp 0.0 3,700 62,000 | 665.4 665.4 0.073
12 | Pip 0.15 1,050 7,000 | 649.4 649.5 0.07
13 | NH@T2) 0.59 1,590 2,700 | 664.3 664.4 0.44
35 14 NHB2 0.44 890 2,000 | 671.4 6714 0.14
. 15 Ppz 0.16 9,100 57,000 | 650.4 650.5 0.017
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2 ~ APR 2D~ application. The preferred opioid peptides have BPlI val ues
equal to or higher than 100, with nore preferred opioid peptides having a
‘BPI higher than 300. Systeaic nonpeptidic kappa agoni sts (ZC 3@ dol i ne
and U-69,593) ' 5 have BPI values |lower than 5, ‘which indi ‘a § ni fi cant

brain penetration is occurr-ag as al so evidenced by the side effects

(diuresis,
val ues for

dysp::
sone r

- dseks

n

dsda
at|

ot ot hetaREr seURRBES G

ally. BPI
| which

10 fol | ows: tMratizé 0 m@qmtm Mo.OARtERd &Yy / kg TF- EDao ny/ kg

BPI 10. 099. 7I
~1?750. 044. 4

Hipisr

82

445770. 0203. 11 5580. 019. 84984150. 0172. 86l 68490. 0201 .

6

281530. 02b2. 1 ' 81 ri UGS pPegtisissd hmunas pheggeperal formula: H-Xaa;-
0l 9) 10) 52688@&40&33909@42-@98hk0)1}£aa%&Q&| 43 pRBP298, 0884649RLNE0:1 Pa@) 1081

31050. 01512. 68

al so usef ul

%IO

s Egeried oy

}%

r

ongly to the KOR,

they are

ptors and for determ ning

what receptors may be present in a -26 2 4 APR 2002 - particular tissue
sanpl e. Thus, they are useful for di agA&gbs In this respect and pojentially
al so for in Hvo—ei-aghrests—CereraHy—these—efj-o-d—peptifles—ean—be used to
5 achi eve anti®nhaci c&Btion| in ¥reati rq vi 3#er al |pai i*and al so to treat
rheumat oi d an i ipteegs. Theyma,ge parti qm],arl y usef,j.;,l..lz in treamimng abdpm nal
pOStSUFf@ ¥H}iUHb stuchasdrgestTve. arsorderns. and pdrn —Iey—arg al so
consi d b CeF% oct i VP treoat IPRY  hi adde rD'ﬁ"gncf ahi | ﬂf‘ e}
I ncont i nence, lsaﬂ o-at2iter i jmitkeat i ons |whar e | ocall pranf | ammat | sHE:results in
pai n states iR, URe, gut or M?, ot her . &/Mscera g. InfTanpgl ory boyel
di sease (| BD) ea—Hre-topt N pepit-ae—s—abii4ty—to—toeyer
i mmune respond®e | ®feht be T/ant aqe0L5>N'°n conbat{i¥e | BD anpMd#5 ot he
i ndi cations, |su¢lpas aut qlm{ype di SEases Adm Ripsdy ati on pft he peptides
can be ﬁ%ployeu to-produce tocat—angtgestcact vty T respect—of—pot h
acute ahd chitdnil &Nt amm v condilth¥ns Thp_% DA% be useMot o treht
di gestive il ¢us |l Nng Ssyjptnans such pag bl oat i Qa0 nausesH@k) | nt gsti nal
transit inhi lﬁlz} Q. assocl afed W th Qﬁ! N, €. 0. |QOWel obst ; on passi bly
Pic :
produci ng per prH@rP&I anaI q%'@r a and tDI'va can be D/ get ed W‘Pr)el | eVe
pest-operatiyes Paipk, as Webps as ChI’CI]j.LQu pai n, qsﬁych as hat causgd by
inflanngélon of Eﬁ?tluinl StTTTat —anmg- Vi scerar—trSSues, —any_atrso~to} gi ve
relief ri ng 2l aval ¥PBM drug JdiMeti on D-Arg Mor
28 | D-Phe D-Phe D-Acp D-Arg Mor
29 | D-Phe D-Phe D-Nle D-Lys Mor
30 | D-Phe D-Phe D-Nle D-Har NHE!
31 | D-Phe D-Phe D-Nle D-Har(Et,) NHE!
25 32 | D-Phe D-Phe D-Nle D-Om NHE
33 | D-Phe D-Phe D-Nle D-Amf NH(4Pic)
34 | D-Phe D-Phe D-Nle D-Dbu NH(4Pic)
35 | D-Phe D-Phe D-Leu D-Om Ppz
36 | D-Phe D-Phe D-Phe D-Arg NH(4Pic)
30 37 | D-Phe D-Phe D-Nle D-lly NH(4Pic)
38 | D-Phe D-Phe D-Nle D-lor NH(4Pic)
39 | D-Phe D-4Mpsa D-Nle D-nArg Mor

Peptides 16 to 39 are considered to exhibit long
duration of antinociceptive bioactivity.
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The conpounds of the invention nmay be adm nistered in the form of
phar maceutical | y accept abl e,

salts,

fumar at e
succi nat e,

as wel |

known in t'

are hydro i de,
1 : , tannate,

nontoxic salts,
~is art.
hydr obr om de,

sul phat e,
panoat e,

acet at e,

30 such as ac
Il lustrative of such ac
phosphat e,
mal eat e,

Pgl' Zgg:{%ﬂ sal't S

nitrate,
citrate,

oxal at e,
benzoat e,

al giopiaid rpaémmesamamrg e gergalatforand & héidddeg~ | f t he

active ingy
contain a phar maceu

bi nder,

—%‘t'a%

'aé

iy B A

‘%reﬁd ihn'ﬁ\%ﬂ:et&
€, nonfoxic di
s a*ée?ﬁ%@aﬁ:%rﬁ?ﬁcﬂ:&ﬁﬁ JZVEXP@PALEAIQR 2002 - star ch or gelatin.

| nt ravenous adm n| stration in I sot on| Cc sal i ne

faun

"I uént

ey

i nc?judes a

manni t ol’

phosphat e buffer,

honpositions
bNj uncti on
uent . '
A int, i.e. an
g?fﬂ will be Pram
dwooper | ki | ogr am of

8, 4PMPPsSi tions may
rt-ster-ed repeatedly

t-+cat

€ Binding C
@k ) |
VASIGLALY)

or gl ucoss
will Zsual
with a con

L
DUI UT.1 Ul1S IH:J.y d.l oU UU UI I Cbl. CU IIIC DITanaac cy

lv contain 5 AMBYECt ective anount! ofMas Speosremt
werlt isapall , xphdr maceptigal]l y-@ccepeaiihe |Catiee

Ceneral ly, & %Pge &?‘Hg’r’l’}‘w MEB &ﬁ(:mrma ann g) ICepII

anount whi s—oaff il iWa) 2 241 | v va dac
about 1 td4mijdrregr a4mPeo | @dbut | 18 il Midananfssof  t Hessoept i
gk, O
exad

t he body v\ﬁgqm,,hpf the Ijlg;{, ¥gn i nt rﬁ,v,,enous;zy,. T
nal b

be adm ni §tered—astreed tr; ey bre—eact
at 3% hoyri|lMfyaPe TR&ena HEBE S ‘éﬁj‘rmo &y 2% possibly permt
ef fecti ve {er gipmdmi| Bipst 1 @tak,0n| p-RYWE WBERic) OF aghs.€d0S %55 m dhdsebe hi gher. |f
desirabl e [T Vv T ) EPT OVIET. pPr Ot [OoNyge riods]of tine,
exanpl e, 1“9 e s : ALY A o °u§‘ e_dﬁlooc pistration,
ZRepof DA i mgMan| b-tresqye 20 f mal,ﬁ be
PEAY |

sl ow rel edge, uddod | zgd. For
exanple, 4 4§L|,;P§pl €np3l g %3f or | on nmay
chlu, a6 e
Nelid ap
| D-Ly€lS

contain the 1 in a
EPrnom P x| pol yl actic
oimcﬁeipxd [

[ all

H%nr

Np. 3,773,9109.
conpl i shed

BrHas siiveut an 3854 n

LB ARNAD A ALY, Iy

for

sl owtdegr 448
aci d/ pol yglya
4 cSé(l rc-i}'vgh]errnl ©
D{PYe 8

It i's als
rr.
Bumerae, |

via a sil
i ncl udi ng
ys! Yo-pnd N

T Oy STOW T ergase can 1
NH@E®e) 686,4 86,5 9

arly,
ly,

mammal s,

t
| 558 ©2

bbbl a

per cut aned ,

intrarectd Sp-reH-gostag—to—ae
ant i f9ci cafti R <  Myast 1 ol Btdest iitdls i nhibition
i nduced by peritoneal irritation. They 35 may be so used for alleviation of
post - oper at i ve Rriptides {4ty & desmewndidenss \baviepth it floma of

admi ni Str atia 6l 45 RAfdd O e SRP YRl vIRTAl being treated. An
dosage formis - 2"~ APR 2002 - bacteriostatic

exanpl e of_ one {pl cal
wat er sol pH of about 3 to 8

e. g about 6, containing the
peptide, which epiedd gre &dﬁmthaumgsltme’:l@“éﬁdﬁlermi-mﬂrk ae:ntlﬁ-rta-lﬁme-{(ﬁ
prov' e a fos t oy 3 ght per 5
day. ‘gfhese*i% a% gg'%f Z‘fconml %rblcétttg g‘@ %@'W‘Et B Pég‘e ?Tw v&%gnd t hey

are consi cmmdadtesftebie mrdemﬂmdq Ipe|BX2MRIEA f or admi ni st ration by
subcut aneous | nj ectl on in a bacteri ostatl c water sol uti on or the |ike.

Al t hough t [ red
enbodi nent|s, it shoul d be understood TH&Pchanges and nodificati ons a$
woul d be dbvijous tlo ong havi hg thelordi hary pkill fin this art nmay be pade
wi thout dgparjting ffromfthe stope off thelinvention|Wighslsset forth In the
cl ai ms whilch jare adppended hefeto. Ko 15 &xahpl e, totirer—stbstitti ons| known
in the art| whjch do not| sign{ficant|I¥PRdE™MBcl #Fom the eflf ecti vaidE_ of the
peptides nEY_lpb&enpPyyed %w { heQ' peprind gt | thels il rfleied dnMea@pdy g merke .
substitut g« O-Bhe Iesi dues, >uﬁ<hicﬁa obABl ) IhPhes b |6244CLY)ksPhe| can be
used_in t fe—2rpostttomTBotir
30 55 { D-Phe | D-Nle | D-Amf NHEs 0.14 1750 | 12,500 | 629.4 629.3 0.083
56 | D-Phe D-Ley D-Om NHE! 031 4,150 13,000 | 567.4 567.4 0.057
37 | D-Phe D-Leu D-Om Mor 019 5,260 28,000 | 6054 609.3 0.026
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20 Lys(Bu) and D-Lys(Et2) are considered to be equivalents of D-Ily and
D-Arg(Etz). The N-term nus of the tetrapeptide may be pernethyl ated, as
known in this art, if desired. D am no conpounds may be used?asAPRI#2rs to
create dimers~ of 2 teetrapeptide am des. Linkers which have been 25
successful ly usedpeprcidete sk, Godisamarehesastdeted- tio aaxhnib doXamgnt ane, and
1, 8- di am no- t |t are considered to be
equi val ent s éo‘?p‘i‘ﬁlg’ﬁé;{)ec |\?e°’gr]r‘%r?é’%w Sgéﬁgu@{gyAPR 2002 - CLAIMG: 1. A
synt hetic oEXAMPER S| de amide or a phar maceutically acceptable salt

t1 hg(r) SOI havi ntg arbgiéic?lﬁépﬁltatreﬁt ﬁh%v‘iﬂ@pﬁhgpgéhdréﬁcwfﬂd ﬁmlmahi- gttle?st
i_mes jts e i,oi.d,re r.an i iits long

duratiof of %R3%7 gé? n‘érX’é%r ni %t é?éd‘clpﬁegl 8, 8&)8#‘@@{)@??0@"%’5‘5

formul a: H Xend - tesize X3 -Mrt-iBedhdanc EXANRRE 1s ( A) D Phe, (Cal\/b)DPhe

D-Tyr, D-Tic or DAl a(cyclopentyl or thienyl), with A being H NOz, F, Cl or

CH . Xaaz —hs—&Aﬁ—B—Phe—D-thk—B—EH&F—B%—mﬁ—B—*Pp—mﬁh—A—-bei—ng—A or

3, 4Cls: kaa3 is DNe, (H Dleu D HEH Vet D Val. D Phe or

D- Al a(cyckopé¢ntyl) with B |being H or . Xaa) iIs QLArg, D Har, | D- nAr g},
D-Lys, D-ily| D Arg(|Etz), |DHar(|Et2), |D.Anff, D- §nf, LDmsp,Qa,g br D-10f ;
and Q is NR~Rs, norpgholiny, tkiom)rﬁh&in C)“pl oyt prperazi.
4-nmono- of _4)4-di-substituted fdi peradi IX"(S’P'l W o it I RL b4>|vh'r&°1'

al kyl, subdtdeoad o A B9 | h8n7 LIl ;) P’g%j =zawars
am nocycl| phekpiaken Hireesl ylinLe2-|piocol Ylops 3+ pbasol| yise0d-spiscol kst an| oos:

e e o o, o AU I e
accor di ngl o | PiAlseTs) i B é‘z r:s\AWDJP 1360, 1 10400 | Xaa,

is DArg ofeD|Bma. 3.|okee symthdioec pdphi de aeedr siond
wherein Qs N%‘?E‘i zFu PoaSs Pl PHRYT] . PHEYT 16060

'\nf

cycl obut yt——4—+he ——papti-de-tace B Q
i's mor pho| #nyPPer_t Hitdhor plridfis e 5.| o¥hel syt hednow [fastt | dds%mecot BFhg tlo
claim 350[¢s2| phags ei 1 feck:S INHR [ad Rjoiis - e ¢l Wloco (GrosaThe | syt hesisc
peptide aCTordImg to Ccrarmr L Or 2 Whereln Q15 NEU)Z,” N(AeD), PPz,
Pcp. 7. The synt F@éﬁ&&&‘sotsgi%oa%%oaelb_naoagl&é@é&néoqgnzlmerl%ha Qis NHRI,
and Rl is AaQ, Ao0, AF 200z 8. The synthetic
pepti de accoAWHEAPR %f’&?@%l‘:@ﬂ’&lﬁ El?a%%’f% ¥ Xaal is D Phe,

DAl a(2-thi eg_m:’m DAFpa. 9. The synthetic peptide according toclaim1
wher ei n Xaa, 0 e C aim1l

wher ei n Xaa2 |s %%ld #e%ggﬁi Hyﬁ?? EQ\B ﬂ%#‘grrgacguf Ica e tﬂo-(}){glgfl on which
conpri $8s arﬂ%m&?@er%@@h%eaénénﬁﬂ-cé‘ﬁe@ %‘}rﬁm F &R &émggéé%%ﬁ“ﬁg to any
one of cl ai ngnd-dfseedl & RirdrEeRA igaEkyvaceep; able liquid or solid
carrier therefor. 12. A nethod of treatnment which conprises adm nistering
an amount of the pharnmaceutical conposition of claim 1l which is effective
(a) to achieve antinociception where there is visceral pain, rheumatoid
arthritis, abdom nal postsurgery synptons or acute or chronic pain, or (b)
to counteract bladder instability, incontinence or digestive ileus, or (c)
to conmbat | BD or autoi mmune di seases. 13. The synthetic opiotd peptide
according to claim1 having a Wi-EDso of about 0.5 ng/kg or |ess, which
peptide has the fornul a: H Xaal - Xaaz- Xaa~- Xaa, - Q wherein Xaal i s D Phe
(unsubstituted or substituted by CQwe, 2F, 4F or 4Cl) or D Al a(cycl opentyl
or thienyl); Xaaz is (A")D-Phe, D INal, D-2Nal or DTrp, with A" being H,
4F, 4Cl, 4NO2 or 3,4Cl2: Xaa~ is DN e, D Leu, DDCM, D Met or D Acp; Xaa,
is DArg, DArg(EtZ) D-Lys, DIly, D-Har, DHar(Etx), D-nArg, D-On, D lor,
D-Dbu, DDAnf, and D-Gnf ; and Qis NRIRs, Mr, Tno, Pip, 4-HyP, OxP or Ppz,
W th RI bei ng I\/b Et, Pr, Hu, hEt. Cyp, 8z1 or 4-picolyl, and Rz being H or
Et.
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14. The synthetic peptide according to claim 13~ wherein Xaaz is D Phe,

~i}4Cpa or
D Gnf.

NHR1 and Rl is Et,

hEt ,

D 3,4Cpa, Xaa3 is D Leu or
15. The synthetic peptide according to clainms 13 or
Pr or 4-picolyl.

D-Nl e and Xaa,

is D Ar

9 FEHL o s

16. The synthetic peptide

R

according to claims 13 or 14 whereln le N(Et2) or NH(Aeb) -31 ~ 4 A
2~n~ 17. Thersynthett+c pchl te—accortrng—to—ctarmmS~or—ttwerern Qi s
mor phol i nyl fr thionorpholinyl. 18. TARESynt hetic peptide accordihg to
claim13 or {4 wWhengin Qis Nlle and Rlx,!,,s etryl Ofwn 4-pi fol yh. 191 The
synt heti c peptige-accordiy tO bldlﬂlLo‘Ul Hverer T Q p or
HH( Hoh) .  20. t] 2 8bnti de arding & 13- 19
wher ei n Xaai | 47s| B¥Rhe or | vl a( 2-t fibaayl ) or [DoApa. 211 NEBhe synt heti c
pepti de @accofd 0 cla 1 havin ne of th~'rolovv|ng Or mul as|.
PeD Phe-Dr Phie M m.dl—!Et, LB et pnd A%, o5 d—or-phal i nyl
H D- Phe- D- Php¥ Dy Mfhe- D- Ar ]D'NH- 4- pi COMDWF’L H D P|®op. Phe- D Nee- D Ar gF NHPr |,
H- D- Phe- D- PhenDr Dugrdd Ar Podida onor pheldcnyl , H- Dplgae- D- Phet ,@,(Mzg D-1Ar g- NEt Z,
H D- Phe- D- PhE=BrNe=DArpg=NHvE; H%mu- =BCrrTorptroty nyl
H D 4Fpa- D- PhB-TPAPe- D1 T PR Nep 4 il PPy D-Har 4HyP
H D- Phe- D- PhgrD} ke D- Ar po-RiH- cycl opipawy| |, D-Arg(E1,) NHE!
H D- Al e @Thi ) 5} M@a- D} Legé,-,,[} Arg Im[dphol I Y| p.om Tmo
H=D- Phe- D- Phe=—bBrNte=B—GnT=1o1 }JIIUIII N e o B v e L S o -u-un-'\|H(A6b),
H D- Phe- D- Phe® D B&R. D | y52HisY phol Jny‘?r”" D-Har(Et) NHERO
H D- Phe- D- Phes D} phre- D- Ar _:]B-pzpaper azi rhyoh;u and D-Gmf NHRKE!
H D- Phe- D- PhE;, L}Ar N= NFH({ Hoh) The syfpggg I C oplpLd peptride
accordi ng tce73! “&n@ R Dlr\l S ':')éécp“L 23 6HH—O—b—Hg+ "g&e&'-l-es-e-,- whi ch
pepti de has (He lP-B’Frrul a PF‘Naa XagP-A%aa3- Xaad PO wher ei n| ¥&u,_ i s D- Phe,
D 4Fpa,1>- 2FpR, ll;)r,Acp or &pﬁl a( 2Th|i)).ph,Xaa i S |{pALD- Phe, DOablaly, D-)2Nal or
D Trp, with bE A —Xaad T s BN B e or—tFteo— X254 i s
D-Arg, D Harl2 B‘ﬁ\%h DIV D an MRy onf - 2 Qis NEENnr  Tiho, Pip or
Ppz, with R {de] meuet P De¥ 4Pic. [D3@ 2 4 ABR-2002 23| MdThe syn[t hetic
opi oi d pepti ng LClalm] ving a - o of ng/ kg or
| ess, which dﬁ a:&%gﬁﬁtg .S lfu. FreH :Dm?r Xerer; yal-g/[zjao /\aa’m&%) drerei n Xaa,
is D Phe, D UEphP™D 2Fpal BN Al a( 2PR) . Xaa2 [P A D P %U\m_, D2Nal or
D-Trp, 20th Pebebrg 3, 4ACLR2»ar 4CL; |Xam3 i s D- Nipewor D-Lejyuo¥aad ifs D-Arg,
Dorn or B ol PR 7S TSR, VoL IR, TP, JBLT N[g W[ being
A A A5, A{LSakDRUr . A | B&NIA AQ_ AY DAIAY . A AGIRIA AAAPELAY. A" A9 A Ayl
#+, OXj sty 86 | D-Phe D-Trp D-Met D-Arg Drmp
87 | D-Phe D-Trp D-Nle D-Om Mor
25 The opioid peptides of Table F are considered to show high

selectivity for the KOR, as compared to the MOR, and to

exhibit antinociceptive bioactivity invivo.
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The peptide numbers correspond to those in

the earlier tables and the figures with regard to u/k ratio
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108 1OB%M&I é’iEKMQ§F% prior to beginning the test. The nociceptive

10 behavior, i.e. writhing, to be monitored is induced by the
intraperitoneal (i.p.) administration of dilute acetic
acid. 10 milliliters of 0.6% agueous acetic acid is used
per kg of body weight. Writhing is scored during the 15
minutes following acetic acid administration. In a first

15 step, compounds are tested at 3 to 4 increasing doses,
given by intravenous route, and at one unique pretreatment
time (-5 minutes before acetic acid injection). This step
is used to determine the potency (WT-EDs;) as well as a
submaximal effective dose (about 80-90% antinociception).

20 In a second step, this submaximal effective dose for each
specific peptide is administered at various pretreatment
times (i.e. -5 minutes, =60 minutes, =120 minutes and -180
minutes) prior to the administration of the acetic acid in
order to determine the duration of action. Throughout the

25 test, a control group of mice are used which are
administered only the vehicle without the candidate
peptide. The number of writhes are counfed over a 15-
minute period, starting from the time of acetic acid
injection, and biocactivity, i.e. antinociception, is

30 expressed as a percentage, and is calculated as follows:

100x{Writhes in control garoup - writhes in treated
writhes in control group

Because each submaximal dose will very likely vary so
as not to be directly comparable, the results are
35 normalized mathematically, as known in this art, to
provide comparable values which are set forth in Table H.
In Table H, the antinociceptive activity remaining after
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15 TABLE H .
$ Antinociception
Peptide px WT~ED;, 1 2 3
No. Ratio ng/kg hr hr hr
1 38,000 | 0.09 83.9 75.5 61.3
2 60,000 | 0.14 70.5 29.8
20 3 18,000 | 0.078 48.6 39.8
4 7,200 | 0.3 49.3
5 20,000 | 0.04 66.0 34.5
6 42,000 | 0.014 105.7 | 52.7
7 17,000 | 0.02 67.5 36.8
25 8 26,000 | 0.01 66.9 45.1
9 2,500 | 0.03 72.5 39.5
10 25,000 | 0.07 81.6 47.5
11 62,000 | 0.07 61.8 36.9
12 7,000 | 0.07 60.5 53.6
30 13 2,700 | 0.44 30.7
14 2,000 {0.14 6.0
15 57,000 | 0.017 60.0
42 27,000 | 0.06 45.3 29.4
43 2,500 { 0.2
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57 28,000 | 0.026 100 67.2 58.2
58 6,500 | 0.04 93.4 45.7
59 13,000 | 0.052 83.3 59.7
15 60 1,900 | 0.083 83.8 35.5
61 10,400 | 0.019 57.5 60.3
62 27,000 { 0.18 38
63 16,000 | 0.04 51.8 36.1
64 37,000 | 0.032 74.7
20 65 11,000 | 0.032 39.5
88 16,000 | 0,04 56.6  |28.9
94 70,000 | 0.02 58.8
95 16,000 | 0.08 45.8
96 12,000 | 0.098 56.7
25 98 24,000 [ 0.014 85.5 40.8
99 19,000 | 0.083 50,3 69.3
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Because these peptides bind strongly to the KOR, they
are also useful in /nviro assays for studying receptors and
for determining what receptors may be present in a
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Effectlve dosages will vary with the form of

administration and the particular species of mammal being
treated. 2An exanple of one typical dosage form is a
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may be permethylated, as Known in this art, if desired.
Diamino compounds may be used as linkers to create dimers
of 2 tetrapeptide amides. Linkers which have been

25 successfully used include 1,6-diaminohexane, 1,5-diamino-3-
oxapentane, and 1,8-diamino-3,6~dioxaoctane. The resultant
dimers are considered to be equivalents of the respective
monomers.,
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cyclopropyl or cyclobutyl.

4. The synthetic peptide according to claim 1 or 2
wherein Q is morpholinyl or thiomorpholinyl.

5. The synthetic peptide according to claim 1 or 2
wherein Q is NHR, and R, is 4-picolyl.

6. The synthetic peptide according to claim 1 or 2
wherein Q is N(Et),, NH(Aeb), Ppz, or Pcp.

7. The synthetic peptide according to claim 1 or 2
wherein Q is NHR,, and R, is Aao, Aoo, Hoh, Ghx or Gao.
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/1K any one of claims 1-10 and a pharmaceutlcally acceptable
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% & ()- Z4pT8 5// NlO% % &' NlO0 - ZAN10% % & () - ZAN10% % & () - ZAN1
0% % & () - Z4/ K1 of treatment hich comprises
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5050 (91 SRR I I L ) SR L0
N10% % & (9nm@@%'@qn WhENEO Yhere' (5- Yieaerad tptalm. rHRUHRIE ()-@0
\é\?'_loo/do}g?(&)ﬁftl@ltis ?/d&@/&j(ﬂal@post%‘ﬁﬁ&y(&y@téﬂ@% dautid'orl0! 91 | [ ALO!
chronic pain, or (b) to counteract bladder instability,
incontinence or digestive ileus, or (c) to combat IBD or
autoimmune diseases.
13. The synthetic opioid peptide according to claim 1
having a WT-ED;, of about 0.5 mg/kg or less, which peptlde
has the formula: H-Xaa;-Xaa,-Xaas-Xaa;-Q
wherein Xaa, is D-Phe (unsubstituted or substituted by C)Me,
2F, 4F or 4Cl) or D-Ala(cyclopentyl or thienyl); Xaa; is
(A')D~Phe, D-1Nal, D-2Nal or D-Trp, with A' being H, 4F,
4Cl, 4NO, or 3,4Cl,; Xaa, is D-Nle, D-Leu, D-CML, D-Met or
D-Acp: Xaa, is D-Arg, D-Arg(Et,;), D-Lys, D-Ily, D-Har, D-
Har(Et,;), D-nArg, D-Orn, D-Ior, D-Dbu, D-Amf, and
D-Gmf; and Q is NR,;R;, Mor, Tmo, Pip, 4-HyP, OxP or Ppz,
with R, being Me, Et, Pr, Bu, hEt. Cyp, Bzl or 4-pi'coly1,
and R, being H or Et.
. 14. The synthetic peptide according to claim 13
wherein Xaa, is D-Phe, D-4Cpa or D-3,4Cpa, Xaa, is D-lLeu or
D-Nle and Xaa, is D-Arg, D-Orn or D-Gnmf.
. 15. The synthetic peptide according to claims 13 or
14 wherein Q is NHR, and R, is Et, hEt, Pr or 4-picolyl.
16. The synthetic peptide according to claims 13 or
14 wherein Q is N(Et,) or NH(Aeb).
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#3 one of the following formulas:

H-D-Phe~D-Phe-D-Nle-D~Arg-NHEt,
H-D-Phe-D-Phe-D-Nle~D-Arg-morpholinyl,
H-D-Phe~-D-Phe~-D-Nle~-D-Arg-NH-4~picolyl,
H~-D-Phe~D-Phe~D-Nle~-D-Arg-NHPr,
H-D-Phe-D-Phe-D-Nle-D~Arg-thiomorpholinyl,
H-D~Phe~D-Phe-D-Nle-D~Arg-NEt,,
H-D-Phe-D-Phe-D-Nle~D~Arg-NHMe,
H-D-Phe-D-Phe~D~Leu-D-Orn-moxrpholinyl,
H~D-4Fpa~-D-Phe-D~Nle-D-lZrg~-NH~4~picolyl,
H-D-Phe-D-Phe-D-Nle-D-Arg-NH~cyclopropyl,
H-D-2Ala(2Thi)~D-3, 4Cpa=-D-Leu-D-Arg-morpholinyl,
H-D-Phe-D-Phe-D-Nle-D-Gmf-moxrpholinyl,
H-D-Phe-D-Phe-D-Leu-D-0rn-NH(Aeb),
H~D-Phe-D-Phe-D-Leu~D-Lys-morpholinyl,
H-D-Phe~D-Phe-D-Nle-D-Arg-piperazinyl, and
H-D-Phe~D-Phe-D-Nle-D-Axrg-NH (Hoh) .

22.  The synthetic opioid peptide according to claim 1 having a WT-EDy, of
about 0.5 mg/kg or less, which peptide has the formula: H-Xaa,-Xaa,-Xaa,-Xaa,-Q
wherein Xaa, is D-Phe, D-4Fpa, D-2Fpa, D-Acp or D-Ala(2Thi); Xaa, is (A)D-Phe, D-
1Nal, D-2Nal or D-Trp, with A being 4F or 4Cl; Xaa, is D-Nle, D-Met or D-Leu; Xaa,
is D-Arg, D-Har, D-nArg, D-Lys, D-Orn or D-Gmf; and Q is NHR,, Mor, Tmo, Pip or

Ppz, with R, being Et, Pr or 4Pic.
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