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(54) Title: NOVEL OPIOID PEPTIDES
(57) Abstract

This invention xeiates to novel

opioldpepﬁdesforﬂwmunentofpainaswellasameﬂmdfortheprcpamtionthmofand

pharmacentically acceptable compositions comprising these peptides. The invention also relates to methods for controlling pain in patients

using compositions of the invention and the use of said
of this invention have a high degree of selectivity for
as analgesic agents acting substantially on peripheral

compoqnfls in the preparation of formulations effective in pain treatment. The peptides
the n-t_)pmnd receptor. The peptides of the present invention are particularly well-suited
#-opioid receptors. Because these peptides act peripherally, they substantially avoid

producing side effects normally associated with central analgesic action.




general, the [err]-receptors seemto be nore involved wth anal gesic
effects. The [err] - receptors appear to deal with behavioral effects,
al though the [err] and the [err]- 20 receptors may al so nedi ate anal gesi a.
Each opioid receptor, when coupled with an opiate, causes a specific

bi ol ogi cal wosmIponse uni que to that type of receptor. WROT/SE6/@1811at e
activates nore than one ‘Teceptor, the biological response for each
receptor is affected, thereby producing 25 side effects. The |l ess specific
and selective an opiate may be, the greater the chance of causing

I ncreased side effects by the adm nistration of the opiate.

2 In the MNOVELOPIQOIDPERTIDES opi oi d peptides, and anal ogs thereof,
have either failed to denonstrate, or have denonstrated a limted

degree of selectivity for the tvpe of receptor, or receptors, to which
t hey bi nd. ﬁbﬁ%é‘?@&ﬂﬁ’%@%n ous and potentially fatal side )
effects. Side effects such as respiratory depression, tolerance,

physi cal ~ dependerepresa inventiontelabdsd6 opidi@llike peptide compounds. More

5 parﬁculérly, it relates to opioid-like peptide compounds that exhibit peripheral
analgesic activity and selectivity for the u subtype of opioid receptors. '

BACKGROUND OF THE INVENTION

Many endogenous peptides of mammalian and amphibian origin bind to specific
10 opioid receptors and elicit an analgesic response similar to classic narcotic opiates.
Many different types of opioid receptors have been shown to coexist in higher
animals. For example, see W. Martin et al., ]. Pharmacol. Exp. Ther., 197, p.
517(1975); and J. Lord et al., Nature( ondon), 257, p. 495(1977). Three different
types of opioid receptors have been identified. The first, §, shows a differentiating
15 affinity for enkephalin-like peptides. The second, p, shows enhanced selectivity:
for morphine and other poly-cyclic alkaloids. The third, x, exhibits equal affinity
for either group of the above ligands and preferential affinity for dynorphin. In
general, the p-receptors seem to be more involved with analgesic effects. The 8-
receptors appear to deal with behavioral effects, although the 8 and the x-

20 receptors may also mediate analgesia.

Each opioid receptor, when coupled with an opiate, causes a specific biological
response unique to that type of receptor. When an opiate activates more than one
receptor, the biological response for each receptor is affected, thereby producing
* 25 side effects. The less specific and selective an opiate may be, the greater the
chance of causing increased side effects by the administration of the opiate.



wi t hdrawal syndrone are caused by nonspecific interactions with central

ner vous systemreceptors. See K. Budd, In International Encycl opedia
of Phar nmacol ogy and Therapeutics: N.E. WIllianms and H W1 ki nson,
Eds., Pergammon: (Oxford), 10 112, p.51 (1983). Therefore, opioid

anal gesi cs acwaogpmgtsonci pal |y t hrough opioid r ecept or s ROT/SEB&01011

peri pheral nervous system woul d not be expeczt ed to cause simlar

unwant ed side effects as those side effects “associated with opioid

anal gesi cs affecting the central nervous system 15 To date, one
of the few cl asgR$h&bri t Shi s Le [ I HSEI' -
effects are non-st e?gﬂg?ﬁ,{ﬂ%:%@gﬁ%%ﬁ g@y’“’%‘éﬂ@ gﬁgghl‘(l:eggglﬁ as pelgtﬂeﬁfaﬂed to
i buprof en, and demonstiate; of have démorstateshs Enmdeddegreedfeselectivity fon tivptypedf
receptors but are _known to i nht bit cycl poxygenase and attenuate

pr ost agl andi n sfﬁf?ggﬁ'g?mﬁﬁg@és’\’\%yg‘&é‘eyﬁf‘fﬁggesi cs do not have centrally
nmedi ated side effects, but they can cause other 20 side effects such as
ul cerations of the gastrointestinal tract. It was thought that

non- pol ar peptides, pass nore egsily jnto { entral nervaqus system
t han pol ar pept %@%f“ﬂ‘%ﬁ?ﬂﬂ&%ﬁ@‘ﬁ -Bbfcaéqlﬁl ferts, Sideeffegts syghas
publ i shed that - Fefftairlydeppediichr, ReaRRs pHAEEI dopoRabidslchpabig el PRecffilld ©
25 properties both peﬁyp erally and ceﬁy?gll 'y (P. Sc%ic%ﬁ%rl@'e%ﬂcgﬁe,ﬁgw
Proceedi ngs of twighdmamal syndrome are cauised by mopspetuficintgractions)witloémral hervous
contradiction, i Q%?Hf ) present pnvent or.t hat this
tetrapeptide doéim%gfra Esé%égg'Péd&e‘vqg‘m afidrt ﬁc'.loe%x ofFhanuacolog;
and Therapeutics; N.E. Williams and H. Wilkinson, Eds., Pergammon: (Oxford),

10 112, p.51(1983). Therefore, opioid analgesics acting principally through opioid

receptors in the peripheral nervous system would not be expected to cause similar
unwanted side effects as those side effects associated with opioid analgesics
affecting the central nervous system.

15 Todate, one of the few classes of agents known to exert peripheral analgesic
effects are non-steroidal anti-inflammatory agents, such as aspirin, ibuprofen, and
ketorolac. These agents do not interact with opioid receptors but are known to
inhibit cyclooxygenase and attenuate prostaglandin synthesis. These weak
analgesics do not have centrally mediated side effects, but they can cause other

20  side effects such as ulcerations of the gastro-intestinal tract.

It was thought that non-polar peptides pass more easily into the central nervous
system than polar peptides by traversing the blood-brain barrier. It has been
published that TAPP(H-Tyr-D-Ala-Phe-Phe-NHp) exhibited antinociceptive

35 properties both peripherally and centrally (P. Schiller et al., Proceedings of the 20®
Buropean Peptide Symposium, 1988). In contradiction, it has been found by the
present inventor that this tetrapeptide does not act centrally even at doses of
100mg/kg.



3 It is an object of the invention to provide opioid-like peptide
conpounds whi ch act peripherally but substantially avoid the unwanted
side effects associated with conventional peripherally acting

anal gesics. It is a further object to provide pepti de conmpounds whi ch
bi nd sel ecti v#og9waridvhe [err]-opioid receptor. 5 SUMVAR/SHD6/T108

| NVENTI ON The present invention provideg novel peptide conpounds which
act peripherally and are selective for [éerr]-oproid receptors, the
conpound represented by fornul a (1): [err] 10 (1)

and salts, deri Vil ¥g3bRRbAR RANESH t&Br&Ale opioid-like peptide compounds which
act peripherally but substantially avoid the unwanted side effects associated with
conventional peripherally acting analgesics. It is a further object to provide
peptide compounds which bind selectively to the p-opioid receptor.

SUMMARY OF THE INVENTION

The present invention provides novel peptide compoﬁnds which act peripherally

and are selective for p-opioid receptors, the compound represented by formula
{1):

/Z
X—Ri—R;—R;—R—N_
10 Y
(1)

and salts, derivatives and analogues thereof

wherein,
15 R, is Tyr or 2’ 6’-dimethyltyrosine, or an analog or derivative thereof;

R, is D-Ala or D-Arg;

R, is Phe(p-F);

R, is Phe or Phe(p-F);

Xis Hor C, alkyl; and
20 Y and Z are independently H, aralkyl or C, alkyl.
In another aspect of the invention, there is provided pharmaceutical compositions

comprising a compound of formula (1) in admixture with a pharmaceutically
acceptable carrier and/or a second therapeutically active agent.



wherein, 15 Rerr] is Tyr or 2',6"-dinmethyltyrosine, or an anal og or

derivative thereof; Rlerr] is DAla or D-Arg; Rl err] is Phe(p-F);
Rlerr] is Phe or Phe(p-F); Xis Hor (Jerr]Jalkyl; and 20 Y and Z are
i ndependently H, aral kyl or Cerr]alkyl. I n anot her aspect of the

I nvention, theweoy8713¢ ovi ded phar nmaceuti cal conpositions PCUSESSOYIIhg a
conpound of forrmula (1) in adm xture with a pharmaceutically accept abl e
carrier and/or a second therapeutically active agent. :

4 In a further aspect of the invention, there is provided a nethod of

treating pain Ina further aspect of the invention, there is provided a method of treating pain
comprising administering to a mammal in need of such treatment a
pharmaceutically effective amount of a compound of formula (1).

5 Ina further aspect of the invention, there is provided the use of a compound of
formula (1)for the manufacture of a medicament for treating pain.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1, 2, and 4 illustrate the inhibitory effect of compounds of the invention in
10 two different hot-plate assays.

Figure 3 illustrate the inhibitory effect of H-Tyr-D-Ala-Phe-Phe-NHS in a hot-
plate assay.

Figure 5 illustrate the inhibitory effect of compounds of the invention in the tail-
flick assay.

15
DESCRIPTION OF THE INVENTION

The following common abbreviations are used throughout the specification and in
the claims:
Ala - alanine
» Arg - arginine
Phe - phenylalanine
Ser - serine
Tyr - tyrosine
TAPP - H-Tyr-D-Ala-Phe-Phe-NHp
33 GPI - guinea pigileum
MVD - mouse vas deferens
Phe(p-F) - para-fluoro phenylalanine



conprising admnistering to a manmal in need of such treatnent a
phar maceutically effective anount of a conpound of formula (1). 51In a
further aspect of the invention, there is provided the use of a conpound of
formula (1)for the manufacture of a nedicanment for treating pain

BRI EF DESCRI PiWdgMoedse THE FI GURES Figures 1, 2, and 4 ipdwsEssé/@dH t he

I nhibitory effect of conpounds of the invention in 10 two different

hot - pl at e assays. Figure 3 illustrate t Re i nhi bi tory effect of

H Tyr-D- Al a- Phe-Phe-NH2 in a hot- pl at e assay. Figure 5 illustrate

02 ™ 1Y g SRR L e ok common
abbrevi ations ar gopsed thuneogiazolyl Nroxg-eris(dimethiylarninehd i n t he cl ai ns:
Al a - alanine 20 Arg ph&spﬁ&%i:?xi\hl?caﬂuomgngspha{te phenyl al ani ne
DMF - dimethylformamide
; s TFA - trifluoroacetic acid
tBU - tert-butyl
Pmec - 225,78 pentamethylchroman-6-sulfonyl
FMOC - 9-fluorenylmethyloxycarbonyl
PBQ - phenyl-p-benzoquinone
10
The term “EDs5g” as shown in table 1 for the PBQ writhing assays is defined as the
dose of drug which induces a 50% reduction in the number of writhes observed
compared to the control. The term “K;” in table 1 for the binding assay is the

inhibition constant of the known p-receptor ligand DAMGO and &-receptor ligand

15 DADLE. The term “K;8/K;}” is a value used to indicate selectivity. This ratio
represents the relationship of the affinities of opioid peptides for binding to the p-
and &-receptors.

Compounds of the present invention are represented by formula (1):

2
X— R;y—R;—R;—R—N
Y

(1)

and salts, derivatives and analogues thereof.

. 25  Xis H or methyl and is preferably H.



Ser - serine Tyr - tyrosine TAPP - -Tyr-D- Al a- Phe-Phe-NH[ err]

25 @GPl - guinea pig ileum MWD - nouse vas deferens Phe(p-F) -
par a-fl uoro phenyl al ani ne

5 HOBT - N hydroxybenzot hi azol e BOP -

benzotri azol yWoe7TMIIB0t r i s( di net hyl am no) . PCT/SE96/01011
phosphoni unhexaf | uor ophosphat e DVF - digethylformamde 5 TEA -
trifluoroacetic acid tBU - tert-butyl Prc - 2,2,5,7,8

pent anet hyl chr oman- 6- sul f onyl FMOC- 9-fl uorenyl met hyl oxycar bonyl

PBQ - henyl -3 4 - n ... y i e 1
for the IF:)’BQ Wi ?‘nl? n ggg éegﬁlﬁlg ﬁg'éw?]%lﬁggaghﬁﬁ g} efE:QE:F;}' T}' Tﬁéaﬁﬂg"!ﬁ\ﬁlﬂ 83'8‘-%
of R, is substituted with X to form an amino group when X is H or an alkylamino

group when X is methyl.

R,is D-Ala or D-Arg, and is preferably D-Ala.
s R,is Phe(p-F).

R, is Phe or Phe(p-F), and is breferably Phe.

Y and Z are independently H; aralkyl, such as benzy); and C, ,alky], such as
methyl. Preferably Y and Z are both H.

10 Compounds of the invention include but are not limited to:

Compound #1B H-Tyr-D-Ala-Phe(p-F)-Phe(p-F)-NH,;
Compound #1C H-Tyr-D-Ala-Phe(p-F)-Phe-NH,;
Compound #2B H-Tyr-D-Arg-Phe(p-F)-Phe(p-F)-NH,; and
Compound #2C H-Tyr-D-Arg-Phe(p-F)-Phe-NH,.
15
In a preferred embodiment, the compounds of the invention are selected from the
group consisting of
Compound #1C H-Tyr-D-Ala-Phe(p-F)-Phe-NH,; and
Compound #2C H-Tyr-D-Arg-Phe(p-F)-Phe-NH.,,.

In a more preferred embodiment, the compound of the invnetion is
Compound #1C H-Tyr-D-Ala-Phe(p-F)-Phe-NH..

The amino acid derivative 2’,6'-dimethyltyrosine (Dmt) may be substituted for

2s  tyrosine in the opioid peptide compounds. Experiments have shown that the
substitution of Dmt for tyrosine at the Ry position, the first amino acid residue in
general formula 1, enhances the potency of the opioid peptide at the p-receptor up



dose of drug which induces a 50%reduction in the nunber of writhes

observed conpared to the control. The term"K[err]" in table 1 for the
bi ndi ng assay is the i nhibition constant of the known [err]-receptor

| igand DAM30O and [err]-receptor ligand 15 DADLE. The term"Klerr]/Klerr]"
is a val ue uswosrmradi.cate selectivity. This ratio r epPETSReG010He

rel ationship of the affinities of opioid peptides for binding to the [err]-
and [err]-receptors. Compounds of the present invention are

represented by fornmula (1): 20

[err] . i ' ; s H
o Ththyl and i ngfeagresjgbqt%ﬁlﬁ e VfiHel sbfednidy!fGH 1AL RGPt 1RERRLes witeh the
compound includes Dmt at the R1 position. This substitution causes a
corresponding shift in the ratio of binding inhibition constants to reflect the

increased p-receptor selectivity.

The opioid activity of the peptides was assessed in vitro using the guinea pig
ileum (GPI) longitudinal muscle preparation and their antinociceptive activity
was determined in vive in PBQ induced writhing models (peripheral activity) and
in two hot-plate tests (central activity) in rodents. The analgesic activity of the |

10 compound of the invention was also evaluated in the tal flick assay. The tail flick
assay is used to evaluate the central analgesic activity of the compound.
Comparison of the activities of compounds of the invention in the writhing, hot-
plate, and tail flick assays demonstrated that the analgesic effects were
predominantly mediated in the periphery. Peripheral analgesia was shown by a

15 high potency in the writhing test coupled with a low potency in the hot-plate test
or the tail flick test.

PBQ (phenyl-p-benzoquinone) induced writhing in mice is an assessment of both
central and peripheral analgesia. For experimental protocol see Sigmund et al.,

20  Proc. Soc. Exp. Biol. Med., 95, p. 729(1957) which is incorporated herein by
reference. Central analgesia is determined by the inhibition of a hot-plate
response in mice. For experimental protocol see G. Wolfe and A. MacDonald, I.
Pharmacol. Exp. Ther., 80, p.300 (1944) which is incorporated herein by reference.
Assays measuring opioid receptor binding affinities for p and 8 receptors as well

25 as the GPI assay were determined through experimental protocol set out in
Schiller et al., Biophys. Res. Commun., 85, p.1322 (1975) incorporated herein by

reference.



6 Rlerr] is Tyr or 2',6'-dinethyltyrosine, and is preferably Tyr. The

al pha-am no group of Rlerr] is substituted with X to forman am no
group when X is Hor an alkylamno . -group when Xis nethyl. Rl err]
is DDAla or DArg, and is preferably D Al a. 5 Rl err] |s Phe(p-F

Rlerr] is Pheworsm®na¢p-F), and is preferably Phe. PET/SES(0L011

| ndependently H, aral kyl, such as benzyl; agd Cerr]al kyI such as

nmet hyl. Preferably Y and Z are both H. Conpounds of the invention

i nclude but are not limted to: Compound #1B

HTyr - D- Al a- Phefrie Eoml EB%HS 60 thblskaendi mvent:on can Qedicby'hethods well

H Tyr-D Al a- Phe(p-F) - [err npound #2B

H- Tyr - D- Ar g- Phekpown irltkg art bf pepqd@rqh]emsnw For example. seenfydnciple of Reptide
H Tyr - D- Ar g- Phe ] . ' e
conpounds of th tlr% gfﬁ%%ig’s%’iﬁ e‘éerflar% r%% fl%({-ﬁ ?f&é{ﬁ&gﬁ@&@ﬁ?f Okﬁ]
1984 or The Peptides, Analysis, Synthesis, Biology, edited by Erhard Gross and
s Johannes Meienhofer, Academic Press 1979.

The compounds of the present invention were prepared using solid phase
synthesis as outlined below according to procedures established in the art of
peptide synthesis. Commercially available para-fluoro-phenylalanine (Phe(p-F))

10  was employed at the appropriate step of synthesis. 2’,6'-dimethyltyrosine may
also be incorporated in the synthesis and is prepared according to established
chemical syntﬁesis techniques.

Pharmaceutically acceptable salts of the peptides of this invention may be formed
15 conventionally by reaction with an appropriate acid. Suitable acid addition salts
may be formed by the addition of acids such as hydrochloric, hydrobromic,
phosphoric, acetic, fumaric, salicylic, citric, lactic, mandelic, tartaric, oxalic,
methanesulphonic, and other suitable acids known to persons skilled in the art.

20  The present invention also provides for pharmaceutical compositions. Suitable
compositions have a pharmaceutically effective amount of compounds of the
invention, or pharmaceutically acceptable salts thereof, in admixture with a
pharmaceutically acceptable carrier or adjuvant. A therapeuticaly effective
amount of a peptide of the invention and a pharmaceutically acceptable carrier

2s  substance (e.g. magnesium carbonate or lactose) can be formulated to form a
therapeutic composition, such as (i) a pill, tablet, capsule, or liquid for oral
administration to a patient; (ii) a liquid or an cintment capable of being
administered by inhalation, transdermally, nasally, rectally or sublingually; (iii) a



group consi sting of Compound #1C

H Tyr-D- Al a- Phe(p-F)-Phe-NHerr]; and Conmpound #2C

H Tyr-D- Arg- Phe(p-F)-Phe-NH err]. 20 In a nore preferred enbodi nent,
t he conpound of the invnetion is Conpound #1C

H Tyr - D- Al a- Pive graiF33oPhe- NH err] . The amino aci d der i RCGE/SEIEO1D1L

2',6"-dinmethyltyrosine (Dnt) may be substitu%ed for 25 tyrosine in the
opi oi d peptide conpounds. Experinents have shown that the substitution
of Dt for tyrosine at the R err] position, the first amno acid residue in

general formula jquidtapaBROfbRmMgUiniEYered 1ﬁt?@veﬁ6hﬂy0bﬂ€ﬂiekﬂl§' aﬁb&meously

[err]-receptor up

to 2 orders of nexjntraperitongaliysen @@n\molwrmaremera[l sustained aplease fpﬁanbéms
when t he conmpound includes Dnmt at the R err] position. This
substttution causes ‘a correspondi ng shift in the ratio of binding

I nhi bition constants to reflect the I ncreased [err]-receptor

sel ectivity. The present invention also provides for a method of treatment of pain in

s mammals, including humans. The method comprises administering a
pharmaceutically effective amount of a peptide of formula 1 or a pharmaceutically
acceptable salt or composition thereof in one of the traditional modes e.g. orally,
parenterally, transdermally, or transmucosally, in a sustained release formulation
using a biodegradable biocompatible polymer, or by on-site delivery using

10 micelles, gels and liposomes. The peptides can be administered to a human
patient in a dosage of about 0.01 to 100mg/kg, preferably about 0.05 to 20 mg/kg
and most preferably about 0.1-1 mg/kg.

The following examples are used to better describe the invention. These examples
15 are for the purpose of illustration only, and are not intended to limit the invention
in any manner.



5 The opioid activity of the peptides was assessed in vitro using the

gui nea pig I leum (GPl) |ongitudinal nmuscle preparation and their
anti noci ceptive activity was determned ih vivo in PBQ induced
writhing nodels (peripheral activity) and in two hot-plate tests

(central acti wwogywoiise r odents. The anal gesic activity of therPQOsSEOW®APbound
of the invention was al so evaluated in the t flick assay. The tail flick
assay is used to evaluate the central analgesic activity of the compound.
Conmparison of the activities of conpounds of the invention in the withing,
hot - pl ate, gxadpeh flick assays denonstrated that the anal gesic
effects were predom nant | y nmedi ated in the periphery. Peripheral

anal gesi a was shown by a 15 tency in the withing test coupled
with a | ow pot enEieparationofi&: - H'g!feﬁt!ébtPhe(P'F)-é’hetMtal | flick test.

PBQ (phenyl - p- benzoqui none) induced withing in mce is an assessnent of
bot h central and peripheral anal gesia. For experinental protocol see

?nglrjggrgt egl hergﬁ%sggﬁ%P&%eﬁ%ég%Wéﬁd“ﬁ%’ i igfé%gg?é ﬁ?l o ibﬁfl

the inhibition othetr diph Foi&S) dl’l'ﬁﬁsuﬁ%idee&&ﬁitmﬁio?écted.
prot ocol see G ﬁ){n §‘ ﬁ Gﬂ?ﬁa nal Phar macol , . Ther., 80,
p. 300 (1944) whi PHRELY ea?%dlﬂé‘r‘%mwgrs%‘ﬁéﬁﬁéeo dlmethsléayse DMF
measuri ng opi oi dyusRCRPHRY f rs
as well 25 as the GPI asvggémmg?gpgé{lae??nhn‘ggretgg‘?%%a ex e%@%h prot orgol

set out in sten W@urdietbﬂgﬂ argl aqsto;gtrﬂeeefsl-n’tﬁrgmde wete ugedl 321 rémsifing
i ncorporated herghge iy were of A&ém Sind used as such without any purification.

10 Solid phase synthesis was carried out manually on the resin having a load of 0.84
mMoles/g. Peptide condensation was carried out using 1.5 to 2 equivalents each
of Fmoc-amino acid, HOBT and BOP in DMF for 3-24 hours at room temperature.
The alpha amino Fmoc deprotection steps were performed uising 20 % (v/v)
Piperidine in DMF for 25 minutes. The peptide cleavage and side chain

15 deprotection were accomplished by treatment with TFA/CH,C1,/anisole. The
peptide resin was treated with TFA for two periods of 90 minutes at room
temperature under nitrogen atmosphere. After CH,C1, washing and evaporation
the residue was treated with ethyl ether, the precipitate filtered and dried under
vacuum.

20 The crude peptide obtained was purified by HPLC on a C,, 10-15u 300A reverse
phase column, with a gradient elution using 0.06 % TFA/H,0 and 0.06%
TFA/Acetonitrile. Monitoring was performed at 220 nm. Pure fractions were
pooled and lyophilized. The purified material was exchanged into its
hydrochloride salt form to give the pure title compound.

In a like manner the following peptides were also synthesized:

1A H-Tyr-D-Ala-Phe-Phe-NH,
1B H-Tyr-D-Ala-Phe(p-F)-Phe(p-F)-NH,



8 The conpounds of the present invention can be produced by nethods

wel | known in the art of peptide chemstry. For exanple, see Principle
of Peptide synt hesi s, Bodansky M, Spinger-Verlag, Berlin, Heidelberg,
New Yor k, Tokyo 1984 or The Peptides, Analysis, Synthesis, Biology,

edited by Erhwob7@pss and 5 Johannes Mei enhofer, Acaden PORSESE010K379

The conpounds of the present invention were,prepared using solid phase
synthesis as outlined bel ow according to prdocCedures established in the art
of pepti de synthesis. Comrercially avail abl e para-fl uoro-phenyl al ani ne
(Phe(p-F)) 10 pdagupfloyed at the appropriate step of synthesis.

2',6' -di net hyl tyrosi ne may al so be incorporated in the synthesis and
is prepared according to established chem cal synthesis techniques.

Phar maceut i cal | Prepeoatioradfl 2C s H-Tyr-DFArgrPheqpF)-thesNdt, t his i nventi on may be
formed 15 conventionally by reaction with an appropriate acid. Suitable

acid addition salts may be formed by the addition of acids such as

R A A TN AR o YA

ot her suitablse aRdifl AlfHAHRINORroep FaItE- ;s:bté&eaﬂanmﬂieifenmg side chains protected:
(Pmc) for D-Arginine, and tBu for Tyrosine. Dimethyformamide used in the
coupling step was free of dimethylamine. DMF used for the washing steps and
TFA were Biograde purity. For the purification step USP purified }1,0 and
acetonitrile of HPLC grade were used. All remaining solvents were of ACS purity

10 and used as such without any purification.

Solid phase synthesis was carried out manually on the resin with a load of 0.84
mMoles/g. Peptide condensation was carried out using 2 equivalents each of
Fmoc-amino acid, HOBT and BOP in DMF for 2-5 hours at room temperature.

15 The alpha amino Fmoc deprotection steps were performed using 20% (v/v)
Piperidine in DMF for 25 minutes. The peptide cleavage and side chain
deprotection were accomplished by TFA/CH,C1,/Anisole treatment. The peptide
resin treated with TFA for two periods of 90 minutes at room temperature under
nitrogen atmosphere. After CH,C1, washing and evaporation the residue was

20 treated with ethyl ether, the precipitate filtered and dried under vacuum.

The crude peptide obtained was purified by HPLC on a C,,10u-151 300A reverse
phase column, with a gradient elution using 0.06% TFA/H,0 and 0.06%
TFA/Acetonitrile. Monitoring was performed at 220 nm. Pure fractions were

25 pooled and lyophilized.



20 The present invention also provides for pharmaceutical conpositions.

Sui tabl e conpositions have a pharnmaceutically effective anount of
conmpounds of the i nvention, or pharmaceutically acceptable salts
thereof, in adm xture with a pharmaceutically acceptable carrier or
adj uvant. A twemapmaeicaly effective anount of a pept i BET/SEI6{OHEL

invention and a pharmaceutical |y acceptabl gqcarrier 25 substance (e.g.
magnesi um car bonate or |actose) can be fornulated to forma
t herapeutic conmposition, such as (i) a pill, tablet, capsule, or liquid for

oral adm ih alikeirh&thek %@fd&%iﬁ%?é%ﬁﬁé tofipbintdl wef syRthedizglient capabl e
of bei ng adm ni stered by inhalation, transdermally,” nasally, rectally

or sublingually; 6l ) Té&-D-Are-Ph -NH
9 liquid capgb o?r el aﬁrﬂhﬁi stéred intravenously, parenterally,

subcut aneously  2BoH-Tyx-Deafprg-Phe(peB)}Phe(pd)-NHy) an oral or a parenteral
sustai ned rel ease fornul ati on. The present invention al so provides
for a nmethod of treatnment of pain in s mammuals, including humans. The

met hod conprsi ses admi nistering a pharmaceutically effective anmount of
a peptide of fornmula 1 or a pharmaceutically acceptabl e salt or
conposi tion t h&XAMPLE®DHne of the traditional nodes e.g. orally,

Radioligand Binding Assay

MEMBRANE PREPARATION

Male Sprague-Dawley rats weighing between 350-450g were sacrificed by

10 inhalation of CO,. The rats were decapitated and the brains minus cerebeltum
were removed and place in ice-cold saline solution and then homogenized in ice-
cold 50 mM Tris buffer pH 7.4 (10ml/brain). The membranes were centrifuged at
14000 rpm for 30 min. at 4°C. The pellets were re-suspended in approximately
6ml/brain of ice-cold Tris buffer 50mM pH 7.4 and stored at -78°C until ready for

15 use. Protein quantification of the brain homogenate was conducted according to
protein assay kit purchased (Bio-Rad). |

RADIOLIGAND INHIBITION

CH)» DAMGO and (H) DAGLE were used as radioligands for the p and &

20 receptors, respectively. Radioligand 50 pl, membranes 100 pl and serially diluted
test compound were incubated for 1 hr at 22°C. Non specific binding was
determined using 500 fold excess of unlabeled ligand in the presence of tracer and
membranes. Free ligand was separated from bound by filtration through
Whatman GF/B paper (presoaked in polyethylenimine 1% aqueous solution) and

25 rinsing with ice-cold 50mM Tris pH 7.4 using a Brandel cell harvester. The filters
were dried and radioactivity was counted in a 24 well microplate in the presence



parenterally, transdermally, or transmucosally, in a sustained rel ease

formul ati on usi ng a bi odegradabl e bi oconpati bl e polyner, or by on-site
delivery using 10 mcelles, gels and |iposones. The peptides can be

adm nistered to a human patient in a dosage of about 0.01 to 100ng/ kg,
preferably abwow®70m8b to 20 ng/ kg and nost preferably RODSEIEI0L]

ng/ kg. The followi ng exanples are usgd to better describe the

i nvention. These exanples 15 are for the purpose of illustration only, and
are not intended tolimt the invention i n any nmanner.

10 &ﬁﬁ? 'ka(a;(#l:@l Wallac 1450

H Tyr-D-Al a- Phe p- é‘mbﬁcm%ﬁ W e"é?'rW et fa(:s%%dpﬁua%awas pcrepar ed
usi ng Knorr resMicrobeta counter. aci ds used had 5 t heir al pha am no group
Frnoc- pr otected and Tyrosine side cha| n tBu protected.

Ki’s for the various compounds were determined from the IC,, according to the
s Cheng and Prusoff equation. Results of the binding assay are summarized in
table 1.

The activity of the peptide compounds on y receptors was determined using the
Guinea Pig lleum (GPI) assay (longitudinal muscle preparation) according to the

10 procedures described in Schiller ef al., Biophys. Res. Commun., 85, p.1322 (1975).
Activity results are summarized in table 1.

EXAMPLE 4

Hot Plate Assay (measurement of analgesic activity) conducted at 55°C

15 For this assay, CD #1 male mice weighing between 20 and 25g were used. The
mice were weighed, marked, and divided into groups of 10.

The mice were treated by subcutaneous injection of the compound (or the
standard or the medium) in an injection volume equivalent to 0.1 m1/10g p.c.
20 (10ml/kg).

The mice were individually evaluated for reaction time on the hot plate. The
temperature of the hot plébe_ (Sorel, model DS37) was set at 55°C. The mouse was
observed for signs of discomfort such as licking or shaking of the paws, -

25 attempting to escape (jumping off the plate) or trembling. The reaction time was
counted when one of these signs appeared and was noted in “seconds”. Each



D net hyl f ormani de used in the coupling step was free of dinethyl am ne. DV
used for the washing steps and TFA were Biograde purity. For the
purification step USP purified Herr]O and acetonitrile of HPLC grade
were used. Al renaining solvents were of ACS purity and used as such
wi t hout any pwodrioesbi on. 10 Solid phase synthesis was caPCESEIMI0M?
manual ly on the resin having a | oad of 0.84l mvbl es/ g. Pepti de
condensation was carried out using 1.5 to 2 %qui val ents each of
Frnoc-am no acid, HOBT and BOP in DMF for 3-24 hours at roomtenperature..

N e A i T s AT R e AR E

deprot ecti on wedamage tonfheipaietissg. t reat nent with

TFA/CH err]d [err]/anisole. The peptide resin was treated with TFA for
two periods of 90 m nutes at room ~  tenperature under nitrogen
at nosphere. After CHerr]Cd[err] washing and evaporation t he residue

was treated w t Fopédthltiné fading, dee dvcesgarieation fimk bfthetbonfrd] gioupdvasnder
vacuum 20 The c¢rude Begtigﬁl obt ai ned V\gqs purified by HPLC on aﬁerr]
10[ err] - 15[ &¢ r | magtipliedbby 1 Se The reacippimne: ! nQuse A comPpared;tq the
using 0.06 % TFALuRdik 0 TG4 b Aotil Mp&? [
performed at 228‘ nm Igll?rgeag??kalgst i'ggghem%?ceu-g: ng)aglrﬁé%ﬁgtgjﬁhyop rlitfklﬁzagg'-aggﬁe
purified materi 45”ythe mousk avagednsidered to ot have hadiarvaskdlgesicieffest | I tiemeaction

give the pure title conpound 25, In a li nen the follow
pepti des were a#‘ﬁ? m%&‘loﬁ 5%#“ control aveﬁgel_* ?\?%%Pﬁ%ﬁ‘éseﬁﬁ%s ‘Nﬂ?@?ﬁd :
1B H Tyr - D- Al a- RiRdve kad dl@rddgdsic effdct r'THe number of analgesic mice in a group
10 determined the analgesic percentage of the compound for this reading. If the
analgesic percentage was inferior to 30%, the compound was considered inactive.

The results are shown on Figures 1 to 3.

EXAMPLE 5

15 Writhing Assay

The test was performed on CD #1 male mice weighing between 18 and 22g. The
mice were weighed and marked. They were injected, by intra-peritoneal route,
with 0.3m1/20g by weight with a solution of phenylquinone at 0.02%. The
contortions which appeared during a 15 minute time period following the

20  injection were counted. The phenylquinone was injected at time intervals of 5, 20
or 60 minutes after administration of the compound (or medium, or standard) by

subcutaneous route.

The 0.02% phenylquinone™ solution was prepared in the following fashion. 20mg
2s  of phenylquinone was dissolved in 5ml ethanol 90% (sigma, reagent, alcohol).

rs

2~phenyl-1, 4-benzoguinocne (Sigma)



EXAVPLE 2 Preparation of 2C H Tyr-D- Arg- Phe(p-F)-Phe-NH[err]
The synthetic peptide was prepared using Knorr resin. The am no acids used
had 5 their Al pha am no group Fnoc-protected and the follow ng side chains

pr ot ect ed: (Pnc) for D-Arginine, and tBu for Tyrosine.
Di met hyf or manm o sgedoi n the coupling step was free of QcHRESRIGT NE.
DMF used for the washing steps and TFA were Biograde purity. For the

purification step USP purified Herr]O and I5 acetonitrile of HPLC gr ade
were used. Al renmaining solvents were of ACS purity 10 and used as such

wi t hout any puri fqcat.l on. S0l id phase synt hesj .carrjed out
manual Iy on the riél%el #ﬁ/ﬁqﬁd ghfry%amgpn& . stowly aﬁ%ﬁ‘i‘ g%?%‘.’f\@ﬂf water
condensat i on was contini6dslyshakii 41 preheated ﬁ\&%ﬂe&ﬁcfhe?hen IquindieGoRitioRGyas
acid, HOBT and B?D in DVMF for 2-5 hours_ at roomtenper turg 15 The al pha

ani-no 'Fnoc depr otle2howrs befoze yge: and at albimes, pretes (light) A new solution was -
Pi peridine in DVRybBired ,,@b ﬂ epti de cl eavage and side chain
deprotecti on wer ep agcongel i g%fgjf dpg%ﬁ%—i[ err]Cl[err]/Anisole treatnent. The
pepti de s
Results of the assays are summarized below in table 1. It can be seen that peptide
compounds of the invention wherein either one or both of R, and R, are Phe(p-F)
exhibit greater selectivity for the i opioid receptor compared to the corresponding
compound without Phe(p-F) as well as greater transduction of the receptor as
10 determined in the GPI assay. Further, compounds of the invention exhibit greater
peripheral analgesic activity as determined in the writhing assay.



resin treated with TFA for two periods of 90 m nutes at roomtenperature
CHerr]d[err] washing and
treated with ethyl

under

ni trogen atnosphere.
evaporation the resi due was 20
filtered and dried under vacuum
purified by Hewadmrim Cerr]10[err]-15[err]

After

et her,

with a gradient elution using 0.06% TFA/ H ert] O and 0. 06%

TFA/ Acetonitrile.

25 pool ed and | yophili zed.

12 In a |like manner the follow ng peptide conpounds were synthesi zed:

2A H Tyr- D Arg- Phe- Phe- NH err]
H Tyr-D Arg- Phe(’PAEiE I?he(‘ p-F)-NH err]

Monitoring was perfornmed a

the precipitate
The crude peptide obtai ned was
300A reverse

PCT{SES&@WOHO| U,

220 nm Pure fractions were

Example Binding Assay Writhing GPl
Kt K;5 Kid/Kit ED, ICs
(nM) (M) (ng/kg) (nM)
1A 1.53 625.8 409 14 3
1B 0.2 199.6 998 0.2 0.12
1C 0.36 1201.2 559 0.5
2A 0.68 1652.6 2430 0.5 6.7
2B 0.22 >1000 0.3
2C 0.57 952.5 1671 03 1.52
5
EXAMPLE 6

Hot Plate Assay (measurement of analgesic activity) conducted at 58°C

For this assay, NMR1 male mice weighing between 20 and 25g were used. The
mice were weighed, marked, and divided into groups of 6.

10
The mice were treated by subcutaneous injection of the compound (or the

standard or the medium) in an injection volume equivalent to 0.1 ml1/10g p.c.
(10ml/kg).



EXAMPLE 3 Radi ol i gand Bi ndi ng Assay MVEMBRANE PREPARATI ON

Mal e Sprague-Dawl ey rats wei ghi ng between 350-450g were sacrificed by 10

i nhal ation of CJerr]. The rats were decapitated and the brains m nus
cerebel [ um were renmoved and place in ice-cold saline solution and then
honogeni zed | WOi92487130 cold 50 MM Tris buffer pH 7.4 (10nPCB{SEISPROILThe
menbr anes were centrifuged at 14000 rprp,for 30 mn. at 4[err]C The
pell ets were re-suspended i n approxi mately 6m /brain of ice-cold Tris
buffer 50nM pH 7.4 and stored at -78C until ready for 15 use. Protein
quantification heliite Wehd ihdiGARERP By AudfRa F6PRANIeHNROnhE hBErIaih. The
protein assay kit purchased (Bi o-Rad). RADI OLI GAND | NHI BI TI ON
([err]H - DAMGOtemperahweof Hie ibnt@late (HTC, IncpMode! 3500) was sphatiS8°Co Themoyser r |

d 20 tively. Radioligand 50 Al nb 100
e 20, SR P RER BhbmRChRh o8 bl o AT 100
22[err] C. Non speeiriptigito esdape (jﬁﬁ&?in%offtﬁébﬁtéﬂd?%mﬁ THGea@tion e oas Of

unl abel ed Iigand in"the presence of tracer and nempr anes. Free | i gand
was separat ed f counied whensne of thesgsigns appeaiedrand was noted im fiseconds”p Fach

(presoaked in p q:ﬁjsg;"@ 0 Eﬂ;ﬁgﬁ@ t A k0S1 i th
I ce-cold 50mM T%és/‘gg% usi ﬁé&rzgﬁ randel *ce cﬁgraégstersgg‘fﬁggﬁhqggérms
were dried and rdatiageds the paw tissuecounted in a 24 well nicroplate in the
presence

The compound was considered analgesic if the reaction time was significantly
10 different (p<0.05; two way ANOVA, sigma slot) from the control group.

The results are shown of Figure 4.

EXAMPLE 7

15 TAIL FLICK ASSAY

For this assay, NMRI male mice weighing between 20 and 25g were used. The
mice were weighed, marked, and divided into group of 6.

The mice were treated by subcutaneous injection of the compounds (or the
20  standard medium) in an injection volume equivalent to 0.1 ml/10gp.c (10 m1/kg).

The mice were individually evaluated for reaction time in the tail flick test. The
latency to the flick of the tail was measured when a rheostat-controlled light beam
was directed at the tip of he tail (II'TC Inc. Model 33). Each mouse was observed

for a maximum period of 10 seconds so as to prevent damage to the tissue.



13 of 500 mM scintillant per well. Radioactivity was neasured using

Wal | ac 1450 M crobeta counter. Ki's for the various conpounds
were determned fromthe ICerr] according to the 5 Cheng and Prusoff
equation. Results of the binding assay are sunmarized in table 1.

The activity ovootarieepti de conpounds on [err] receptors wasecizseseotoned
using the Quinea Pig Il eum (GPl) assay (isongi tudi nal nuscl e
preparation) according to the 10 procedures described in Schiller et al.,

Bi ophys. Res. Commun. 85, p.1322 (1975). Activity results are
summari zed in t afefeompound was EieierEd fb be analgesic if the reaction time was

significantly different (p<0.05, two way ANOVA, Sigma Stat) from the control
group.

5  The results are shown in Figure 5.



Hot Pl ate Assay (neasurenent of anal 5| c act|V|ty) conducted at 55[err]C
15 For this assay, CD #1 nmale m ce Mﬂlﬁmm 20 and 25g were used.
The m ce were wei ghed, marked, ﬁ'lj;roups of 10.

The m ce were treated by subcut aneous Il’lj ectidn &f the conmpound (or the
standard or thaosrize) in an injection volune equival ent to ¥Criseséséiig

p.c. 20 (10m/kg). The m ce were indi vbdual |y eval uated for reaction
time on the hot plate. The t enperature of?t he hot plate (Sorel, nodel
DS37) was set at 55[err]C. The nobuse was observed for signs of

di sconfort such %@l ng or shaking of the paws, 25 attenpting to escape
(junmping off the or trenbling. The reaction tinme was count ed

when one of these signs appeared and was noted in "seconds". Each
14

1. A compound of the foﬁnula (1):

/Z

- X— Rr“‘ﬂ.‘,—-Ra——R;—N\
s Y

and salts, derivatives and analogues thereof
wherein,
10 R, is Tyr or 2’,6’-dimethyltyrosine, or an analog or derivative thereof;
R, is D-Ala or D-Arg;
R, is Phe(p-F);
R, is Phe or Phe(p-F);
Xis H or C, alkyl; and
15 Yand Z are independently H, aralkyl or C, ,alkyl.

2. The compound according to claim 1, wherein R, is D-Ala.

3. The compound according to claim 1, wherein R, is D-Arg.

4. The compound according to claim 1, R, is Phe.

5. The compound according to claim 4, wherein R, is D-Ala.
s 6. The compound according to claim 4, wherein R, is D-Arg.
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nouse was observed for a maxi nmum SO0 as to prevent
damage to the paw tissue. di ng, the average
reaction tinme of the control group eﬂmnlmgﬁmmed by 1.5. The reaction
time of each treated nobuse was conpar control average X

1.5". |If the mexewe7Ro tine was inferior to the "control avePSFBESED1011
1.5", the nmouse was considered to not have kgd an anal gesic effect. If the

reaction time was superior to the "control average X 1.5", then the
nouse was consi dered to have had an anal gesic effect The nunber of

anal gesic mce pn a g é%ﬂ&mﬁ@éc%f&ﬁtﬁ%ah SORIAREI1G0 BRI S Hf arld™®
conpound for this readi ng. anal gesi c percent age was inferior to
30% the conpound mammtﬂnseumméd i nacti ve. The results are shown on
Figures 1 to 3. EXAMPLE 5 15 Withi ng Assay The test was
per-formed on CD #1 nmale m ce wei ghing between 18 and 22g. The m ce

were wei ghed ang. narfRécompsundeccordifgas ichiim 1)geledtéd froperi t oneal route,
with 0.3nm/20g by wei ght W|th a sol ution of phenyl qui none at 0.02% The
contortions #hich a (R #® period follow ng the 20
I nj ection were count ed Th Nghenyl ui none was injected at tine intervals of
5 20 or 60 m nki lkﬁﬁﬂ'l%ﬁ'l -on of the conpound (or medi um
or standard) by

9. The compound H-Tyr-D-Ala-Phe(p-F)—Phe-NH,.'

10 10. Thecompound according to claim 1, selected from:
H-Tyr-D-Arg-Phe(p-F)-Phe(p-F)-NH,; and

H-Tyr-D-Arg-Phe(p-F)-Phe-NH,.

11.  The compound H-Tyr-D-Arg-Phe(p-F)-Phe-NH,
15 '
12. A pharmaceutical composition comprising a compound according to
anyone of claims 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11 in admixture with a
pharmaceutically acceptable carrier.

20 13. A pharmaceutical composition comprising a compound according to claim
7, in admixture with a pharmaceutically acceptable carrier.

14. A method for the treatment of pain comprising, administering to a
marmumal in need of such treatment a pharmaceutically effective amount of
25 a compound according to anyone of claims 1,2, 3,4,5, 6, 8,9, 10, and 11.

15. A method for the treatment of pain comprising, administering to a
mammal in need of such treatment a pharmaceutically effective amount of
a compound according to claim 7.

This Sheet Has Been Rep THIS SHEET HAS BEEN ]

T ——




subcut aneous route. 0. Q2% phenyl gui none** sol uti on was prepared
in the foll ow ng fashion. 20rrg 25 l“l'ﬁ " Hi“ﬂ I'Hmtne was di ssolved in 5m
L

et hanol 90% (si gna, reagent, al coh S henyl - 1, 4- benzoqui none

(Si gma) : 15 The
di ssol ved phemospirirone was sl owl y added to 95n1 of distil| RETHEPHOIL

conti nuously shaken and preheated (not boil The phenyl qui none sol ution
was | eft 2 hours before use, and at al tlrres protected fromlight. A
new sol uti on was prepared every day for the test. Resul ts of
the assays are ggmmerhe e il Addinkblcsrding oo B8AS111)314,B0/d, 910,
conpounds of the invention wheré€in either o e or both of err] “and Ifi[err
are Phe(p-F) exdnd1t inghe preparatiorcef 4 formplation effestipeiny the dgygatmentrof paist or

conpared to the correspondi ng
N

17.  The use of a compound according to claim 7 in the preparation of a
s formulation effective in the treatment of pain.

18. A method for the preparation of a compound according
to claim 1 employing solid phase synthesis.



conpound wi t hout Phe(p-F) as well as greater transduction of the receptor

as 10 determned in the GPI assay. Further,

exhi bit greater
writhing assay.
TABLE 1

GPl

| err]

1.53 625. 8
998 0.2
0.5

VR STNTH S

conpounds of the invention
peri pheral analgesic activity as determined in the

16
\RGRSFPeHYOLL

Bi ndi ng Assay
Klerr] Klerr] Klerr]/Klerr] ED[ err]
(nM (nM (mo/ kg) (nM 1A
409 1.4 3 1B 0.2 199. 6
0.12 1C 175 0.36 201. 2 559

latency (sec) * s.e.m,

latency (sec) + s.e.m.

F—a7_]

# 18 Measurement of analgesic activity in the hot plate
assay of compound # 18 and compound # 2B

15
- H"B’f"D"A‘O"PhE{pf )"'PhE(Pf} Q conitrol
12+ ~NH (#18) #IB  20mg/Kg
9- | #1B 40mg/Kg
y
6+ ;.1E
: A
] 1Y TN NN | IN
0 - 15 30 60 120 180 240
min.
# 28
O control
@ #28 20mg/Kg
8 | H-Tyr-D-Arg-Phe(pf)-Phe(pr) ~ S#2B  40mg/Kg
15 ] Nz (#28)
721
9 - \
69 %
34 N 7
AR r/
0 15 30 60 120 180 240

min,



2A 0. 68 1652. 6 2430 0.5 6.7 2B

0.22 >1000 0.3 2C 0. 57 952.5

1671 0.3 ©1.52 EXAMPLE 6 Hot Pl ate Assay
(measurenent of anal gesic activity) conducted at 58[err]C For this
assay, NMVRL nwioserme wei ghi ng between 20 and 25g wer e usedPCT/S896/01011 nj ce
were wei ghed, marked, and divided into groups of 6. 10 The m ce were
treated by subcutaneous injection of the conpound (or the standard or

the mediun) in an injection volunme equivalent to 0.1 nl/10g p. c.
(10m / kq) .

| ..5%7.2

# 10 Measurement of analgesic activity in the hot plate
assay of compound # 1C and compound # 2C

. g control

2 127 H-Tyr-D-Alo-Phe (pf)-Phe #1C  20mg/Kg
s 10 -NH2/TFA (H1C) R#IC  40mg/Kg
e

> t 1-/

L]

£ 47

g 24| Y

0 i / LI - L] - ) L ) LI -
0 15 30 60 120 180 240
min,
# 20

" 143 H-Tyr-D-Arg-Phe(pf)-Phe O ;92’?" ol omask
g 124 20mg/Kg
S NH2/2TFA (#2C) S#2A  40mg/Kg
§ -8: Iﬁ11'

= 6] T N

2 T \

g AANEN| D AN
§ 2] 7 N
S 21 7 N

0 T / {1 a N 1 4
0 16 30 60 120 180 240

min,



17 The mce were individually evaluated for reaction tine on the hot
pl ate. The tenperature of the hot plate (11 TC, Inc; Mdel 35-0) was set
at 58[err]C. The nouse was observed for signs of disconfort such as

| i cki ng or shaking of the paws, attenpting to escape (junping off the
plate) or tregloramso The reaction tine was 5  counted whenPONSERSNI¢hese
signs appeared and was noted in "seconds". Each nouse was observed for
a maxi mum peri od of 20 seconds so as to prevent damage to the paw
tissue. The conpound was consi dered analgesic if the reaction tine
was significantly 10 different (p<0.9575two way ANOVA, sigma slot) from
the control group. The results are shown of Figure 4. EXAVPLE
7 15 TAI L FLI CK ASSAY For this assay, NVRI male mce wei ghing

bet ween 20 and 25g were used. The m ce were wei ghed, marked, and

di vided into group of 6.
fqégzjf

# 1A Measurement of anaigesic activity in the hot plate

assay of compound # 1A

N g control latency sec.
oy # 1A 10mg/Kg
2 S# 14 25mg/Kg
Y @# 1A 50mg/Kg
< 754
) -
g
5711 I1
E L / 4
N7
& 7
* 1Y

0 4N\ 77 il AN ™ :

30 60 120 180 240

min,



The mce were treated by subcutaneous injection of the conpounds (or the 20
standard nediun) in an injection volune equivalent to 0.1 m/ 10gp.c (10

m / kg) . The m ce were individually evaluated for reaction tine in the
tail flick test. The | atency to the flick of the tail was neasured when
a rheostat - cong@ersg | i ght beam was directed at the ti PCISEMGOIPY, |
(I''TC I'nc. Model 33). Each nouse was observed for a maxi num peri od of
10 seconds so as to prevent damage to Sl ssue.
18 The conpound was consi der ed to nal gesi c |f the reaction tine
was significantly different (p J5, two ANOVA, Sigma Stat) from
the control group. 5 The r 'lg? .in Figure 5.
20 - # . ..
g 18 Measurement of analgesic activity of compound
' v # 1B and compound # 1C in the hot plate fest
15 4
Compound #18 s.c.in mice control
hot plate lest o
10 - ~o— 21t mol/ Kg
~&--10umol/ Kg
« - ~<--50umol/Kg

-

0 i ¥ ) ¥ T T
0 30 60 90 120 150 180
min.
v 20 # 10
L]
75-
Compound # 1C s.c. in mice
hot plate test T melrks
10 --x-10pmol/ Kg
--O-=50umol/Kg
5_ .

0 T . -

0 30 60 90 120 150 180 |
min,
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[err]

10 Rerr]
t her eof ;

CLAI M5
and salts,
is Tyr or 2',6

1

A compound of the forrmula (1):
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H, aralkyl or C[err]alkyl. 2. The ‘conpound according to claim 1
“wheréin Rerr] is DAl a. . The conpound according to claim 1,
wherein R err] is D-Arg. 20 jmﬂ ccording to claiml1,
Rl err] is Phe. - b, The conrli!!ll!ﬂm ; mé!mlm clapm.4, wherein
Rlerr] is DAl a. 25 6. The conbound‘taclordling to c mmm '
Rlerr] is D-Arg. RE E THEET

CLAIMS 05 FEB 1998

1. A compound of the formula (1):

5
Z

/
X— Rr—RrR;—R;—N\

10
and salts, derivatives and analogues thereof
wherein,
R; is Tyr or 2°,6’-dimethyltyrosine, or an analog or derivative thereof;
R; is D-Ala or D-Arg;
15 R; is Phe(p-F);
R4 is Phe or Phe(p-F);
X is H or C,.salkyl; and
Y and Z are independently H, aralkyl or C;_galkyl.

20 2. The compound according to claim 1, wherein R; is D-Ala.
3. The compound according to claim 1, wherein R; is D-Arg.
4.  The compound according to claim 1, Ry is Phe.
5. The compound according to claim 4, wherein R; is D-Ala.

6. The compound according to claim 4, wherein R; is D-Arg.




~7. - The-conpound Wofz%| ains 1 to 6 Trsﬂg@'\d
Y T and Z oth’ + The corrpo 1,

R T o N F%Ezeégngz,uwyie”]

H Tyr-D- Al a- Phe(p-F) - Phet NHf err] 10 10. The conpound according to
claim1, selected from H-Tyr-DArg Phe( p- F) - Phe( p- F)-NH[err] ;
and Tyr - DAr p-F) - Phe err nd

H Tyr - D- Ar§- Phe é) %Frf t%nyme allﬂshﬁaﬁﬁﬁ%ﬁ‘flj’%bﬂ ﬁ%gﬁ)ion
conprising a co% accordr ng to anyone of clains 1, 2,3,4, 5,
6,8, 9,10, and I'n admi xture with a pharmaceutical 'y
acceptable carrier. 20 13 A phar rraceut i cal conposition

conpound accordi ng to cl ai in adm xture with

phar maceut $-cal | ¥h %EQ!E?R‘@BI*‘&%‘QW&‘BFMIHI selected from:

] H-Tyr-D-Ala-Phe(p-F)-Phe(p-F)-NH;; and
H-Tyr-D-Ala-Phe(p-F)-Phe-NH,.

9. The compound H-Tyr-D-Ala-Phe(p-F)-Phe-NH,.

10 10.  The compound according to claim 1, selected from:
H-Tyr-D-Arg-Phe(p-F)-Phe(p-F)-NH,; and
H-Tyr-D-Arg-Phe(p-F)-Phe-NH,.

11.  The compound H-Tyr-D-Arg-Phe(p-F)-Phe-NH,
15
12. A pharmaceutical composition comprising a compound according to anyone of
claims 1,2,3,4,5,6,8,9, 10, and 11 in admixture with a pharmaceutically

acceptable carrier.

20 13. A pharmaceutical composition comprising a compound according to claim 7, in

Y admixture with a pharmaceutically acceptable carrier. =

14.  The use of a compound according to anyone of claims 1, 2, 3, 4, 5, 6, 8,9, 10, and

11 in the preparation of a formulation effective in the treatment of pain.

25 .
15. - The use of a compound according to claim 7 in the preparation of a formulation
effective in the treatment of pain.
16. A method for the preparation of a compound according
30 to claim 1 employing solid phase synthesis.
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21 The use of

ccordl ng to any ' .
|n t he prepar at %EEL@WLS&ET
effective in the tr : The use of a conpound

according to claim?7 in the preparatlon of a 5 formul ation effective

in the treatnent of pain. A nethod for the preparation of a

conpound accgr di Nghe compound a&darei@g 18 anySHe SPldlthsSPld £l wiadsin X DS ¥
and Z are both H.

8. The compound according to claim 1, selected from:
s H-Tyr-D-Ala-Phe(p-F)-Phe(p-F)-NH,; and

H-Tyr-D-Ala-Phe(p-F)-Phe-NIL.

9. The compound H-Tyr-D-Ala-Phe(p-F)-Phe-NH,.

10 10. The compound according to claim 1, selected from:
~ H-Tyr-D-Arg-Phe(p-F)-Phe(p-F)-NH,; and,

H-Tyr-D-Arg-Phe(p-F)-Phe-NF.,.

11.  The compound H-Tyr-D;Arg-Phe(p-F)-Phe-NI-i,
15 |
12. A pharmaceutical composition comprising a compound according to
anyone of dlaims 1,2, 3,4, 5, 6,8, 9, 10, and 11 in admixture with a
pharmaceutically acceptable carrier.

0 13. A pharmaceutical composition comiprising a compound according to claim
7, in admixture with a pharmaceutically acceptable carrier.
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